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Background
 M Current European and US guidelines recommend botulinum neurotoxin (BoNT) 

injections as a treatment for focal spasticity.1–3

 M A key challenge in treating patients with multifocal spasticity is that the 
total dose of BoNT required to improve overall function may exceed 
the currently approved maximum dose of 400 U incobotulinumtoxinA 
(Xeomin®, Merz Pharmaceuticals GmbH), thereby forcing physicians to 
prioritize treating only those patterns with the highest potential impact  
on attaining the treatment goal.

 M Dose escalation allows more muscles and clinical patterns to be treated, which 
may improve functional outcomes in patients with multifocal spasticity.

 M IncobotulinumtoxinA is effective and well tolerated in patients with upper- and 
lower-limb spasticity at approved doses.4–7 Higher-than-labeled doses are also well 
tolerated,8–12 but their efficacy has not been assessed in large prospective trials.

 M The favorable tolerability profile, lack of secondary non-response in clinical 
trials, and high purity of incobotulinumtoxinA13 make it a good candidate for 
clinical evaluation of escalated doses in the treatment of multifocal spasticity.

 M The TOWER study (NCT01603459) was a prospective, open-label,  
non-randomized, single-arm, multicenter, dose-titration study investigating 
the safety and efficacy of three injection cycles of escalating doses of 
incobotulinumtoxinA (400–800 U) for the treatment of upper- and lower-limb 
spasticity due to stroke and other cerebral causes.14

Objective
 M The objective of this analysis was to evaluate the influence of 

incobotulinumtoxinA (400–800 U) on functional impairment in patients  
with upper-limb spasticity.

Methods
 Study design

 M This prospective dose-escalation study enrolled patients 18–80 years of age 
with spastic hemiparesis due to cerebral causes, deemed to require total body 
doses of incobotulinumtoxinA 800 U.

 M Patients underwent three consecutive injection cycles with 
incobotulinumtoxinA at escalating fixed total body doses (400 U, 600 U, and 
600–800 U, respectively; 600 U per limb), injected into the same body side. 
Each injection was followed by 12–16 weeks of observation (Figure 1).

Inclusion criteria
 M Adults with spasticity of the upper and lower limb of the same body side due to 

cerebral lesions, or adults with bilateral symptoms – due to cerebral or brain stem 
lesions – who agreed to be treated on one side of the body only during the study.

 M Deemed by the investigator to require total body doses of 800 U 
incobotulinumtoxinA.

 M 12 weeks since the last event leading to spasticity on the body side of the 
selected target clinical pattern.

 M Focal spasticity with an Ashworth Scale score 2 points in the joint associated 
with the selected target clinical pattern.

 M Disability Assessment Scale (DAS) score 2 points in the principal target domain.

Outcome measures
Disability Assessment Scale

 M The functional impact of upper-limb spasticity was evaluated using DAS,  
which assesses four functional domains (‘hygiene’, ‘dressing’, ‘limb position’, 
and ’pain’) on a 4-point scale as follows:

 ● 0 = no disability
 ● 1 = mild disability (does not interfere significantly with normal activities)
 ● 2 = moderate disability (normal activities require increased effort and/or assistance)
 ● 3 = severe disability (normal activities limited).

 M At each injection visit, patients and/or their caregivers selected one of the 
four domains as their principal target of treatment. The extent of functional 
impairment in the principal domain was assessed at each injection visit,  
control visits 4 weeks post-injection, and at the end-of-Cycle 3 visit.

Functional Ambulation Classification
 M The independence (i.e. the level of function with regards to supervision or  

physical assistance needed from another person) and the ambulation  
abilities of patients were assessed using the 6-point functional ambulation 
classification (FAC) scale, where 0 = no functional ambulation and  
5 = ambulator-independent.

Goal attainment
 M At each injection visit, patients and their healthcare team identified two 

personal, realistic goals (one active and one passive) for each treated limb  
(up to four goals in total).

 M Investigators rated the attainment of each goal at the following injection visit 
(or at the end-of-Cycle 3 visit) according to a 5-point scale ranging from –2  
(a lot less than expected) to +2 (a lot better than expected), where 0 indicates 
the expected level of achievement.

Results
Patients

 M Of 193 patients screened, 155 were eligible to enroll and received treatment.

 M 137 patients completed the study. No patients withdrew due to lack of 
efficacy. Reasons for the discontinuation of 18 patients included:

 ● adverse events (n=5)
 ● withdrawn consent (n=7)
 ● predefined discontinuation criteria met (n=3)
 ● loss to follow-up (n=3)
 ● non-compliance (n=1)
 ● other administrative reasons (n=1).

 M Multiple discontinuation factors were entered for some patients.

 M Patient demographics and baseline characteristics are summarized in Table 1.

 M Most patients received the planned maximum dose per injection cycle (Table 2).

 M A total of 608 clinical patterns were treated in Cycle 1, 743 were treated in 
Cycle 2, and 811 were treated in Cycle 3; the mean number of patterns treated 
per patient increased from 3.9 (Cycle 1) to 5.8 (Cycle 3).

Disability of the upper limb
 M In each injection cycle, most patients (62–65%) selected ‘limb position’ as their 

principal target domain (Table 3).

 M Mean (standard deviation, SD) DAS score for the principal target domain  
at the study baseline was 2.6 (0.5), and was reduced to 1.6 (0.8) at the  
end of Cycle 3, with 60.0% of patients achieving an improvement of  
1 point overall.

 M For each injection cycle, scores improved between the injection cycle baseline  
and 4 weeks post-injection, with mean (SD) improvements of –0.6 (0.7), –0.7 
(0.7), and –0.7 (0.8) (Cycles 1, 2, and 3, respectively; Figure 2).

 M The proportion of patients with ‘no disability’ or ‘mild disability’ (DAS score  
of 0 or 1) increased at each injection cycle, from 0.7% (Cycle 1 baseline) to  
45.7% (Cycle 3 control visit) (Figure 3).

Functional ambulation
 M The proportion of ambulator-independent patients (FAC score of 5) increased 

from 24.5% (Cycle 1 baseline) to 41.4% (end of Cycle 3) (Figure 4).

Goal attainment
 M The proportion of patients achieving at least three of four possible treatment 

goals by the next injection visit (or end-of-Cycle 3 visit) increased after each 
injection, with 25.2%, 50.7%, and 68.6% of patients achieving 3 goals in  
Cycle 1, Cycle 2, and Cycle 3, respectively (Figure 5).

Conclusions
 M  These data support findings of randomized, placebo-controlled studies 
showing that incobotulinumtoxinA treatment improves functional 
disability associated with upper-limb spasticity.

 M  Besides substantial improvements in functional disability of 
the upper limb, dose escalation of incobotulinumtoxinA led to 
improvements in functional ambulation and patient-specific goal 
attainment after treatment of both the upper and lower limbs on 
one body side.

Table 1. Patient demographics and baseline characteristics

Characteristic Patients  
N=155

Sex, n (%)
Males
Females

104 (67.1)
51 (32.9)

Age, years; mean (SD) 53.7 (13.1)

Race, n (%)
Caucasian
Black/African American
Other
Missing

129 (83.2)
4 (2.6)
3 (1.9)

19 (12.3)

Causes of spasticity, n (%)
Stroke

Ischemic
Hemorrhagic

Other causes
Traumatic brain injury
Other cerebral vascular disorder
Brain tumor
Cerebral palsy

132 (85.2)
87 (56.1)
45 (29.0)
23 (14.8)
11 (7.1)
6 (3.9)
4 (2.6)
2 (1.3)

Median time since diagnosis of event leading to 
spasticity, months (range)

Right body side; n=68
Left body side; n=81

46.5 (3.7–372.8)
61.4 (2.8–428.9)

SD, standard deviation.

Table 2. Doses administered by injection cycle

IncobotulinumtoxinA Patients, n (%)

Cycle 1
375–400 U

400 U

N=155
14 (9)

141 (91.0)

Cycle 2
560–600 U

600 U
625–700 U

N=152
13 (8.6)

138 (90.8)
1 (0.7)

Cycle 3
500–600 U
600–700 U
700–800 U

800 U

N=140
1 (0.7)
8 (5.7)

15 (10.7)
116 (82.9)

Table 3. Principal therapeutic target domains selected by patients and healthcare teams for assessment 
of functional disability of the upper limb in each injection cycle

Patients, n (%)
Cycle 1
N=155

Cycle 2
N=152

Cycle 3
N=140

Limb position 89 (62.2) 98 (64.9) 87 (62.1)

Dressing 25 (17.5) 25 (16.6) 24 (17.1)

Hygiene 18 (12.6) 15 (9.9) 16 (11.4)

Pain 11 (7.7) 13 (8.6) 13 (9.3)

None selected 12 (7.7) 1 (0.7) 0 (0)
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Figure 1. Study design

Open-label treatment
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Maximum of 600 U per limb
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[V3a]
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[V4]

Injection 
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Control visit 2
Weeks 20–24

[V6b]

Control visit 1
Weeks 16–20

[V6a]

End-of-cycle
Weeks
24–32
[V7]

Injection 
Weeks
24–32
[V8]

Control visit 2
Weeks 32–40

[V9b]

Control visit 1
Weeks 28–36

[V9a]

End-of-study
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36–48
[V10]

TC1 (Weeks 13–17)
TC2 (Weeks 14–18)

[T2a/T2b]

TC1 (Weeks 25–33)
TC2 (Weeks 26–34)

[T3a/T3b]

†If a dose of 800 U was not justified for clinical or safety reasons, a lower dose of 600–800 U could be administered as an exception.
TC, telephone contact; V, visit.

Figure 2. Change in DAS score for the principal therapeutic target domain 4 weeks after each injection
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Mean changes in DAS scores were calculated 4 weeks after the injection cycle baseline visit.
DAS, Disability Assessment Scale; SD, standard deviation.

Figure 3. Proportion of patients with ‘no disability’ or ‘mild disability’ (DAS score = 0 or 1) in the principal 
target domain at injection cycle baseline and 4 weeks after each injection
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Inclusion criteria, patients with DAS score ≥2 points (moderate/severe disability) in the principal target domain at study baseline.
Principal target domain was selected at each injection cycle baseline visit.
DAS, Disability Assessment Scale.

Figure 4. Proportion of ambulator-independent patients (FAC score of 5) at baseline and end of Cycle 3
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FAC, Functional Ambulation Category.

Figure 5. Proportion of patients achieving one, two, or at least three goals by the end of the injection cycle
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Each patient and healthcare team identified two realistic treatment goals (one active and one passive) for each limb at each injection visit. 
Goal attainment for each injection cycle was rated at the next injection visit or the study end visit.
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