JRM

JRM

JRM

J Rehabil Med 2020; 52: jrm00028

ORIGINAL REPORT

‘ '.) Check for updates

POST HOC ANALYSIS OF THE IMPROVEMENT IN SHOULDER SPASTICITY AND
SAFETY OBSERVED FOLLOWING TREATMENT WITH INCOBOTULINUMTOXINA

Jorg WISSEL, MD, FRCP?, Djamel BENSMAIL, MD, PhD?, Astrid SCHESCHONKA, MD, PhD3, Birgit FLATAU-BAQUE,
Dipl-Stat?, Olivier SIMON, MD, PhD*, Michael ALTHAUS, MD, FFPM? and David M. SIMPSON, MD, FAAN>

From the 'Vivantes Hospital Spandau, Berlin, Germany, 2Raymond-Poincaré Hospital, University of Versailles, Saint Quentin, Garches,
France, *Merz Pharmaceuticals GmbH and “Formerly of Merz Pharmaceuticals GmbH, Frankfurt am Main, Germany and *Icahn School

of Medicine at Mount Sinai, New York, New York, USA

Objective: The Titration study in IOWer and uppER-
limb spasticity (TOWER) study (NCT01603459), eva-
luated incobotulinumtoxinA for upper- and lower-limb
spasticity. This post hoc analysis assessed shoulder
spasticity in patients who received injections into the
shoulder.

Methods: Subjects received 3 injection cycles with
escalating incobotulinumtoxinA doses on the same
side (400, 600, 600-800 U; <600 U per limb including
optional shoulder dose, planned range 100-250 U).
Joint function was assessed with the Ashworth
Scale shoulder sumscore (AS-SSS) in subjects treated
in the shoulder vs those who were not. Safety was
assessed in subjects treated in the shoulder, and
in those who had upper-limb treatment without
shoulder treatment.

Results: The proportion of subjects receiving shoul-
der treatment increased with escalating dose at
each cycle (n=84/140 (60.0%) by cycle 3; mean
(standard deviation (SD)) shoulder dose 118.4 U
(SD 60.2)). From baseline to 4-weeks post-injec-
tion, mean AS-SSS improved by -1.1 (SD 1.9), -1.7
(SD 1.8) and -1.7 (1.8) in cycles 1, 2 and 3,
respectively, in subjects treated in the shoulder,
and -0.5 (SD 1.3), -0.8 (SD 1.6) and -0.9 (SD 1.4)
in subjects who were not. A significant dose effect
on AS-SSS was observed in cycle 3 (p=0.0081). No
unexpected safety concerns were reported.
Conclusion: The results demonstrate an improve-
ment in shoulder spasticity and safety following
incobotulinumtoxinA treatment.
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isabling spasticity of the limbs affects ~30% of in-
dividuals following a stroke (1). The shoulder joint
is involved in all 5 typical combinations of patterns of
upper-limb post-stroke spasticity (2), which frequently
affect internal rotation, extension and adduction of the
shoulder (1, 2). Shoulder spasticity is associated with

(LAY ABSTRACT )
After a stroke, many patients experience disabling
spasticity of the limbs, characterized by stiffness and
an inability to control the muscles. Spasticity in the
shoulder muscles can lead to a limited range of motion
and severe pain. The TOWER study looked at the use of
incobotulinumtoxinA for upper- and lower-limb spasti-
city. The subsequent analysis of data from the TOWER
study determined the effect of incobotulinumtoxinA for
the treatment of spasticity in the shoulder muscles. The
results showed that muscle tone in the shoulder mus-
cles improved from baseline after treatment with inco-
botulinumtoxinA. No unexpected safety concerns were
reported. Thus, incobotulinumtoxinA has potential as a
treatment for patients who experience shoulder spasti-

\city after a stroke. J

restriction of the range of motion in the joint, as well
as spontaneous and stretch-related pain (1, 3).

Intramuscular injection of botulinum neurotoxin
type A (BoNT-A) is recommended in European and
North American guidelines for the treatment of focal
and multifocal spasticity of the upper and lower limbs
(4-7). The efficacy and safety of incobotulinumtoxinA
(Xeomin®, Merz Pharmaceuticals GmbH) in subjects
with upper-limb spasticity are well established (8—11).
IncobotulinumtoxinA is approved for the treatment of
upper-limb spasticity at total doses of up to 400 U in
the USA (12), and up to 500 U in the European Union
(EU) (13).

For the treatment of spasticity-related shoulder
pain, a number of studies have confirmed the effi-
cacy of BONT-A (14-16). An exploratory analysis of
subjects with post-stroke spasticity found greater, but
not significant, reductions in shoulder pain 12 and 24
weeks post-injection vs placebo (both p>0.05) (17).
In another study, significant improvements in reported
shoulder pain (»=0.004), as well as range of motion,
were documented 4 weeks post-injection for subjects
with post-stroke spasticity (16).

However, there is limited evidence of the efficacy
of BoNT-A specifically for the shoulder muscles in
the management of upper-limb spasticity, as previous
studies have included only small numbers of subjects
(15, 18-22). In subjects with spastic hemiplegic
shoulder following stroke or brain injury, BoNT-A
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treatment was associated with significant reductions in
spasticity (»<0.0001), and improvements in passive
function (p=0.002) and non-significant reductions
in pain (p=0.052) (18). Disability scores have also
been shown to improve with BoNT-A compared with
placebo (19).

The Titration study in IOWer and uppER-limb
spasticity (TOWER) study (NCT01603459) assessed
the safety and efficacy of escalating doses of inco-
botulinumtoxinA in adults with limb spasticity due
to cerebral causes (11). This post hoc analysis was
conducted to assess the safety and efficacy of inco-
botulinumtoxinA for the relief of shoulder spasticity
in sub-populations of subjects from the TOWER study.

METHODS

Study design and participants

The TOWER study (NCT01603459) was a prospective, open-
label, single-arm, multicenter, dose-titration study investigating
the safety and efficacy of incobotulinumtoxinA. The methodo-
logy and pre-specified endpoints have been described previously
(11). In brief, at the screening visit, investigators selected a target
clinical pattern of spasticity to be treated in each cycle. For the
selected target pattern, subjects had to have an Ashworth Scale
(AS) (23) =2 and a Disability Assessment Scale (DAS) (24)
score >2. Treatment comprised 3 injection cycles, in which es-
calating total body doses of incobotulinumtoxinA (400, 600 and
600—800 U) were administered via intramuscular injection in the
same body side in accordance with the selected target clinical
pattern of spasticity. The maximum dose per limb was 400 U in
cycle 1, and up to 600 U in cycles 2 and 3. The intended dose
range for treatment of the clinical pattern ‘internally rotated/
extended/adducted shoulder’ was 100-250 U. An observation
period of 12—-16 weeks followed each treatment and included
a follow-up 4-week post-injection visit in each injection cycle,
and an end-of-study visit.

Subjects eligible to participate in the TOWER study were
aged 18-80 years, with chronic upper- and lower-limb spasticity
(defined as > 12 weeks since the last event leading to spasticity)
on the side of the body with the selected target clinical pattern,
who were deemed by the investigator to require total body doses
of up to 800 U incobotulinumtoxinA. Subjects were excluded
if they had: spinal lesions of any origin in their medical his-
tory; neurological conditions associated with neuromuscular
dysfunction, fixed contracture or muscle hypertonia other than
spasticity in the joint associated with the target clinical pattern;
previous or planned surgical treatment for spasticity in the target
muscle(s); or severe atrophy of the muscles associated with the
selected target clinical pattern.

This study was conducted in accordance with the Declaration
of Helsinki and the International Conference on Harmonisation
Good Clinical Practice Guidelines, and was approved by the Insti-
tutional Review Boards (IRBs) and/or Independent Ethics Com-
mittees at each investigational centre participating in the study.

Post hoc efficacy analysis

In this post hoc analysis, muscle tone increase on the treated
body side was assessed using the AS shoulder sumscores
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(AS-SSS), following the principles of the summary rating
scale for resistance to passive movement (REPAS) (25). AS
assessments were performed for shoulder external rotation/
flexion/abduction from the individual shoulder position of
the subject (rather than from a neutral/null position). AS-SSS
were then calculated from the sum of the AS scores for the 3
axes of movement, and expressed as a reduction in the respec-
tive dominant clinical pattern in the shoulder that are usually
affected by shoulder spasticity (internal rotation, extension
and adduction of the shoulder joint) (3) at the baseline and
4-week post-injection visit of each injection cycle. A reduction
in score indicated a reduction in velocity-dependent muscle tone.

Post hoc safety analysis

Functional outcomes. Functional outcomes were analyzed to
detect any improvement in upper-limb passive or active fun-
ction post-treatment. Muscle function was also tested to detect
any treatment-related weakness. The DAS was used to assess
passive function at the baseline and 4-week post-injection visit
of each injection cycle. Each subject and/or caregiver selected
one of the 4 DAS domains (hygiene, dressing, limb position or
pain) as their principal therapeutic target, and rated their level
of functional impairment for each of the 4 domains on a 4-point
scale ranging from 0 (no disability) to 3 (severe disability).

In addition, at each injection visit, subjects (supported by
the healthcare teams) identified 2 personal, realistic goals per
limb involved in spastic paresis. The extent to which a subject’s
individual goals were achieved during the course of treatment
was assessed using the Goal Attainment Scale (GAS) (26). The
investigators rated the GAS score for each cycle at the next injec-
tion or the end-of-study visit, using a 5-point scale, ranging from
—2 (a lot less than expected) to +2 (a lot better than expected).

Adverse events. The primary endpoint of the TOWER study was
safety and has been reported previously (11). In this post hoc
analysis, the incidences of adverse events (AEs) and serious
AEs (SAEs) were assessed. In addition, the incidence of AEs
in cycle 3 was assessed according to total incobotulinumtoxinA
dose <500 and >500 U administered in the upper limb. AEs
of special interest that may indicate distant toxin spread were
also evaluated.

Statistical analysis

Efficacy variables and functional outcomes were assessed in the
full analysis set, defined as all subjects who received > 1 injection
of incobotulinumtoxinA. All efficacy variables were analyzed
using descriptive summary statistics comparing subjects who
were treated in the shoulder with those who were not treated in
the shoulder. The change in AS-SSS was assessed using multiple
regression analysis on shoulder dose and AS-SSS baseline value.
Safety was assessed in the safety analysis set, defined as all
subjects who received >1 injection of incobotulinumtoxinA.
AEs were summarized descriptively for each injection cycle,
comparing subjects who were treated in the shoulder with those
who had upper-limb treatment without shoulder treatment.

RESULTS

Subjects

A total of 155 subjects (mean age, 53.7 years; 67.1%
male) participated in the TOWER study (11). Of these,
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52 were treated in the shoulder in cycle

1, while the remaining 103 subjects had 15
upper-limb spasticity, but were not treated 2z 10
in shoulder muscles. The proportion of sub- 8% o5
jects who were treated in shoulder muscles g § o,
increased at each injection cycle (with the %g-os
option of increased dose per session) from  § %_1'0
33.5% (52/155)incycle 1,t045.4% (69/152) g9

in cycle 2, and to 60.0% (84/140) in cycle3 ~ 257'°
(Table I). The most frequently treated shoul- £ 220
der muscle was the pectoralis major (Table & 5-25
II). The mean (standard deviation (SD)) gg-&o
doses of incobotulinumtoxinA used to treat £ 35
shoulder muscles generally increased at each a0

injection cycle (Table II). Doses of >500 U
were administered in 18 and 51 subjects
treated in shoulder muscles in cycles 2 and
3, respectively, and in 4 and 20 subjects not
treated in shoulder muscles in cycles 2 and
3, respectively (total body doses in cycles 2
and 3 were 600 and 600—800 U, respectively).

Post hoc efficacy analysis

Mean AS-SSS improved from baseline to the 4-week
post-injection visit in each injection cycle for those
subjects treated in shoulder muscles (cycle 1: 6.3 (SD
1.9) to 5.3 (SD 2.2); cycle 2: 6.2 (SD 2.3) to 4.4 (SD
2.3); cycle 3: 5.8 (SD 2.2) to 4.2 (SD 2.3)). The mean
change from baseline to the 4-week post-injection visit
of each injection cycle was: cycle 1: —1.1 (SD 1.9);

Table I. Proportion of subjects treated with incobotulinumtoxinA
per upper-limb clinical pattern

Cyclel Cycle2 Cycle3 Any cycle
Upper-limb clinical (n=155) (n=152) (n=140) (n=155)
pattern n (%) n (%) n (%) n (%)
Internally rotated/extended/ 52 (33.5) 69 (45.4) 84 (60.0) 96 (61.9)

adducted shoulder
Flexed elbow
Extended elbow
Pronated forearm
Flexed wrist
Clenched fist
Thumb-in-palm

117 (75.5) 122 (80.3) 124 (88.6) 142 (91.6)
11(7.1) 16 (10.5) 19 (13.6) 23 (14.8)
37(23.9) 50(32.9) 48 (34.3) 71 (45.8)
84 (54.2) 87 (57.2) 91 (65.0) 117 (75.5)
96 (61.9) 110 (72.4) 110 (78.6) 128 (82.6)
53 (34.2) 63 (41.4) 65(46.4) 85 (54.8)
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Fig. 1. Mean Ashworth Scale shoulder sum score (AS-SSS) change from baseline to
the 4-week post-injection visit of each injection cycle according to whether subjects
were, or were not, treated with incobotulinumtoxinA in the shoulder. n: number of
subjects assessed; SD: standard deviation.

cycle 2: —1.7 (SD 1.8); and cycle 3: —1.7 (SD 1.8)
(Fig. 1 and Table III).

Mean AS-SSS at baseline and the 4-week post-
injection visit in each injection cycle for those subjects
not treated in spastic shoulder muscles was: cycle 1:
4.5 (SD 2.5) to 4.0 (SD 2.3); cycle 2: 4.5 (SD 2.4) to
3.7(SD 2.6); and cycle 3: 3.7 (SD 2.4) to 2.8 (SD 2.2).
The mean AS-SSS for these non-treated subjects was
lower at each baseline visit compared with the scores
for treated subjects. The mean change from baseline to
the 4-week post-injection visit of each injection cycle
was: cycle 1: =0.5 (SD 1.3); cycle 2: —0.8 (SD 1.6);
and cycle 3: —0.9 (SD 1.4) (Fig. 1 and Table III).

Changes in AS score across all 3 axes of movement
involved in shoulder spasticity (internal rotation, exten-
sion and adduction) contributed to the improvement in
AS-SSS (Table I1I). Changes were smaller in subjects
not treated in the shoulder compared with subjects
treated in shoulder muscles (Table III).

In cycle 3, a multiple regression analysis revealed
a significant effect of incobotulinumtoxinA shoulder
dose on AS-SSS (p=0.0081), consistent with the
greater improvement in AS-SSS with the higher in-
cobotulinumtoxinA shoulder dose during this cycle.

Table II. IncobotulinumtoxinA dosing of the clinical pattern ‘internally rotated/extended/adducted shoulder’ and individual muscles:

mean total doses and permitted dose ranges at each injection cycle

Cycle 1 Cycle 2 Cycle 3

Permitted dose, U; Total dose, U; Total dose, U; Total dose, U;

range n Mean (SD) n Mean (SD) n Mean (SD)
Internally rotated/extended/ adducted shoulder 100-250 52 71.5(32.7) 69 103.5 (49.8) 84 118.4 (60.2)
Pectoralis major 18-200 45 53.9 (18.7) 57 64.5 (22.9) 68 71.8 (31.8)
Latissimus dorsi 25-150 9 55.3(20.9) 22 57.7 (19.7) 26 66.5 (27.1)
Deltoideus pars clavicularis 20-150 8 44.1(16.9) 13 56.5 (22.9) 14 54.6 (39.1)
Teres major 18-100 7  36.7 (14.1) 17 36.4 (19.4) 20 40.9 (18.8)
Subscapularis 15-100 5 37.6(17.0) 17 49.4 (25.6) 27 65.2 (30.7)

n: number of observations; SD: standard deviation.

J Rehabil Med 52, 2020
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Table III. Mean changes from baseline to the 4-week post-
injection visit for each injection cycle in AS-SSS and AS for subjects
treated in the shoulder and those not treated in the shoulder with
incobotulinumtoxinA

Changes in AS score for individual axes

. of movement?
Change in

AS-SSS
n Mean (SD) Mean (SD)

Internal rotation Extension Adduction
Mean (SD) Mean (SD)

Treated in the shoulder

Cycle 1 52 -1.1(1.9) -0.3(0.8) -0.3(0.9) -0.5(0.6)
Cycle 2 68 -1.7 (1.8) -0.6 (0.9) -0.5(0.8) -0.6(0.8)
Cycle 3 83 -1.7 (1.8) -0.5 (0.8) -0.4 (0.8) -0.7 (0.7)

Not treated in the shoulder

Cycle 1 103 -0.5 (1.3) -0.2 (0.6) -0.1(0.7) -0.2(0.6)
Cycle 2 81 -0.8 (1.6) -0.3(0.7) -0.3(0.8) -0.2 (0.6)
Cycle 3 55 -0.9 (1.4) -0.2 (0.5) -0.3(0.6) -0.3(0.7)

@AS scores of the shoulder were tested as follows: external rotation/flexion/
abduction; the results are expressed as AS reduction of the respective dominant
clinical pattern. AS: Ashworth Scale; AS-SSS: Ashworth Scale shoulder sum
score; SD: standard deviation.

Post hoc safety analysis

Functional outcomes. No weakness in shoulder mus-
cles resulting in functional impairment was reported in
subjects who received incobotulinumtoxinA treatment
in shoulder muscles. Subjects who were treated in the
shoulder muscles showed a similar functional impro-
vement to those who were not treated in the shoulder.
Specifically, subjects who were treated in the shoulder
experienced a mean change in the DAS score of their
principal therapeutic target domain of —0.5 (SD 0.6),
—0.7 (SD 0.6) and —0.6 (SD 0.6) points in cycles 1,
2 and 3, respectively; the corresponding changes in
subjects not treated in the shoulder were —0.6 (SD 0.7),
—0.7 (SD 0.7) and —0.8 (SD 0.9), respectively.

At baseline, as would be expected, subjects who
were treated in the shoulder reported a higher mean
score in the DAS pain domain than those not treated
in the shoulder (1.4 (SD 1.1) vs 1.1 (SD 1.0)). From
baseline to the 4-week post-injection visit in each injec-
tion cycle, subjects who were treated in the shoulder
also experienced a greater mean improvement in
DAS pain score than those not treated in the shoulder:
cycle 1: 0.5 (SD 0.8) vs —0.3 (SD 0.7); cycle 2: -0.5
(SD 1.1) vs =0.2 (SD 0.7); and cycle 3: —0.4 (SD 0.7)
vs —0.2 (SD 0.9), respectively.

Mean GAS scores for upper-limb goals improved
from baseline to the 4-week post-injection visit in each
injection cycle for those subjects treated in the shoulder
(cycle 1: 6.7 (SD 9.2); cycle 2: 12.5 (SD 8.5); cycle 3:
12.7 (SD 8.9)) and for those subjects not treated in the
shoulder (cycle 1: 7.4 (SD 9.3); cycle 2: 9.0 (SD 9.5);
cycle 3: 13.4 (SD 8.5)).

Adverse events. In this post hoc analysis, no differences
were observed in AE patterns according to treatment of
the shoulder. The incidences of AEs per injection cycle

www.medicaljournals.se/jrm

for subjects treated in the shoulder vs those treated in
the upper limb without shoulder treatment were: cycle
1:40.4% and 36.3%; cycle 2: 40.6% and 32.9%; cycle
3:26.2% and 25.0%, respectively. No SAEs related to
treatment were reported.

The incidence of AEs of special interest that may indi-
cate distant toxin spread was not generally higher in sub-
jects treated in the upper limb without shoulder treatment
(2.2% (2/91), 6.1% (5/82) and 1.8% (1/56) in cycles
1, 2 and 3, respectively) than in those treated in the
shoulder (7.7% (4/52), 2.9% (2/69) and 7.1% (6/84),
respectively).

Over the course of the study, dysphagia was repor-
ted in only 5 subjects (3.2%). Two subjects treated in
the shoulder reported dysphagia in cycle 1: one case
of mild severity, deemed unrelated to treatment, and
one case of worsening of pre-existing dysphagia. In
cycle 2, one subject treated in the upper limb without
shoulder treatment reported dysphagia of mild severity,
unrelated to treatment. The remaining 2 subjects treated
in the shoulder reported dysphagia in cycle 3; both
cases were of mild severity, and only 1 was deemed
related to treatment.

Local muscular weakness was reported at a low
incidence among subjects treated in the shoulder and
those treated in the upper limb without shoulder treat-
ment (cycle 1: no cases; cycle 2: 0/69 (0.0%) and 1/82
(1.2%); cycle 3: 1/84 (1.2%) and 1/56 (1.8%)), respec-
tively). This had no effect on upper-limb function for
either subject group.

In cycles 1 and 2, most subjects (272/294 (92.5%))
received doses <500 U. In cycle 3, incobotulinum-
toxinA doses <500 or >500 U were received by 33 and
51 subjects treated in the shoulder, and 36 and 20 who
were not, respectively. The incidence of AEs and SAEs
in cycle 3 did not appear to relevantly increase with the
higher incobotulinumtoxinA dose within these groups.
Among subjects who received incobotulinumtoxinA
doses <500 or >500 U in cycle 3, the incidence of
AEs was 21.2% (7/33) and 29.4% (15/51) in subjects
treated in the shoulder, vs 30.6% (11/36) and 15.0%
(3/20) in those who were not. The incidence of SAEs
in those who received incobotulinumtoxinA doses
<500 or >500 U was 0.0% and 2.0% (1/51 subjects),
respectively, in subjects who were treated in the shoul-
der vs 2.8% (1/36) and 5.0% (1/20), respectively, in
those who were not.

The incidence of dysphagia did not appear to be
related to incobotulinumtoxinA dose: among the 4 sub-
jects with dysphagia who were treated in the shoulder,
2 received <500 U and 2 received >500 U. The one
subject with dysphagia who was treated in the upper
limb without shoulder treatment received <500 U.
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DISCUSSION

The TOWER study demonstrated the safety and ef-
ficacy of escalating total body doses of incobotuli-
numtoxinA (up to 800 U) for combined treatment of
the upper and lower limbs in adults with spasticity
due to cerebral causes (11). This post hoc analysis of
data from the TOWER study assessed the effect of
incobotulinumtoxinA for the treatment of shoulder
muscles as part of a total upper-limb dose of 400 to
600 U. The TOWER study allowed for the treatment of
the typical spastic shoulder muscle pattern, internally
rotated/extended/adducted shoulder (3). The pectoralis
major, latissimus dorsi, deltoideus pars clavicularis,
teres major and subscapularis muscles are most com-
monly involved in the internal rotation, extension
and adduction of the shoulder, and were treated with
incobotulinumtoxinA in this study.

Efficacy, according to the level of impairment or
reduction in AS scores as a measure of improvement
in shoulder spasticity, was assessed using the AS-SSS.
Following the concept of the REPAS score (25), this
novel sum score takes into account the special featu-
res of frequent patterns of shoulder joint spasticity by
summing the AS scores for internal rotation, extension
and adduction of the shoulder, reflecting the shoulder
as a functional unit. Results of this post hoc analysis
showed that subjects treated with incobotulinumtoxinA
in the shoulder muscles experienced improvement
from baseline in muscle tone, as assessed by AS-SSS.
Furthermore, multiple regression analysis confirmed
a significant effect of incobotulinumtoxinA dose on
reduction of spastic muscle tone with the higher dose
of incobotulinumtoxinA in cycle 3.

In spasticity treatment trials, for the wrist and elbow,
it is common to provide efficacy data for muscles ac-
ting on 1 axis, or a maximum of 2 axes, of movement
only (usually the extension/flexion and pro-/supina-
tion axes) (9, 10, 22); however, this is different in
the shoulder joint, because it is biomechanically the
most mobile joint in the upper limb and involves 3
axes (27). Changes in the AS scores for all 3 axes of
movement contributed to the improvement in the AS-
SSS. All changes were higher in subjects treated in the
shoulder than in those not treated in spastic shoulder
muscles. This post hoc analysis showed a clinically
relevant reduction in shoulder muscle spasticity with
incobotulinumtoxinA, of the same order of magnitude
as that reported previously for abobotulinumtoxinA,
where mean changes from baseline to Week 4 on the
6-point derived modified AS for shoulder extension
were —0.6 and —0.7 with 500 U and 1,000 U doses,
respectively (22). In the current study, the mean im-
provement from baseline to the 4-week post-injection

IncobotulinumtoxinA for shoulder spasticity —p. 5 of 7

visit on the 5-point derived AS score for shoulder
extension was —0.3 for cycle 1, —0.5 for cycle 2 and
—0.4 for cycle 3.

Analyses of the upper-limb passive and active func-
tional parameters following incobotulinumtoxinA
treatment did not indicate any negative effects from
paresis induced by treatment of shoulder muscles with
incobotulinumtoxinA in terms of functional impair-
ment; indeed, the changes in DAS indicated a clinically
meaningful improvement of passive upper-limb fun-
ction when shoulder muscles were treated. No differen-
ces in goal attainment in passive and active functional
goals were reported in subjects who were treated in the
shoulder compared with those who were not.

The state of shoulder spasticity is a substantial cause
of pain leading to disability in subjects who have ex-
perienced stroke or any other lesion of the brain, and
can impair quality of life (QoL) (3). Indeed, in the
TOWER study, subjects treated in shoulder muscles
reported higher DAS pain scores at baseline than those
not treated in the shoulder, indicating a correlation bet-
ween shoulder spasticity and pain. A beneficial effect
of BONT-A on shoulder pain in subjects with shoulder
spasticity has been reported previously (15, 18-20,
22). However, while studies have reported statistically
significant improvements in pain scores from baseline
with BoNT-A (16, 17), not all studies have reported
statistically significantly greater improvements com-
pared with placebo or triamcinolone acetonide (15,
18, 19). In the current post hoc analysis, the changes
in DAS indicated a clinically meaningful reduction in
pain when shoulder muscles were treated, as subjects
regained better passive upper-limb function.

QoL assessments were not included in the current post
hoc analysis and will be reported separately, but QoL
data from the main TOWER study were consistent with
the efficacy findings, and indicated improvements in
QoL across all 3 incobotulinumtoxinA injection cycles.

Finally, with regard to safety analyses, there was
no difference in the reported AE pattern for subjects
treated in shoulder muscles compared with those who
were treated in the upper limb without shoulder treat-
ment. Importantly, treatment of shoulder muscles with
incobotulinumtoxinA did not induce additional local
muscular weakness in shoulder muscles with reduced
function. Physicians may have to prioritize the clinical
patterns for treatment based on the maximum approved
BoNT-A dose and subjects’ treatment goals, but, in
the TOWER study, dose escalation in cycles 2 and 3
enabled more muscle groups and clinical patterns to be
treated, including additional treatment of the shoulder,
without compromising safety or tolerability (11).

In terms of potential limitations, it should be noted
that this was a post hoc analysis and that the main study

J Rehabil Med 52, 2020
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was non-randomized and lacked a placebo control (11).
Here, subjects treated in spastic shoulder muscles were
compared with those who were not. Furthermore, im-
provement in range of motion in the treated shoulder
joint was not measured as an efficacy outcome in this
analysis. A strength of this post hoc analysis of the
TOWER study was the relatively large proportion of
subjects who received treatment in spastic shoulder
muscles in comparison with previous studies (15,
18-20, 22).

In summary, treatment of spastic shoulder muscles
with incobotulinumtoxinA was well tolerated with no
new safety concerns, and improved spasticity without
causing excessive local weakness of the shoulder
muscles that could have led to a net negative effect on
upper-limb function. IncobotulinumtoxinA doses of up
to 250 U are now approved in the EU for treatment of
shoulder spasticity as part of a total dose of 500 U for
treatment of the upper limb (13), underlining the need
for a multi-level, multi-pattern approach to optimize
the outcome of botulinum neurotoxin treatments.
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