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Abstract.
PURPOSE: The open-label phase 3 “Treatment with IncobotulinumtoxinA in Movement Open-Label” (TIMO) study
investigated longer-term safety and efficacy of incobotulinumtoxinA in children/adolescents with cerebral palsy (CP).
METHODS: Patients on standard treatment, with unilateral or bilateral lower limb (LL) or combined upper limb (UL)/LL
spasticity received four incobotulinumtoxinA injection cycles (16 or 20 Units/kg bodyweight total [maximum 400 or 500
Units] per cycle depending on ambulatory status/clinical pattern treated), each followed by 12–16 weeks’ observation.
Treatment for pes equinus was mandatory; flexed knee or adducted thigh were options for unilateral treatment and/or ULs
for unilateral/bilateral treatment. The primary endpoint was safety; changes in Ashworth Scale and Gross Motor Function
Measure-66 scores, and Global Impression of Change Scale scores at week 4 of each injection cycle were also evaluated.
RESULTS: IncobotulinumtoxinA (≤500 Units for ≤98 weeks) was safe, well-tolerated, and effective across all endpoints
for multipattern treatment of LL and combined LL/UL spasticity in ambulant/nonambulant children/adolescents with CP.
Treatment effects increased with each injection cycle. No new/unexpected safety concerns were identified.
CONCLUSION: IncobotulinumtoxinA showed a good safety and tolerability profile, with efficacy over multiple clinical
presentations. As an adjunct treatment, it offers an effective, individualized treatment option for pediatric CP-related spasticity.
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1. Introduction

Spasticity is the most frequent symptom of cere-
bral palsy (CP) in children [1], presenting in 70–90%
of those affected [2, 3]. It has a major impact, limit-
ing the range of passive and active joint motion and
hindering the development of motor functions, reha-
bilitation, and patient care, as well as causing pain and
reducing self-esteem and quality of life [1]. Spastic-
ity can affect the entire body; children with bilateral
involvement are usually more affected in the lower
limbs (LLs), whereas those with unilateral spasticity
are usually more affected in the upper limbs (ULs)
[4]. In children with LL spasticity, the most promi-
nent and most frequently observed presentation is pes
equinus [5], which affects as many as 83% of children
with bilateral spastic CP [6]; however, knee flexion
and hip flexion or adduction are also common [7].

The management of CP is multidisciplinary, with
impaired motor function being addressed using occu-
pational and physical therapy and orthopedic inter-
ventions [8]. Botulinum toxin can be used to reduce
hypertonia associated with spasticity, thereby inc-
reasing the range of passive and active motion, facil-
itating posture correction, and reducing discomfort
and pain (the last two can also be problematic dur-
ing rehabilitation) [1]. Botulinum neurotoxin type A
(BoNT-A) injections are established, effective, and
well-tolerated treatment options that should be used
as part of a comprehensive, multimodal, interdis-
ciplinary approach that includes other therapies to
potentially give children with CP clinically mean-
ingful benefits [9–13]. Clinically relevant treatment
goals vary according to the patient’s needs and are
related to Gross Motor Function Classification Sys-
tem (GMFCS) level [10].

BoNT-A is recommended for use in children/
adolescents with a range of presentations of CP [9,
10], most commonly those with gait dysfunction such
as pes equinus [10]. Indeed, heterogeneous groups of
muscles and joints (clinical patterns) that can involve
the LLs or ULs often need to be treated, depending on
the patient’s needs. The BoNT-A products currently
available in the European Union and North America
are onabotulinumtoxinA [14, 15], abobotulinumtox-
inA [16, 17] and incobotulinumtoxinA [18, 19].
Specific indications for these BoNT-As vary by
region and product. Studies confirming the efficacy of
onabotulinumtoxinA and abobotulinumtoxinA were
conducted in children/adolescents with CP and either
UL or LL spasticity [11, 20–22]. However, studies
that report the effects of BoNT-A treatment in chil-

dren/adolescents with CP and multipattern spasticity
affecting more than one LL and/or UL are limited. It
is therefore important that the effects of BoNT-A are
evaluated in a wide range of ambulant (GMFCS levels
I–III) and nonambulant (GMFCS levels IV–V) chil-
dren with CP and LL and/or UL spasticity involving
different clinical patterns.

IncobotulinumtoxinA is a highly purified formula-
tion of BoNT-A (150 kD) that is free from complexing
proteins; reduction of the overall bacterial protein
load may be associated with lower immunogenicity
[23]. A large, international phase 3 pediatric study
program was initiated to investigate the efficacy
and safety of incobotulinumtoxinA for the treatment
of CP-related spasticity. Results of two double-
blind, randomized, parallel-group studies (Treatment
with IncobotulinumtoxinA in Movement [TIM],
NCT01893411; incobotulinumtoXinA in aRm treat-
ment in cerebral pAlsy [XARA], NCT02002884)
from this program showed incobotulinumtoxinA is
effective and safe for the treatment of LL and/or
UL spasticity in children and adolescents with CP
and provided evidence for its efficacy in multipattern
treatment, reflecting the real-world clinical needs of
children with CP [24, 25].

The ‘Treatment with IncobotulinumtoxinA in
Movement Open-Label’ (TIMO) study investigated
the longer-term safety and efficacy of incobotulinum-
toxinA in children/adolescents with LL or combined
LL and UL spasticity due to CP (GMFCS expanded
and revised [GMFCS-E&R] levels I–V). A sub-
set of patients with LL spasticity only who were
included in TIMO had previously been treated with
two injection cycles of incobotulinumtoxinA in the
TIM study. Treatment was standardized for each clin-
ical pattern, but individualized multipattern injections
were allowed in both clinical trials, together with
some flexibility in dosing based on the underlying
spasticity.

2. Methods

The TIMO study was an open-label, noncontrolled,
multicenter, phase 3 study conducted in 30 sites
across 12 countries. Patients with uni- or bilateral LL
spasticity due to CP who had completed the double-
blind, randomized, parallel-group phase 3 TIM study,
or newly recruited patients with CP and uni- or
bilateral LL or with combined UL and LL spastic-
ity, were enrolled. Standardized treatment plans with
predefined dose ranges and injection-site numbers for
each muscle ensured homogeneity for each muscle
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group to enable a comparison of treatment efficacy.
Patients who were eligible to enter TIMO from

TIM were treated for 74–98 weeks, with up to six
injection cycles in total across both studies (Fig. 1a).
Newly recruited patients had a 48- to 64-week treat-
ment period with four injection cycles.

2.1. Standard protocol approvals, registrations,
and patient consent

This study was conducted in accordance with
good clinical practice and the ethical principles of
the Declaration of Helsinki and registered on clin-
icaltrials.gov (NCT01905683). The study protocol,
informed consent forms, and other appropriate study-
related documents were reviewed and approved by
the local independent ethics committees and insti-
tutional review boards. Parent(s)/guardian(s) of all
patients provided written informed consent, and
patients provided assent (if applicable).

2.2. Participants

Eligible patients were aged 2–17 years and either
had completed TIM or were newly recruited with uni-
or bilateral spasticity due to CP.

Patients who had completed TIM [24] were eligible
for entry into TIMO if they 1) had uni- or bilat-
eral LL pes equinus (unilateral pes equinus required
subjects to have ipsilateral flexed knee or adducted
thigh), 2) were treated with any TIM study dosage
of incobotulinumtoxinA for two injection cycles of
12–16 weeks, and 3) had an Ashworth Scale (AS)
score ≥ 2 in the plantar flexors (at least unilaterally);
patients with an AS score of 1 could be enrolled if
the investigator determined a clinical need for rein-
jection. Recruitment from TIM was competitive and
not guaranteed.

Although all patients were required to have pes
equinus in at least one limb, newly recruited patients
could have a wider range of clinical patterns than
those enrolled from TIM (Fig. 1b): LL spasticity only
(unilateral or bilateral pes equinus; those with unilat-
eral pes equinus could also be treated for ipsilateral
flexed knee or adducted thigh) or combined unilateral
UL and uni- or bilateral LL spasticity (i.e., unilat-
eral pes equinus plus ipsilateral clinical pattern flexed
knee or adducted thigh plus flexed elbow, flexed wrist,
clenched fist, thumb-in-palm and/or pronated fore-
arm, or bilateral pes equinus plus the aforementioned
options for UL clinical patterns). Newly recruited
patients had an AS score ≥ 2 in at least one plan-
tar flexor and could be treatment naı̈ve (no BoNT-A

treatment within the last 12 months before study
injections for treatment of LL spasticity) or pre-trea-
ted (no BoNT-A treatment within the last 16 weeks
prior to first study treatment for any indication).

Key exclusion criteria of the TIM and TIMO stud-
ies included fixed contracture or predominant forms
of muscle hypertonia other than spasticity (e.g., dys-
tonia) in the target limb(s), surgery for pes equinus in
the target limbs within 12 months prior to screening
or planned within the study period, hip flexion requir-
ing BoNT-A injection, limitation of hip abduction
to < 40◦ or a pre-diagnosed migrational percentage
> 30◦, a severe neurological diagnosis and comorbid-
ity outside the spectrum of CP, and pure dyskinetic
CP or mixed CP with predominantly dyskinetic
movements. Treatment with intrathecal baclofen, oral
anticoagulants, or drugs acting as peripheral muscle
relaxants was not allowed.

2.3. Treatment

Eligible patients received four incobotulinumtox-
inA injection cycles, each followed by 12–16 weeks
of observation (Fig. 1a). All patients were treated for
pes equinus at least unilaterally throughout the study,
but further clinical patterns could also be chosen as
explained below.

Patients who entered the study from TIM received
four uni- or bilateral LL intramuscular injection
cycles of incobotulinumtoxinA (8 U/kg per pattern,
with a total dose per cycle of 16 U/kg bodyweight
[BW]; maximum 400 U); this was the highest
dose regimen utilized in TIM. Patients were treated
according to the same clinical patterns selected in
TIM based on individual clinical need, but this dose
level was irrespective of their previous treatment reg-
imen in TIM (Fig. 1b). At least two of the five plantar
flexor muscles contributing to pes equinus (gastroc-
nemius, soleus, tibialis posterior, flexor digitorum
longus, and flexor hallucis longus) were treated.

Newly recruited patients received intramuscular
injections of incobotulinumtoxinA according to four
standardized treatment combinations (Fig. 1b) cho-
sen by the investigator at the first injection, depending
on the patient’s clinical need. The total body dose
of 16–20 U/kg BW (maximum 400–500 U) for each
injection cycle was dependent on the patient’s ambu-
latory status: nonambulatory patients (GMFCS-E&R
levels IV–V) received a total body dose restricted
to 16 U/kg BW (maximum total dose of 400 U) for
safety reasons. LL clinical patterns (pes equinus,
flexed knee, and adducted thigh) could be treated
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Fig. 1. (a) Study design and (b) treatment according to clinical patterns. aOnly for newly recruited patients (not those who partici-
pated in TIM). bDay 1 of first incobotulinumtoxinA injection. cDay 1 of the next incobotulinumtoxinA IC. BW = body weight; D = day;
GMFCS-E&R = Gross Motor Function Classification System Expanded and Revised; IC = injection cycle; kg = kilogram; LL = lower limb;
max = maximum; TC = telephone contact; TIM = Treatment with IncobotulinumtoxinA in Movement study; U = units; UL = upper limb.
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with standardized incobotulinumtoxinA doses of 12
or 16 U/kg BW (maximum 300 or 400 U) distributed
between each pattern depending on ambulatory sta-
tus. For unilateral UL treatment, investigators were
free to distribute the dose as clinically needed within
predefined ranges for each clinical pattern (flexed
elbow, flexed wrist, clenched fist, thumb-in-palm,
and/or pronated forearm), with a total dose of 4 U/kg
BW (maximum 100 U). UL clinical patterns could be
changed at each injection cycle if necessary; however,
the same UL was treated consistently throughout the
study. The maximum dose of incobotulinumtoxinA
per injection site was 25 U for patients with BW
< 25 kg and 50 U for those with BW ≥ 25 kg (Supple-
mentary Table 1). IncobotulinumtoxinA was supplied
as a powder and was reconstituted with sterile saline.
The same dilutions were used by each investigator
and maintained for all injection cycles. Incobo-
tulinumtoxinA 100 U vials were always reconstituted
with 2 mL saline resulting in incobotulinumtoxinA 5
U per 0.1 mL injection solution.

Before the second, third, and fourth injection
cycles, the need for reinjection was evaluated by the
investigator clinically and confirmed with the par-
ent(s) and patient (if applicable). If eligible, the
patient received reinjection within 12–16 weeks of
the previous treatment. If the patient was not eligible
during this period (no clinical need for reinjection in
target limb/clinical pattern determined, AS score < 2
in treated clinical pattern, no agreement of investiga-
tor and patient/parent/caregiver that reinjection was
needed, major protocol violation, adverse event for
which reinjection would constitute an unacceptably
high risk, reinjection could not be performed), they
were discontinued from the study and an end-of-study
visit was performed.

As continuation of a comprehensive approach to
treat limb spasticity was required over the entire study
period, patients could continue to receive stable doses
of most existing antispastic medications including
central muscle relaxants, other medications that were
not expected to interfere with the effect of BoNT-
A, physiotherapy/occupational therapy, (removable)
casting, orthotic management, and other rehabilita-
tion measures that were not explicitly excluded. Local
anesthesia and/or analgosedation were allowed for
the injection procedures to reduce discomfort and
pain. To confirm correct placement of the injection
needle in this clinical study, all injections had to be
guided by at least one of the following: ultrasound,
electrical stimulation and electromyography; ultra-
sound was the preferred guidance technique.

2.4. Safety

Safety endpoints were assessed throughout the
study and included the occurrence of treatment-emer-
gent adverse events (TEAEs; adverse events with
onset or worsening at or after the first injection
of incobotulinumtoxinA), TEAEs of special inter-
est (TEAESIs) potentially indicating distant toxin
spread, serious TEAEs (TESAEs) and TEAEs
assessed as related to treatment by the study inves-
tigators. The investigator’s Global Assessment of
Tolerability (GAT) was an estimation of tolerabil-
ity based on a 4-point ordinal scale (1 = very good,
2 = good, 3 = moderate, 4 = poor).

BoNT-A antibody testing was conducted only in
patients with BW ≥ 21 kg because of the substantial
blood volume of 14 mL required for testing. Testing
was performed using a fluorescence immunoassay
(FIA) to detect binding antibodies against BoNT-A
in human serum [26]. Samples positive by FIA were
tested for neutralizing antibodies using the validated
and highly sensitive mouse ex vivo hemidiaphragm
assay (HDA) (sensitivity < 0.5 mU/mL) [27].

2.5. Efficacy

Assessments of efficacy were preferably made by
the same trained investigator at each study visit, and
every attempt was made to ensure this. Changes in
severity of spasticity were evaluated using the AS for
each treated clinical pattern. The AS is a 5-point scale
ranging from 0 (no increase in muscle tone) to 4 (limb
rigid in flexion or extension) [28].

The investigator’s Global Impression of Change of
Plantar Flexor Spasticity Scale (GICS-PF) score was
assessed using a 7-point Likert scale, which ranged
from –3 (very much worse function) to +3 (very much
improved function).

The investigator’s, child/adolescent’s (where app-
licable), and parent/caregiver’s GICS scores for over-
all LL or UL spasticity were also assessed on a
7-point Likert scale, which ranged from –3 (very
much worse) to +3 (very much improved).

The change in patients’ gross motor function and
ability over time was assessed using Gross Motor
Function Measure (GMFM)-66 scores, with higher
scores reflecting better function [29].

2.6. Statistical analyses

No formal sample size calculation was provided,
because analyses were performed in a descriptive and
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exploratory manner with no confirmatory analysis.
It was planned that at least 360 patients would be
enrolled: ≤260 who had completed TIM and ≥100
who were newly recruited.

Safety variables were analyzed descriptively in the
safety evaluation set (SES; patients who received at
least one study treatment), and efficacy was evaluated
descriptively in the full analysis set (patients from the
SES who had at least a baseline AS plantar flexor
score available).

The primary safety endpoint of the study was
the occurrence of TEAEs, TEAESIs, and TESAEs
overall and per injection cycle. Secondary safety end-
points included the occurrence of TEAEs related to
treatment as assessed by the investigator, overall and
per injection cycle; the occurrence of TEAEs by
worst intensity, overall and per injection cycle; and
the investigator’s GAT estimated at each injection
cycle visit before incobotulinumtoxinA was injected,
except at the first injection cycle. The incidence of
neutralizing antibodies was determined at screening
(for patients who completed TIM, data from the TIM
screening period were used) and at the end-of-study
visit.

Efficacy outcomes comprised secondary and other
endpoints and included the change in AS plantar
flexor (AS-PF) scores, other LL (knee flexors and
thigh adductors) scores, and UL scores from base-
line to week 4 of each subsequent visit; GICS scores
and investigator’s GICS-PF at week 4 of all injec-
tion cycles; and the change in GMFM-66 score from
the first injection visit to all subsequent injection vis-
its and to the end-of-study visit. For the subset who
continued from TIM, changes in AS scores over six
cycles were also evaluated. Observed cases analy-
ses were performed, with no imputation for missing
values. Statistical tests were two-sided hypothesis
tests in general, with 95% confidence intervals (CIs)
and descriptive p-values reported, where appropriate.
Changes from baseline in AS-PF scores were ana-
lyzed using a one-sample t-test and a Wilcoxon signed
rank test (both 2-sided, significance level � = 0.05).

Statistical analyses were performed using the sta-
tistical analysis system (SAS®) software package,
version 9.2 or higher (SAS Institute, Cary, NC, USA).

2.7. Data availability statement

Key elements of the study protocols, designs,
and statistical analysis plans were deposited in the
U.S. National Library of Medicine database (www.
clinicaltrials.gov, NCT01905683), and EU Clinical

Trials Register (https://eudract.ema.europa.eu/, 2012
-005055-17). All relevant information is contained
within this manuscript.

3. Results

A total of 30 sites in 12 countries screened 391
patients. Of these, 370 patients were eligible and
treated; 124 had completed TIM and 246 were newly
recruited (Fig. 2). All patients who had completed
TIM received LL treatment only, per protocol; 142

Fig. 2. Patient disposition. aMultiple reasons allowed; discon-
tinuation rates were similar in patients from TIM and newly
recruited patients. BW = body weight; GMFCS-E&R = Gross
Motor Function Classification System Expanded and Revised;
kg = kilogram; LL = lower limb; max = maximum total dose;
TIM = Treatment with IncobotulinumtoxinA in Movement study;
U = units; UL = upper limb.

www.clinicaltrials.gov
https://eudract.ema.europa.eu/
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Table 1
Demographics and baseline characteristics; SES/FASa

Characteristic Patients from TIM Newly recruited patients Total population
(N = 124) (N = 246) (N = 370)

Sex, n (%)
Male 68 (54.8) 152 (61.8) 220 (59.5)
Female 56 (45.2) 94 (38.2) 150 (40.5)

Age, years, mean (SD) 6.9 (4.1) 5.8 (4.0) 6.2 (4.1)
Weight, kg, mean (SD) 23.2 (12.7) 21.2 (13.1) 21.8 (13.0)
Weight < 25 kg, n (%) 84 (67.7) 188 (76.4) 272 (73.5)
GMFCS-E&Rb, n (%)

Level I 25 (20.2) 54 (22.0) 79 (21.4)
Level II 35 (28.2) 70 (28.5) 105 (28.4)
Level III 29 (23.4) 60 (24.4) 89 (24.1)
Level IV 24 (19.4) 35 (14.2) 59 (15.9)
Level V 11 (8.9) 27 (11.0) 38 (10.3)

Affected body side, n (%)
Unilateral right 11 (8.9) 41 (16.7) 52 (14.1)
Unilateral left 13 (10.5) 38 (15.4) 51 (13.8)
Bilateral 100 (80.6) 167 (67.9) 267 (72.2)

Previously received BoNT-A, n (%)c 85 (68.5) 119 (48.4) 204 (55.1)
Baseline AS-PF score

Left/right, mean (SD) 2.7 (0.5)/2.5 (0.6)d 2.5 (0.5)/2.8 (0.5)d 2.8 (0.5)/2.7 (0.5)d

Left/right, median (interquartile range) 2 (2, 3)/2 (2, 3)d 3 (3, 3)/3 (2, 3)d 3 (2, 3)/3 (2, 3)d

Concomitant diseases
Patients with at least one finding, n (%) 90 (72.6) 183 (74.4) 273 (73.8)

Most commone, n (%)
Intellectual disability 28 (22.6) 59 (24.0) 87 (23.5)
Epilepsy 23 (18.5) 57 (23.2) 80 (21.6)
Strabismus 23 (18.5) 34 (13.8) 57 (15.4)
Developmental speech disorder 11 (8.9) 34 (13.8) 45 (12.2)
Foot deformity 12 (9.7) 26 (10.6) 38 (10.3)

aThe SES and the FAS comprise the same patients and are thus interchangeable. bGMFCS-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. cPretreatment status for patients who had completed TIM was determined at entry into TIM. dn = 306 (completed
TIM: 110; newly recruited: 196) and 310 (completed TIM: 110; newly recruited: 200) observations for patients treated in left and right
plantar flexors, respectively. eMost common defined as > 10% in any group. AS-PF=Ashworth Scale of the Plantar Flexors; BoNT-A,
botulinum neurotoxin type A; FAS = full analysis set; GMFCS-E&R=Gross Motor Function Classification System Expanded and Revised;
SD = standard deviation; SES = safety evaluation set; TIM = Treatment with IncobotulinumtoxinA in Movement study.

newly recruited patients received LL treatment only;
and 104 newly recruited patients were treated for
combined UL and LL spasticity (56 unilateral UL,
unilateral LL, GMFCS-E&R levels I–III; 14 unilat-
eral UL, unilateral LL, GMFCS-E&R levels IV–V;
and 34 unilateral UL, bilateral LL).

Perinatal asphyxia/hypoxia and prematurity were
the most common causes of CP (45.7% and 25.4%,
respectively), and most patients had bilateral spas-
ticity (72.2%). Most patients were aged 2–5 years
(55.9%) and had a mean BW < 25 kg (73.5%).
Demographics and characteristics were generally
similar in patients who completed TIM (irrespec-
tive of incobotulinumtoxinA dose group in TIM)
and those who were newly recruited (Table 1); how-
ever, baseline AS-PF scores were slightly lower in
patients who completed TIM than in those who were
newly recruited, possibly because they had already

received two injection cycles of incobotulinumtox-
inA in the previous 24–36 weeks. A total of 55.1%
of patients had previously received BoNT-A treat-
ment. Mean (standard deviation [SD]) total doses
of incobotulinumtoxinA were similar for each injec-
tion cycle and for patients who completed TIM and
those who were newly recruited. Mean doses for the
clinical patterns pes equinus, adducted thigh, and
flexed knee were slightly greater for patients who
completed TIM than for newly recruited patients, a
finding explained by the dosing limitations for newly
recruited patients who were GMFCS-E&R levels
IV–V. Doses of incobotulinumtoxinA were similar,
irrespective of the body side treated. The mean (SD)
total observation period was 54.6 (12.6) weeks (range
4–95 weeks) in the total population (52.3 [14.5]
weeks in patients who completed TIM and 55.7 [11.4]
weeks in newly recruited patients).
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3.1. Safety

Across all four injection cycles, 109 patients
(29.5%) experienced a TEAE, ten of whom (2.7%)
experienced a treatment-related TEAE (Table 2). The
proportions of patients experiencing TEAEs were
similar among patients who completed TIM (31.5%)
and new recruits (28.5%). The most common TEAEs
were nasopharyngitis/pharyngitis, bronchitis, viral
respiratory tract infection, and upper respiratory tract
infection (Table 3). TEAEs were mild or moderate in
intensity in > 95% of patients. Only one severe TEAE

(also a TESAE) was considered to be treatment-
related by the investigator: one patient with a history
of epilepsy had seizures that led to discontinua-
tion; these resolved. There were no major differences
across the injection cycles with regard to the pat-
tern of TEAEs, including those that were considered
treatment-related.

The incidence of TESAEs was low: 4.3% across
all injection cycles. Two TESAEs in one patient
were considered treatment-related (both seizures; one
event was also a severe TEAE – see previous para-
graph). A total of four TEAESIs were reported for

Table 2
Summary of treatment-emergent adverse events by incobotulinumtoxinA injection cycle; SES

Number of patients, n (%) IC1 IC2 IC3 IC4 Totala

N = 370 N = 350 N = 340 N = 323 N = 370

Any TEAE 53 (14.3) 44 (12.6) 26 (7.6) 31 (9.6) 109 (29.5)
Mild 31 (8.4) 25 (7.1) 15 (4.4) 19 (5.9) 57 (15.4)
Moderate 19 (5.1) 17 (4.9) 11 (3.2) 12 (3.7) 48 (13.0)
Severe 3 (0.8) 2 (0.6) 0 (0.0) 0 (0.0) 4 (1.1)
Treatment related 6 (1.6) 5 (1.4) 2 (0.6) 1 (0.3) 10 (2.7)

Any TEAESI 1 (0.3) 2 (0.6) 1 (0.3) 0 (0.0) 3 (0.8)
Treatment related 1 (0.3) 1 (0.3) 1 (0.3) 0 (0.0) 2 (0.5)

Any TESAE 6 (1.6) 5 (1.4) 5 (1.5) 1 (0.3) 16 (4.3)
Treatment related 0 (0.0) 1 (0.3) 0 (0.0) 0 (0.0) 1 (0.3)

Any TEAE leading to 2 (0.5) 1 (0.3) 1 (0.3) 0 (0.0) 4 (1.1)
discontinuationb

Treatment related 0 (0.0) 1 (0.3) 0 (0.0) 0 (0.0) 1 (0.3)
Any fatal TEAE 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

aTotal relates to number of patients with TEAEs in any injection cycle. bTEAEs leading to discontinuation in IC1: moderate upper respiratory
tract infection (unrelated) in one patient who completed TIM and tenotomy (unrelated) in one newly recruited patient; IC2: severe seizure
(related) in one newly recruited patient; IC3: sinusitis (unrelated) in one newly recruited patient. IC = injection cycle; SES = safety evaluation
set; TEAE = treatment-emergent adverse event; TEAESI = TEAE of special interest; TESAE = treatment-emergent serious adverse event;
TIM = Treatment with IncobotulinumtoxinA in Movement study.

Table 3
Summary of the most common treatment-emergent adverse events (> 2% of total population) after incobotulinumtoxinA injection by

MedDRA SOC and preferred term; SES

Number of patients, n (%) Patients Newly recruited Total
MedDRA SOC PT from TIM patients population

(N = 124) (N = 246) (N = 370)

Infections and infestations 30 (24.2) 49 (19.9) 79 (21.4)
Nasopharyngitis 10 (8.1) 11 (4.5) 21 (5.7)
Bronchitis 4 (3.2) 10 (4.1) 14 (3.8)
Respiratory tract infection, viral 3 (2.4) 6 (2.4) 9 (2.4)
Upper respiratory tract infection 4 (3.2) 5 (2.0) 9 (2.4)
Pharyngitis 3 (2.4) 5 (2.0) 8 (2.2)
Tonsillitis 4 (3.2) 4 (1.6) 8 (2.2)

Gastrointestinal disorders 4 (3.2) 8 (3.3) 12 (3.2)
Nervous system disorders 2 (1.6) 9 (3.7) 11 (3.0)
General disorders and administration site conditions 4 (3.2) 6 (2.4) 10 (2.7)

Pyrexia 4 (3.2) 4 (1.6) 8 (2.2)
Skin and subcutaneous tissue disorders 2 (1.6) 8 (3.3) 10 (2.7)
Musculoskeletal and connective tissue disorders 3 (2.4) 6 (2.4) 9 (2.4)
Respiratory, thoracic, and mediastinal disorders 3 (2.4) 6 (2.4) 9 (2.4)
Investigations 5 (4.0) 3 (1.2) 8 (2.2)

MedDRA = Medical Dictionary for Regulatory Activities; PT = preferred term; SES = safety evaluation set; SOC = system organ class;
TIM = Treatment with IncobotulinumtoxinA in Movement study.
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three patients (0.8%; constipation, three events in
two patients; muscular weakness in one patient),
all of which were mild or moderate in intensity.
Two instances of constipation in one patient and one
instance of muscle weakness in one patient were
assessed by the investigator as treatment-related. In
general, the incidences of TEAEs, TESAEs, TEAE-
SIs, and treatment-related TEAEs were stable across
injection cycles and did not increase with repeated
cycles (Table 2).

The occurrence of TEAEs leading to discontinu-
ation was very low (four patients, 1.1%) and, with
the exception of the one instance (a seizure that was
severe, serious, and treatment-related, as assessed by
the investigator), were nonserious, moderate in inten-
sity, and not related to incobotulinumtoxinA and had
resolved by the end-of-study visit. There were no
deaths during the study.

Investigator’s GAT was “good” or “very good” for
92.0% of patients at the time of the second injection
cycle, 91.8% at the time of the third injection cycle,
and 92.0% at the time of the fourth injection cycle.
Poor tolerability was reported at these times for 1.4%,
1.2%, and 2.8% of patients, respectively. At the end-
of-study visit, the GAT was “good” or “very good”
for 85.7% and “poor” for 2.2% of patients.

3.2. Antibodies to BoNT-A

Of the 120 patients with antibody tests, two (one
new recruit and one who tested positive at screening
in TIM) were positive for neutralizing antibodies at
screening, and both had previously received BoNT-A
treatments. Four patients were positive for neutral-
izing antibodies at the end-of-study visit; all had

Fig. 3. Change from baseline in AS scores over four incobotulinumtoxinA injection cycles for (a) the plantar flexors, (b) other lower limb
clinical patterns, and (c) upper limb clinical patterns; FAS, OC. AS score: 5-point scale from 0 (no increase in muscle tone) to 4 (limb rigid
in flexion or extension); a decrease in score indicates improvement. ∗∗∗p < 0.001 versus study baseline, one-sample t-test. AS = Ashworth
Scale; AS-PF=Ashworth Scale of the plantar flexors; FAS = full analysis set; IC = injection cycle; OC = observed cases; SE = standard error.
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previously received BoNT-A and two had completed
TIM.

No BoNT-A-naı̈ve patients developed neutralizing
antibodies after incobotulinumtoxinA treatment, and
no patients demonstrated secondary lack of treatment
response due to neutralizing antibodies.

3.3. Efficacy

Mean AS-PF (left and right) scores improved sig-
nificantly from baseline to all post-baseline visits
(p < 0.001 for all) and from the day of each injection to
all visits of the respective cycle (p < 0.05 for all but the
week-16 visit of the third injection cycle), particularly
the week-4 visit of each cycle (Fig. 3a). A clinically
meaningful and consistent treatment response was
observed in all four injection cycles, with continuous
improvements seen in each cycle versus the previous
cycle. Spasticity improvements were also similar for
other treated LL and UL clinical patterns (Fig 3b,c).
Subgroup analysis according to baseline GMFCS-
E&R level was performed for the AS-PF (left and
right) and AS elbow flexors. Results indicated that
these AS scores improved from baseline in patients
of all GMFCS-E&R levels (data not shown).

When the subgroup of patients who had completed
TIM and had therefore received six incobotulinum-
toxinA injection cycles was considered, mean AS
scores (both the primary and the nonprimary side)
were shown to have improved from the baseline of
TIM to all visits of the present study (p < 0.001),
including the baseline visit, and showed consistent
spasticity improvements with each injection in all
evaluated clinical patterns (Fig. 4).

The GICS-PF change from baseline and investi-
gator’s, child’s/adolescent’s, and parent’s/caregiver’s
GICS ratings all supported that left and right plan-
tar flexor spasticity and LL and UL spasticity, were
improved at the 4-week visit after each of the
four incobotulinumtoxinA injection cycles (Fig. 5).
Consistent with these findings, improvement in plan-
tar flexor spasticity (sum of “minimally improved,”
“much improved,” and “very much improved”)
according to investigator’s GICS-PF was recorded
for > 90% of patients at the week-4 visit of each
injection cycle. Good concordance was observed
between the investigator’s, parent’s/caregiver’s, and
child’s/adolescent’s GICS, although only about one-
third of patients self-reported.

GMFM-66 scores continuously improved from
baseline with each injection cycle, with an 8.9%
improvement in motor function seen at the final visit.

Fig. 4. Change in AS scores of the (a) plantar flexors, (b) knee
flexors, and (c) thigh adductors from the TIM study baseline to
4 weeks post-each injection cycle in patients who were treated in
TIM and continued into TIMO for a total of six incobotulinumtox-
inA injection cycles; FAS, OC. Dashed lines represent the mean
change in AS score from the TIM study baseline at each visit,
and the solid lines represent the quadratic regression of AS score
changes from the TIM study baseline to week 4 in each injec-
tion cycle on scheduled time in weeks. AS = Ashworth Scale;
AS-PF = Ashworth Scale of the plantar flexors; CHG = change;
FAS = full analysis set; OC = observed cases; TIM = Treatment
with IncobotulinumtoxinA in Movement study; TIMO, Treatment
with IncobotulinumtoxinA in Movement Open-Label study.
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Fig. 5. Global Impression of Change scores for (a) investigator’s GICS-PF score at week 4, and GICS score at week 4 as rated by (b)
investigators, (c) children/adolescents and (d) parents/caregivers over four incobotulinumtoxinA injection cycles; FAS, OC. GICS/GICS-PF
score: –3, very much worse; –2, much worse; –1, minimally worse; 0, no change; +1, minimally improved; +2, much improved; +3, very
much improved. Respondents were asked to rate their overall impression of change in spasticity compared with the condition before the last
injection. GICS-PF and GICS results were analysed descriptively with no testing for significance. FAS = full analysis set; GICS = Global
Impression of Change Scale; GICS-PF = Global Impression of Change in the plantar flexors; IC = injection cycle; OC = observed cases;
SE = standard error.

Mean (SD) GMFM-66 scores had improved from a
baseline of 53.9 (18.9) by 1.5 (3.2), 2.6 (4.0), and 3.8
(5.1) at the start of injection cycles two, three, and
four, respectively, and by 4.8 (5.9) at the end-of-study
visit.

4. Discussion

Results showed that incobotulinumtoxinA was
safe and well-tolerated for LL and combined LL
plus UL multipattern treatment over four injection
cycles (mean [SD] 54.6 [12.6] weeks; range 4–95
weeks) with total body doses up to 16–20 U/kg BW
(maximum 400–500 U) in a population of non-
ambulant (GMFCS levels IV–V, 16 U/kg BW) and
ambulant (GMFCS levels I–III, up to 20 U/kg BW)
pediatric/adolescent patients with spasticity due to
CP. Notably, about one-third of these patients, all of
whom were treated with doses up to 16 U/kg BW
(maximum 400 U) for LL spasticity, received six
cycles of incobotulinumtoxinA. No new or unex-
pected safety concerns were identified, and the
incidence of TEAEs did not increase with repeated
treatment and was similar in patients who had com-

pleted TIM and in those who were newly recruited.
The TIMO study was designed to investigate the

safety and efficacy of incobotulinumtoxinA in a wide
range of pediatric patients with CP-related spastic-
ity across all GMFCS levels and affecting a range
of clinical patterns in both ULs and LLs, includ-
ing combined UL and LL patterns, reflecting the
real-world distribution of this disorder. It is reassur-
ing that incobotulinumtoxinA treatment was safe and
well-tolerated during each of the four to six injection
cycles, as evidenced by the 86% completion rate, in
this wide range of young patients, many of whom
had ULs and LLs treated simultaneously over long
periods of time. Improvements were seen for patients
at all disease severities, representing the spectrum of
patients presenting in clinical practice. These find-
ings further confirm the safety and good tolerability
profile of BoNT-A in children with CP and UL or LL
spasticity seen in predominantly shorter-term studies
and as recognized by neurology and physiotherapy
societies and clinical experts, although generalized
weakness can occur [9–11, 20–22, 30–33]. Local
injection site discomfort and pain are common but
can be managed with local anesthesia and/or anal-
gosedation, as in the current study. The phase 3
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XARA trial also showed that four injection cycles of
incobotulinumtoxinA 16–20 U/kg BW (maximum
400–500 U depending on GMFCS level) were safe
and well-tolerated in 350 children/adolescents with
CP and uni- or bilateral UL spasticity with or without
uni- or bilateral LL spasticity (GMFCS levels I–V)
[25].

TEAESIs, potentially indicating distant toxin
spread, occurred with low frequency (four TEAESIs
were reported in three patients [0.8%]; three TEAE-
SIs were considered treatment-related) and were
mild or moderate in intensity. This finding provides
reassurance to those administering and receiving
incobotulinumtoxinA treatment and further supports
the good tolerability of the drug over multiple injec-
tion cycles.

Evaluation of the longer-term safety of incobo-
tulinumtoxinA is also important because BoNT-As
are biologic proteins and may induce neutralizing
antibodies [23] that have been linked to secondary
nonresponse to BoNT-A treatment [34]. Each of
the available BoNT-A products has a different com-
position that may affect its likelihood of inducing
neutralizing antibodies [23]. IncobotulinumtoxinA
differs from onabotulinumtoxinA and abobotulinum-
toxinA in that it is free from complexing proteins,
consisting only of the 150 kDa neurotoxin respon-
sible for its therapeutic effect. In the current study,
all four patients who tested positive for neutraliz-
ing antibodies according to HDA had a history of
previous treatment with BoNT-As other than incobo-
tulinumtoxinA. Neutralizing antibody formation was
not observed following up to six cycles of incobo-
tulinumtoxinA (maximum total dose 100–400 U for
two cycles [24] then total body doses of up to 400–500
U for four cycles or total body doses of up to 400–500
U for four cycles) treatment in any patient who
entered TIM or TIMO naı̈ve to BoNT-A. No evidence
was found to suggest that patients exposed to incobo-
tulinumtoxinA developed secondary nonresponse to
incobotulinumtoxinA due to neutralizing antibodies,
which is of importance for the anticipated long-term
treatment of spasticity as a life-long condition occur-
ring in young patients with CP.

Results of this study confirm the usual pattern of
efficacy seen with BoNT-A [9, 10], with consistent
maximal improvement from baseline AS scores 4
weeks after each injection in each of the four injection
cycles. These beneficial effects of incobotulinum-
toxinA treatment were maintained and enhanced
with repeated injection cycles and were observed
across patients of all GMFCS-E&R levels, including

those who were nonambulant. This was observed for
children/adolescents treated for the LL clinical pat-
terns as well for children who also received UL
treatment. Decreased muscle tone was consistently
accompanied by improvements in GICS scores as
assessed by patients (of whom only about one-third
self-reported, since a large number were too young or
had insufficient ability to do so), parents/caregivers,
and physicians. Similar findings were reported in the
XARA trial, in which 350 children/adolescents with
CP and uni- or bilateral UL spasticity with or without
uni- or bilateral LL spasticity (GMFCS levels I–V)
experienced significant improvements in AS scores
from baseline during each of four injection cycles of
incobotulinumtoxinA [25].

Changes in motor function, assessed by GMFM-
66 over time, were consistent with those of previous
studies of BoNT-A for LL spasticity, particularly after
cycles two to four [35–37]. These results indicate
that the functional benefit of incobotulinumtoxinA
treatment was maintained through the end of each
injection cycle, with no negative impact on gross
motor function. GMFM-66 improvements should be
considered in the context of the patient’s global reha-
bilitation plan and cannot be solely attributed to
incobotulinumtoxinA treatment since many patients
also received physiotherapy and rehabilitation ther-
apy. However, improvements were consistent with
previously reported minimum clinically important
differences of 0.7–1.7 and 1.2–2.7 for medium and
large effects, respectively, in ambulatory children
with CP [38]. In children/adolescents with a wider
range of CP-related spasticity, including those who
were nonambulatory (GMFCS levels I–V, of whom
45% were GMFCS levels IV–V; 89% aged ≤6 years),
a clinically meaningful change in the GMFM-66 was
set at 1.58, and great improvement was set at 3.71
[39], both within the range of improvements reported
at the end of each injection cycle in the current study.

The TIMO study has a number of strengths,
including the phase 3 study design that specified
standardized yet individualized incobotulinumtox-
inA treatment that took into consideration the clinical
needs of patients in terms of disease severity and
the limbs affected by spasticity. In addition, TIMO
enrolled a heterogeneous population of pediatric
patients with CP; the proportions of patients at each
GMFCS level (I–V) were generally representative
of those found in real-world studies [40–42], and
patients presented with a range of clinical patterns
and limbs requiring treatment for spasticity. Thus,
patients were treated according to clinical need and
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received individualized, multipattern treatment that
reflected actual clinical practice as much as possible
within the constraints of a phase 3 trial. Potential lim-
itations of the TIMO study include the focus on pes
equinus spasticity, even though further patterns were
allowed; however, this design complemented that of
the TIM study, which focused on demonstrating effi-
cacy for LL spasticity. Other potential limitations are
that neither gait in ambulatory patients nor quality of
life was evaluated.

5. Conclusions

IncobotulinumtoxinA at total doses of 16 or
20 U/kg BW (maximum 400 or 500 U, respectively)
were well-tolerated and effective for the multipattern
treatment of LL and combined LL plus UL spasticity
in nonambulant (GMFCS levels IV–V, 16 U/kg BW)
and ambulant (GMFCS levels I–III, up to 20 U/kg
BW) children/adolescents (aged 2–17 years) with CP.
No new or unexpected safety concerns were identi-
fied over four (up to 64 weeks) or six injection cycles
(up to 96 weeks in the subset from TIM). The good
safety and tolerability profile, in combination with
evidence of efficacy over a wide spectrum of clinical
presentations of CP-related spasticity, suggests that
incobotulinumtoxinA, when used as adjunct to other
treatments, will provide pediatric patients with spas-
ticity with an effective treatment option that can be
tailored to meet their changing clinical and develop-
mental needs.
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