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A B S T R A C T   

Introduction: Cervical dystonia (CD) is a neurologic movement disorder with potentially disabling effects and 
significant impact on quality of life of those affected. AbobotulinumtoxinA (aboBoNT-A) was initially approved 
for a dilution of 500 U/1 mL and subsequently for a dilution of 500 U/2 mL, providing flexibility for clinicians to 
treat CD. Here, we explore the safety and efficacy of the 500 U/2 mL dilution versus 500 U/1 mL dilution of 
aboBoNT-A in a retrospective analysis based on published clinical trial data. 
Methods: The safety and efficacy of aboBoNT-A in patients with CD was evaluated in three multicenter, double- 
blind, randomized, placebo-controlled trials and open-label extensions. Trials 1 (NCT00257660) and 2 
(NCT00288509) evaluated the 500 U/1 mL dilution in 80 and 116 patients, respectively; Trial 3 (NCT01753310) 
evaluated the 500 U/2 mL dilution in 125 patients. 
Results: Comparison of the adjusted mean difference in TWSTRS total scores at Week 4 from baseline for 
aboBoNT-A in Trial 1 (− 6.0; 95% CI, − 10.8, − 1.3), Trial 2 (− 8.8; 95% CI, − 12.9, − 4.7), and Trial 3 (− 8.7; 95% 
CI, − 13.2, − 4.2) showed similar, significant improvements. Dysphagia and muscle weakness patterns were 
comparable across the three trials, indicating that an increased dilution of aboBoNT-A does not result in an 
increased risk of diffusion-related adverse events. 
Conclusion: The results of these trials show that aboBoNT-A is similarly efficacious using either dilution, with 
similar safety and tolerability across trials. Having the 500 U/1 mL and 500 U/2 mL dilution volumes available 
provides further flexibility in administration, benefiting patient care.   

1. Introduction 

Cervical dystonia (CD) is a neurologic movement disorder charac
terized by sustained or repetitive involuntary contractions of the neck 
muscles, leading to abnormal postures [1]. CD is relatively rare, with 
prevalence estimates ranging from 20 to 4100 cases per million in the 

population worldwide [2]. Patients with CD experience significantly 
more pain when compared with the general population and other 
neurological disorders, as reflected by their lower (worse) bodily pain 
scores [3]. The condition also has significant impact on quality of life, 
with considerably lower (worse) scores on all domains of the SF-36 
Health Survey of those affected [3]. 
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The gold standard for treating CD is botulinum neurotoxin (BoNT), 
which is established as a safe and effective therapy based on clinical 
trials with all four FDA-approved toxins [4]. AbobotulinumtoxinA 
(aboBoNT-A) is one of three commercially available BoNT-A prepara
tions for CD (the other two being onabotulinumtoxinA and incobotuli
numtoxinA) and is recommended as a Level A treatment option for CD 
by the American Academy of Neurology [4]. Based on clinical trial data 
[5–7], aboBoNT-A was approved in the United States initially at a 
dilution of 500 U/1 mL and subsequently at a dilution of 500 U/2 mL 
and 300 U/0.6 mL [8]. Evaluation of the 500 U/2 mL dilution was 
prompted by feedback obtained from scientific and community experts 
based on clinical practice. 

The 1 mL and 2 mL dilutions of aboBoNT-A contain the same total 
amount of neurotoxin (500 U). Administered doses are individualized 
per patient and are based on muscle type, size, and activity [1]. Avail
ability of the larger, 2 mL dilution volume can provide flexibility with 
respect to the number of muscles and injection sites achievable per 
session and facilitates increased accuracy of dosing at each injection site. 
With any BoNT preparation, there is a risk of localized diffusion and 
distant spread to non-target muscles, which may induce unwanted ef
fects, including an increase in diffusion-related adverse events (AEs) 
such as dysphagia [9]. Concerns have also been raised whether the risk 
of local diffusion increases with greater injected volume [9,10]. In this 
manuscript, we explore the safety and efficacy of the 500 U/2 mL 
dilution versus the 500 U/1 mL dilution of aboBoNT-A, based on pub
lished clinical trial data. 

2. Methods 

2.1. Study designs and treatments 

This is a post hoc analysis of the efficacy and safety data of aboBoNT- 
A in patients with CD evaluated in three multicenter, double-blind, 
randomized, placebo-controlled trials and their open-label extensions, 
the results of which have been reported previously [5–7,11,12]. Two 
trials assessed aboBoNT-A at the 500 U/1 mL dilution, and one trial 
evaluated a dilution of 500 U/2 mL. 

In Trial 1 (NCT00257660), conducted by Truong et al. (2005), pa
tients with CD from study centers in the United States were randomized 
to aboBoNT-A 500 U/1 mL or placebo [5]. Participants were monitored 
for 4 to 20 weeks, until they needed further treatment, and those who 
completed the trial were eligible to enroll in an open-label extension 
study and receive up to three additional aboBoNT-A treatments. In Trial 
2 (NCT00257660 and NCT00288509), by Truong et al. (2010), patients 
with CD from study sites in the United States and Russia (16 and 4 
centers, respectively) were randomized to aboBoNT-A 500 U/1 mL or 
placebo. Those who completed the 12-week double-blind phase were 
eligible to enter the open-label extension phase and receive up to four 
additional aboBoNT-A treatments [6]. For both 500 U/1 mL trials, in
jection doses during the open-label extension studies could be titrated by 
the investigator in 250 U increments to a minimum of 250 U or a 
maximum of 1000 U, based on efficacy and safety [5,6,11]. 

In Trial 3 (NCT01753310), by Lew et al. (2018), patients with CD 
from study centers in the United States were randomized with a 2:1 ratio 
to aboBoNT-A 500 U/2 mL or placebo, respectively, with an open-label 
extension option for those who completed the 12-week study [7]. Par
ticipants received 500 U of aboBoNT-A if they were toxin-naïve at 
baseline, or 250 to 500 U of aboBoNT–A based on previous onabotuli
numtoxinA dose, if non-naïve. In the extension study, patients received 
up to three additional treatment cycles, occurring at intervals of 12 to 
16 weeks, with dose adjustments in 250 U increments limited to a total 
dose between 250 U and 1000 U [12]. 

2.2. Patients 

Eligible patients were aged 18 years or older and had primary 

idiopathic CD [5–7]. In Trials 1 and 2 (500 U/1 mL), patients had to 
have a baseline Toronto Western Spasmodic Torticollis Rating Scale 
(TWSTRS) total score ≥ 30 and a TWSTRS severity subscale score ≥ 15; 
in Trial 3 (500 U/2 mL), patients had to have a TWSTRS total score ≥ 20 
and a TWSTRS severity subscale score > 10 [5–7]. 

2.3. Primary efficacy endpoint 

In all three trials, the primary efficacy endpoint during the double- 
blind treatment phase was the change from baseline in TWSTRS total 
score at Week 4 compared with placebo [5–7]. TWSTRS is a composite 
measure to evaluate torticollis severity, disability, and pain in patients 
with CD. TWSTRS total score (maximum score of either 85 [5,6] or 87 
[7]) is the sum of the three subscale scores. A decrease in total or sub
scale score indicates an improvement in patients’ CD. 

2.4. Safety 

Safety assessments, including collection of treatment-emergent 
adverse event (AE) details, were conducted in all three studies. In 
Trial 1, both spontaneously reported AEs and solicited AEs of interest (e. 
g. dysphagia) were included, whereas in Trial 2 and Trial 3 only spon
taneously reported AEs were collected. 

2.5. Statistical analyses 

Efficacy analyses included all patients randomized to treatment. 
Statistical testing for the primary efficacy endpoint was two-sided and 
performed at a 5% significance level, using analysis of covariance 
(ANCOVA) [5–7]. In Trial 1, the analysis was adjusted for center, 
treatment history (i.e. previous BoNT treatment vs. no previous BoNT 
treatment), and baseline score [5]. The analysis in Trial 2 was controlled 
for center, treatment history, baseline score, and treatment group [6]. 
Trial 3 used an ANCOVA with baseline TWSTRS total score as covariate 
and stratified by pre-treatment status (onabotulinumtoxinA naïve vs. 
non-naïve) [7]. Results from the open-label extension studies are pre
sented descriptively [11,12]. Safety variables are summarized here by 
descriptive statistics. 

3. Results 

3.1. Patients 

In total, 330 patients participated in the three trials; 181 participants 
were treated with aboBoNT–A and 149 received placebo (Table 1). The 
mean age was 53 years in Trial 1, 52 years in Trial 2, and 57 years in 
Trial 3. The proportion of female patients across the three trials was 
63%, 65%, and 65%, respectively (Table 1) [5–7]. In Trial 1, the mean 
TWSTRS baseline scores were 43.83 (7.97) in the aboBoNT-A group and 
45.81 (8.78) in the placebo group. In Trial 2, the open-label extension of 
Trial 1, the baseline TWSTRS total score was 42.48 (10.23) for the 
aboBoNT-A group. The mean baseline TWSTRS scores in Trial 3 were 
42.5 (10.40) in the aboBoNT-A group and 42.4 (10.63) in the placebo 
group. 

3.2. Efficacy 

3.2.1. TWSTRS total 
All three trials met their primary endpoint, with patients receiving 

aboBoNT-A experiencing significantly greater improvement from base
line in TWSTRS total score at Week 4 compared with placebo. TWSTRS 
total score changes in the aboBoNT-A groups were similar in the two 
trials using the 500 U/1 mL dilution and in the trial using the 500 U/2 
mL dilution (Fig. 1). 

In Trial 1 (500 U/1 mL), the mean change in TWSTRS total score at 
Week 4 was − 9.9 in the aboBoNT-A group compared with − 3.8 in the 
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placebo group (adjusted mean difference: − 6.0; P ≤ 0.013); and in Trial 
2 (500 U/1 mL) it was − 15.6 in the aboBoNT-A group compared with 
− 6.7 in the placebo group (adjusted mean difference: − 8.8; P < 0.001) 
[5,6]. In the open-label extension study of these two trials, all treatment 
cycles resulted in improvements in TWSTRS total scores compared with 
cycle baselines. The mean change in TWSTRS total scores from baseline 
in the open-label extension study of Trial 1 was − 12.2 ± 10.3 to treat
ment cycle 3, and − 11.3 ± 11.5 in the open-label extension of Trial 2 to 
treatment cycle 4 [11]. 

In Trial 3 (500 U/2 mL), the mean change in TWSTRS total score at 
Week 4 was − 10.8 in the aboBoNT-A group compared with − 2.5 in the 
placebo group, with an adjusted mean difference of − 8.3 (P < 0.001) 
[7]. The mean baseline TWSTRS scores in the subgroup receiving a total 
of 500 U (n = 81) and <500 U (n = 48) of aboBoNT-A were 43.2 (SD 9.9) 
and 41.5 (SD 11.2), respectively. The adjusted mean difference in 
TWSTRS total score for aboBoNT-A versus placebo was similar in the 
subgroup receiving a total of 500 U of aboBoNT-A and in the subgroup 
receiving less than 500 U, with overlapping 95% confidence intervals 
(Fig. 1). During the open-label extension, mean TWSTRS total score 
change from baseline to Cycle 3, Week 12 was − 11.7 [12]. For each 
subsequent cycle, TWSTRS total score significantly improved from Day 1 
to Week 4 and did not return to baseline scores at the end of the injection 
cycle [12]. 

3.2.2. TWSTRS subscales 
Consistent with the TWSTRS total scores, changes in TWSTRS sub

scale scores were also similar in the two trials using aboBoNT-A 500 U/1 
mL compared with the trial using the 500 U/2 mL dilution. In Trial 1 
(500 U/1 mL), the adjusted mean differences from baseline at Week 4 
for the severity, disability, and pain subscales were − 2.5, − 1.9, and 

− 1.6, respectively; in Trial 2 these values were − 3.8, − 2.4, and − 2.3, 
respectively [5,6]. In Trial 3, the adjusted mean differences from base
line at Week 4 were − 2.0, − 0.3, and − 0.2 for severity, disability, and 
pain, respectively [13]. 

TWSTRS subscale score results were not reported for the open-label 
extension of Trial 1 [11]. During the open-label extension of Trial 3, 
improvement patterns in subscale scores were consistent with those for 
TWSTRS total score [12]. 

3.3. Safety 

Table 2 lists the AEs occurring with aboBoNT-A during 12-week, 
double-blind treatment in the three trials [5–7]. The proportion of pa
tients with any AEs in Trial 1 was considerably higher than in Trials 2 or 
3, both in the aboBoNT-A group and in the placebo group. This was most 
likely because both spontaneously reported events and solicited events 
of interest (e.g. dysphagia) were included in Trial 1, whereas the other 
two trials included spontaneously reported AEs only [11]. 

Despite the difference in AE reporting amongst the trials, patterns for 
dysphagia or muscle weakness (which are considered diffusion-related 
AEs) were similar across the three trials when comparing rates be
tween the aboBoNT-A and placebo groups. The proportion of patients 
with headache was similar in the aboBoNT-A and placebo groups in 
Trials 1 and 2, but higher with aboBoNT-A than placebo in Trial 3. For 
neck pain, proportions were similar in the aboBoNT-A and placebo 
groups in Trial 2, but higher with aboBoNT-A than placebo in Trial 3 
(neck pain incidence was not reported separately in Trial 1). 

The proportions of patients with dysphagia were reported in the 
open-label extension studies and were 19%, 26%, and 20% in Cycles 1, 
2, and 3, respectively, in the Trial 1 extension study, and 13%, 15%, 6%, 
and 10% in Cycles 1, 2, 3, and 4, respectively, in the Trial 2 extension 
study [11]. In the open-label extension of Trial 3, dysphagia occurred in 
10.7% of patients [12]. In total, there were 19 patients of 180 (10.6%) in 
the treatment arms across all 3 trials with incidences of dysphagia. 

4. Discussion 

AboBoNT-A for the treatment of CD is approved in the United States 
at 500 U/1 mL and 500 U/2 mL dilutions [8]. The efficacy and safety of 
aboBoNT-A treatment for CD has been established in multicenter, ran
domized, controlled trials and open-label extension studies. Taken 
together, the results of these trials and extension studies demonstrate 
that aboBoNT-A is an effective long-term treatment for CD, irrespective 
of whether it is administered at the 500 U/1 mL or the 500 U/2 mL 
dilution. The primary efficacy data, summarized in the current report, 
show similar, significant improvements from baseline in TWSTRS total 
score at Week 4 in the aboBoNT-A groups in the trials using the 500 U/1 
mL dilution and in the trial using the 500 U/2 mL dilution. Results for 
TWSTRS subscale scores mirrored those for the total score, and efficacy 
results in the extension studies were consistent with those in the double- 
blind phases of the three trials. 

The efficacy and well-tolerated safety profile of BoNT is established 
across many therapeutic and aesthetic indications [9]. However, any 
BoNT preparation carries with it a risk of local diffusion and/or distant 
spread to non-target muscles, with a potential increase in diffusion- 
related AEs. When used for the treatment of CD, one of the most 

Table 1 
Baseline demographics.   

Trial 1 (500 U/1 mL) N = 80 Truong et al. 2005 Trial 2 (500 U/1 mL) N = 116 Truong et al. 2010 Trial 3 (500 U/2 mL) N = 134 Lew et al. 2018 

AboBoNT-A Placebo AboBoNT-A Placebo AboBoNT-A Placebo 

n 37 43 55 61 89 45 
Age, mean (SD), years 53.4 (11.6) 53.6 (12.1) 51.9 (13.4) 53.9 (12.5) 57.3 (11.1) 56.5 (11.7) 
Female sex, n (%) 23 (62) 27 (63) 37 (67) 38 (62) 59 (66) 28 (62) 

aboBoNT-A, abobotulinumtoxinA; SD, standard deviation; U, units. 

Fig. 1. Adjusted mean difference in TWSTRS total score at Week 4. Reprinted 
from International Journal of Neuroscience, Vol. 128, Lew MF, Brashear A, 
Dashtipour K, Isaacson S, Hauser RA, Maisonobe P, Snyder D, Ondo W. Pages 
619–626, 2018, with permission from Taylor & Francis Ltd (https://www.tan 
dfonline.com/). *Trial 3 results are presented in summary (250–500 U) and 
by subgroup (500 U vs. < 500 U). aboBoNT-A, abobotulinumtoxinA; CI, con
fidence interval; TWSTRS, Toronto Western Spasmodic Torticollis Rating Scale; 
U, units. 
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frequently reported AEs for any BoNT preparation is dysphagia, indi
cating local diffusion of unbound toxin away from the target muscle [9]. 
While dose is a key factor influencing diffusion, concerns have been 
raised about the role of dilution volume [9,10,14]. 

In the current study, the most frequent AEs, occurring in ≥ 5% of 
patients in Trials 1 and 2, were muscular weakness, dysphagia, dry 
mouth, injection site discomfort, fatigue, headache, musculoskeletal 
pain, dysphonia, injection site pain, and eye disorders (e.g. blurred 
vision) [8]. Some of these AEs suggest possible diffusion of aboBoNT-A 
to nearby, non-target muscles. For dysphagia and muscle weakness, 
however, AE patterns were similar across the three aboBoNT-A trials, 
indicating that an increased dilution of aboBoNT-A from 500 U/1 mL 
(used in Trials 1 and 2) to 500 U/2 mL (only used in Trial 3) did not 
result in an increased risk of these diffusion-related adverse events. 
Comparisons of headache and neck pain rates across the three trials were 
less conclusive, most likely because of differences in data collection 
(neck pain incidence was not reported separately in Trial 1) and dif
ferences in rates in the trials’ placebo arms. 

The treatment of CD should be tailored to each patient’s specific 
needs [1]. Practice guidance for clinicians who inject toxins includes 
dose range suggestions for the different muscles that are commonly 
affected [1,15]. Doses are individualized based on the muscle type and 
muscle size/activity level [1]. Although differences in BoNT prepara
tions have been suggested to affect how far the toxins diffuse [12,16], it 
has since been disproven to be the case [17]. It is likely, however, that 
these differences are primarily due to the dilution, volume, and dose 
used, as it has been found that a low concentration and higher volume 
results in greater localized diffusion and a wider area affected 
[12,16,18]. One of the most effective methods for limiting toxin diffu
sion is accurate localization and injection of the target muscle, with the 
use of electromyography or ultrasound to detect active muscles [16,19]. 

The optimal concentration, number of units, and number of in
jections for each muscle need to be considered on a patient-by-patient 

basis [1]. When tailoring the dose to individual patients’ needs, a 
decrease or increase in dose can be achieved by adjusting the volume 
injected [8,18]. Having the 500 U/1 mL and 500 U/2 mL dilution vol
umes available provides further flexibility and benefits patient care. The 
larger, 500 U/2 mL dilution volume affords versatility regarding the 
number of muscles and injection sites achievable per treatment session 
and supports enhanced accuracy of dosing for each injection site. 

In conclusion, the results summarized here show that aboBoNT-A is 
similarly efficacious using either the 500 U/1 mL or the 500 U/2 mL 
dilution, with similar safety and tolerability across randomized placebo- 
controlled trials. Having dilution options offers clinicians treatment 
flexibility and an opportunity to individualize patient care. 

5. Data sharing 

Where patient data can be anonymized, Ipsen will share all indi
vidual participant data that underlie the results reported in this article 
with qualified researchers who provide a valid research question. Study 
documents, such as the study protocol and clinical study report, are not 
always available. Proposals should be submitted to DataSharing@Ipsen. 
com and will be assessed by a scientific review board. Data are available 
beginning 6 months and ending 5 years after publication; after this time, 
only raw data may be available. 
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AboBoNT-A (n = 37) Placebo (n = 43) AboBoNT-A (n = 55) Placebo (n = 61) AboBoNT-A (n = 884) Placebo (n = 45) 

All TEAEs 34 (92%) 34 (79%) 26 (47%) 27 (44%) 36 (41%) 10 (22%) 
Dysphagia 6 (16%) 4 (9%) 5 (9%) 0 (0%) 8 (9%) 0 (0%) 
Muscular weakness 4 (11%) 0 (0%) — — 8 (9%) 0 (0%) 
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3 AEs occurring in > 2% of aboBoNT-A–treated patients. 
4 One patient in the aboBoNT-A group did not receive treatment and was excluded from the safety analysis. 
5 ‘Neck/shoulder pain’ in Trial 1, ‘neck pain’ in Trials 2 and 3. 
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