Efficacy and safety of a new botulinum toxin a from strain CBFC26 (NTC) for the treatment of post-stroke upper limb spasticity
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ABSTRACT
Objectives Botulinum toxin A has been widely used in stroke patients to decrease spasticity and enhance upper limb function. In the current study, we investigated a new botulinum toxin A, termed Neurotoxin, from CBFC26 strain (NTC, Botulax®) and compared its efficacy and safety for post-stroke upper limb spasticity with that of onabotulinumtoxin A (Botox®).
Methods A total of 187 stroke patients with upper limb spasticity were recruited for the study and randomized into the NTC group (n=95) and Botox group (n=92). We evaluated primary outcome using the modified Ashworth scale (MAS) for wrist flexors at 4 weeks and secondary outcome using MAS for wrist flexors, elbow flexors, finger flexors, and thumb flexors, as well as Global Assessment in spasticity, Disability Assessment Scale (DAS), and Caregiver Burden Scale at baseline, 4, 8, and 12 weeks. Safety Measures were also monitored during the study period.
Results In efficacy measures, both groups demonstrated significant improvements with respect to MAS, Global Assessment in spasticity, DAS, and Caregiver Burden Scale during the study periods (p<0.05), and no significant difference was observed between the two groups (p>0.05). Safety Measures also showed no significant differences in safety between the two groups (p>0.05).
Conclusions According to our results, the efficacy and safety of NTC were comparable with those of Botox for upper limb spasticity in post-stoke patients.



Table 1 Demographic and clinical data
	
	NTC Group
(N=94)
	Botox Group
(N=92)
	p value

	Age
	56.81 ± 9.49
	56.93 ±11.93
	0.9365*

	Sex
	
	
	

	 Men (number)
	65
	69
	0.3740†

	 Women (number)
	29
	23
	

	Duration from stroke (year)
	5.40 ± 5.56
	5.02 ±4.11
	0.2949‡

	Previous botulinum toxin injection
	
	
	

	 Yes
	35
	36
	0.7901†

	 No
	59
	56
	

	Number of previous botulinum toxin injections
	1.63 ±1.31
	2.08 ±1.48
	0.0342‡

	Time since recent botulinum toxin injection (year)
	2.16 ±2.32
	1.14 ±0.84
	0.1441‡


Values are mean ± standard deviation or number of patients. 
*Two-sample t-test.
†Pearson's chi-square test.
‡Wilcoxon rank sum test. p<0.05

Table 2 Injection Sites and Doses for Each Target Muscle
	Function
	Target muscle
	Recommended
injection dose
(U: units)
	Number of injection sites
	Mean injection dose
	p value (inter-group)

	
	
	
	
	NTC group
	Botox group
	

	Wrist flexors
	Flexor carpi radialis
	15–60
	1–2
	54.00±9.49
	53.86±7.92
	0.4843*

	
	Flexor carpi ulnaris
	10–50
	1–2
	45.13±7.70
	45.54±7.17
	0.7593*

	Elbow flexor
	Biceps brachii
	100–200
	Up to 4
	116.26±26.86
	109.62±25.79
	0.1207*

	Finger flexors
	Flexor digitorum superficialis
	15–50
	1–2
	46.28±8.20
	46.73±7.77
	0.5921*

	
	Flexor digitorum profundus
	15–50
	1–2
	42.99±12.82
	43.81±11.31
	0.8818*

	Thumb flexors
	Flexor pollicis longus
	0–20
	1–2
	16.70±4.59
	17.00±4.57
	0.6786*

	
	Adductor pollicis 
	0–10
	1–2
	9.87±0.80
	10.00±0.00
	0.3503*

	
	Flexor pollicis brevis
/opponens
	0–10
	1–2
	10.22±1.49
	10.00±0.00
	0.3119*

	Total
	
	Up to 360
	
	309.21±62.48
	312.64±49.99
	0.8819*


*Wilcoxon rank sum test. p<0.05



Table 3 Results of primary outcome measures obtained using the Modified Ashworth Scale for Wrist Flexor at 4 weeks Post-injection
	
	NTC group (n=94)
	Botox group (n=92)
	Difference
[95% CI]
	p value

	
	Mean±SD
	Median
[min, max]
	Mean±SD
	Median
[min, max]
	
	

	Baseline
	2.30±0.48
	2.00
[2.00, 4.00]
	2.38±0.49
	2.00 [2.00, 3.00]
	
	

	4 weeks
post-injection
	0.85±0.55
	1.00
[0.00, 2.00]
	0.98±0.54
	1.00 [0.00, 2.00]
	
	

	Change
	-1.45±0.61
	-1.00
[-3.00, -0.50]
	-1.40±0.57
	-1.00
[-3.00, -0.50]
	-0.06
[-0.23, 0.12]
	0.5253*


MAS was used to measure the severity of spasticity: 0 (no increase in muscle tone); 1 (slight increase in muscle tone, manifested by a catch and release or by minimal resistance at the end of the range of motion (ROM) when the affected part(s) is moved in flexion or extension); 1+ (slight increase in muscle tone, manifested by a catch, followed by minimal resistance throughout the remainder (less than half) of the ROM); 2 (more marked increase in muscle tone through most of the ROM, but affected part(s) easily moved); 3 (considerable increase in muscle tone, passive movement difficult); 4 (affected part(s) rigid in flexion or extension). 
*two-sample t-test. p<0.05
Difference=NTC-Botox.
SD, standard deviation; min, minimal value; max, maximal value; CI, confidence interval.


Table 4 Results of secondary outcome measures using Global Assessment of spasticity
	
	
	
	NTC group, n (%)
	Botox group, n(%)
	p value

	by physician
	4 weeks
	4
	7 (7.45)
	3 (3.26)
	0.8330*

	
	
	3
	39 (41.49)
	40 (43.48)
	

	
	
	2
	32 (34.04)
	32 (34.78)
	

	
	
	1
	15 (15.96)
	16 (17.39)
	

	
	
	0
	1 (1.06)
	1 (1.09)
	

	
	
	-1
	0 (0.00)
	0 (0.00)
	

	
	
	-2
	0 (0.00)
	0 (0.00)
	

	
	
	-3
	0 (0.00)
	0 (0.00)
	

	
	
	-4
	0 (0.00)
	0 (0.00)
	

	
	8 weeks
	4
	5 (5.32)
	7 (7.61) 
	0.6330*

	
	
	3
	41 (43.62)
	37 (40.22) 
	

	
	
	2
	32 (34.04)
	31 (33.70) 
	

	
	
	1
	16 (17.02)
	15 (16.30) 
	

	
	
	0
	0 (0.00)
	2 (2.17) 
	

	
	
	-1
	0 (0.00)
	0 (0.00)
	

	
	
	-2
	0 (0.00)
	0 (0.00)
	

	
	
	-3
	0 (0.00)
	0 (0.00)
	

	
	
	-4
	0 (0.00)
	0 (0.00)
	

	
	12 weeks
	4
	7 (7.45)
	7 (7.61)
	0.8280†

	
	
	3
	27 (28.72)
	28 (30.43)
	

	
	
	2
	39 (41.49)
	31 (33.70)
	

	
	
	1
	19 (20.21)
	23 (25.00)
	

	
	
	0
	2 (2.13)
	3 (3.26)
	

	
	
	-1
	0 (0.00)
	0 (0.00)
	

	
	
	-2
	0 (0.00)
	0 (0.00)
	

	
	
	-3
	0 (0.00)
	0 (0.00)
	

	
	
	-4
	0 (0.00)
	0 (0.00)
	

	by subject 
or care giver
	4 weeks
	4
	0 (0.00)
	1 (1.09)
	0.5572*

	
	
	3
	10 (10.64)
	12 (13.04)
	

	
	
	2
	39 (41.449)
	43 (46.74)
	

	
	
	1
	40 (42.55)
	34 (36.96)
	

	
	
	0
	5 (5.32)
	2 (2.17)
	

	
	
	-1
	0 (0.00)
	0 (0.00)
	

	
	
	-2
	0 (0.00)
	0 (0.00)
	

	
	
	-3
	0 (0.00)
	0 (0.00)
	

	
	
	-4
	0 (0.00)
	0 (0.00)
	

	
	8 weeks
	4
	1 (1.06)
	1 (1.09)
	0.7933*

	
	
	3
	8 (8.51)
	6 (6.52)
	

	
	
	2
	28 (29.79)
	20 (21.74)
	

	
	
	1
	43 (45.74)
	49 (53.26)
	

	
	
	0
	11 (11.70)
	14 (15.22)
	

	
	
	-1
	2 (2.13)
	2 (2.17)
	

	
	
	-2
	0 (0.00)
	0 (0.00)
	

	
	
	-3
	1 (1.06)
	0 (0.00)
	

	
	
	-4
	0 (0.00)
	0 (0.00)
	

	
	12 weeks
	4
	0 (0.00)
	1 (1.09)
	0.1555*

	
	
	3
	6 (6.38)
	3 (3.26)
	

	
	
	2
	24 (25.53)
	18 (19.57)
	

	
	
	1
	43 (45.74)
	57 (61.96)
	

	
	
	0
	20 (21.28)
	13 (14.13)
	

	
	
	-1
	1 (1.06)
	0 (0.00)
	

	
	
	-2
	0 (0.00)
	0 (0.00)
	

	
	
	-3
	0 (0.00)
	0 (0.00)
	

	
	
	-4
	0 (0.00)
	0 (0.00)
	


Global Assessment in spasticity was measured by both physician and subject or care giver using a 9-point scale (-4: severe worsening, -3: marked worsening, -2: moderate worsening, -1: mild worsening, 0: unchanged, 1: mild improvement, 2: moderate improvement, 3: marked improvement, 4: complete abolition of spasticity) to evaluate overall treatment benefit. 
*Fisher's exact test.
†Pearson's chi-square test. p<0.05


Table 5 Results of secondary outcome measures using Disability Assessment Scale (DAS) Scores
	
	Time after injection
	DAS score
	p value†

	
	
	NTC group
	p value*
	Botox group
	p value*
	

	Hygiene
	Baseline
	2.07 ± 0.27
	
	2.04 ± 0.20
	
	

	
	4 weeks
	1.07 ± 0.27
	0.0002
	1.25 ± 0.44
	<0.0001
	0.1504

	
	8 weeks
	1.14 ± 0.36
	0.0005
	1.21 ± 0.41
	<0.0001
	0.5677

	
	12 weeks
	1.21 ± 0.43
	0.0010
	1.13 ± 0.34
	<0.0001
	0.6856

	Dressing
	Baseline
	2.13 ± 0.34
	
	2.56 ± 0.53
	
	

	
	4 weeks
	1.35 ± 0.71
	<0.0001
	1.33 ± 0.71
	0.0078
	0.1650

	
	8 weeks
	1.30 ± 0.56
	<0.0001
	1.22 ± 0.44
	0.0039
	0.0322

	
	12 weeks
	1.17 ± 0.49
	<0.0001
	1.22 ± 0.44
	0.0039
	0.0600

	Limb position
	Baseline
	2.42 ± 0.50
	
	2.42 ± 0.50
	
	

	
	4 weeks
	1.09 ± 0.54
	<0.0001
	1.07 ± 0.45
	<0.0001
	0.7756

	
	8 weeks
	1.12 ± 0.57
	<0.0001
	1.07 ± 0.52
	<0.0001
	0.6551

	
	12 weeks
	1.19± 0.64
	<0.0001
	1.17 ± 0.53
	<0.0001
	0.9167


DAS was measured to assess functional disability using a 4-point scale (0: no disability, 1: mild disability, 2: moderate disability, 3: severe disability). 
*Wilcoxon signed rank test was used for intra-group analysis between baseline and time after injection.
†Wilcoxon rank sum test was used for inter-group analysis of the changes in DAS scores from baseline. p<0.05


Table 6 Results of secondary outcome measures using the Caregiver Burden Scale
	
	Time after injection
	Caregiver Burden Scale
	p value†

	
	
	NTC group
	p value*
	Botox group
	p value*
	

	Cleaning the palm
	Baseline
	2.04±1.16
	
	2.30±1.18
	
	

	
	4 weeks
	1.72±1.19
	<0.0001
	1.85±1.16
	<0.0001
	0.3176

	
	8 weeks
	1.68±1.19
	<0.0001
	1.74±1.09
	<0.0001
	0.1016

	
	12 weeks
	1.78±1.20
	0.0059
	1.79±1.18
	<0.0001
	0.0603

	Cutting the fingernails
	Baseline
	2.68±1.13
	
	2.57±1.18
	
	

	
	4 weeks
	2.08±1.30
	<0.0001
	2.08±1.20
	<0.0001
	0.2071

	
	8 weeks
	2.14±1.32
	<0.0001
	2.09±1.25
	<0.0001
	0.5123

	
	12 weeks
	2.05±1.25
	<0.0001
	2.19±1.20
	0.0002
	0.0195

	Dressing
	Baseline
	2.11±1.04
	
	2.12±0.93
	
	

	
	4 weeks
	1.67±0.98
	<0.0001
	1.84±1.02
	<0.0001
	0.2476

	
	8 weeks
	1.77±1.04
	0.0013
	1.72±0.95
	<0.0001
	0.7183

	
	12 weeks
	1.73±1.00
	0.0005
	1.72±0.97
	<0.0001
	0.7538

	Cleaning under 
the armpit
	Baseline
	2.39±1.07
	
	2.44±1.02
	
	

	
	4 weeks
	1.94±1.19
	<0.0001
	2.06±1.20
	<0.0001
	0.8454

	
	8 weeks
	2.05±1.17
	0.0003
	2.01±1.19
	<0.0001
	0.3788

	
	12 weeks
	1.98±1.23
	<0.0001
	2.00±1.15
	<0.0001
	0.5004


Caregiver Burden Scale consists of four items (cleaning the palm, cutting the fingernails, dressing, and cleaning under the armpit) measured using a 5-point Likert scale from 0 (no difficulty) to 4 (impossible). 
*Wilcoxon signed rank test was used for intra-group analysis between baseline and time after injection.
†Wilcoxon rank sum test was used for inter-group analysis of changes in DAS scores from baseline. p<0.05










Figure legends
Figure 1 Flowchart of study. FAS, full analysis set; PPS, per-protocol set.
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Figure 2 Changes in the Modified Ashworth Scale of each muscle group after botulinum toxin injection in both groups. All Modified Ashworth Scale scores at 4, 8, and 12 weeks post-injection were significantly lower than those at baseline.
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