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Objective: To compare patients with upper limb
spasticity who did or did not receive abobotulinum-
toxinA (Dysport®) in shoulder muscles during 2 in-
ternational clinical studies.

Design: Phase 4 Upper Limb International Spasticity
Study-II (ULIS-II; NCT01020500) endpoints: pri-
mary goal selection and achievement. Phase 3 Adult
Upper Limb (AUL) open-label study (NCT01313299)
endpoints: Disability Assessment Scale principal
target of treatment and mean (standard deviation)
change from baseline to week 4 (last cycle involving
shoulder muscles) for pain, Modified Frenchay Scale
(active function), and Tardieu Scale parameters.
Patients: Shoulder population: patients receiving
abobotulinumtoxinA injections in shoulder muscles
(n=82 and n=96 in ULIS-II and AUL open-label
study, respectively); non-shoulder population: pa-
tients not injected in shoulder muscles (n=239 and
n=158, respectively).

Results: ULIS-II: primary treatment goal was pain in
25.6% vs 8.4% patients (3-fold higher) in shoulder
vs non-shoulder populations, with high goal-achie-
vement for pain reduction (85.7%). AUL open-label
study: Disability Assessment Scale pain selection
was 9.5% vs 5.1% (almost double); pain improve-
ments were -0.7 (0.9) vs -0.4 (0.7); active function
improvements were +0.60 (0.80) vs +0.33 (0.79), in
shoulder vs non-shoulder populations, respectively.
Tardieu scale parameters were improved.
Conclusion: High goal achievement rates for pain re-
duction and improved active function were observed
in patients receiving abobotulinumtoxinA in shoul-
der muscles.

Key words: botulinum toxins, type A; abobotulinumtoxinA;
muscle spasticity; shoulder joint; shoulder pain; observatio-
nal study; clinical trials, phase III.
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(LAY ABSTRACT )
Botulinum toxins, such as abobotulinumtoxinA, are used to
treat spasticity (muscle overactivity) in arm muscles. Spas-
ticity in shoulder muscles occurs in many patients following
a stroke. Shoulder spasticity can be painful and limit limb
movement. This paper compares the results from patients
who did and those who did not receive abobotulinumtoxinA
injections in shoulder muscles (among other arm muscles)
in 2 studies. In both studies, the results showed that more
patients receiving treatment in shoulder muscles chose
pain as a key goal for treatment and had reduced pain
following treatment compared with patients not treated in
the shoulder. In addition, patients receiving shoulder injec-
tions showed further improvement in arm movement com-
pared with those not receiving shoulder injections. Overall,
these results suggest that abobotulinumtoxinA treatment
in shoulder muscles may improve outcomes for patients

\Wwith arm spasticity involving the shoulder. J

pasticity and pain in the shoulder are common in pa-
tients with hemiplegia after stroke or traumatic brain
injury (TBI) (1-3), negatively impacting quality of life
(1). Shoulder spasticity develops in approximately 58%
of patients who have experienced stroke, of whom 60%
experience shoulder pain (4). An association has been
observed between the degree of shoulder spasticity and
pain, and both can contribute to hemiparetic patients’
functional impairment, affecting balance, walking and
self-care activities (2, 5). Range of motion in the joint
can also be impeded, reducing hand function and limi-
ting patients’ abilities to perform daily activities (1-3).
Furthermore, shoulder spasticity has the additional bur-
den of impeding patients’ ability to complete occupatio-
nal therapy and physiotherapy, hindering recovery (1, 6).
AbobotulinumtoxinA (Dysport®) has been de-
monstrated to be effective in the treatment of adult
spasticity in the upper extremity (7) and is licensed
for use in the shoulder muscles (8). However, there are
limited data in the literature investigating the impact
of BoNT-A treatment in patients with upper limb spas-
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ticity (ULS) requiring injection in the shoulder mus-
cles, with the available data focusing predominantly
on shoulder pain, rather than function (9, 10). The
evidence, though limited, indicates an important role
for reducing pain and functional impairment related to
shoulder spasticity with BoNT-A; however, findings
are not consistent and sample sizes are small (11-17).

It has been shown previously that the location of
BoNT injections across proximal and distal muscles in
patients with upper limb spasticity were largely selected
based on injector beliefs and ease of access to the mus-
cle, rather than patient goals, patient characteristics and
their degree of spasticity (18). This highlights the need
to better inform clinicians about how to use BoNT-A
in shoulder muscles to better address patients’ needs.

In recent years, there have been 2 large clinical
studies in patients with ULS receiving abobotulinum-
toxinA in which some patients received injections in
their shoulder muscles. The phase 3 AUL open-label,
extension study (Adult Upper Limb; NCT01313299)
analysed the effect of single and repeated injections of
abobotulinumtoxinA into muscles of the upper limb,
which included shoulder extensors and internal rota-
tor muscles. Improvements were observed in active
movements, and perceived and active function (19).
The Phase 4 observational ULIS-II study (Upper Limb
International Spasticity Study-II; NCT01020500)
quantified and characterized patient-centred goal achie-
vements following one abobotulinumtoxinA injection,
and demonstrated that approximately 80% of patients
reached their treatment goals (20, 21).

The ULIS-IT and AUL studies provide large data sets,
enabling the investigation of outcomes among the sub-
set of patients who received shoulder injections. The
aim of the present analyses was to investigate whether
the outcomes of patients receiving abobotulinumt-
oxinA in shoulder muscles differed from those who
did not receive shoulder muscle injections. We report
here baseline demographics and goal-setting data, as
well the effects of abobotulinumtoxinA injection on
patient outcomes, including goal attainment, pain and
function, from patients in these 2 studies. Dosing infor-
mation is also presented to inform treating physicians.

METHODS

The methodology and primary outcomes of the ULIS-II and
AUL open-label studies have been published previously (19-21).
The complementary analyses undertaken here compared the
sub-populations of patients who received injections in their
shoulder muscles (shoulder population) with those who did
not receive injections in their shoulder muscles (non-shoulder
population). These analyses concerned the prioritization and
achievement of treatment goals (ULIS-II study only), as well as
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improvements in pain on the Disability Assessment Scale (DAS)
(22) and Tardieu Scale parameters (23, 24), including passive
range of motion (X,), angle of catch (X,,) and spasticity angle
(X; AUL open-label study only).

Study design and treatment

ULIS-II was a Phase 4, international, 18-month, observational,
prospective, before-and-after study, conducted at 84 sites in 22
countries within Europe, Pacific Asia, Eastern Europe and South
America (20). Therapies were administered in accordance with
routine local clinical practice. At baseline (Visit 1), patients
received a single injection cycle of any licensed BoNT-A pro-
duct, as selected by the investigator. The follow-up (Visit 2)
was between 3 and 5 months post-injection. Injection doses,
injection points (including shoulder injections) and volume
per injection point were determined by the investigator. Only
patients who received abobotulinumtoxinA injections during
ULIS-II were analysed here.

The AUL open-label study (19) was an extension of a Phase
3, international, single-cycle, randomized, double-blind study
(25), in which patients received up to 4 additional abobotu-
linumtoxinA treatment cycles at least 12 weeks apart over 1
year. The open-label phase included rollover patients from the
double-blind study and newly recruited patients. Patients were
enrolled at 34 sites in 7 countries across Europe and in the USA.
At Cycle 1, all patients received 1,000 U abobotulinumtoxinA,
or 500 U, at the investigator’s discretion if patients had expe-
rienced a treatment emergent adverse event (TEAE) during
the double-blind cycle. From Cycle 2 onwards, patients could
receive injections into shoulder muscles if deemed appropriate
by the investigator, at a maximum dose of 500 U per cycle,
with up to 1,000 U injected across other upper limb muscles.

For both studies, written informed consent was obtained from
all patients prior to study entry. The AUL open-label study was
performed in compliance with the Declaration of Helsinki. As a
non-interventional study, ULIS-II did not fall under the scope
of Declaration of Helsinki and was conducted in compliance
with Guidelines for Good Pharmacoepidemiology Practices.

Patients (eligibility criteria)

In brief, patients included in ULIS-II were adults (>18 years)
with post-stroke ULS, for whom a decision had already been
made to inject BONT-A and who had not received BoNT treat-
ment within 12 weeks prior to enrolment.

In the AUL open-label study, patients were adults (aged
18-80 years, inclusive) with hemiparesis who had experienced
a stroke or TBI at least 6 months previously; efficacy of
BoNT-A in patients with TBI has been previously shown to
be consistent with results observed with the overall population
(26). Patients were required to have met set minimum criteria
for assessments of spastic paresis, including a Modified Ash-
worth Scale (MAS) score >2 or 3 in the primary target muscle
group (PTMG) for patients naive or non-naive to BoNT-A,
respectively; and a DAS score >2 in the principal target of
treatment, as a measure of perceived function and pain. Further
details of inclusion and exclusion criteria have been published
previously (19-21).

The post-hoc analyses presented here compared patients in
the ULIS-II or AUL open-label studies who received abobotu-
linumtoxinA injections into at least one shoulder muscle with
those who did not receive shoulder injections.
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Functional assessments

The primary objective of the ULIS-II study was to assess the
responder rate, defined by the achievement of primary goals from
goal attainment scaling (GAS), following one BoNT-A injection
cycle (21). GAS was applied using the GAS-light method (27).
The main outcome measures for this analysis were the selec-
tion and achievement of primary goals in patients who received
abobotulinumtoxinA. As a result of the observational nature of the
ULIS-II study, related adverse events (AEs) only, were reported.

In the AUL open-label study, the primary objective was the
safety of repeated treatment cycles with abobotulinumtoxinA
over 1 year (19). TEAEs were spontaneously reported or identi-
fied following direct questioning. Functional outcome measures
included in this analysis were the selection of the primary
target for treatment on the DAS, mean changes from baseline
to week 4 of each treatment cycle and the last cycle to include
shoulder muscles for pain on the DAS (assessed as intensity of
pain or discomfort related to upper-limb spasticity) and active
function (Modified Frenchay Scale [MFS] score) (28). Mean
changes from baseline to week 4 for the last injection cycle to
include shoulder muscles were also assessed for Tardieu Scale
parameters, including X, , X, , and X. Details of these outcome
measures have been described previously (19). For rollover
patients in the open-label, extension study, baseline was defined
as baseline of the double-blind study.

Statistical analyses

Data are presented for the sub-populations of patients from
either the ULIS-II or AUL open-label study who received at
least one abobotulinumtoxinA injection into a shoulder muscle
(shoulder population) and those who did not receive shoulder
injections during the study (non-shoulder population). The
respective studies were not powered to investigate the signifi-
cance of findings in these sub-populations; as such, all analyses
presented here are descriptive and exploratory. Safety data from
each study are presented descriptively.

RESULTS

ULIS-II study

Patients. In ULIS-II, of the 321 patients injected with
abobotulinumtoxinA in the upper limb muscles (finger,
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100 4

90 -
80
70 4
60 1
50 1
40 -

30 A

Proportion of patients (%)

20 A

10 4

p. 30of 9

wrist, elbow and/or shoulder), 82 (25.5%) received
abobotulinumtoxinA in at least one shoulder muscle.

At baseline, patients in the shoulder population had
a mean age of 59.2 (standard deviation (SD) 12.0)
years and 62.2% were men. In comparison with the
non-shoulder population (Table 1A), onset of stroke
in the shoulder population was slightly more recent
(mean 66.2 (SD 72.3) vs 53.8 (SD 59.8) months, re-
spectively); the shoulder population also had a higher
composite contracture score (mean 4.3 (SD 3.4) vs
5.4 (SD 3.9), respectively; composite sum of proximal
(shoulder, elbow) and distal (wrist, hand) contracture
scores) and Total MAS score (10.7 (SD 3.3) vs 11.6
(SD 3.5), respectively; composite sum of MAS score
at shoulder, elbow, wrist, finger and thumb joints).

The pectoralis major was one of the most injected
muscles in ULIS-II, injected in 76.8% of patients in
the shoulder population. Injection sites and doses are
shown in Table SIA.

Selection of primary goals at baseline. In compari-
son with the non-shoulder population (Fig. 1), more
patients receiving shoulder injections selected primary
goals relating to improvements in pain and impairment
(range of movement). The proportion of patients who
selected pain as their primary treatment goal was 3-fold
higher in the shoulder population compared with the
non-shoulder population (25.6% (n=21/82) vs 8.4%
(n=20/239), respectively), while passive function and
involuntary movements were selected by a greater
proportion of patients in the non-shoulder population
(22.0% (n=18/82) vs 33.1% (n=79/239); and 3.7%
(n=3/82) vs 8.8% (n=21/239), respectively). Other goal
selection rates were comparable between populations.

Achievement of primary goals. In the shoulder popula-
tion, 82.9% of patients achieved their primary goals.
In total, 85.7% to 88.9% of patients achieved their
primary goals in pain, passive function (caring for the

Shoulder population (n=82) goal achievement

Non-shoulder population (n=239) goal achievement

Fig. 1. Selection and achievement of primary goals
in patients receiving shoulder injections compared
. with the non-shoulder population in the Upper Limb

T
Passive function  Active function Mobility

Primary goal areas

Involuntary
movement

International Spasticity Study-II (ULIS-II) study.
“Other” was selected as a primary goal area for 3
patients in the non-shoulder population. n: number.

Impairment
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Table I Baseline characteristics for patients who did not receive shoulder injections and patients who did receive shoulder injections in
the (A) Upper Limb International Spasticity-II (ULIS-II) study and (B) Adult Upper Limb (AUL) open-label study

(A) ULIS-II study

Non-shoulder population (n=239) Shoulder population (n=82)

Age, years, mean (SD)
Sex, men, n (%)
Time since onset of stroke in months, mean (SD)
Hemiparesis, n (%)
Left
Right
Missing
Motor impairment score, mean (SD)
Composite contracture score?, mean (SD)
Proximal score
Distal score
Arm raising score, mean (SD)
Hand function score, mean (SD)
Sensation score, mean (SD)
Total MAS scoreb, mean (SD)
Missing

56.2 (14.0) 59.2 (12.0)
137 (57.3) 51 (62.2)
66.2 (72.3) 53.8 (59.8)
119 (51.3) 40 (51.9)
113 (48.7) 37 (48.1)
n=7 n=>5

4.3 (1.3) 4.5 (1.2)
4.3 (3.4) 5.4 (3.9)
1.8 (1.7) 2.7 (1.8)
2.5 (2.0) 2.7 (2.3)
1.8 (0.8) 2.0 (0.6)
2.5 (0.7) 2.4 (0.7)
0.8 (0.9) 1.0 (1.0)
10.7 (3.3) 11.6 (3.5)
n=19 n=7

(B) AUL open-label study

Non-shoulder population (n=158) Shoulder population (n=96)

Age, mean (SD)
Sex, men n (%)
Treatment naive, n (%)
Cause of spasticity, n (%)
Stroke
TBI
PTMG, n (%)
Extrinsic finger flexors
Wrist flexors
Elbow flexors
DAS domain scores
No/Mild/Moderate/Severe, %
Dressing
Hygiene
Limb position
Pain
Mean (SD) score
Dressing
Hygiene
Limb position
Pain
Total

52.5 (14.5) 52.1 (13.1)
99 (62.7) 64 (66.7)
69 (43.7) 45 (46.9)
141 (89.2) 85 (88.5)
17 (10.8) 11 (11.5)
89 (56.3) 56 (58.3)
27 (17.1) 13 (13.5)
42 (26.6) 27 (28.1)

4.4/24.1/51.3/20.3
7.0/29.1/43.7/20.3
5.1/17.1/38.6/39.2
54.4/20.3/18.4/7.0

4.2/13.7/55.8/26.3
6.3/20.0/44.2/29.5
6.3/16.8/49.5/27.4
40.0/27.4/25.3/7.4

1.9 (0.8) 2.0 (0.8)
1.8 (0.9) 2.0 (0.9)
2.1 (0.9) 2.0 (0.8)
0.8 (1.0) 1.0 (1.0)
6.5 (2.1) 7.0 (2.1)

@Composite contracture score=composite sum of proximal (shoulder, elbow) and distal (wrist, hand) contracture scores. >Total MAS score=composite sum of
score at shoulder, elbow, wrist, finger and thumb joints. DAS: Disability Assessment Scale; MAS: Modified Ashworth Scale; n: number; N: number of patients in

group; PTMG: primary target muscle group; TBI: traumatic brain injury.

limb) and impairment (range of movement; Fig. 1),
while a lower rate of goal achievement was observed
for active function (using the limb; 62.5%).

In the non-shoulder population, 81.6% of patients
achieved their primary goals. Overall, 78.0-86.1% of
patients achieved their primary goals in pain, passive
function, active function, involuntary movement and
impairment (Fig. 1), while a lower rate of goal achieve-
ment was observed for mobility (balance/gait; 60.0%).

Safety. A single AE was reported in the non-shoulder
population (0.4% of patients).

AUL open-label study patients.

In the AUL open-label study, of the 254 patients recei-
ving treatment in the upper limb muscles, 96 (37.8%)

www.medicaljournals.se/jrm

received abobotulinumtoxinA injection into a shoulder
muscle at one or more treatment cycles. The majority
of these patients (n=_84) received at least 2 shoulder
muscle injections. At baseline, patient and disease
characteristics were comparable between the shoulder
and non-shoulder populations (Table IB).

In Cycle 1, the most commonly injected shoulder
muscle was the pectoralis major (65.7% of patients
injected in the shoulder). Injection sites and doses for
all cycles are shown in Table SIB.

Assessment of perceived function. As shown in Fig.
2A, pain, hygiene and dressing were each selected
as the principal target for treatment on the DAS by a
higher proportion of patients in the shoulder popula-
tion compared with the non-shoulder population. In
particular, the proportion of patients selecting pain
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almost doubled (9.5%) in the shoulder population  Safety. TEAEs were reported in 55.1% of patients (276
compared with the non-shoulder population (5.1%).  events in 87 patients) in the non-shoulder population
Limb position was selected by a greater proportion of  compared with 62.5% of the shoulder population (173
patients in the non-shoulder population. events in 60 patients), with falls, muscular weakness,
Atweek 4 of the last injection cycle to include shoul-  nasopharyngitis, and pain in extremity most commonly
der muscles, mean (SD) changes from baseline in pain ~ reported (6.3% compared with 10.4%; 4.4% compared
on the DAS were —0.7 (0.9) in the shoulder population ~ with 6.3%; 0.6% compared with 5.2%; 3.8% compared
compared with —0.4 (0.7) in the non-shoulder popu-  with 8.3%, respectively).
lation (Fig. 2B). Similarly, the shoulder population
showed consistently numerically greater differences
from baseline in DAS pain score compared with the DISCUSSION
non-shoulder population across all treatment cycles,  The present analyses highlight differences in prioriti-
while slightly greater improvements were observed  zation of rehabilitation goals and treatment responses
with each cycle for both groups (Fig. 2B). between patients with ULS who did or did not receive
shoulder muscle injections with abobotulinumtoxinA,
Assessment of Tardieu Scale parameters. As shown  according to the investigators’ judgement. These
in Fig. 3, change from baseline to week 4 of the last  descriptive analyses are the first to present data for
injection cycle to include shoulder muscles was slightly ~ shoulder spasticity treatment with abobotulinumtoxinA
higher for X, in the shoulder population compared  from large-scale, international clinical trials, and pre-
with the non-shoulder population (mean (SD), +8.0°  sent complementary evidence to that of a number of
(22.2) vs +4.5° (16.1), respectively). Improvements  published small-scale randomized controlled trials in
were comparable between shoulder and non-shoulder  this area (11-16, 29).
populations for X, (+17.2° (25.2) vs +16.6° (27.6), In ULIS-II, pain was the primary treatment goal in
respectively), and change from baseline for X was  26% of the shoulder population and only 8% of the non-
slightly greater in the non-shoulder population (-9.2°  shoulder population. A similar proportion of patients
(27.1) vs —=12.1° (27.5), respectively). prioritizing pain as a primary treatment goal (GAS,
26%) was observed by Carvalho et al. (30) in a study
Assessment of active function. In patients receiving  of patients with post-stroke ULS receiving BoONT-A tre-
shoulder injections, a more pronounced improvement  atment in shoulder muscles. However, prioritization of
was observed in active function compared with the  other treatment goals differed from the ULIS-II shoulder
non-shoulder population, with a mean (SD) change  population, including involuntary movements/associated
from baseline to week 4 of the last cycle to include  reactions (32%), mobility (balance/gait; 18%) and passive
shoulder muscles in MFS overall score 0f 0.60 (0.80)  function (e.g. hygiene and dressing the affected limb; 9%)
and 0.33 (0.79), respectively (Fig. 4). Furthermore,  (30). Shoulder pain management with BoNT-A treatment
MFS overall score was numerically higher in the  alongside concurrent therapy interventions was shown to
shoulder population compared with the non-shoulder  reduce spasticity, and improve passive function and pain
population at week 4 of each cycle. (17). Concomitant therapy during ULIS-II, particularly

W Shoulder population (n=96)

Z
)

m Shoulder population (n=96*)
 Non-shoulder population (n=158) 05 - w Non-shoulder population (n=158)

ol L |

e

20 )
N h N
o : . : : 20

Proportion of patients (%)
w
]
Change from baseline in DAS pain

1.5

Dressing Hygiene Limb position Pain n=95 n=157 n=91 n=135 n=75 n=91 n=37 n=43 n=95 n=157

Primary treatment target Cycle 1 Cycle 2 Cycle 3 Cycle 4 Last cycle

Fig. 2. Disability Assessment Scale (DAS) in the Adult Upper Limb (AUL) open-label study: (A) primary treatment target selected at baseline, and
(B) mean change from baseline to week 4 in the DAS pain domain. *One patient who received shoulder injections had no DAS data. DAS results
were not available for some patients at week 4 of each treatment cycle. (B) Patient group numbers are indicated below each column; these numbers
indicate all patients who received at least one shoulder muscle injection during any cycle of the AUL open-label study, the numbers of patients
injected in the shoulder muscles at each cycle were: n=35, n=67, n=57 and n=33 at Cycles 1, 2, 3 and 4, respectively. Data presented as the
mean; error bars represent standard deviation. “Last cycle” is the last cycle to involve shoulder muscle injections.
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Fig. 3. Mean change from baseline to week

-20 - 4 in passive range of motion (X,), angle
of catch (X,;) and spasticity angle (X) in
-30 1 shoulder muscles at the lastinjection cyclein
the Adult Upper Limb (AUL) open-label study.
-40 1 *One patient who did not receive shoulder
50 | injections had no Tardieu Scale results at
Xy1 Xys X week 4. Data presented as the mean; error

bars represent standard deviation (SD).

M Shoulder population (n=96)
15 4 Non-shoulder population (n=158)

1.0

0.5 o

Fig. 4. Mean changes in Modified Frenchay
Scale (MFS) scores from baseline to week 4
for subpopulations of patients in the Adult
Upper Limb (AUL) open-label study. MFS
results were not available for some patients
at week 4 of each treatment cycle. Patient
group numbers are indicated below each
column; these numbersindicate all patients
. who received at least one shoulder muscle

Change from baseline in MFS

-0.5

-1.0

n=79 n=140 n=74 n=116 n=58 n=78

high intensity therapeutic input, was associated with
better goal achievement; although, this was not specific
to the shoulder or pain as a primary goal (31). However,
evidence from ULIS-III suggests physicians increasingly
recognize the need for shoulder injections and benefits
of BoNT-A in managing shoulder pain (32). A smaller
number of patients received injections in the shoulder in
ULIS-II and AUL open-label studies than those that did
not receive shoulder injections, reflecting injection prac-
tices at the time these studies were undertaken. In ULIS-
11, 32.2% of patients were injected around the shoulder,
increasing to 39.4% of patients in the ULIS-III study, with
most injections targeted at pain reduction, indicating that
injection patterns may be changing (32, 33).

In the AUL open-label study, differences in DAS
primary treatment target selection were observed
between subpopulations. Limb position was selected
by the shoulder population less often compared with
the non-shoulder population, while the proportion of
patients selecting dressing and pain increased notably

www.medicaljournals.se/jrm

n=22 n=34
Cycle 1 Cycle 2 Cycle 3 Cycle 4

injection during any cycle of the AUL open-
label study, the numbers of patients injected
in the shoulder muscles at each cycle were
n=35,n=67, n=57 and n=33 at Cycles
1, 2, 3 and 4, respectively. Data presented
as the mean; error bars represent standard
deviation. “Last cycle” is the last cycle to
involve shoulder muscle injections.

n=79 n=140
Last cycle

in patients receiving shoulder injections. These dif-
ferences between subpopulations in treatment goal
prioritization and DAS domains suggest that shoulder
spasticity is responsible for some ULS-related pain.
These differences also suggest that patients with spasti-
city affecting proximal upper limb muscles have fewer
difficulties with abnormal limb position, while distal
muscles may impact the position of the hand, wrist and
elbow. Proximal muscles may have a greater impact
on disability related to pain, dressing and hygiene.
Overall, high goal achievement rates were observed
in ULIS-II for primary goals in the shoulder, particularly
relating to pain (85.7%), passive function (88.9%) and
impairment (range of movement; 85.7%), with a lower
rate of achievement for active function (62.5%). In the
AUL open-label study, a notable improvement was
observed for DAS pain at week 4 of the last treatment
to include shoulder muscles, which was numerically
greater in the shoulder population compared with the
non-shoulder population (0.7 vs —0.4, respectively).
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Improvements in DAS pain (decreased pain) marginally
increased across cycles in both subpopulations. These
results suggest that abobotulinumtoxinA injections into
shoulder muscles may help to achieve patient-centred
goals and reduce disability relating to pain.

Although hemiparetic shoulder pain has previously
been established and investigated, studies for BoNT
treatment have produced varying results (10). Marco
et al. (11) (n=29; targeting the pectoralis major) and
Yelnik et al. (12) (n=20; targeting the subscapularis)
reported significant pain relief with abobotulinumt-
oxinA treatment compared with placebo at 1 month
post-injection (p=0.025). Marco et al. (11) observed
significant improvements up to 6 months post-injec-
tion. Lim et al. (13) (n=29, targeting various shoulder
muscles) reported pain reduction with onabotulinum-
toxinA compared with triamcinolone acetonide. By
contrast, studies by de Boer et al. (15) (r=21; onabo-
tulinumtoxinA, targeting the subscapularis), Wissel
et al (29) (n=18 with shoulder pain as a goal; target
muscle not specified) and Kong et al. (14) (n=16;
abobotulinumtoxinA, targeting the pectoralis major
and biceps brachii) showed no significant difference
in pain relief compared with placebo. Marciniak et al.
(16) (n=21) also reported no difference in magnitude
of pain reduction (DAS) between onabotulinumt-
oxinA and placebo targeting the pectoralis major and
teres major; however, patient-reported improvements
were observed for DAS hygiene and dressing when
treated with onabotulinumtoxinA. This inconsistency
in reported benefits of BoNT for shoulder spasticity
pain relief may be due to small patient numbers in
each trial. Thus, results from the present subanalyses
from 2 large-scale studies provides interesting ad-
ditional data to support the beneficial effect of BoNT
in spasticity-related shoulder pain and its impact on
patient goal selection, goal attainment, and functional
improvements. As previously suggested by Yelnik et
al. (12), reduced shoulder pain with BoONT-A injections
may improve spasticity in distal muscles.

In the AUL open-label study, a numerically greater
improvement in X, was observed for patients receiving
shoulder muscle injections compared with those without
(+8.0° vs +4.5°, respectively). This difference in range
of motion, though limited, and perhaps not clinically
significant, accords with significant improvements ob-
served by Lim et al. (13) in passive range of motion
with onabotulinumtoxinA compared with triamcinolone.
Marco et al. (11) also reported significantly improved
passive external rotation of the shoulder up to 6 months
post-injection (interaction effect, p=0.041 vs placebo),
but not flexion or abduction. Kim et al. (34) showed im-
proved passive range of motion of the affected shoulder
(magnitude of +3.8° to +4.9°) with upper limb exercises
compared with the control group; these improvements
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translated into clinically relevant functional improve-
ment in upper extremities, particularly self-care skills
such as eating and dressing. Thus, the improved X,
angles observed here may provide some functional be-
nefit. For X, in shoulder muscles, results were similar
between shoulder and non-shoulder populations, and
slightly greater in the non-shoulder population for X.
These Tardieu Scale parameters are recognized as clini-
cally relevant quantitative measures of spasticity (24).

Few previous studies have investigated active fun-
ction in patients with shoulder spasticity. The present
analysis from the AUL open-label study showed
improvements in active function (MFS) of almost
twice the magnitude in the shoulder vs non-shoulder
population (last injection cycle: 0.60 vs 0.33, respec-
tively). In a previous study (r=16), improvements in
passive function, pain and spasticity, were reported
following abobotulinumtoxinA injection in patients
with spasticity in the shoulder girdle or proximal
upper limb muscles (17). Functional improvements
may be of considerable importance for patients with
shoulder spasticity and pain. In Lindgren et al. (1),
patients experiencing shoulder pain after stroke had
significantly reduced arm motor function compared
with those without shoulder pain (no/reduced function,
83% vs 17%, respectively; p<0.001). A significantly
greater proportion of patients with shoulder pain also
experienced moderate or major functional dependence
(Barthel Index, 63% vs 25%, respectively; p=0.001)
(1). Targeting shoulder muscles in patients with ULS
affecting the shoulder or shoulder pain, may prevent
and reduce healthcare utilization. Previously, reduced
care burden was reported in patients receiving BONT-A
treatment for ULS (35). Thus, for patients experiencing
functional dependence on carers for daily tasks, such
as dressing and hygiene, due to shoulder spasticity
and associated pain, alleviating these symptoms with
BoNT-A may increase independence. Furthermore,
these improved MFS scores for patients with shoulder
spasticity were observed alongside the improvements
described above for X, , i.e. passive range of motion,
which could suggest a beneficial relationship between
improved range in the affected shoulder and active
function. As noted above, Kim et al. (34) also showed
improvements in passive range of motion alongside
functional improvement in the upper limb. As discus-
sed elsewhere, and in light of these findings, BoNT-A
injections to the shoulder muscles should be considered
to reduce pain and improve upper limb movement (36).

The dosing information presented here may be in-
formative for treating physicians. The subscapularis
and pectoralis major are the muscles most involved
in processes typically observed with shoulder paresis
(retraction and depression of the scapula, internal ro-
tation and adduction of the shoulder), while the teres
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major and latissimus dorsi are involved to a lesser ex-
tent (10, 30). Muscle injection patterns observed here
were selected according to investigators’ judgement,
thus, reflect clinical decision-making of experienced
injectors. No new or unexpected safety findings were
identified in either the shoulder or non-shoulder groups
here, as well as at the doses injected during the AUL
open-label study (19), and no investigator-assessed,
related AEs leading to withdrawal were reported in
the ULIS-II observational study (20).

Although of clinical interest, the present analyses are
limited by a lack of formal statistical testing, therefore
treatment effects or associations cannot be quantified.
These analyses were conducted post hoc and were not
powered to explore treatment effects in subpopulations
receiving shoulder injections in either trial. Of note,
outcome measures in these studies were not selected
specifically to assess shoulder function and/or pain. For
example, the GAS and DAS measures of pain do not
distinguish between pain at rest or during activity, and
MEFS data were not available for all patients in the AUL
open-label study at week 4 of each cycle. In addition,
although inter- and intra-rater reliability of the DAS
have been established (22), this measure is limited by
incomplete evaluation of its validity (37, 38). Further
limitations were the absence of a control treatment and
that patients were not randomly assigned to treatment
arms, due to the observational and open-label designs
of the original studies. As this was a post hoc analysis,
subgroups were not stratified to account for patients’
baseline characteristics, but as all patients were in the
chronic phase of spasticity, this would not be expected
to impact the results. Although the design of the present
analyses is not as strong as that of the previously publis-
hed placebo-controlled randomized controlled studies
discussed above (11, 12, 14-16, 29), these present ana-
lyses were conducted with considerably larger data sets
and thus may provide the best current level of evidence
for the benefits of abobotulinumtoxinA treatment for
patients with ULS requiring shoulder injection.

We present here the first descriptive analyses of
patients receiving shoulder injections of abobotulinum-
toxinA for ULS treatment in large-scale, international
clinical trials. In both studies, pain relief was selected
more often as a treatment aspiration in patients re-
quiring shoulder injections compared with those not
requiring shoulder injections, suggesting shoulder
spasticity may be responsible for ULS-related pain. In
ULIS-II, there were high goal achievement rates for
all primary goals in the shoulder population, and in the
AUL open-label study, greater improvements in pain
relief, X, and active function were observed for the
shoulder population compared with the non-shoulder
population. These results indicate that abobotulinum-
toxinA injection into shoulder muscles may improve
outcomes for adults with ULS involving the shoulder.

www.medicaljournals.se/jrm
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