
Vol.:(0123456789)1 3

Journal of Neurology (2020) 267:2029–2041 
https://doi.org/10.1007/s00415-020-09777-5

ORIGINAL COMMUNICATION

Efficacy and safety of incobotulinumtoxinA in post‑stroke upper‑limb 
spasticity in Japanese subjects: results from a randomized, 
double‑blind, placebo‑controlled study (J‑PURE)

Yoshihisa Masakado1 · Masahiro Abo2 · Kunitsugu Kondo3 · Satoru Saeki4 · Eiichi Saitoh5 · Andrzej Dekundy6 · 
Angelika Hanschmann6 · Ryuji Kaji7 on behalf of the J-PURE Study Group

Received: 18 December 2019 / Revised: 24 February 2020 / Accepted: 24 February 2020 / Published online: 26 March 2020 
© The Author(s) 2020

Abstract
Background  Upper-limb spasticity frequently occurs after stroke and there is a clinical need for more effective therapies. 
The Phase III J-PURE study assessed the efficacy and safety of incobotulinumtoxinA up to 400 U for post-stroke upper-limb 
spasticity in Japan.
Methods  In the 12-week main period (MP) of this double-blind, placebo-controlled study, Japanese subjects with upper-
limb spasticity received one injection cycle of incobotulinumtoxinA 400 U, 250 U, or matching placebo. Eligible subjects 
enrolled in an open-label extension (OLEX) period of three injection cycles of incobotulinumtoxinA 400 U (32–40 weeks). 
The primary objective was to establish the efficacy of a single incobotulinumtoxinA injection using the Modified Ashworth 
Scale (MAS) wrist score. Secondary efficacy outcomes and safety were also assessed.
Results  Among 100 treated subjects, AUCs for incobotulinumtoxinA 400 and 250 U were significantly different versus 
placebo (p = 0.0014 and p = 0.0031, respectively) for change from baseline in MAS wrist score to the end of the MP, with 
similar results from baseline to week 4. IncobotulinumtoxinA 400 U was superior versus placebo across other spasticity 
patterns and at most study visits. Improvements were maintained throughout the OLEX period. Disability Assessment Scale 
and Investigator’s Clinical Global Impression scores improved significantly for incobotulinumtoxinA 400 U versus placebo 
from baseline to week 4 (p = 0.0067 and p < 0.0001, respectively). IncobotulinumtoxinA was well tolerated up to 52 weeks, 
with no unexpected adverse events.
Conclusion  IncobotulinumtoxinA reduced (pathologically) increased muscle tone, improved functionality and was well 
tolerated in Japanese subjects with post-stroke upper-limb spasticity.
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Introduction

From 1990 to 2016, the lifetime risk of stroke increased from 
22.8 to 24.9% globally [1]. In East Asia, the lifetime risk of 
stroke increased from 29.7 to 38.8%, a much higher jump 
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than the global estimate [1]. In Japan specifically, there has 
been a surge in the proportion of the population > 65 years 
of age in recent years, and the number of stroke patients 
has increased markedly in parallel. For example, in the year 
2000 there were an estimated 1.7 million stroke patients in 
Japan, which grew to around 2.8 million in 2013 [2].

While stroke-related mortality has decreased in Japan, a 
phenomenon often attributed to Japan’s efficient social care 
system and the use of anti-hypertensive drugs—around 
two-thirds of stroke survivors are unable to return to their 
pre-illness activities [2]. The most common deficit amongst 
stroke survivors is motor dysfunction [3]; in particular, it 
has been reported that up to 42.6% of 211 patients experi-
enced muscle spasticity after stroke [4]. Disabling or severe 
spasticity following the first-ever stroke occurs in approxi-
mately 2.0–15.6% of stroke survivors [4–6] and is a signifi-
cant burden on patients, caregivers, and society as a whole 
[2]. Severe spasticity has been reported more frequently in 
the upper limbs compared with the lower limbs (18.9% and 
5.5%, respectively) [4].

Guidelines recommend treatment with botulinum 
neurotoxin (BoNT) for spasticity, as par t of a 
multidisciplinary approach to therapy, including both BoNT 
injections and physical therapy [7, 8]. Currently, in Japan, 
there is only one BoNT type A (BoNT-A) formulation, 
onabotulinumtoxinA, approved for the treatment of lower 
and upper limbs [9]. In some countries, the maximum dose 
for upper-limb spasticity of onabotulinumtoxinA is 240 U  
with at least a 12  week treatment interval, and this is 
restricted to the treatment of spasticity in the wrist flexors, 
finger flexors, and thumb flexors/adductors [10]. The 
treatment interval is restricted to avoid the development 
of neutralizing antibodies, which may be a contributing 
factor to secondary treatment failure [10]. Accordingly, 
the Japanese label permits a maximum dose of 240 U for 
upper-limb spasticity (and 360 U for combined upper and 
lower-limb spasticity) followed by potential retreatment 
at > 12 weeks [9]. However, there is evidence to suggest that 
many patients would prefer a BoNT-A treatment interval 
of shorter duration; in some cases, patients are clinically 
considered to require a higher total dose than that currently 
approved [11, 12]. Therefore, there is a clinical need for a 
higher maximum dose and flexible treatment interval.

The efficacy and safety of incobotulinumtoxinA 
(a BoNT-A free from complexing proteins; Merz 
Pharmaceuticals GmbH, Frankfurt am Main, Germany), up 
to a total of 500 U per injection session, has previously been 
established for the multi-pattern treatment of upper-limb 
spasticity in predominantly Caucasian subjects [13–17].

The present study (J-PURE; JapicCTI Number:  
CTI-153029) was the first prospective, double-blind, 
placebo-controlled investigation of the safety and efficacy 
of incobotulinumtoxinA at total doses up to 400 U in the 

treatment of upper-limb spasticity in a Japanese population. 
Here, we report the results of the 12-week main period (MP) 
and the open-label extension (OLEX; up to an additional 
32–40 weeks).

Methods

Study design

This Phase III prospective, randomized, double-blind, 
placebo-controlled study, conducted between November 
2015 and April 2018 at multiple centers in Japan, recruited 
subjects with post-stroke upper-limb spasticity. The study 
included three periods: an open-label lead-in tolerability 
period (LITP), a randomized, double-blind, placebo-
controlled MP, and a subsequent OLEX period.

Subjects enrolled in the LITP received a single injection 
cycle of incobotulinumtoxinA 400 U into the muscles of the 
forearm and upper arm. A safety assessment of the LITP 
by the study sponsor and an independent Data Monitoring 
Committee (DMC) determined whether the dose of up to 
400 U could be used in the MP and OLEX. Details of the 
LITP methodology and results are reported elsewhere [18].

As there were no safety concerns noted during the LITP, 
the sponsor followed the independent DMC’s recommen-
dation to continue the study with incobotulinumtoxinA  
400 U and 250 U. The MP was a randomized, double-
blind, placebo-controlled study, with one injection cycle of  
incobotulinumtoxinA 400 U, incobotulinumtoxinA 250 U,  
or matching placebo. Subjects were randomized to 
receive incobotulinumtoxinA 400 U; high-dose placebo;  
incobotulinumtoxinA 250 U; and low-dose placebo at the 
ratio of 4:2:2:1, respectively.

Subjects from the MP and LITP were eligible for 
inclusion in the OLEX. The OLEX period comprised 
three injection cycles of incobotulinumtoxinA 400 U. 
The post-injection interval was flexible (10–14 weeks) for 
OLEX injection cycles 1 and 2 and fixed (12 weeks) for 
OLEX injection cycle 3. The incobotulinumtoxinA doses 
administered, and the patterns and muscle groups injected 
in the MP and OLEX, are summarized in Table 1.

Study population

Subjects were eligible for the study if they were: (i) 
20–80  years of age (< 65  years of age in the LITP) 
with unilateral post-stroke upper-limb spasticity; 
(ii)  botulinum toxin-naïve or pre-treated with 
onabotulinumtoxinA ≥ 16 weeks prior to the respective 
screening visit; (iii) had Modified Ashworth Scale (MAS) 
[19] ratings of ≥ 3 and ≥ 2 for wrist flexor and finger flexor 
muscle tone, respectively, at screening and baseline visits; 



2031Journal of Neurology (2020) 267:2029–2041	

1 3

Table 1   IncobotulinumtoxinA doses administered, treatment patterns and injected muscles in the MP and OLEX

MP main period; OLEX open-label extension
a Maximum 1.0 mL per injection site
b Injection of all these muscles is mandatory
c If muscle is chosen for injection. For muscles not requiring treatment, 0 U/mL might be applicable
d 400 U dose distribution at the investigator’s discretion

Units (high dose, 
400 U)

Units (low dose, 
250 U)

mLa Number of 
injection sitesa

MP: Upper-limb treatment, with treatment of thumb-in-palm
 Flexed wrist 100 62.50 2.0 –
  Flexor carpi radialisb 50 31.25 1.0 1–2
  Flexor carpi ulnarisb 50 31.25 1.0 1–2

 Clenched fist 100 62.50 2.0 –
  Flexor digitorum superficialisb 50 31.25 1.0 1–2
  Flexor digitorum profundusb 50 31.25 1.0 1–2

 Flexed elbow and pronated forearm 150 93.75 3.0 –
  Bicepsb 100 62.50 2.0 2–4
  Pronator teresb 50 31.25 1.0 1–2

 Thumb-in-palm 50 31.25 1.0 –
  Flexor pollicis longusb 20 12.50 0.4 1
  Adductor pollicisb 20 12.50 0.4 1
  Flexor pollicis brevis or opponens pollicisb 10 6.25 0.2 1

MP: Upper-limb treatment, without treatment of thumb-in-palm
 Flexed wrist 100 62.50 2.0 –
  Flexor carpi radialisb 50 31.25 1.0 1–2
  Flexor carpi ulnarisb 50 31.25 1.0 1–2

 Clenched fist 100 62.50 2.0 –
  Flexor digitorum superficialisb 50 31.25 1.0 1–2
  Flexor digitorum profundusb 50 31.25 1.0 1–2

 Flexed elbow and pronated forearm 200 125.00 4.0 –
  Bicepsb 100 62.50 2.0 2–4
  Brachialisb 50 31.25 1.0 1–2
  Pronator teresb 50 31.25 1.0 1–2

OLEX: Upper-limb treatment Unitsc mLc Number of 
injection sitesa

Flexed wrist –
 Flexor carpi radialisd 25–100 0.5–2.0 1–2
 Flexor carpi ulnarisd 20–100 0.4–2.0 1–2

Clenched fist – – –
 Flexor digitorum superficialisd 25–100 0.5–2.0 1–2
 Flexor digitorum profundusd 25–100 0.5–2.0 1–2

Flexed elbow and pronated forearm – – –
 Brachioradialisd 25–100 0.5–2.0 1–3
 Bicepsd 50–200 1.0–4.0 2–4
 Brachialisd 25–100 0.5–2.0 1–2
 Pronator quadratusd 10–50 0.2–1.0 1
 Pronator teresd 25–75 0.5–1.5 1–2

If thumb spasticity is presentc – – –
 Flexor pollicis longus 10–50 0.2–1.0 1
 Adductor pollicis 5–30 0.1–0.6 1
 Flexor pollicis brevis or opponens pollicis 5–30 0.1–0.6 1
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(iv) had Disability Assessment Scale (DAS) [20] rating ≥ 2 
for at least one functional disability domain at screening 
and baseline, and (v) had a clinical need (determined by 
the investigators) for a total dose of incobotulinumtoxinA 
400 U. Subjects were excluded from the study if they had 
fixed contracture or muscle hypertonia of another type (e.g., 
rigidity) in the affected joint(s) to be treated, or bilateral 
upper-limb paresis, paralysis or tetraparesis.

Efficacy assessments and study objectives

The primary objective of the study was to confirm, 
during the MP, the efficacy of a single injection cycle 
with incobotulinumtoxinA at two dose levels compared 
with matching placebo, in Japanese subjects with post-
stroke upper-limb spasticity. The extent of spasticity was 
determined using the MAS wrist flexor score, a measure of 
muscle resistance during passive stretch (which relies on 
muscle tone) [19].

Secondary efficacy objectives were (i) to investigate the 
efficacy of a single injection in the MP versus placebo using 
the MAS spasticity score for the upper-limb muscle groups 
other than wrist flexors (i.e., finger flexors, thumb flexors, 
elbow flexors, and forearm pronators), (ii) to investigate the 
effect of incobotulinumtoxinA compared with placebo as 
measured on the DAS; and (iii) to assess the Clinical Global 
Impression (CGI) of patients, investigators, and caregivers. 
MAS assessed spasticity in five muscle groups (wrist flexors, 
elbow flexors, finger flexors, thumb muscles, and forearm 
pronators) on a 6-point scale, with 0 = no increase in muscle 
tone and 4 = affected part(s) rigid in flexion or extension 
[19]. An additional score of 1+ denoted a slight increase in 
muscle tone, manifested by a catch, followed by minimal 
resistance throughout the remainder (less than half) of the 
range of movement [19] and this was defined as “1.5” for 
analysis purposes.

DAS was utilized to determine the effect of upper-limb 
spasticity on activities of daily living [20]. Using DAS, the 
extent of functional impairment was assessed on a 4-point 
scale from 0 (no disability) to 3 (severe disability, normal 
activities limited) across four domains (hygiene, dressing, 
limb position, and pain); for each subject, one domain was 
identified as the principal target domain at screening and 
baseline of each injection cycle. CGI was measured on an 
11-point Likert scale from − 5 (worst possible status) to + 5 
(best possible status).

Additional post-hoc analyses evaluated MAS during the 
OLEX by injection cycle length of the first and second OLEX 
injection cycles (10 weeks [67–73 days], > 10–12 weeks 
[74–87 days], > 12–14 weeks [88–101 days]) to assess the 
efficacy of different re-injection intervals.

Safety assessments and study objectives

Additional secondary objectives were to investigate 
the safety of incobotulinumtoxinA 400 U and 250 U 
compared with placebo, and the safety of repeated doses 
of incobotulinumtoxinA for a total treatment duration of 
up to 52 weeks. Lists of adverse events (AEs), severity, 
and relationship to the study treatment were recorded, 
with AEs coded according to the Medical Dictionary for 
Regulatory Activities (MedDRA) version 20.1, which 
was valid at the time point of database closure. A post 
hoc analysis was conducted to assess AEs based on the 
length of the first and second OLEX injection cycles 
(10  weeks, > 10–12  weeks, > 12–14  weeks). Serious 
AEs included those that were life-threatening, required 
hospitalization, or resulted in death. Subjects were actively 
questioned and closely monitored for signs of potential toxin 
spread as indicated by specific ‘AEs of special interest’, such 
as swallowing difficulties, speech or breathing disorders, 
diplopia, or muscular weakness. Seizure was defined as an 
indication-specific AE for close monitoring and subjects 
were asked at each visit if this event had occurred since last 
contact. Standard safety physical and laboratory assessments 
were performed at each visit, or according to the study 
schedule. Blood samples were drawn for BoNT-A antibodies 
at baseline and end-of-study visits.

Statistical analyses

The primary efficacy variable was the area under the curve 
(AUC) of the change from baseline in the MAS wrist 
score to the end of the MP (week 12). A confirmatory 
analysis based on the full analysis set (FAS) was performed 
hierarchically. The MP FAS comprised all subjects in the 
safety evaluation set (SES) for whom a baseline value of 
MAS for wrist assessment was available. A comparison 
of incobotulinumtoxinA 400 U and the high-dose placebo 
groups was first carried out, then if significant results were 
observed from this comparison, a confirmatory comparison 
between incobotulinumtoxinA 250  U and low-dose 
placebo groups was performed. An analysis of covariance 
(ANCOVA) was applied, in which baseline MAS wrist score 
was the covariate with pooled site, with treatment (400 U or 
250 U vs. matching placebo) and gender as factors (α = 0.05, 
two-sided tests). Isolated missing values were calculated 
using non-missing values, and any remaining missing 
values were imputed from baseline wrist MAS (baseline 
observation carried forward; BOCF). A sensitivity analysis 
was also performed on the per-protocol set (PPS), including 
those subjects in the FAS who had no significant protocol 
deviations. Descriptive statistics by treatment group, 
including least square (LS) means, p-values and confidence 
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limits by total population and ANCOVA level, were also 
recorded.

The secondary efficacy variable, change in the MAS wrist 
score from baseline (day 1) to week 4, was analyzed using 
the same model as for the primary efficacy analyses and the 
BOCF imputation method. Descriptive analyses, based on 
the FAS and PPS populations, were also performed for the 
secondary efficacy variable.

Other efficacy variables were analyzed descriptively. 
Exploratory ANCOVA with baseline as covariate and with 
gender, site, and treatment as factors was applied similarly to 
the primary and secondary efficacy analyses. No statistical 
tests were performed on data from the LITP and OLEX 
periods.

Safety analyses were performed on the SES, comprising 
all patients who were exposed to incobotulinumtoxinA 
during each respective study period. Standard laboratory 
values, antibody data, vital signs, body weight, and 
physical examination variables were analyzed descriptively 

and screened for individual clinically relevant values and 
changes from baseline, where applicable.

Results

Subjects

The study was conducted at 32 sites in Japan, 31 of which 
enrolled subjects. In total, 100 subjects were randomized 
and treated in the MP (incobotulinumtoxinA 400 U, n = 44; 
high-dose placebo, n = 22; incobotulinumtoxinA 250 U, 
n = 23; low-dose placebo, n = 11) and were included in the 
FAS and SES of the MP. Of these subjects, 90 completed 
the MP and entered the OLEX (incobotulinumtoxinA 400 U, 
n = 38; high-dose placebo, n = 19; incobotulinumtoxinA 
250 U, n = 22; low-dose placebo, n = 11). Overall, 100 sub-
jects (FAS and SES), including 10 subjects from the LITP, 
entered the OLEX, and 82 subjects completed all four cycles 
of the study (Fig. 1).

Fig. 1   Subject disposition in MP and OLEX. MP main period, OLEX open-label extension, LITP lead-in treatment period
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Subject baseline demographics are summarized in 
Table 2. Briefly, all subjects were of Asian race, and there 
were no differences between the treatment groups in gender 
ratio, mean age, weight or body mass index (BMI).

Efficacy

Muscle tone

For the primary efficacy variable of AUC for the changes in 
MAS wrist score from baseline to the end of the MP, both 
doses of incobotulinumtoxinA (400 U and 250 U) showed a 
statistically significant difference versus matching placebo 
(week 12), indicating the superiority of incobotulinumtoxinA 
over placebo (Fig. 2). LS mean differences of AUC (SE) 
[95% confidence intervals, CI] in favor of treatment 
with incobotulinumtoxinA compared with placebo were 
7.75 (2.322) [3.10–12.39] for the 400 U dose group 
(p = 0.0014) and 8.35 (2.593) [3.05–13.64] for the 250 U  
dose group (p = 0.0031) (Fig. 2). In the high-dose groups, 
mean AUC for the change in baseline MAS was consistently 
greater in the incobotulinumtoxinA group than the placebo 
group regardless of gender, pre-treatment or study site. 
Results from the sensitivity analysis performed in the PPS 
population were consistent with results for the FAS, in that 
the differences between incobotulinumtoxinA and placebo 
were significant (p = 0.0016 and p = 0.0041 for the high- and 
low-dose groups, respectively).

For the secondary efficacy variable, both doses of 
incobotulinumtoxinA (400 U and 250 U) showed significant 
changes versus placebo in wrist MAS score from baseline 
to week 4 (Fig. 3a) in the BOCF and FAS populations. LS 
mean differences (SE) [95% CI] in favor of treatment with 
incobotulinumtoxinA compared with placebo were 0.85 
(0.248) [0.35–1.35] for the 400 U dose group (p = 0.0011), 
and 0.92 (0.276) [0.36–1.49] for the 250 U dose group 

(p = 0.0022). Results from the sensitivity analysis performed 
in the PPS population were consistent with results of the 
FAS, whereby the differences between incobotulinumtoxinA 
and placebo were statistically significant (p = 0.0013 and 
p = 0.0030 for the high- and low-dose groups, respectively).

Analysis of MAS scores for finger and elbow flexors and 
forearm pronators showed that 400 U incobotulinumtoxinA 
had a pronounced, significant effect versus placebo across 
most treated clinical spasticity patterns and at most of the 
study visits, and a significant transient effect on thumb-
in-palm. A dose of 250 U incobotulinumtoxinA resulted 
in delayed or transient significant effects on finger flexor, 
elbow flexor, and forearm pronator MAS scores (Fig. 3b).

For the incobotulinumtoxinA dose of 400 U, the percentage 
of responders (subjects with ≥ 1-point reduction in MAS 
score) was higher in the treatment group versus the placebo 
group: p-values for treatment comparisons were < 0.05 for 
flexed wrist (responder rate range: 75.0–81.8% [treatment 
group] and 36.4–45.5% [placebo group] at weeks 1–8), 
clenched fist (responder rate range: 68.2–70.5% [treatment 
group] and 27.3–36.4% [placebo group] at weeks 4–6) and 
flexed elbow (responder rate range: 34.1–56.8% [treatment 
group] and 9.1–22.7% [placebo group] at weeks 1–6 and 
week 12). Correspondingly, for an incobotulinumtoxinA 
dose of 250 U, the percentage of responders was higher in 
the treatment group relative to the placebo group: p-values 
for treatment comparisons were < 0.05 for flexed wrist 
(responder rate range: 65.2–69.6% [treatment group] and 
27.3–36.4% [placebo group] at weeks 1–12), clenched fist 
(responder rate: 52.2% [treatment group] and 18.2% [placebo 
group] at week 4) and for flexed elbow (responder rate range: 
43.5–56.5% [treatment group] and 18.2–27.3% [placebo 
group] at weeks 4–8).

In the OLEX, the mean (SD) changes in MAS wrist 
score from study baseline to week 4/end of injection cycle 
were 1.43 (0.78)/0.88 (0.69) for cycle 2, 1.49 (0.74)/1.01 

Table 2   Subject demographics in the MP

BMI body mass index, SD standard deviation

Treatment group

High-dose Low-dose Total (N = 100)

IncobotulinumtoxinA 
(N = 44)

Placebo  
(N = 22)

IncobotulinumtoxinA 
(N = 23)

Placebo  
(N = 11)

Mean age, years (SD) 59.8 (11.3) 54.7 (14.2) 62.8 (9.8) 62.6 (9.5) 59.7 (11.7)
Gender, n (%)
 Male 34 (77.3) 15 (68.2) 18 (78.3) 8 (72.7) 75 (75.0)
 Female 10 (22.7) 7 (31.8) 5 (21.7) 3 (27.3) 25 (25.0)

Race, n (%)
 Asian 44 (100) 22 (100) 23 (100) 11 (100) 100 (100)

Mean weight, kg (SD) 63.9 (11.3) 66.0 (15.2) 67.9 (9.5) 62.1 (9.5) 65.1 (11.7)
Mean BMI, kg/m2 (SD) 24 (3) 25 (5) 25 (4) 23 (3) 24 (4)
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(0.69) for cycle 3 and 1.50 (0.69)/1.22 (0.72) for cycle 4. 
Mean changes in MAS wrist scores from study baseline to 
week 4 of injection cycle 2 were comparable irrespective 
of the treatments given in the LITP/MP: 1.49 (0.82) for 
incobotulinumtoxinA 400 U, 1.53 (0.79) for high-dose 
placebo, 1.32 (0.80) for incobotulinumtoxinA 250 U, and 
1.23 (0.52) for low-dose placebo.

Similar changes in MAS scores were obtained for finger, 
elbow, and forearm pronator in the OLEX period, whereas 
the changes in MAS thumb flexor scores were smaller in 
magnitude (data not shown).

Decreases in mean MAS, indicating an improvement, 
were seen in all three subgroups by length of injection 
cycle (10  weeks [incobotulinumtoxinA 400 U, n = 27; 
high-dose placebo, n = 11; incobotulinumtoxinA 250 U, 

n = 13; low-dose placebo, n = 4], > 10–12 weeks [incobotu-
linumtoxinA 400 U, n = 4; high-dose placebo, n = 2; inco-
botulinumtoxinA 250 U, n = 2; low-dose placebo, n = 1] 
and > 12–14 weeks [incobotulinumtoxinA 400 U, n = 3; 
high-dose placebo, n = 2; incobotulinumtoxinA 250 U, n = 1; 
low-dose placebo, n = 0]) for most time points of all clinical 
patterns. The magnitude of decreases was similar between 
the subgroups by injection cycles for most time points of all 
clinical patterns.

Functionality

In the MP, a significant change versus placebo was observed 
in the DAS score of the principal therapeutic target domains 
(defined as limb position for 43.0% of subjects, hygiene for 

Fig. 2   Time course of  
MAS wrist score change  
from baseline to the end  
of the MP (Week 12) for  
a incobotulinumtoxinA 400 U, 
and b incobotulinumtoxinA  
250 U versus placebo. 
ANCOVA of AUC for change 
from baseline in MAS wrist 
score (high-dose placebo, 
n = 11; incobotulinumtoxinA 
400 U, n = 23; low-
dose placebo, n = 11; 
incobotulinumtoxinA 250 U, 
n = 23). ANCOVA analysis of 
covariance, AUC​ area under the 
curve, LS least squares, MAS 
Modified Ashworth Scale, SD 
standard deviation, SE standard 
error

(a)

(b)
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34.0% of subjects, and dressing for 23.0% of subjects at 
screening; no subjects had pain as their principal therapeu-
tic target domain) from baseline to week 4 of the MP in 
the high-dose group of incobotulinumtoxinA, but not the 
low-dose group (Fig. 4). LS mean difference [SE] versus 
placebo was significantly greater with incobotulinumtoxinA 
400 U at week 4 (0.52 [0.184]; p = 0.0067), week 6 (0.53 
[0.198]; p = 0.0097) and week 8 (0.40 [0.196]; p = 0.0476). 
The change versus placebo was greater with incobotulinum-
toxinA 250 U at week 8 (0.53 [0.226]; p = 0.0254). Mean 
[SD] change from baseline for incobotulinumtoxinA 400 U 
was 0.73 [0.79], 0.75 [0.78], and 0.70 [0.82] at weeks 4, 6, 
and 8, respectively, and for 250 U was 0.61 [0.66] at week 8.

In the OLEX period, the mean (SD) changes in the 
DAS score of the principal therapeutic target domain from 
study baseline to week 4 of injection cycles 2, 3 and 4 
were 0.78 (0.83), 0.94 (0.87), and 0.99 (0.91), respectively. 
When considering the treatment received during the 
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Fig. 3   Change from baseline in MAS scores for incobotulinumtoxinA 
versus placebo a for wrist flexors at week 4, and b additional clinical 
patterns up to week 12 of the MP. *p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001. 
ANCOVA of change in MAS wrist score from baseline to week 4 (a) 
and by clinical pattern and visit in MP (high-dose placebo, n = 22;  

incobotulinumtoxinA 400 U, n = 44; low-dose placebo, n = 11; 
incobotulinumtoxinA 250 U, n = 23). LS least squares, MAS Modified 
Ashworth Scale, MP main period, SD standard deviation, SE standard 
error

Fig. 4   Change from baseline in DAS scores of the principal therapeutic 
target domain for incobotulinumtoxinA versus placebo at week 4 of 
the MP. ** p ≤ 0.01. ANCOVA of change in DAS score from baseline 
to week 4 (incobotulinumtoxinA 400 U, n = 44; incobotulinumtoxinA  
250 U, n = 23). DAS disability assessment scale, LS least squares, MP 
main period, SE standard error
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MP, mean (SD) changes in DAS scores of the principal 
therapeutic target domain from study baseline to week 4 
of injection cycle 2 (OLEX) were numerically greater in 
subjects who had received incobotulinumtoxinA during 
the MP than in those who had received placebo, but were 
comparable between the incobotulinumtoxinA 400 U and 
250 U dose groups (0.83 [0.84] for incobotulinumtoxinA 
400 U, 0.58 [0.90] for high-dose placebo, 1.00 [0.76] for 
incobotulinumtoxinA 250 U, and 0.45 [0.69] for low-dose 
placebo).

A significant change in investigators’ CGI assessment at 
week 4 of the MP was observed with incobotulinumtoxinA 
400 U compared to placebo, but this change was not seen 
with 250 U. The change versus placebo was numerically 
greater (indicating greater improvement) for incobotulinum-
toxinA 400 U at week 12 (LS mean difference [CI]: − 1.37 
[− 2.30 to − 0.43]. In the OLEX period, the mean (SD) 
changes in investigators’ CGI from study baseline to week 
4 of injection cycles 2, 3 and 4 were − 2.67 (2.35), − 3.18 
(2.12), and − 3.36 (2.23), respectively.

A significant change in patients’ CGI assessment 
at week 4 (LS mean difference [CI]: − 1.53 [− 2.34 to 

0.73]; p = 0.0003) and week 12 (LS mean difference [CI]: 
− 1.34 [− 2.15 to − 0.54]) of the MP was observed with 
incobotulinumtoxinA 400 U compared with placebo, and 
with incobotulinumtoxinA 250 U compared with placebo 
at week 12 only (LS mean difference [CI] − 1.80 [− 3.34 
to − 0.26]). In the OLEX period, the mean (SD) changes 
in patients’ CGI from study baseline to week 4 of injection 
cycles 2, 3 and 4 were − 2.24 (2.18), − 2.25 (2.12), and 
− 2.68 (2.41), respectively.

Safety

Main period

AEs a re  summar ized  in  Table   3 .  Overa l l , 
incobotulinumtoxinA (400 U and 250 U) was well tolerated, 
and no unexpected AEs were observed. The incidence of 
AEs was overall comparable in the incobotulinumtoxinA 
400 U and 250 U dose groups, and there were no treatment-
related AEs leading to discontinuation.

In the incobotulinumtoxinA 400 U and 250 U dose 
groups, two subjects (8.7%) and three subjects (6.8%) 

Table 3   Overall summary of AEs in the (a) MP and (b) OLEX periods

AE adverse event, MP main period, n number of subjects, OLEX open-label extension

(a) MP (n, %) Treatment group

High-dose Low-dose Total

IncobotulinumtoxinA 
(N = 44)

Placebo 
(N = 22)

IncobotulinumtoxinA 
(N = 23)

Placebo 
(N = 11)

IncobotulinumtoxinA 
(N = 67)

Placebo 
(N = 33)

AE 22 (50.0) 8 (36.4) 10 (43.5) 4 (36.4) 32 (47.8) 12 (36.4)
AE related to treatment 3 (6.8) 0 2 (8.7) 0 5 (7.5) 0
Serious AEs 1 (2.3) 0 1 (4.3) 1 (9.1) 2 (3.0) 1 (3.0)
Serious AEs related to treatment 0 0 0 0 0 0
AE of special interest 2 (4.5) 0 1 (4.3) 0 3 (4.5) 0
AE of special interest related to treat-

ment
2 (4.5) 0 0 0 2 (3.0) 0

AE leading to discontinuation 1 (2.3) 2 (9.1) 0 0 1 (1.5) 2 (6.1)
AE leading to discontinuation related 

to treatment
0 0 0 0 0 0

Deaths 0 0 0 0 0 0

(b) OLEX (n, %) Cycle 2 (N = 100) Cycle 3 (N = 91) Cycle 4 (N = 82) Total (N = 100)

AE 36 (36.0) 30 (33.0) 21 (25.6) 65 (65.0)
AE related to treatment 3 (3.0) 0 3 (3.7) 6 (6.0)
Serious AEs 1 (1.0) 3 (3.3) 0 4 (4.0)
Serious AEs related to treatment 0 0 0 0
AE of special interest 2 (2.0) 2 (2.2) 0 4 (4.0)
AE of special interest related to treatment 2 (2.0) 0 0 2 (2.0)
AE leading to discontinuation 1 (1.0) 1 (1.1) 0 2 (2.0)
AE leading to discontinuation related to treatment 0 0 0 0
Deaths 0 0 0 0
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experienced AEs considered related to treatment, respec-
tively. There were three subjects with a total of five AEs of 
special interest; four events in two (4.5%) subjects receiving 
incobotulinumtoxinA 400 U (dysarthria, n = 2; dysphagia, 
n = 1; muscular weakness, n = 1) and one event (4.3%) in a 
subject receiving incobotulinumtoxinA 250 U (constipation, 
n = 1). All AEs in the 400 U dose group were considered to 
be related to treatment. The AE in the 250 U dose group was 
not considered to be related to treatment. All AEs were mild 
in intensity and resolved without any intervention.

For three subjects, three serious AEs were reported, 
one each for the incobotulinumtoxinA 400 U (polymyalgia 
rheumatica), 250 U (femur fracture), and low-dose placebo 
groups (cholelithotomy); none were considered to be 
treatment-related. No fatal AEs occurred during the MP.

Open‑label extension period

IncobotulinumtoxinA continued to be well tolerated for up 
to 52 weeks, over the three additional treatment cycles of 
the OLEX period; there were no deaths in any period of the 
study and AEs were comparable overall in frequency and 
severity across the two dose groups (Table 3).

In total, six subjects (6.0%) experienced AEs considered 
related to treatment, three each in cycle 2 and cycle 4. There 
were no treatment-related AEs leading to discontinuation.  
Four subjects experienced five AEs of special interest  
(muscular weakness, n = 2 [1 mild and 1 moderate in 
intensity]; moderate hypotonia, n = 1; moderate dyspnea, 
n = 1, and moderate accommodation disorder, n = 1), two 
of which were considered treatment-related, and all were 
resolved with the exception of the accommodation disorder 
event. Five serious treatment-emergent AEs in the OLEX 
period were reported in four subjects. None of the serious 
treatment-emergent AEs were considered to be related to 
treatment, and no fatal AEs occurred during the OLEX 
period. From baseline to the end-of-cycle visits, there were 
no relevant changes in clinical laboratory values, vital signs, 
or ECG.

For most subjects (n = 55) the interval of the first and 
second injection cycles of the OLEX was 10 weeks; among 
these, 35 reported AEs and, in 3 of these subjects, the AEs 
were considered to be treatment-related (1 subject in the 
incobotulinumtoxinA 400 U group and 2 subjects in the 250 
U group). Seven (out of nine) subjects and five (out of six) 
subjects with a cycle length of > 10–12 and > 12–14 weeks 
for the first and second OLEX injection cycles, respectively, 
exhibited AEs and none of these AEs were considered to be 
treatment-related.

Five subjects were found to be positive for anti-
BoNT/A antibodies at baseline, and all of these subjects 
had previously been treated with BoNT. According to the 
fluorescence immunoassay for antibodies, seven subjects 

were positive for anti-BoNT/A antibodies at the end-of-study 
visit: five of those subjects had previously been positive at 
baseline (and week 12) whereas two subjects were newly 
positive. However, these two subjects were found to be 
negative for neutralizing anti-BoNT/A antibodies using 
the hemidiaphragm assay (HDA) method. There was no 
indication of secondary non-response in any of the subjects 
with neutralizing antibodies at the end of study.

Discussion

This study shows that treatment with a single injection of 
incobotulinumtoxinA (either 400 U or 250 U) versus placebo 
in Japanese subjects with multi-pattern, post-stroke upper-
limb spasticity, was effective in reducing (pathologically) 
increased muscle tone, as measured by MAS scores for 
the wrist at week 12 (primary efficacy variable), and at 
week 4. Observed improvements in wrist spasticity were 
also reported in a previous study in which 200–240 U 
onabotulinumtoxinA was administered to the wrist (100 U), 
finger (100 U), and thumb (40 U, optional additional dose) 
in Asian subjects [21]. Furthermore, upper-limb muscle tone 
improvements have been observed, primarily in Caucasian 
populations, following treatment with incobotulinumtoxinA 
doses up to 400 U per injection cycle for post-stroke upper-
limb spasticity: however, these studies utilized the Ashworth 
Scale instead of the MAS [13–16] so efficacy outcomes are 
not directly comparable to that of the current study.

Distribution of the total dose of BoNT-A in the present 
study was more flexible than in a similar earlier study in 
Asian subjects [21], with the incobotulinumtoxinA 400 U  
dose enabling treatment of a greater number of clinical 
patterns where required. In addition to improvements 
in muscle tone of the wrist, the broad distribution of 
incobotulinumtoxinA 400 U resulted in improvement in 
spastic muscle tone in most other upper-limb muscle groups, 
i.e., finger flexors, elbow flexors, and forearm pronators and 
corresponding clinical patterns, at the  majority of study 
visits.

Improvements in muscle tone were accompanied by 
significant improvements in functionality, as evidenced 
by the changes observed in DAS score for the principal 
domain, and in the investigators’ and patients’ CGI scores 
from baseline to week 4, with incobotulinumtoxinA 400 U 
versus placebo in the MP, but not with the 250 U dose. These 
results suggest a possible dose–response relationship, and a 
more pronounced benefit with the higher dose, consistent 
with significant improvements in MAS wrist and CGI scores 
with a higher dose of onabotulinumtoxinA, and variability in 
DAS, shown previously in Asian subjects [21].
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Overall, incobotulinumtoxinA doses up to 400 U were 
well tolerated for the treatment of post-stroke upper-limb 
spasticity in Japanese subjects for up to 52 weeks, and over 
four treatment cycles. No subjects died during the study, 
and no unexpected AEs were reported. Notably, no sub-
jects discontinued the study due to treatment-related AEs.

In general, the longer-term safety profile of 
incobotulinumtoxinA in Asian subjects was similar to that 
of Caucasian subjects with upper-limb spasticity treated 
with incobotulinumtoxinA up to 400 U in previously 
published studies in Europe and the United States [13, 
14, 16, 22]; the incidence of treatment-related AEs 
occurred at a similar low frequency in all studies, and the 
incidence of AEs and treatment-related AEs in the present 
study was similar to that of Asian subjects treated with 
onabotulinumtoxinA [21].

In the current study, treatment-related AEs, as well 
as AEs of special interest, were only reported with 
incobotulinumtoxinA treatment. However, there were no 
notable differences between the treatment groups in the 
incidences of serious AEs and, among the AEs of special 
interest, only muscle weakness was reported in both the 
MP and OLEX periods, consistent with the mechanism of 
action and known side-effect profile of BoNT formulations 
including incobotulinumtoxinA [17, 23]. Furthermore, 
there was no tendency towards an increased incidence 
of AEs associated with repeated administrations of 
incobotulinumtoxinA in the OLEX period, and no serious 
AEs were considered to be related to treatment. All 
subjects that were positive for anti-BoNT/A antibodies 
at baseline had been treated with BoNT before study 
enrollment. Notably, there was no indication of the 
development of secondary non-response in any of the 
subjects and, according to the HDA method, no subjects 
newly developed neutralizing antibodies during this study.

Strengths and limitations

The strengths of this study included the double-blind, 
placebo-controlled, randomized nature of the MP design, 
and the flexible re-injection interval during cycles 1 
and 2 of the OLEX period, to better mirror real-world 
clinical practice. Furthermore, the broad administration 
of incobotulinumtoxinA 400 U across various clinical 
patterns of spasticity led to improvements in muscle tone 
and was also reflected by improvements in patient-related 
outcomes (DAS; patients’ CGI). A limitation of the OLEX 
part of the study was that, although injection cycle 1 was 
blinded and placebo-controlled, injection cycles 2 to 4 
were open-labelled (with all participants receiving the 
active treatment); as such, the potential for bias in efficacy 
outcome assessments in these cycles could not be fully 

ruled out. The open-labelled nature of injection cycles 2 
to 4 permitted varied doses to be administered per muscle 
depending on the patient’s individual clinical requirement.

Conclusion

IncobotulinumtoxinA doses of up to 400 U were shown to 
be effective in Japanese subjects with multi-pattern, post-
stroke upper-limb spasticity in terms of improved muscle 
tone and functionality. Although both 250 U and 400 U had 
therapeutic benefits, the efficacy of incobotulinumtoxinA 
was more pronounced with the higher dose. For both doses 
(250 U and 400 U), the drug was well tolerated with no 
safety concerns.
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