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Summary. Purpose: This randomized controlled trial was performed to com-
pare the novel botulinum toxin type A free of complexing proteins (NT 201)
with the marketed preparation BOTOX+ regarding efficacy and tolerability.
Methods: Fourteen healthy volunteers received a single intramuscular injection
into the extensor digitorum brevis (EDB) muscle of either 4 units NT 201, or 4
units of BOTOX+ randomised by foot. Compound muscle action potential
(CMAP) measurements were recorded for up to 90 days after injection. Results:
Both drugs produced a maximum decline between Day 7 and Day 14. At Day
90, administration of both drugs resulted in approximately a 40% CMAP
decline as compared to baseline. Duration of paralytic effect was comparable
in both groups, at all response thresholds tested. Both drugs were well tolerated.
Conclusion: The effects of small amounts of NT 201 and BOTOX+ injected
into the EDB muscle are comparable in terms of efficacy, time to onset of
action, duration of action, and tolerability.

Keywords: Botulinum toxin type A, EDB test, NT 201.

Abbreviations

AE Adverse Event, CMAP Compound Muscle Action Potential, EDB Extensor
Digitorum Brevis Muscle, EMG Electromyography, GCP Good Clinical
Practice, ICH International Conference on Harmonization, LD50 Calculated
median lethal intraperitoneal dose, NT 201 Botulinum Neurotoxin Type A free
of complexing protein, SAS Statistical Analysis System, SD Standard
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Introduction

Botulinum neurotoxin type A has been in clinical use since the 70s (Scott,
1981; Erbguth and Naumann, 1999) and is widely used in the treatment of
dystonic and non-dystonic movement disorders, including hyperactive muscles
of the arm, leg or gastrointestinal tract (e.g. achalasia), spasticity, cerebral palsy
and pain (e.g. lower back pain and migraine), as well as hyperhidrosis and
glabellar lines. However, despite the good efficacy and tolerability in the begin-
ning of botulinum toxin type A treatment, a significant number of patients
develop secondary resistance to ongoing treatment. This is demonstrated in
4.3 to 10.5% of subjects following previous prolonged treatment (Kessler and
Benecke, 1997; Greene et al., 1988b).

The resistance is believed to be mainly due to the production of secondary
antibody to extraneous clostridial proteins present in the toxin preparation
(Jankovic et al., 2003). Even if the purity of commercially available products such
as Dysport+ (Ipsen, UK) and BOTOX+ (Allergan, USA) has improved markedly
in recent years (total protein content per 100 LD50 units of BOTOX+ has been
reduced tenfold) preparations still contain fairly high amounts of proteins (for
BOTOX+ 4.8 ng) per LD50 unit of therapeutically active toxin (Aoki, 2001).

The objective of the present study was to compare the effect of a new, highly
purified preparation of botulinum neurotoxin, NT 201 (Merz Pharmaceuticals
GmbH, Frankfurt, Germany), with the original BOTOX+ preparation, in healthy
male volunteers. NT 201 is free of complexing protein and contains only 600 pg of
active clostridial protein (manufacturer’s information). Therefore it is expected to
have markedly reduced immunogenicity (Chen et al., 1997; Jankovic et al., 2003).

Methods

Study population

Subjects included in this study were healthy, male volunteers, 27–46 years (32.1 � 4.7), with
EDB muscle compound muscle action potential (CMAP) �5.0 mV (average of the 2 largest
CMAP values from the 3 measurements made at baseline). Subjects were not allowed any
medication affecting neuromuscular transmission for a minimum of 2 weeks prior to the study.
Main exclusion criteria were concurrent or previous BOTOX+ (botulinum neurotoxin type A)
treatment for any other indication, or childhood botulism, participation in another study of an
investigational drug within the preceding 90 days, polyneuropathy or diabetes, history or presence
of alcoholism or other drug abuse and hypersensitivity to botulinum neurotoxin, human serum
albumin, sucrose, or lactose. Fourteen subjects out of 15 screened were included in the trial.

The study was conducted in accordance with the ethical principles that have their origins in
the Declaration of Helsinki (18th World Medical Congress in Helsinki 1964 and amendments
adopted in Hong Kong 1989 and Somerset West in 1996). In addition, the study was conducted in
accordance with the German Drug Law (Arzneimittelgesetz September 1998), the Principles for
the Proper Conduction of Clinical Trials of Pharmaceuticals (Bundesanzeiger, December 30,
1987), and the International Conference on Harmonization (ICH) Harmonized Tripartite
‘‘Guidelines for Good Clinical Practice (GCP) 17. January 1997’’. The study was approved by
the local ethic committee and all participants gave their written informed consent.

Study design

This was an open-label, intra-individual controlled, single-centre study. After screening and
baseline measurements at Visits 1, 2 and 3, (Days �8 to �1, �1 and 0, respectively) 14 subjects
received an injection of the study medication into the EDB muscles of the right and left foot in a

906 W. H. Jost et al.



randomised order at Visit 3. In group 1 (n¼ 7), subjects were given one injection of 4 U of NT
201 into the right EDB and 4 U of BOTOX+ into the left EDB (0.2 ml reconstituted solution with
normal saline 0.9% NaCl). In group 2 (n¼ 7), subjects were given one injection of 4 U of
BOTOX+ into the right EDB and 4 U of NT 201 into the left EDB. This was done to ensure
that both groups were comparable at baseline, and allow subsequent comparison of CMAP values
between groups at all timepoints.

To measure the CMAP a Nicolet Viking IVTM electromyography machine (Nicolet
CompanyTM, Madison, WI, USA) was used. All responses were measured following supramax-
imal electrical stimulation of the peroneal nerve at the ankle. Electrical stimulation was per-
formed with a single impulse of 0.2 ms. Recording electrodes positions and environmental
conditions were kept constant at each visit. Skin temperature was between 32� and 34� Celsius.
All measurements were performed by the same examiner and were recorded from the EDB
muscle with a minimum stimulation distance of 8 cm. Each subject had 3 nerve conduction
measurements before intramuscular injection of the study medication in the EDB muscle. All
CMAP M-wave values were calculated as the mean of the two largest values of the 3 measure-
ments made. To ensure that no subclinical neuropathy was present, the sural sensory nerve action
potential amplitude and the distal latency were recorded at Visit 1. In addition the CMAP M-wave
amplitude (peak-to-peak-amplitude), the distal latency, and conduction velocity of the peroneal
nerve was measured.

Subjects were monitored for a minimum of 7 days and a maximum of 90 days. Monitoring
and CMAP measurements were done at Days �2, �1, 0, 1, 2, 3, 4, 7, 9, 11, 14, 30, 60 and 90. At
all study visits (Day 1 to Day 90), surface EMGs were evaluated in both EDB muscles, con-
comitant medication noted and any adverse events (AEs) monitored. In addition, subjects under-
went a physical and neurological examination, and clinical laboratory tests at Visit 1 and Visit 14
(Day �2 and Day 90� 5).

Primary outcome variable

Efficacy was assessed by determination of the surface electromyograph (EMG) of the extensor
digitorum brevis (EDB) muscle in one foot, a common neurological model for treatment effects of
botulinum A toxin (Hamjian and Walker, 1994; Sloop et al., 1997; Kessler and Benecke, 1997).
The EDB test is expected to be sufficiently sensitive to detect meaningful differences between
treatments in terms of onset and duration of effect (Sloop et al., 1996; Gordon et al., 2002).

The primary outcome variable was the CMAP amplitude of surface EMG at the same location
in EDB muscles during maximum electrical activation, up to 90 days after injection of NT 201 or
BOTOX+. The maximal effect of the injections was expressed as a percentage decrease in CMAP
amplitude.

The efficacy measurement was used to evaluate time to onset of paralytic effect (defined as
the first day of reduction of CMAP value to �70% of the individual mean baseline value) with

injection of NT 201 compared with BOTOX+. To model the kinetic effects of individual CMAP
values over time, duration of constant paralytic effect in NT 201 compared with BOTOX+ was
evaluated using the same variable.

Clinical laboratory tests

Laboratory tests were performed at Visits 1 (baseline) and 14 (end of study). Blood samples were
analysed by a central laboratory using standard methods. Haematology (haemoglobin, erythrocytes,
leukocytes, thrombocytes and QUICK) and liver function (aspartate aminotransferase, alanine
aminotransferase, gamma-glutamyltransferase, alkaline phosphatase, creatine kinase and bilirubin)
were assessed; urea, glucose, creatinine, albumin, sodium and potassium were also measured.

Statistical evaluations

The working hypothesis was that NT 201 and BOTOX+ would show equivalent effects in terms of
time to onset and duration of paralysis. The equivalence criterion ‘‘irrelevant inferiority’’ for time to
onset of paralytic effect was 1 day, and for the paralytic activity during the 90 days observational
period it was �15%. The sample size estimation (a minimum of 12 EDB muscles for each
treatment) was based on data from a pilot trial with 10 healthy volunteers (Wohlfarth et al., 2004).
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The overall effect of NT 201 compared with BOTOX+ was evaluated by examining the ratio
of CMAP values (NT 201: BOTOX+) over the course of the study and by analysis of variance
(ANOVA) on repeated measurements.

Statistical tests for equivalence were performed in an exploratory manner, and p-values and
confidence intervals were interpreted as having descriptive significance. All calculations were
carried out using SPSS (Statistical Package for Social Science Version 8) and SAS (Statistical
Analysis System Version 8.1). Due to the variability in CMAP amplitude between individuals,
statistical analyses of variance used the baseline CMAP as covariate.

Results

Baseline data

The mean age of the study population was 32.1� 4.7 years. All 14 subjects in
the analysis were male white Caucasians. Mean height was 184.2� 6.5 cm and
mean weight 82.8� 12.3 kg (61–107 kg). Mean baseline CMAP values were
12.1 mV for NT 201 and 11.4 mV for BOTOX+.

Onset of action

Time to onset of action was similar for both medications. Over 50% of the sub-
jects responded to both treatments 1 day after injection. A CMAP reduction of
30% was seen on Day 1 in 9 subjects for NT 201 and in 7 subjects for BOTOX+.
Time to onset was slightly shorter with NT 201 than with BOTOX+ although
these differences were not statistically significant (median difference in time to
30% CMAP reduction between NT 201 and BOTOX+ 0 days; 96.5% confidence
intervals¼�1, 0 days). By Day 7, all subjects had shown a 30% CMAP reduction
after NT 201 injection. Response to BOTOX+ was similar, with 5 subjects show-
ing a 30% reduction in CMAP on Day 2, and 1 subject on Day 7 and 9 each.

CMAP reduction and responder rates

On Day 1, the EDB muscles injected with NT 201 showed a 30% CMAP
decline compared to baseline whereas the CMAP decline of the EDB muscles

Fig. 1. Percent of CMAP (median values) after injection of NT 201 (open bars) and BOTOX+

(black bars)
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injected with BOTOX+ was 22%. Both drugs produced a maximum decline
between Day 7 and Day 14 (at around 60%, Fig. 1). At Day 90, adminis-
tration of both drugs resulted in approximately 40% of CMAP decline as com-
pared to baseline. The reduction of CMAP values were similar for both drugs
over the course of the study. An individual subject data listing is provided in
Table 1.

The maximal response occurred between Days 7 and 14. A 40% reduction
in CMAP was observed in a maximum of 86% of subjects on Days 7, 9 and 14,
and the proportion of subjects with a 50% CMAP reduction peaked at 79% on
Day 7. The maximum proportion of subjects (50%) showing a 60% reduction in
CMAP in response to NT 201 was observed on Days 7, 9, 11 and 70% was seen
in 43% of subjects on Days 11 and 14.

For BOTOX+, response rates were very similar. All subjects had a CMAP
reduction of 30% in response to BOTOX+ on Days 9, 14 and 30 of the study. A
40% CMAP reduction was observed in a maximum of 93% of the subjects on
Days 11, 14 and 30. In 86% of the subjects a 50% CMAP reduction was seen.
The highest proportion of subjects showing 60% CMAP reduction was 71% on
Day 7. A response of 70% reduction in CMAP to BOTOX+ was observed in a
maximum of 50% of subjects, and occurred on Day 14 of the study.

Between-treatment comparison

CMAP ratios of NT 201 to BOTOX+ are summarised in Fig. 2. The means of
the CMAP ratios were >1 for all time-points of the study with the exception of
Days 2 and 3, where it was �0.59� 1.24 and �0.76� 1.15 (mean� SD),
respectively. Overall, the data imply that NT 201 is at least as effective as
BOTOX+ in paralysing the EDB muscle over the study period. The trend
towards higher efficacy of NT 201 was not statistically significant (p¼ 0.41
for between-treatment comparison).

Fig. 2. Ratio of adjusted CMAP values (NT 201=BOTOX+). Mean � SD
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Tolerability

The injected dosage was very low and as expected no AEs, serious AEs or
deaths, and no abnormal clinically relevant laboratory values were reported
for treated subjects during the study. These observations were interpreted as
indications that NT 201 and BOTOX+ are equally well tolerated.

No subject prematurely terminated the trial.

Discussion

This study evaluates the paralytic activity and tolerability of NT 201 after
intramuscular injection in comparison with the commercially available formu-
lation BOTOX+ in healthy human volunteers. Based on the EDB test and com-
paring time to onset of action, responder rate, CMAP ratios of NT 201 to
BOTOX+ and tolerability, no statistically significant differences between the
preparations were found.

At the moment the EDB test is the best in-vivo tool to assess the clinical
effect of botulinum toxin type A preparations in humans. As a surrogate para-
digm, the EDB test has shown great value in a number of studies, both in
assessing efficacy and in identifying cases of clinical resistance to treatment
(Kessler and Benecke, 1997; Sloop et al., 1996, 2001; Eleopra et al., 1998).
With this method, both toxins can be injected in parallel at easily accessible
sites and no clinical disturbances result from EDB weakness. Only low doses
are necessary, reducing the risk of systemic effects. In the current study, the
EDB test appeared to perform reliably and in a reproducible fashion.

To ensure that both groups had comparable CMAP values at baseline, a
parallel study design was used, where half of the population received NT
201 injected into the right foot and BOTOX+ into the left foot, with the order
reversed for the other half. Slightly more pronounced effects were observed in
the right EDB muscle than the left in both groups. An analysis of CMAP values
by right or left EDB muscle did not show significant differences in effect in
different muscles and this general agreement of the data between groups sup-
port the robustness of the overall results.

As NT 201 and BOTOX+ consist of botulinum A toxin as active agent, the
mode of action is identical. However, the two agents show large differences in
purity, which may affect their efficacy and tolerability. BOTOX+, which has
long been commercially available, contains an appreciable amount of haemagglu-
tinins and clostridial proteins in addition to the active neurotoxin. The presence
of such extraneous proteins is believed to be responsible for the development of
clinical resistance to botulinum A toxin, due to inhibitory antibody formation.
This is in accordance with the recent study results obtained with the current
BOTOX+ preparation (Jankovic et al., 2003). Antibody formation is a frequent
phenomenon in the clinical use of botulinum A toxin in the treatment of dys-
tonic and non-dystonic movement disorders, where secondary resistance to
treatment has been reported in up to 10.5% of patients (Greene et al., 1988a;
Kessler and Benecke, 1997).

In contrast, NT 201 is a novel, highly purified product containing botulinum
A toxin free of complexing proteins, stabilised with serum albumine and sucrose.
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This is expected to lead to lower rates of secondary resistance and to have addi-
tional benefits, markedly improved handling safety and reduced oral toxicity. In
this study, the two preparations performed equally well on all parameters
assessed. These results were confirmed in two large studies in patients with
cervical dystonia and blepharospasm (Benecke, 2004; Roggenk€aamper, 2004).
Neither in this experimental study nor in the two clinical studies any differences
in the safety and tolerability profile of NT 201 and BOTOX were found.

A possible advantage of higher purity may be a shorter time to onset, as the
action of a high-purity preparation may be less susceptible to interference by
extraneous proteins or immunogenic reactions. Although differences between
responses in the current study were not significant, analysis of time to onset of
action suggested that most subjects responded to NT 201 injection similar or
even earlier than to BOTOX+.

The lower immunogenicity of NT 201 compared with BOTOX+ has been
shown in rabbits, where BOTOX+ but not NT 201 elicits antibody production
(Data unpublished). It was not the object of this study to evaluate differences in
inhibitory antibody formation and currently available assays in humans are
insufficiently sensitive to allow for a differentiation between immune response
to different botulinum toxin type As (Chen et al., 1997; Binz et al., 1990;
Dressler and Dirnberger, 2001). Hence, the possible differences between the
two preparations in terms of immunogenicity will be tested long-term clinical
studies.

In conclusion, this study indicates that NT 201 is at least as effective as
BOTOX+ in paralysing EDB muscles in a population of healthy volunteers. The
higher purity of NT 201 compared with other currently available botulinum
neurotoxin type A agents suggests that NT 201 theoretically elicits less clinical
resistance than BOTOX+. Further studies would be needed to address the ques-
tion whether these differences translate into clinical short-term and long-term
advantages with NT 201 over currently available botulinum toxin type A.
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