Clinical Trial Outcomes

For reprint orders, please contact reprints@future-science.com

AbobotulinumtoxinA for the treatment of

upper limb spasticity

Upper limb spasticity is a common feature of many conditions arising from stroke,
brain injury or progressive neurological illness and can cause significant disability.
Current guidelines recommend first-line treatment with botulinum neurotoxin
type A. This paper provides a comprehensive overview of one type of botulinum

neurotoxin type A —abobotulinumtoxinA -

including its mechanism of action, efficacy

and safety. Overall, there is a wealth of evidence supporting the clinical efficacy of
abobotulinumtoxinA in the management of spasticity. Key findings from randomized
controlled and open-label naturalistic studies support abobotulinumtoxinA as an
efficacious long-term treatment for upper limb spasticity, with benefits extending to
overall patient function as well as direct improvements in muscle tone.
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Spasticity, characterized by excess muscle
tone and exaggerated tendon jerks, is a com-
mon feature of the upper motor neuron syn-
drome and is seen in a variety of diseases
and conditions. For example, spasticity is
estimated to affect 17-36% of patients with
stroke [1-3], over half of patients with multiple
sclerosis (4] or spinal cord injury [5.6] and up to
a third of patients with traumatic brain injury
(7. The underlying pathophysiology of spas-
ticity is complex and not well understood.
Whereas it was once defined as a “velocity
dependent increase in tonic stretch reflexes
with exaggerated tendon jerks, resulting from
hyper-excitability of the stretch reflexes” [s].
This definition has been heavily criticized as
it only recognizes one motor loop and does
not account for the complexity of changes
that allow task performance after brain
injury [9]. The burden of disability associated
with spasticity can exert an immense impact
on patient quality of life, as well as greater
dependability on the caregiver and increased
societal costs [10,11].

Key treatment goals in the management
of spasticity are to maintain muscle length
and enable normal positioning of the limbs

to prevent secondary soft tissue shortening
(11,12]. Treatment options include conservative
(physical and occupational therapies), oral
and intrathecal medications, local injections
of botulinum toxin (BoNT) and surgery. For
patients with moderate-to-severe spasticity,
physical treatments alone are often not effec-
tive enough, and therefore eatly intervention
with pharmacological agents is advised [11].

Management of upper limb
spasticity with botulinum
neurotoxin type A
Botulinum neurotoxin type A (BoNT-A) is
an acknowledged mainstay pharmacological
treatment for the management of spasticity
(11,13]. A robust body of evidence supports the
use of BONT-A as an effective focal interven-
tion for reduction of spasticity. Guidelines
consistently recommend that BoNT-A should
be offered as a treatment option in adult
spasticity as standard clinical practice [11-13].
The efficacy and safety of three of the
commercially available BoNT-A prepara-
tions (abobotulinumtoxinA, Ipsen Biopharm
Ltd, Wrexham, UK; incobotulinumtoxinA
Merz Pharmaceuticals, Frankfurt am Main,
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Germany and onabotulinumtoxinA Allergan, Inc.,
CA, USA) in treating spasticity have each been well
established and there are numerous reviews regarding
the efficacy and safety of the BoNT-A class for spas-
ticity [12,14-16]. However, very few papers have looked
at the efficacy and safety of specific products. This is
important, as the injection dosing schemes (units used,
volume of injection, and so on) of each product are not
interchangeable. It is essential that practitioners under-
stand the specifics of each product, as the lack of direct
product comparability is a potential source of confu-
sion. This review provides an overview of the use of
abobotulinumtoxinA (Dysport®) in the management
of upper limb spasticity (ULS).

In ULS, injections can be made into a variety of
muscles to reduce muscle tone (Figure 1). Aside from
improved muscle tone, patients may expect to experience
improvement in function, increased ease of care and
comfort, prevention of musculoskeletal complications
and general cosmesis [17-19].

AbobotulinumtoxinA (Dysport)
The clinical development of BoNT-A began around
1970, when it was investigated for use as a nonsurgical
alternative for the treatment of strabismus [20.21]. Since
then, various BoNT-A products have been developed,
each with their own characteristics. One of the first to
be developed was given the commercial name Dysport,
which was developed by the Centre for Applied Micro-
biology Research in Porton Down. In 2009, in order
to reinforce the inherent differences and lack of inter-
changeability between different BoNT-A products,
the US FDA recommended that all BONT products be
given a new established drug name specific to each drug
product. Dysport was given the name abobotulinum-
toxinA, and this unique name for the drug has been
adopted in many other countries.

The abobotulinumtoxinA neurotoxin complex is
composed of the active neurotoxin and associated
proteins that stabilize and protect the neurotoxin.
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Figure 1. Muscles involved in upper limb spasticity.
Image courtesy of Ipsen Pharma (Boulogne, France).

The active neurotoxin is produced by fermentation of
Clostridium botulinum type A, Hall strain and puri-
fied from the culture supernatant by a series of pro-
prietary precipitation, dialysis and chromatography
steps. Since approval in 1990, all abobotulinumtoxinA
batches have been produced using essentially the same
method and have been reported to have a high degree
of consistency [22].

Mechanism of action

Like all other BONT-A products, abobotulinumtoxinA
is a muscle relaxant agent that achieves its therapeutic
effects on spasticity through the blockade of acetylcho-
line (ACh) release [23.24]. Following injection of abobot-
ulinumtoxinA to the target muscle, the BONT-A com-
plex rapidly dissociates to separate associated proteins
(hemagglutinin and nontoxic/nonhemagglutinin) from
the neurotoxin [25.26]. The neurotoxin then diffuses and
spreads to reach the target nerve terminals. Although
various dermatologic studies [27-29] have reported dif-
ferences in the diffusion characteristics of the different
BoNT-A formulations, this has been disputed by sev-
eral studies conducted under more strictly comparable
laboratory conditions [30]. Once injected into tissue,
there is a rapid dissociation between neurotoxin and
associated proteins [26] and therefore there is no direct
relationship between the complex size and the diffusion
characteristics of abobotulinumtoxinA [30].

Thereafter, a four-step sequence of physiological
events leads to the inhibition of ACh release: cell sur-
face binding to peripheral nerve terminals; internal-
ization (endocytosis); translocation and proteolysis.
During the proteolysis step, the neurotoxin cleaves the
SNAP-25 protein thereby impairing function of the
neuroexocytosis machinery (311 and preventing ACh
release. The main physiologic effect is the chemically
induced loss of nerve input to the treated muscle, which
results in a measurable decrease of the compound mus-
cle action potential (muscle function) and consequent
localized reduction of muscle activity. Very impor-
tantly, the effects of BoNT are not permanent; a final
step in the sequence of physiological events associated
with BoNT-A action is the gradual resumption of trans-
mission as the neuromuscular junction recovers from
the blockade of exocytosis and as new nerve endings are
formed [32,33].

Efficacy of abobotulinumtoxinA in the
management of ULS: evidence from

clinical trials

The efficacy and safety of abobotulinumtoxinA
in ULS has been established by several trials in the
clinical development program and by further indepen-
dent research. Official dosing recommendations for
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abobotulinumtoxinA in ULS are largely based on the
studies by Bakheit and colleagues who conducted two
randomized placebo-controlled trials in patients with
poststroke spasticity [3433].

Pivotal studies
The first study was a dose-ranging trial to find effec-
tive and safe dose [34]. In this study, patients (n = 82)
were randomized to receive injections with placebo
(PBO), or three doses of abobotulinumtoxinA: 500,
1000 or 1500 U. Injections were made into the biceps
brachii, flexor digitorum profundus, flexor digitorum
superficialis, flexor carpi ulnaris and flexor carpi radia-
lis using anatomic landmarks for guidance. Week 4
results showed a significant reduction in muscle tone
as measured on the Modified Ashworth Scale (MAS)
for all three abobotulinumtoxinA doses. Although
not significantly different between groups, the authors
noted an increase in range of motion at the elbow, wrist
and fingers for all study groups. Importantly, the study
found that 15.8% of the group who received 1500 U
of abobotulinumtoxinA reported loss of the ability to
voluntarily extend their fingers. The authors concluded
that treatment with abobotulinumtoxinA at doses of
500, 1000 and 1500 U is effective and safe; however,
for those individuals with residual voluntary movement
in the affected limb, the optimal dose of abobotulinum-
toxinA is 1000 U to achieve adequate spasticity control
without negatively impacting voluntary movement.
The same investigators further evaluated the effi-
cacy and safety of 1000 U abobotulinumtoxinA in 59
patients [35]. In this placebo-controlled study, patients
randomized to abobotulinumtoxinA treatment received
1000 U in 2 ml of normal saline of abobotulinum-
toxinA injected into the biceps brachii (300-400 U),
flexor digitorum superficialis (150-250 U) and 150 U
each into the flexor digitorum profundus, flexor carpi
ulnaris and flexor carpi radialis, again using anatomic
landmarks for guidance. The benefits of abobotulinum-
toxinA injection in reducing muscle tone (MAS) were
confirmed at week 4 of the study. Functional outcome
measures, including active range of motion, Barthel
Index and goal attainment did not show significance
between group differences. However, global assess-
ments of benefit (clinician and patient rated) demon-
strated significant improvements for patients receiving
abobotulinumtoxinA. The authors attributed this dis-
crepancy to “the poor sensitivity of global functional
outcome assessment scales in this situation.”

Randomized controlled trials

In 2008 the American Academy of Neurology con-
ducted an evidence-based review of 14 random-
ized controlled trials (RCTs) of BoNT treatment for

spasticity, of which eight studies evaluated abobotu-
linumtoxinA (including the pivotal trials described
above) [13]. Since then, at least six more RCTs (some
of which have had an open-label design) have been
completed and published. Tables 1-7 present an over-
view of the 14 RCTs conducted to evaluate the efficacy
and safety of abobotulinumtoxinA in the management
of ULS [1934-4¢].

All but one of the studies showed significant ben-
efits of abobotulinumtoxinA versus placebo on the
reduction of muscle tone as assessed by the MAS. The
studies generally showed that clinically significant
(=1 point on MAS) [47] reductions in muscle tone were
achieved within 2 weeks after injection. The trial by
Hesse and colleagues was the only one not to show a
significant difference in MAS and the authors attrib-
uted this finding to restricted selection of subjects with
severe spasticity (mean MAS scores = 3), as well as the
fact that the subjects did not participate in postinjec-
tion rehabilitation [45]. Nevertheless, the study showed
significant improvements for abobotulinumtoxinA
plus electrical stimulation in activities of daily living
(cleaning the palm, cutting fingernails and putting
affected arm through sleeve), which might be a very
important goal for many patients.

When taken together, the 14 studies also show that,
as well as improving muscle tone, treatment with abo-
botulinumtoxinA can, in some patients, also be helpful
in improving associated reactions, disability, pain and
caregiver burden (Tables 1-7).

By contrast, it was harder for the individual studies
to demonstrate meaningful effects of abobotulinum-
toxinA on functional improvement. Interestingly,
meta-analytic approaches that combine data from
many studies to produce a larger population of patients
have found that reducing spasticity in the arm is associ-
ated with significant improvements in arm function. In
the first exploratory meta-analysis conducted by Fran-
cis and colleagues in 2004, the authors used the MAS
(elbow, wrist and fingers) from two RCTs to calculate
a ‘Composite Spasticity Index’” and compared this with
a ‘Composite Functional Index’ that had been similarly
derived from the arm section of the Barthel Activities
of Daily Living Index (dressing, grooming and feeding)
and three subjective measures (putting arm through
sleeve, cleaning palm, cutting fingernails) [48]. Using
this targeted meta-analytic approach, the analysis
found that there was a clear relationship between the
changes in spasticity and in arm function in patients
treated with abobotulinumtoxinA at 500 or 1000 U,
but not in those treated with placebo or 1500 U. This
led the authors to conclude, “...a moderate dose of
BoNT reduces spasticity sufficiently to allow function
to improve, without causing a substantial decrease in
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strength, which may further impede function” [48).
More recently, Foley and colleagues performed a meta-
analysis of 16 poststroke BoONT-A RCTs that included
some sort of an activity outcome (e.g., Action Research
Arm Test, Barthel Index) [49]. This large meta-analysis
found that, while there was substantial variation of
effect sizes in the individual studies due to the use of
differing outcome measures, treatment with BoNT-A
was overall associated with moderate improvement in
upper-extremity activity capacity or performance after
stroke [49].

These post-hoc analyses should be interpreted with
caution, and the problem of how to best demonstrate
functional improvement in an individual clinical
trial has recently become the focus of much debate.
A review of upper limb function measurement meth-
ods found that none of the methods currently used to
assess function after BoNT treatment for upper limb
spasticity satisfactorily fulfills all the criteria for a rel-
evant outcome measure when used on their own [s0].
The MAS is often criticized as being unable to dis-
tinguish between spasticity and soft tissue shortening,
and experts suggest using the modified Tardieu scale
as a better measure of spasticity [s51-53]. Guidelines now
also recommend that improved and reliable functional
outcomes after BoNT-A therapy may be achieved
when patient-specific goals that incorporate realistic
expectations (e.g., improving passive as well as active
functions and reducing pain) are used as functional
outcome measures [11]. Emphasis is also placed on the
duration of study so as to allow learning, rehabilitation
and possibly even allow plasticity to occur [s4]. Another
aspect of current debate is the screening of suitable
patients (inclusion criteria) for entry into clinical trials.
Before starting treatment, it is important to assess if
the patient has the “potential to improve” with spastic-
ity reduction [ss]. For example, it has been argued that
studies such as the BOTULS study reported by Shaw
and colleagues were unlikely to show a great functional
benefit of treatment because they did not specifically
include patients with the potential for functional
change [44]. A patient with significant underlying ple-
gia (weakness) is perhaps less likely to gain functional
improvements through a reduction in spasticity.

Efficacy in real-world practice

In addition to randomized controlled studies, the effi-
cacy of abobotulinumtoxinA in upper limb spasticity is
supported by a number of open-label, ‘real-life practice’
studies. Two studies in particular provide confirmation
that beneficial effects observed with abobotulinum-
toxinA under clinical trial conditions also extend to
real-world practice [18.56]. In their retrospective analysis
of their clinics database, Mohammadi and colleagues

reviewed data from 137 patients with spasticity of
various aetiologies who received 1221 BoNT-A treat-
ments (at least eight consecutive treatments) for up to
12 years [56]. Of the 105 patients who were treated with
abobotulinumtoxinA (7.5 years; range: 2—12 years),
16 patients were treated in the upper limb only. In
these patients the mean latency between injection and
response to abobotulinumtoxinA was 6.8 + 3.6 days
and the treatment effect was observed for a mean
duration of 11.6 + 3.1 weeks [56].

The ULIS-2 study reported by Turner-Stokes and
colleagues was a large prospective, multicenter, obser-
vational study of patients with poststroke upper limb
spasticity that included 456 patients who received one
cycle of BONT-A treatment under routine practice con-
ditions [18]. The majority of patients (n = 321; 70%)
received treatment with abobotulinumtoxinA. The
primary outcome was achievement of the patient’s pri-
mary goal using goal attainment scaling (GAS) and
the study showed that overall, 363 (79.6%) patients
achieved (or overachieved) their primary goal and
355 (75.4%) mainly in terms of passive and active
functions and pain reduction [18]. Importantly, GAS
T-scores were correlated with global assessment of
benefits (patient and investigator rated), as well as
reductions in muscle tone. Baseline and mean change
from baseline in GAS T-scores were similar between
BoNT-A preparations.

Safety & tolerability

The safety and tolerability profile of abobotulinum-
toxinA is also well established in patients with upper
limb spasticity. In the pivotal placebo-controlled trials
of patients with upper limb spasticity, the incidence
of adverse events (AEs) was generally comparable
between abobotulinumtoxinA and placebo and the
overall frequency of AEs did not demonstrate a rela-
tionship with abobotulinumtoxinA dose [34.35]. Across
the clinical trials of abobotulinumtoxinA in patients
with spasticity, the most commonly experienced AEs
were dysphagia and arm muscle weakness, abnormal
gait and accidental injury or falls (Tables 1-7). Less
frequently reported AEs that were considered possibly
related to single-dose treatment included: skin rashes,
flu-like symptoms, fatigue, tiredness and pain in the
arm following injection [34.35]. However, these were
mostly mild and transient in nature. Repeated treat-
ment with abobotulinumtoxinA has also been shown
to be well tolerated in upper limb spasticity, with no
cumulative effect of dosing with abobotulinumtox-
inA over multiple treatment cycles [57]. It must how-
ever be noted that, in the USA, all BoNT products
(including abobotulinumtoxinA) carry a black box
warning about the possible risk of spread of the toxin
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away from the site of injection to other areas of the
body producing symptoms consistent with botulism
(including swallowing or breathing difficulties, which
can be life-threatening) (s8]. Similar warnings and
precautions for use are in place for all BoNT in other
countries.

Practical considerations

For the treatment of adult upper limb spasticity, abo-
botulinumtoxinA should be initially administered at a
recommended dose of up to 1000 U, given as a divided
dose at multiple injection sites depending on the
affected limb. However, a lower dose may be advisable
if target muscles are small or concomitant treatment of
other muscle groups is intended. For subsequent treat-
ment, the manufacturer recommends that the maxi-
mum abobotulinumtoxinA dose should not exceed
1000 U. Injections may be repeated approximately
every 16 weeks, or as required to maintain a response,
but not more frequently than every 12 weeks. This
treatment interval is important for all BONT-A for-
mulations because, although the development of neu-
tralizing antibodies is a relatively rare event, studies
comparing patient groups with and without antibody-
induced therapy failure have shown that shorter dos-
ing intervals, more booster injections, higher BoNT-A

doses at each injection series and higher cumulative
doses are clinically relevant risk factors for antibody
formation [59]. No clinically relevant differences in
immunogenicity between the various BONT-A prod-
ucts have been reported. According to published data,
only a small number of patients develop antibodies
that neutralize the clinical effect of BONT-A. When
a patient develops neutralizing antibodies against a
specific serotype, the patient will not respond to any
preparation of the same serotype. Other consider-
ations include the use of guidance techniques such as
electrostimulation, electromyography and ultrasound
to improve the accuracy of injections, but a review of
these is out of the scope of this article.

Conclusion & future perspective

In summary, evidence-based clinical practice guide-
lines advocate BoNT-A as a mainstay treatment
option for patients with spasticity. Injections of
abobotulinumtoxinA have been consistently shown
to provide significant clinical efficacy in the man-
agement of spasticity, as shown in numerous clinical
trials and real-life studies. Key findings from clinical
studies lend support to abobotulinumtoxinA as an
efficacious long-term treatment for spasticity, with
benefits extending to overall patient function.

Executive summary

societal costs.

management of spasticity.

dialysis and chromatography steps.

observational studies.

within 2 weeks after injection.

e Spasticity is a common feature of the upper motor neuron syndrome and is seen in a variety of diseases
and conditions. When present, the burden of disability associated with spasticity can exert an immense
impact on patient quality of life, as well as greater dependability on the caregiver and increased

e Botulinum neurotoxin type A is an acknowledged mainstay pharmacological treatment for the

¢ The abobotulinumtoxinA neurotoxin complex is produced by fermentation of Clostridium botulinum
type A, Hall strain and purified from the culture supernatant by a series of proprietary precipitation,

e Like all other botulinum neurotoxin type A products, abobotulinumtoxinA is a muscle relaxant agent
that achieves its therapeutic effects on spasticity through the blockade of acetylcholine release.

e The efficacy and safety of abobotulinumtoxinA in upper limb spasticity has been established by several
trials in the clinical development program and by further independent research, including large

¢ All but one of the studies showed significant benefits of abobotulinumtoxinA versus placebo on the
reduction of muscle tone as assessed by the Modified Ashworth Scale. The studies generally showed
that clinically significant (>1 point on modified Ashworth scale) reductions in muscle tone were achieved

e By contrast, it was harder to demonstrate meaningful effects of abobotulinumtoxinA on functional
improvement. However, meta-analytic approaches that combine data from many studies have suggested
that reducing spasticity in the arm is associated with significant improvements in arm function.

e In the pivotal placebo-controlled trials, the incidence of adverse events (AEs) was generally comparable
between abobotulinumtoxinA and placebo and the overall frequency of AEs did not demonstrate a
relationship with abobotulinumtoxinA dose. The most commonly experienced AEs were dysphagia
and arm muscle weakness, abnormal gait and accidental injury or falls. Repeated treatment with
abobotulinumtoxinA has also been shown to be well tolerated in upper limb spasticity, with no
cumulative effect of dosing over multiple treatment cycles.

Clin. Invest. (Lond.) (2014) 4(9)
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Within the next years, we will hopefully get the
approval to treat any focal spasticity. With support
of electromyography and especially sonography the
therapeutic results will be optimized.
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