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ABSTRACT: Background: Although therapeutic treatments are intended to help alleviate symptoms associated with disease, safety
must be carefully considered and monitored to confirm continued positive benefit/risk balance. The objective of MOBILITY was to study
the long-term safety of onabotulinumtoxinA for treatment of various therapeutic indications. Methods: A prospective, multicenter,
observational, Phase IV Canadian study in patients treated with onabotulinumtoxinA for a therapeutic indication. Dosing was determined
by the participating physician. Adverse events (AEs) were recorded throughout the study. Results: Patients (n= 1372) with adult focal
spasticity, blepharospasm, cerebral palsy, cervical dystonia, hemifacial spasm, hyperhidrosis, or “other” diagnoses were enrolled into the
safety cohort. Eighty-three patients (6%) reported 209 AEs; 44 AEs in 24 patients (2%) were considered treatment-related AEs.
Seventy-two serious AEs were reported by 38 patients (3%); 10 serious AEs in 5 patients (0.4%) were considered treatment related. Most
commonly reported treatment-related AEs were muscular weakness (n= 7/44) and dysphagia (n= 6/44). Conclusions: In patients with
follow-up for up to six treatments with onabotulinumtoxinA, treatment-related AEs were reported in <2% of the safety population over
the course of nearly 5 years. Our findings from MOBILITY provide further evidence that onabotulinumtoxinA treatment is safe for
long-term use across a variety of therapeutic indications.

RÉSUMÉ: Dosage et sécurité à long terme de l’onabotulinumtoxinA : une étude prospective et observationnelle. Contexte : Bien que les
traitements thérapeutiques soient destinés à soulager les symptômes associés à une maladie, il importe d’examiner avec grand soin leur sécurité et d’en
assurer un suivi afin de maintenir un rapport bénéfice/risque qui soit positif. L’objectif de MOBILITY a donc été d’étudier la sécurité à long terme de
l’onabotulinumtoxinA dans le traitement de plusieurs indications thérapeutiques. Méthodes : Nous avons ainsi fait appel à une étude canadienne
prospective et observationnelle menée dans plusieurs centres de santé. Dans cette étude de phase IV, des patients ont été traités avec l’onabotulinumtoxinA
en vertu d’indications thérapeutiques. Ce sont des médecins participants qui en avaient déterminé le dosage. De plus, tout événement indésirable a été noté
en cours d’étude. Résultats : Au total 1372 patients ont été inclus dans cette cohorte (n= 1372). Ces patients étaient atteints des troubles suivants :
spasticité focale chez l’adulte, blépharospasme, infirmité motrice cérébrale, dystonie cervicale, spasmes hémifaciaux, hyperhidrose, etc. On a signalé chez
83 patients, soit 6 % d’entre eux, des événements indésirables. On a aussi estimé que 44 événements indésirables ayant affecté 24 patients (2 %) étaient
reliés au traitement proprement dit. Ajoutons que 38 patients (3 %) ont signalé avoir été victimes d’événements indésirables et que 10 événements
indésirables ont été reliés au traitement chez 5 patients (0,4 %). Enfin, les événements indésirables les plus communément signalés ont été la faiblesse
musculaire (n= 7/44) et la dysphagie (n= 6/44). Conclusions : Dans le cas de patients ayant bénéficié de six traitements ou moins avec
l’onabotulinumtoxinA, des événements indésirables ont été signalés chez < 2 % d’entre eux au cours des presque cinq prochaines années. Tirés de
MOBILITY, nos résultats apportent une preuve additionnelle que les traitements avec l’onabotulinumtoxinA sont à long terme sécuritaires dans le cas de
nombreuses indications thérapeutiques.
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BACKGROUND

OnabotulinumtoxinA (BOTOX®) is a purified neurotoxin that
acts by blocking presynaptic acetylcholine release, leading to
localized reduction of muscle contractions.1 This unique mechanism

of action led to the investigation of therapeutic uses with the toxin,
starting with treatment for strabismus.2,3 Since then, the broad
applicability of onabotulinumtoxinA has been widely recognized
and studied and has been used for over 25 years for many
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therapeutic indications.3 More recently, data has illustrated the
ability of onabotulinumtoxinA to act not only on efferent pathways
but also on afferent pathways, leading to a decrease in pain
responses.4,5 In Canada, onabotulinumtoxinA is currently approved
for nine therapeutic indications including, but not limited to,
blepharospasm, strabismus, cervical dystonia (CD), focal spasticity
including the treatment of upper limb spasticity associated with
stroke, dynamic equinus foot deformity due to spasticity in pediatric
cerebral palsy (CP), and primary hyperhidrosis of the axillae.6

Treatment paradigms with onabotulinumtoxinA vary greatly as
recommendations on dose, dilution, and guidance techniques are
specific to each indication. In addition to variability in recommended
treatment paradigms, it is also known that treatment with onabo-
tulinumtoxinA is individualized and often further varied in
real-world clinical practice depending on disease presentation and
desired outcomes. Although the highest recommended total adult
dose of onabotulinumtoxinA in Canada is 360 U and in the USA is
400 U within a three-month period, reports have shown that doses
exceeding this recommendation have been used in actual clinical
practice.7,8 Therefore, it is very important to continue to monitor the
safety profile of onabotulinumtoxinA in real-world use.9 Here we
report on the safety and treatment parameters during a long-term,
multicenter, observational trial, MOBILITY® (NCT00535935),
using onabotulinumtoxinA for a variety of therapeutic indications
in real-world clinical practice in Canada.

METHODS

Study Design and Population

MOBILITY® was a prospective, multicenter, observational
Phase IV study conducted in Canada. Patients were enrolled into
the study between October 2007 and July 2012 if treatment with
onabotulinumtoxinA was determined to be medically necessary.
Patients who were new to onabotulinumtoxinA treatment (naive) or
those receiving ongoing treatments (maintenance) prior to study
entry were included. Patients were consecutively approached, firstly
to only the naive patients and then those on maintenance. Parti-
cipants in the study were men and women ≥14 years of age with no
contraindications to use onabotulinumtoxinA and not participating
in any onabotulinumtoxinA clinical trial. The safety cohort included
all patients who were enrolled in the study and received at least one
onabotulinumtoxinA treatment for their condition during the study.

Baseline clinical characteristics and demographics were col-
lected at the initial visit. Safety and tolerability were monitored
throughout the study period. Patients received their first onabo-
tulinumtoxinA treatment at the baseline visit and were considered
to have completed the study if they completed at least five
subsequent treatments (six treatments total). Each participating
physician was responsible for managing their own patient’s
condition (i.e., starting, stopping, or changing treatment) and for
scheduling subsequent treatment visits, as treatments and treat-
ment schedules were not stipulated in the study protocol. All data
were collected on standardized case report forms and entered into
an electronic database.

MOBILITY® was conducted in accordance with the princi-
ples of the Declaration of Helsinki and Good Clinical Practice,
and the study protocol was approved by an independent ethics
committee at each participating site. All patients were required to
provide written informed consent prior to enrollment in the study.

Study Measures

Demographics and clinical characteristics were captured at the
baseline visit. Adverse events (AEs) were documented at each
subsequent treatment visit throughout the study. An AE was
defined as any untoward medical occurrence that was temporally
associated with onabotulinumtoxinA, regardless of causality.
A serious AE (SAE) was defined as an AE that resulted in death,
immediate risk of death (“life-threatening”), required or pro-
longed an existing hospitalization, persistent or significant dis-
ability, or was a congenital anomaly/birth defect. Physicians were
required to report any SAE that occurred from the point that
informed consent was obtained until 4 weeks after a patient ended
study participation. Physicians were also required to report the
degree to which an AE was related to onabotulinumtoxinA
expressed as definite, probable, possible, unlikely, or unrelated.
Additional treatment information, including dosing and injection
frequency information, was collected following each treatment
session.

Statistical Analyses

Patient demographics and onabotulinumtoxinA treatment
information were summarized using descriptive statistics. The
frequency and percent of all AEs were reported for the safety
population, which included all patients who were enrolled in the
study and received at least one onabotulinumtoxinA treatment
during the study. Treatment-related AEs (TRAEs) include those
reported by the investigator as possible, probable, highly
probable, and related. Adverse events considered unrelated
include those reported as unlikely and unrelated. MedDRA
version 15.1 was used to summarize AEs by system organ class
and preferred term.10 The analyses presented here were calcu-
lated using SAS® software, version 9.2 (SAS Institute Inc.,
Cary, NC, USA). There were no hypothesis testing or P-value
calculations; however, 95% confidence intervals were provided
around estimates of differences. As this project was exploratory
in nature, no formal sample size calculations were carried out.

RESULTS

Demographics

A total of 1372 patients were enrolled into the study across 46
participating centers in Canada. All enrolled patients were
included in the safety cohort. The majority of patients (n= 866/
1372, 63%) were on maintenance onabotulinumtoxinA treatment
upon study entry and had received between 1 and 90 treatments
of onabotulinumtoxinA prior to entering the study (Table 1).
Adult movement disorders (encompassing CD, blepharospasm,
and hemifacial spasm [HFS], n= 455/1372) and adult focal
spasticity (AFS, n= 452/1372) were the most commonly enrolled
diagnoses (both 33%), and cerebral palsy (CP) was the least
common (n= 27/1372, 2%). Due to differences in the manage-
ment of adult versus pediatric CP, adult CP patients were
included in the AFS cohort while the CP cohort consisted of
pediatric patients between 14 and 18 years old. A total of 150
enrolled patients were grouped under “other” diagnoses, which
was mainly comprised of patients diagnosed with focal dystonia,
headache, tremor, and pain. Of the 1372 enrolled patients, 519
(38%) completed the five required subsequent visits as indicated
in the study protocol, 149 (11%) exited the study with less than
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Table 1: Patient characteristics stratified by indication and treatment history

Indication; no. (%) patientsa

AFS Blepharospasm CP CD HFS HH Other

Characteristic Total
N= 1372

naive
n= 178

maint
n= 274

naive
n= 24

maint
n= 59

naive
n= 5

maint
n= 22

naive
n= 48

maint
n= 202

naive
n= 42

maint
n= 80

naive
n= 151

maint
n= 137

naive
n= 58

maint
n= 92

Age, years 50 ± 18 54 ± 15 52 ± 17 68 ± 13 61 ± 11 16 ± 1 16 ± 1 55 ± 15 58 ± 11 60 ± 13 67 ± 11 32 ± 12 33 ± 11 56 ± 15 52 ± 12

Diff (95% CI)b −2.6 (−4.6, −0.7) 1.9 (−1.1, 4.9) 6.8 (0.8, 12.8) 0.4 (−1.3, 2.2) −2.1 (−6.7, 2.4) −6.2 (−10.8, −1.5) −0.5 (−3.1, 2.2) 4.3 (−0.3, 9.0)

14–17 50 (4) 0 (0) 0 (0) 0 (0) 0 (0) 5 (100) 22 (100) 1 (2) 1 (1) 0 (0) 0 (0) 16 (11) 5 (4) 0 (0) 0 (0)

18–65 1015 (74) 135 (76) 208 (76) 10 (42) 37 (63) 0 (0) 0 (0) 36 (75) 149 (74) 22 (52) 35 (44) 133 (88) 129 (94) 38 (66) 83 (90)

≥65 307 (22) 43 (24) 66 (24) 14 (58) 22 (37) 0 (0) 0 (0) 11 (23) 52 (26) 20 (48) 45 (56) 2 (1) 3 (2) 20 (35) 9 (10)

Gender

Female 881 (64) 77 (43) 152 (56) 13 (54) 37 (63) 2 (40) 8 (36) 35 (73) 154 (76) 28 (67) 52 (65) 109 (72) 113 (83) 40 (69) 61 (66)

Male 491 (36) 101 (57) 122 (45) 11 (46) 22 (37) 3 (60) 14 (64) 13 (27) 48 (24) 14 (33) 28 (35) 42 (28) 24 (18) 18 (31) 31 (34)

Race

White/Caucasian 1253 (91) 156 (88) 156 (88) 22 (92) 57 (97) 4 (80) 17 (77) 46 (96) 196 (97) 36 (86) 79 (95) 137 (91) 128 (93) 56 (97) 86 (94)

Otherc 119 (9) 22 (12) 118 (43) 2 (8) 2 (3) 1 (20) 5 (23) 2 (4) 6 (3) 6 (14) 1 (1) 12 (9) 9 (7) 2 (3) 6 (7)

Weight, kg, mean ± SD 73 ± 17 73 ± 16 74 ± 18 77 ± 17 74 ± 16 48 ± 27 45 ± 13 72 ± 15 74 ± 17 77 ± 18 73 ± 14 70 ± 14 70 ± 15 76 ± 16 77 ± 17

Height, cm, mean ± SD 166 ± 11 168 ± 11 166 ± 11 167 ± 10 166 ± 10 163 ± 23 164 ± 9 165 ± 12 166 ± 9 165 ± 10 165 ± 10 167 ± 11 167 ± 12 166 ± 12 167 ± 10

BMI, kg/m2, mean ± SD 26 ± 6 26 ± 5 27 ± 7 28 ± 4 27 ± 5 21 ± 6 19 ± 2 26 ± 5 27 ± 6 28 ± 6 27 ± 5 25 ± 5 25 ± 5 28 ± 6 28 ± 6

Total treatments, prior to studyd

Mean ± SD 11 ± 13 NA 6 ± 6 NA 20 ± 18 NA 6 ± 5 NA 17 ± 16 NA 19 ± 18 NA 3 ± 2 NA 11 ± 13

Median 6 5 11 4 12 14 2 6.5

Range 1–90 1–32 1–68 1–19 1–90 1–80 1–9 1–52

Dose, units mean 221 285 350 47.4 62.9 250 253 173 248 32.6 42.2 193 204 173 192

SD 148 147 149 20.0 44.6 84 105 71 102 14.8 27.6 63 77 103 114

Median 200 300 300 50.0 50.0 200 300 180 200 35.0 40.0 200 200 140 200

Range 3–900 20–800 30–900 15–100 5.5–350 200–400 100–400 4–400 4–700 5–100 5–200 75–500 25–500 20–600 3–500

AFS= adult focal spasticity; BMI= body mass index; CD = cervical dystonia; CI= confidence interval; CP= cerebral palsy; Diff= difference; HFS= hemifacial spasm; HH= hyperhidrosis;
maint=maintenance; NA= not applicable; SD= standard deviation.
aUnless otherwise indicated.
bDifference calculated for naive minus maintenance groups, for means.
cIncludes the following that were each ≤5% of the population: Aboriginal, Arab/West Asian, Black, Chinese, Filipino, Japanese, Korean, Latin American, South Asian, Southeast Asian, and/or those
categorized as “other,” except for the CP cohort where South Asian accounted for 9% (n= 2) of the maintenance population.
dNumber of onabotulinumtoxinA injections received prior to entering the study; maintenance patients only.
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the five subsequent visits, and 704 (51%) discontinued the study.
Of the patients who discontinued, the proportions of naive
(n= 336/704, 48%) and maintenance (n= 368/704, 52%)
patients were comparable. The majority of the patients who
discontinued the study were due to reasons reported as “other”
(n= 363/704, 52%), lost to follow-up (n= 195/704, 28%), and
patient withdrawing consent (n= 92/704, 13%). Study disconti-
nuations grouped under “other” included study site closure,
investigator study discontinuation, limited availability of
resources (i.e., clinic nurse) at the participating clinic, or subject
follow-up visits not carried out. Only 6 out of 704 of the
discontinued patients (0.9%) were due to AEs, comprising 2
(0.6%) naive and 4 (1.1%) maintenance patients. Among the six
patients, only two discontinued the study due to a TRAE (facial
paresis/eyelid ptosis and dysphagia).Those who discontinued due
to lack of drug efficacy only accounted for 4% (n= 31/704) of the
discontinued patient population. Reasons for study discontinua-
tion were similar between naive and maintenance patients and
between indications. Patient demographics exhibited some vari-
ability across indications, consistent with the range of therapeutic
indications treated in this study. The oldest patient population
consisted of those who were diagnosed with HFS, whereas the
youngest population was of patients with CP (Table 1). Consis-
tent with the youngest population, CP patients reported the lowest
weight, height, and body mass index at baseline compared to
other indications. However, gender and race distributions were
generally comparable between indications with the majority of
patients being female (n= 881/1372, 64%) and Caucasian
(n= 1253/1372, 91%). Within the maintenance population, HFS,
CD, and blepharospasm patients received the most number of
onabotulinumtoxinA treatments prior to study entry (1–90 treat-
ments), whereas patients with AFS, CP, and hyperhidrosis received
the fewest (1–32 treatments).

The mean (standard deviation) and median doses of onabo-
tulinumtoxinA were 221 U (148). Naive patients generally
received lower doses when compared to maintenance, and doses
varied widely by indication. For example, CD naive patients
received a mean (SD) dose of 173 U (71), whereas maintenance

patients received a mean (SD) dose of 248 U (102) (Table 1).
Patients who presented with AFS received the highest average
(SD) doses (naive: 285 U [147], maintenance: 350 U [149])
during the study, whereas HFS patients received the lowest
average (SD) doses (naive: 32.6 U [14.8], maintenance: 42.2
U [27.6]). Dosing remained consistent throughout the study
within each indication for treatment naive (Figure 1A) and
maintenance (Figure 1B) patients.

Safety

A total of 209 AEs were reported in 83 patients (83/1372, 6%)
in the overall safety cohort (Table 2). Of the 209 AEs, 72 were
serious AEs reported in 38 patients (38/1372, 3%). The majority
of reported AEs (143/209, 68%) were determined to be unrelated
to treatment by the participating investigator. The causalities for
22 reported AEs (22/209, 11%) were not determined or were not
reported. Forty-four AEs (44/209, 21%) in 24 patients were
reported as TRAEs, of which 10 AEs in 5 patients were reported
as being a serious TRAE. Of the 24 patients who reported
TRAEs, only 2 (2/24, 8%) patients, representing only 0.15% of
the entire safety cohort, discontinued the study (facial paresis/
eyelid ptosis and dysphagia).

Among the safety cohort (n= 1372), 13 patients (0.9%) who
were naive to onabotulinumtoxinA treatment reported 24/44
TRAEs, whereas 11 (0.8%) maintenance patients had 20/44
TRAEs, as determined by the investigator. The most commonly
reported TRAEs across indications were muscular weakness
(n= 8/1372, 0.6%) and dysphagia (n = 6/1372, 0.4%). The ma-
jority of TRAEs were reported in patients presenting with “other”
indications (Table 3). A total of six patients (0.4%) categorized as
“other” diagnoses reported 13/44 TRAEs, as assessed by the
investigator. Of these six “other” patients, with a diagnosis of
focal dystonia (n= 3), headache (n= 1), pain (n= 1), and tremor
(n= 1), three commonly reported muscular weakness as an AE.
No AEs were reported in the CP cohort. There was one TRAE
(herpes zoster in an AFS patient) that was considered to be related
to the injection procedure. A total of 14 deaths were reported in
the safety cohort, and none were considered treatment related by

Figure 1: Mean administered dose of onabotulinumtoxinA at each treatment visit for (A) naive and (B) maintenance patients. Note: Plot for
cerebral palsy cohort not presented due to low patient number; plot for “other” diagnoses not included due to heterogeneity of indications.
AFS= adult focal spasticity, CD= cervical dystonia, HFS= hemifacial spasm, SV= subsequent visit, LTV= last treatment visit.
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Table 2: Characteristics of all reported adverse events by indication and treatment history

Indication; no. (%) patients

AFS Blepharospasm CD HFS HH Other

Adverse Event Categorya Total
N= 1372

naive
n= 178

maint
n= 274

naive
n= 24

maint
n= 59

naive
n= 48

maint
n= 202

naive
n= 42

maint
n= 80

naive
n= 151

maint
n= 137

naive
n= 58

maint
n= 92

All AEs 83 (6) 9 (5) 12 (4) 3 (13) 2 (3) 3 (6) 30 (15) 2 (5) 7 (9) 1 (<1) 0 (0) 4 (7) 10 (11)

Treatment-related 24 (2) 2 (1) 2 (1) 2 (8) 2 (3) 3 (6) 3 (1) 2 (5) 1 (1) 1 (<1) 0 (0) 3 (5) 3 (3)

Treatment-unrelated 55 (4) 5 (3) 7 (3) 1 (4) 2 (3) 2 (4) 25 (12) 0 (0) 7 (9) 0 (0) 0 (0) 2 (3) 7 (8)

Unknown / Not reported 12 (1) 1 (<1) 4 (1) 0 (0) 0 (0) 0 (0) 6 (3) 0 (0) 0 (0) 1 (<1) 0 (0) 0 (0) 0 (0)

All serious AEs 38 (3) 4 (2) 8 (3) 0 (0) 1 (2) 0 (0) 17 (8) 0 (0) 4 (5) 0 (0) 0 (0) 1 (2) 3 (3)

Treatment-related 5 (<1) 0 (0) 0 (0) 0 (0) 1 (2) 0 (0) 3 (1) 0 (0) 0 (0) 0 (0) 0 (0) 1 (2) 0 (0)

Treatment-unrelated 27 (2) 3 (2) 6 (2) 0 (0) 0 (0) 0 (0) 13 (6) 0 (0) 4 (5) 0 (0) 0 (0) 0 (0) 3 (3)

Unknown/not reported 12 (1) 1 (<1) 4 (1) 0 (0) 0 (0) 0 (0) 6 (3) 0 (0) 0 (0) 1 (<1) 0 (0) 0 (0) 0 (0)

Discontinued due to AE 6 (<1) 1 (<1) 1 (<1) 0 (0) 0 (0) 0 (0) 2 (1) 0 (0) 0 (0) 1 (<1) 0 (0) 0 (0) 1 (1)

Treatment-related 2 (<1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (<1) 0 (0) 0 (0) 1 (<1) 0 (0) 0 (0) 0 (0)

Treatment-unrelated 3 (<1) 1 (<1) 0 (0) 0 (0) 0 (0) 0 (0) 1 (<1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1)

Unknown/not reported 2 (<1) 0 (0) 1 (<1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (<1) 0 (0) 0 (0) 0 (0)

Death 14 (1) 2 (1) 7 (3) 0 (0) 0 (0) 0 (0) 2 (1) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 2 (2)

Treatment-related 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Treatment-unrelated 11 (1) 2 (1) 5 (2) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 2 (2)

Unknown/not reported 2 (<1) 0 (0) 2 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Total number of reported AEsb 209 36 20 95 21 3 33

AE= adverse event; AFS= adult focal spasticity; BMI= body mass index; CD= cervical dystonia; CI= confidence interval; CP= cerebral palsy; Diff= difference; HFS= hemifacial spasm;
HH= hyperhidrosis; maint=maintenance.
No AEs were reported in the CP population. Treatment-related AEs include those reported as “related,” “highly probable,” “probable,” and “possible” by the investigator; treatment-unrelated AEs
include those reported as “Not related” and “unlikely” by the investigator.
aEach patient is only counted once for each AE category.
bTotal number of of AEs reported across all patients. Each patient may be counted more than once.
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the investigator. There were no pregnancies or abortions reported
during the study.

Although the majority of patients (n= 888/1372, 65%)
received a baseline dose of ≥200 U, the frequency of TRAEs
was highest in patients administered ≤199 U at baseline
(Figure 2). There was no statistically significant association
between the incidence of TRAEs and the dose of onabotulinum-
toxinA at baseline (Mantel Haenszel Chi-square test, P= 0.0237;
Figure 2). When compared across age groups, incidence of
TRAEs tended to increase with increasing age; there was a
statistically significant association between the incidence of
TRAEs and the patient’s age group (Mantel Haenszel Chi-square
test, P= 0.002; Figure 3).

Adult Focal Spasticity

Of 452 AFS patients, 17 patients reported 33 AEs (17/452,
4%), of which 8 AEs in four patients (4/452, 0.9%) were
considered TRAEs by the investigator. No single AE was
reported by more than one AFS patient. The reported TRAEs
were equally distributed between naive and maintenance patients,
and no apparent trends were observed with regard to treatment
pattern. Two patients who received injections of onabotulinum-
toxinA 400 U and 500 U, which included injections in the hand,
experienced TRAEs of weakness and stiffness in the hand and
finger and swelling and pain in the hand that was suggestive of
complex regional pain syndrome, respectively.

Table 3: Listing of all treatment-related adverse events by indication as reported by the investigator

Indication

AFS Blepharospasm CD HFS HH Other

Adverse event by
preferred terma

Total
N = 1372

naive
n= 178

maint
n= 274

naive
n= 24

maint
n= 59

naive
n= 48

maint
n= 202

naive
n= 42

maint
n= 80

naive
n= 151

maint
n= 137

naive
n= 58

maint
n= 92

Overall, n (%) 42 (3) 4 (2) 3 (1) 2 (8) 4 (7) 4 (8) 8 (4) 2 (5) 1 (1) 1 (1) 0 (0) 10 (17) 3 (3)

Muscular weakness 7 1 - - - 2 1 - - - - - 3

Dysphagia 6 - - - 1 1 3 - - - - 1 -

Headache 3 - - - - 1 1 - - - - 1 -

Eyelid ptosis 2 - - 1 - - - - - - - 1 -

Facial paresis 2 - - - - - - 1 - 1 - - -

Lacrimation increased 2 - - - - - - - 1 - - 1 -

Local swelling 2 - 1 - - - 1 - - - - - -

Asthenia 1 - - - - - - - - - - 1 -

Blepharochalasis 1 - - - 1 - - - - - - - -

Choking 1 - - - 1 - - - - - - - -

Diarrhea 1 - - - - - - - - - - 1 -

Dysphonia 1 - - - 1 - - - - - - - -

Herpes zoster 1 - 1 - - - - - - - - - -

Injection site bruising 1 - - 1 - - - - - - - - -

Joint stiffness 1 1 - - - - - - - - - - -

Muscle tightness 1 - - - - - 1 - - - - - -

Musculoskeletal
stiffness

1 1 - - - - - - - - - - -

Nausea 1 - - - - - - - - - - 1 -

Pain 1 - - - - - - - - - - 1 -

Pain in extremity 1 - 1 - - - - - - - - - -

Pyrexia 1 - - - - - - - - - - 1 -

Swelling face 1 - - - - - - 1 - - - - -

Tremor 1 - - - - - - - - - - 1 -

Urticaria 1 1 - - - - - - - - - - -

AFS= adult focal spasticity; CD= cervical dystonia; CP= cerebral palsy; HFS= hemifacial spasm; HH= hyperhidrosis; maint=maintenance.
No treatment-related AEs were reported in the CP population. Treatment-related AEs include those reported as “related,” “highly probable,” “probable,”
and “possible” by the investigator.
aPatients counted once for each listed AE when multiple occurrences were reported. One patient with AFS reported two muscular weakness AEs, and one
patient with blepharospasm reported two dysphonia adverse events; however, each was only counted once here.
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AFS patients did not report any serious TRAEs. Out of a total
of 14 deaths, nine were reported in the AFS cohort, of which four
with known etiology were determined to be unrelated to treat-
ment by the investigator (progression of multiple sclerosis,
malignant neoplasm, sudden cardiac death, and complications
from cardiomegaly/diabetes/pulmonary edema). The cause of
death for 4/9 of the fatalities was not specified by the investi-
gators, although for 3 of these patients the investigators did report
that the deaths were either not (2 patients), or were unlikely to be
(1 patient), related to the study treatment. For the remaining
patient (a 71-year-old male), no information on relation to
treatment was reported. No serious bleeding events were
reported. There were no discontinuations due to TRAEs.

Pediatric Cerebral Palsy

There were no reported AEs in the 27 patients with diagnosed
CP who received onabotulinumtoxinA treatments in the study.

Movement Disorders

Of the 455 patients with blepharospasm (n= 83), CD
(n= 250), or HFS (n= 122), a total of 136 AEs were reported
by 46 (10%; Table 2). Within the blepharospasm and HFS
cohorts (n = 205), where facial muscles were injected, seven
patients (3.4%) reported a total of 10 TRAEs. Each TRAE was

reported by only one patient. There were no major trends in
reported TRAEs with respect to treatment history or treatment
characteristics.

One serious AE (dysphagia) possibly related to treatment was
reported in one maintenance dystonia patient with Meige’s
syndrome. The patient received six intramuscular treatments of
onabotulinumtoxinA between 147.5 U and 150 U for the main-
tenance indication, including for blepharospasm and spasmodic
dysphonia (the latter being outside of the MOBILITY study;
Table 4). One death due to small bowel obstruction in a patient
with facial nerve disorder was reported as not related to treatment
by the investigator.

In the CD group (n= 250), a total of 95 AEs were reported by
33 (13%) patients (Table 2). In six (2.4%) patients, 12 (13%) of
the 95 AEs reported were considered TRAEs by the investigator.
More than one TRAE could be reported by a patient, and the most
commonly reported TRAEs in the CD group were dysphagia
(n= 4/250, 2%) and muscular weakness (n= 3/250, 1%). There
did not appear to be any correlation between TRAEs and
treatment history or treatment characteristics. A total of eight
serious TRAEs were reported in three patients (1%). All patients
who reported serious TRAEs were on maintenance onabotuli-
numtoxinA treatment. One patient with a serious TRAE (dys-
phagia) subsequently discontinued the study. Two fatal cases
were reported, due to bowel infarction and metastases to lung,
and both were considered unrelated to treatment.

Hyperhidrosis

Of the 288 patients in the hyperhidrosis cohort, 1 patient
(<1%) treated for facial sweating reported a total of three AEs
(eyelid ptosis, worsening hyperhidrosis, and facial paresis). The
mild facial paresis and eyelid ptosis were the only AEs consid-
ered treatment related and appeared to be local effects, likely
related to the location of the injection. Both are well-known
temporary side effects of this treatment. This patient withdrew
from the study.

Other Diagnoses

By definition, in this study patients categorized under “other”
diagnoses (n= 150) as classified by investigators presented with
focal dystonia, headache, pain, tics, tremors, or multiple indications.
These patients reported a total of 33 AEs in 14 out of 150 patients
(9%) (Table 2). Of the 33 AEs reported, 13 AEs in 6 out of 150
patients (4%) were reported as TRAEs by the investigator. Muscular
weakness was the most commonly reported TRAE (7/44, 17%),
which was reported by three patients in the maintenance cohort
(Table 3). There did not appear to be anymajor trend in TRAEs with
regard to treatment history or treatment characteristics. One serious
TRAE (dysphagia) was reported in one patient who had presented
with focal dystonia. Two deaths were reported as unrelated to
treatment. One death, due to myocardial infarction, was reported
in one patient who had been treated with onabotulinumtoxinA for
pain. The second death, due to Parkinson’s disease, was reported in a
patient who had been treated for oromandibular dystonia.

DISCUSSION

The purpose of MOBILITY was to examine the long-term
safety of onabotulinumtoxinA following multiple treatments

Figure 2: Percent of patients who reported treatment-related adverse
events by dose administered at baseline. *Mantel Haenzel Chi-square
test for association between treatment-related adverse events and ona-
botulinumtoxinA dose at baseline.

Figure 3: Percent of patients who reported treatment-related adverse
events by age at baseline. *Mantel Haenzel Chi-square test for associa-
tion between treatment-related adverse events and patient’s age group.
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Table 4: Characteristics of investigator-reported, treatment-related adverse events

Adverse event by
indicationa

Patienta Age Treatment history Serious event Symptom
duration (days)

No. injectionsb Dosec (units) Dilution ratiod

Adult focal spasticity

Herpes zoster 1 60 maint no 34 6 250–325 2–2.3

Joint stiffness 2 27 naive no 92 1 400 2

Muscular
weakness

2 27 naive no 92 1 400 2

Musculoskeletal
stiffness

2 27 naive no 92 1 400 2

Local swelling 3 53 maint no ongoinge 1 400 2

Pain in extremity 3 53 maint no ongoinge 1 500 2

Urticaria 4 60 naive no 21 1 100 2

Blepharospasm

Blepharochalasis 5 79 maint no 98 2 40–125 1

Choking 6f 64 maint no NR 6 147.5–150 0.9–1

Dysphagia 6f 64 maint yes NR 6 147.5–150 0.9–1

Dysphonia 6f 64 maint no NRg 6 147.5–150 0.9–1

Eyelid ptosis 7 56 naive no ongoinge 2 25 1

Injection site
bruising

8 54 naive no 14 2 15 2

Cervical dystonia

Dysphagia 9 81 maint yes NA 1 200 1.2

10 67 maint yes NR 4 300–320 1

11 77 maint yes 42 3 350 1

12 45 naive no 52 1 150 1

Headache 11 77 maint yes 42 3 350 1

13 59 naive no 21 1 100 1

Local swelling 11 77 maint yes NR 3 350 1

Muscle tightness 10 67 maint yes ongoinge 4 300–320 1

Muscular
weakness

10 67 maint yes NR 4 300–320 1

14 48 naive no NR 4 150–275 1

13 59 naive no NR 1 100 1

Hemifacial spasm

Facial paresis 15 66 naive no 66 1 20 0.2

Lacrimation
increased

16 63 maint no 15 6 15–20 2

Swelling face 17 70 naive no ongoinge 1 20 1

Hyperhidrosis

Facial paresis 18 53 naive no 117 1 100 3

Other

Asthenia 19h 50 naive no ongoinge 1 300 2

Diarrhea 19h 50 naive no NR 1 300 2

Dysphagia 20i 60 naive yes ongoinge 1 100 0.5

Eyelid ptosis 21j 71 naive no 114 1 100 1

Headache 19h 50 naive no NR 1 300 2

Lacrimation
increased

19h 50 naive no NR 1 300 2

(Continued)
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across multiple therapeutic indications. MOBILITY is the longest
study to date (approximately 5 years) to investigate the safety of
onabotulinumtoxinA across multiple therapeutic indications by
reporting the incidence rate of AEs in relation to the treatment.

Data were collected from patients who received between one and
six treatments of onabotulinumtoxinA. Overall, onabotulinumtox-
inA treatment was safe and well tolerated, with few discontinuations
due to AEs (n= 6/704, 0.9%) and no new safety signals.

Very Long-Term Utilization and Safety

Patients on maintenance onabotulinumtoxinA treatment had
received as many as 90 treatments (mean [SD] = 11 [13]) for over
22 years prior to entering the study and showed no notable
differences in the number of TRAEs reported when compared to
the naive population, indicating no increased safety risk with
chronic use. Earlier reports of long-term safety have agreed with
this finding and have even indicated that the incidence of AEs at
times decreases with increased treatment duration.11,12 This, of
course, is an important observation as these indications are
chronic conditions requiring repeat treatments with onabotuli-
numtoxinA over the long term.

Dosing and Safety

The mean dose administered was 221 U (median, 200 U) of
onabotulinumtoxinA, which is reflective of real-world clinical
practice (Figure 2). A total of 280 patients were treated with

>360 U of onabotulinumtoxinA during the study, and there did
not appear to be any correlation between high doses and an
increased incidence of TRAEs; indeed, there was no statistically
significant association between dose of onabotulinumtoxinA at
baseline and the incidence of TRAEs. Overall, from the safety
population of 1372 patients, the majority of TRAEs were reported
by patients who had received <360 U (within a 3-month period)
with only two patients reporting TRAEs following administration
of high doses of onabotulinumtoxinA (400 U and 500 U).

In addition to examining the correlation between dose and
incidence of AEs, the relationship of age and AEs was explored,
as onabotulinumtoxinA is indicated for a variety of diseases
spanning a wide range of age groups. The data show an overall
trend of increasing incidence of AEs with increasing age. This
finding is not unexpected as older patients often suffer from
additional comorbidities and associated AEs.13

The most commonly reported TRAE in this study was mus-
cular weakness (n= 8/1372, 0.6%) which is consistent with
previously published findings, the adverse reactions outlined in
the product label, and the known mechanism of action of
onaboutlinumtoxinA.5,6,11,12,14–17 The reports of muscular weak-
ness are to be expected as onabotulinumtoxinA acts by locally
reducing acetylcholine release at neuromuscular junctions. A
single incidence was reported as a TRAE considered related to
the injection procedure rather than the therapeutic treatment itself.
The reported TRAE was herpes zoster in one AFS patient, where
symptoms were likely exacerbated by the injection procedure.18

Table 4: (Continued)

Adverse event by
indicationa

Patienta Age Treatment history Serious event Symptom
duration (days)

No. injectionsb Dosec (units) Dilution ratiod

Muscular
weakness

20k 72 maint no 52 2 280 1

21i 81 maint no ongoinge 2 30–50 1

22i 62 maint no 91 2 60 1

Nausea 19h 50 naive no NR 1 300 2

Pain 19h 50 naive no ongoinge 1 300 2

Pyrexia 20i 60 naive no ongoinge 3 40–150 0.5

Tremor 19h 50 naive no ongoinge 1 300 2

NA= not applicable; NR= not reported.
aPatients counted once for each listed AE when multiple occurrences were reported; patient 2 (AFS) reported two muscular weakness AEs, and patient 6
(blepharospasm) reported two dysphonia adverse events; however, each was only counted once here. An arbitrary patient number is used to identify
patients experiencing ≥1 AE.
bNumber of injections received prior to and including date of event onset.
cRange of all doses administered prior to and including date of event onset.
dRange of all dilutions used prior to and including date of event onset; calculated as volume of diluent added in mL per 100 units of onabotulinumtoxinA
dose administered.
eSymptoms indicated as ongoing at the last treatment visit/end of study.
fPatient treated for Meige’s syndrome, including blepharospasm and spasmodic dysphonia (onabotulinumtoxinA into each thyroarytenoid muscle for
spasmodic dysphonia outside of the MOBILITY study).
gResolved with sequelae.
hPatient treated with onabotulinumtoxinA for pain.
iPatient treated with onabotulinumtoxinA for focal dystonia.
jPatient treated with onabotulinumtoxinA for headache.
kPatient treated with onabotulinumtoxinA for tremor.

THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

750

https://doi.org/10.1017/cjn.2019.238 Published online by Cambridge University Press

https://doi.org/10.1017/cjn.2019.238


In addition to the impact of the disease condition on AEs, there
is significant heterogeneity in patients with neurological disorders
that may also influence incidence of AEs.

Limited safety data are available from long-term, prospective,
observational studies with onabotulinumtoxinA. Overall, results
from MOBILITY are comparable to existing published reports
from studies with similar designs and with the product label.6,19,20

LIMITATIONS

Although our study was able to capture long-term safety
information across a number of indications in real-world clinical
practice, several limitations should be noted. Overall, a large
proportion of patients in the safety cohort discontinued the study
(n = 704/1372, 51%) for various reasons including “other”
(363/704, 52%), comprising mostly study site closure, investi-
gator study discontinuations, or limited availability of resources
(i.e., clinic nurse) at the participating clinic; lost to follow-up
(195/704, 28%); and patient withdrawal of consent (92/704,
13%). Study discontinuations grouped under “other” were
primarily due to study site closure, possibly limiting the gener-
alizability of the findings as data are biased toward those
patients who remained in the study. Investigators were required
to monitor and report all AEs based on their clinical assessment;
however, there was no formalized direct questioning for AEs
nor was there any required laboratory testing as may be more
typical in a controlled clinical trial. This may mean that all
details regarding an AE may not have been captured, including
data pertaining to disease severity and comorbidities, which
may have helped to further characterize and understand the
reported AEs. In addition, reports on concomitant medications
were only captured for the condition in which they were being
treated with onabotulinumtoxinA; therefore, not all concomitant
medication information was captured. Furthermore, information
regarding physician experience with administering onabotuli-
numtoxinA may have been helpful in determining whether
there was any correlation to the reported AEs. Similarly,
information regarding the specific muscles injected would have
been helpful to classify AEs as local or due to the distal spread
of the toxin.

Beyond local effects, the distant spread of the toxin is a
concern when evaluating the safety of onabotulinumtoxinA
treatment. Reports have suggested that botulinum toxin treatment
has the potential to spread beyond the local injection site, causing
symptoms consistent with botulism.21–23 These concerns have
been raised by the EMA, FDA, and Health Canada, prompting
the inclusion of a warning in product labeling to acknowledge the
risk of the effect of the distal spread of toxin.24–26 Although the
concern is recognized, data regarding the specific muscles
injected were not collected in this study, and therefore, we were
not able to report whether AEs were possibly due to local or
distant spread of the toxin.

CONCLUSION

In patients with follow-up for up to six treatments, TRAEs
were reported in <2% of the safety population over the course of
nearly 5 years. Overall, our findings suggest that treatment with
onabotulinumtoxinA is safe for long-term use across a variety of
therapeutic indications.
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