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Abstract
Introduction  OnabotulinumtoxinA is approved in the USA for the prevention of headache in adults with chronic migraine, 
a debilitating neurologic disease characterized by headaches occurring on ≥ 15 days per month for > 3 months and including 
migraine features on ≥ 8 days per month.
Objective  The COMPEL Study (NCT01516892), a 108-week, multi-center, open-label study, evaluated the long-term effi-
cacy and safety of onabotulinumtoxinA in adults with chronic migraine. The objective of this subanalysis was to examine 
the safety and tolerability of onabotulinumtoxinA after each of nine treatment cycles.
Methods  OnabotulinumtoxinA 155 U was administered every 12 weeks. Safety and tolerability, overall and by treatment 
cycle, were assessed. Treatment-emergent adverse events reported between successive treatments were attributed to the 
preceding treatment. The safety population received one or more doses of onabotulinumtoxinA. The primary efficacy 
outcome was the reduction in headache days at week 108 compared with baseline.
Results  Of 716 patients enrolled, 373 patients (52.1%) completed the study and 343 (47.9%) withdrew; 481 patients 
(67.2%) received 60 weeks of treatment and 402 (56.1%) received 108 weeks of treatment. In total, 436 (60.9%) patients 
reported treatment-emergent adverse events; most were mild/moderate in severity. Thirty-two patients (4.5%) discon-
tinued the study after experiencing treatment-emergent adverse events. The incidence of treatment-emergent adverse 
events typically decreased with repeated onabotulinumtoxinA treatment: first cycle, 24.2%; fourth cycle, 18.4%; ninth 
cycle, 12.2%. Neck pain (2.7%), eyelid ptosis (1.8%), musculoskeletal stiffness (1.4%), injection-site pain (1.3%), and 
headache (1.3%) were the most common treatment-emergent adverse events after the first cycle. Seventy-five patients 
(10.5%) reported serious treatment-emergent adverse events, 13 (1.8%) withdrew. Treatment-related adverse events 
were reported by 131 patients (18.3%), one was considered serious. OnabotulinumtoxinA significantly reduced head-
ache day frequency by 10.7 (6.4) days per 28-day period (p < 0.0001) at week 108.
Conclusions  OnabotulinumtoxinA treatment was well tolerated over 108 weeks; no new safety signals were identified. The 
overall incidence of treatment-emergent adverse events and the most common individual events decreased with repeated 
onabotulinumtoxinA administration.
Clinical Trial Registration  ClinicalTrials.gov; NCT01516892.

Key Points 

Over 2 years of treatment, onabotulinumtoxinA was well 
tolerated and no new safety signals were identified.

Cumulative tolerability issues with long-term onabotu-
linumtoxinA exposure do not occur with recommended 
treatment regimens.

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s4026​4-019-00824​-3) contains 
supplementary material, which is available to authorized users.
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1  Introduction

Chronic migraine (CM) is a debilitating neurologic disease 
defined as headaches that occur on ≥ 15 days per month 
for > 3 months and have migraine features on ≥ 8 days 
per month  [1]. Chronic migraine affects approximately 
1.4–2.2% of adults worldwide [2, 3] and is associated with 
a substantial quality-of-life and economic burden [4–9]. 
Despite these adverse consequences, large epidemiologic 
studies have shown that many people with CM do not 
receive adequate treatment [10], with only approximately 
one-third of those with CM taking preventive treatments 
[11]. In a retrospective review of a US claims database 
including 75,870 patients with CM, of 8688 individuals 
prescribed an oral preventive treatment, only approxi-
mately 29% continued treatment after 6  months, with 
adherence rates dropping to 20% after 12 months [12]. 
Although reasons for not persisting with oral preventive 
treatments were not captured in the claims database, toler-
ability has been previously reported as one of the primary 
reasons for discontinuing oral preventive treatment [13].

OnabotulinumtoxinA offers a focal treatment for the 
management of multiple diseases. Its efficacy and safety 
have been established in more than 80 randomized pla-
cebo-controlled clinical trials over the past 30 years. It is 
currently approved in the USA for nine therapeutic and 
three aesthetic indications, including the prevention of 
headache in adults with CM [14]. Although the underlying 
mechanism of action of onabotulinumtoxinA in the treat-
ment of CM is not fully characterized, it is deemed to act 
by interrupting the nociceptive and inflammatory pathways 
that cause peripheral nociceptor and central sensitization. 
At the molecular level, onabotulinumtoxinA cleaves syn-
aptosomal-associated protein (SNAP-25) and inhibits the 
fusion of intracellular vesicles with the membrane of the 
nerve cell, thereby modulating neuropeptide release and 
down-regulating other mechanisms important in nocicep-
tion. OnabotulinumtoxinA blocks the release of inflam-
matory neuropeptides, such as substance P and calcitonin 
gene-related peptide, from stimulated trigeminal sensory 
neurons [15]. Accordingly, people with CM who respond 
to onabotulinumtoxinA treatment demonstrate high inter-
ictal blood levels of calcitonin gene-related peptide and 
pentraxin 3 [16].

The Phase III REsearch Evaluating Migraine Prophy-
laxis Therapy (PREEMPT) clinical trials established the 
safety and efficacy of onabotulinumtoxinA for the treat-
ment of CM [17–19]. OnabotulinumtoxinA was reported 
to reduce the frequency of headache days and the fre-
quency of moderate or severe headache days at the end 

of the 24-week double-blind treatment period compared 
with placebo [18], with a further reduction in the frequen-
cies of headache days and moderate or severe headache 
days reported at the end of the 32-week open-label phase 
[19]. Across the entire 56-week study period, adverse 
events (AEs) were mild to moderate in severity, with 
neck pain and muscular weakness the most commonly 
occurring treatment-related AEs [19]. Interestingly, in 
the PREEMPT studies, the incidence of treatment-related 
neck pain was reported to decline with repeated onabotu-
linumtoxinA treatment cycles [19]. Two post-marketing 
real-world studies have assessed the efficacy and toler-
ability of onabotulinumtoxinA in Europe and the UK; 
one assessed treatment utilization patterns and safety 
of onabotulinumtoxinA for up to 52 weeks [20], and the 
other assessed healthcare resource utilization and patient-
reported outcomes, including patient-reported tolerability, 
over 24 months [21]. These real-world studies permitted 
more flexible dosing regimens than the PREEMPT studies, 
based on local standards of care, but similarly reported 
eyelid ptosis, neck pain, and musculoskeletal stiffness as 
the most frequently occurring treatment-related AEs, and 
an overall acceptable safety profile.

The Chronic migraine OnabotulinuMtoxinA Prolonged 
Efficacy open-Label (COMPEL) Study (NCT01516892) was 
designed to complement the current efficacy and safety data 
for onabotulinumtoxinA and evaluate the longer term efficacy 
and safety of onabotulinumtoxinA 155 U administered in a 
fixed-dose, fixed-site treatment paradigm for the prevention 
of headache in patients with CM in study centers in the USA 
and Asia/Pacific regions. Dosing and results reported in this 
study are specific to onabotulinumtoxinA. This formulation is 
not interchangeable with other botulinum toxin products, and 
units cannot be converted using a dose ratio. Therefore, the 
results of this study cannot be extrapolated to other formula-
tions of botulinum toxins.

The primary objective of the COMPEL Study was to assess 
the change from baseline in the frequency of headache days 
per 28-day period at 108 weeks (i.e., after nine onabotulinum-
toxinA treatment cycles) [22, 23]. The objective of this sub-
analysis of the COMPEL Study was to evaluate the long-term 
safety and tolerability of onabotulinumtoxinA for the treat-
ment of CM in adult patients over 108 weeks (nine treatment 
cycles). The safety and tolerability of onabotulinumtoxinA 
were also evaluated in the subset of patients with CM receiving 
concomitant oral preventive treatment. In addition, treatment-
emergent AEs (TEAEs) were evaluated by treatment cycle to 
assess whether the incidence of TEAEs was consistent across 
multiple treatments.
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2 � Methods

2.1 � Study Design

The COMPEL Study was a multicenter open-label post-
marketing study in adult patients with CM at sites in the 
USA, Australia, and South Korea. Full study methodology 
has been previously published [22] and will be summa-
rized briefly here for context. The duration of the COM-
PEL Study was 112 weeks, comprising a 4-week baseline 
period and a 108-week open-label treatment intervention 
phase. Data were collected at the screening and baseline 
visits and at follow-up visits every 3 months. Patients kept 
a record of headache frequency and duration, frequency of 
days with moderate or severe headache, and acute treat-
ment use in a daily diary completed via an interactive voice 
response system during the 28-day period before visits 4, 
7, 9, and 11 (after treatments 2, 5, 7, and 9, respectively).

OnabotulinumtoxinA (Botox®; Allergan plc, Dublin, Ire-
land) 155 U was administered every 12 weeks using a fixed-
site, fixed-dose injection paradigm into 31 sites in seven 
muscle areas (5 U injected intramuscularly per site), as 
approved by the US Food and Drug Administration (FDA) 
[14]. Physician injectors were trained using insights gained 
from the PREEMPT studies and published recently [24].

Patients aged ≥ 18 years with a diagnosis of CM who 
had not previously received onabotulinumtoxinA were 
eligible for inclusion in the study. In addition to the study 
treatment, patients could take a single oral preventive 
treatment (defined as oral medication specifically pre-
scribed for daily use for headache prophylaxis) concomi-
tantly if the dose and regimen were stable for the 4 weeks 
before the first study treatment and remained unchanged 
until or after week 24. Acute headache treatment was per-
mitted on an as-needed basis; patients were required to 
record the use of any acute headache treatment in their 
daily patient diary.

2.2 � Assessment of Safety and Tolerability

Safety was evaluated by collecting data on the incidence 
and nature of TEAEs, including serious AEs (SAEs). 
Patients were screened for TEAEs at each follow-up visit 
through patient self-report, general non-directed ques-
tioning, and direct questioning via the Columbia-Suicide 
Severity Rating Scale [25] and the 9-item Patient Health 
Questionnaire (PHQ-9) [26]. The following definitions 
were applied to any TEAE detected: an AE was defined as 
any TEAE identified after the first treatment cycle through 
study completion (week 108), coded using nomenclature 
from the Medical Dictionary for Regulatory Activities®, 

Version 15.0 or later; a treatment-related AE was defined 
per protocol as any TEAE that was reasonably considered 
to be related to study treatment by the investigators; an 
SAE was defined as any TEAE occurring at any dose that 
resulted in death, a life-threatening AE, inpatient hospi-
talization or prolongation of an existing hospitalization, a 
persistent or significant disability/incapacity, a congenital 
anomaly/birth defect, any abortion (spontaneous or non-
spontaneous), or any form of cancer [27].

In addition to screening for TEAEs at each visit, physical 
examinations were performed at screening, at week 48, and 
at the week 108 exit visit. Patients were withdrawn from the 
study for safety reasons and referred for follow-up medical 
care if they showed any signs of suicidal ideation or if they 
became pregnant. Suicidal ideation was identified through the 
PHQ-9 and the Columbia-Suicide Severity Rating Scale. If 
the patient had any change from baseline in their response to 
item 9 (“Thoughts that you would be better off dead, or hurt-
ing yourself in some way”) of the PHQ-9 or if they answered 
“yes” to questions 4 (active suicidal ideation with some intent 
to act but no specific plan) or 5 (active suicidal ideation with 
intent and a specific plan) on the Columbia-Suicide Severity 
Rating Scale they were deemed to have suicidal ideation. If a 
patient became pregnant, she was withdrawn from the study 
and followed up for 12 weeks after the last study treatment and 
for ≥ 4 weeks after the pregnancy was reported. These patients 
were further followed up via the Allergan Global Safety Data-
base team. When a pregnancy was reported, Allergan made 
a minimum of three attempts to gather information on the 
pregnancy exposure and to obtain follow-up information 
on the pregnancy outcome [28]. With the patient’s consent, 
the patient’s physician was also contacted to obtain further 
information.

2.3 � Efficacy Outcome Measure

The primary efficacy outcome measure was the mean change 
from baseline in the frequency of headache days per 28-day 
period at 108 weeks (after nine treatment cycles). A range 
of secondary efficacy outcome measures were also assessed, 
including the mean change in the frequency of headache days 
at week 60 (after five treatments) and the mean change from 
baseline in the 6-item Headache Impact Test scores over the 
4-week periods preceding week 60 and week 108 [23].

3 � Results

3.1 � Patient Disposition and Demographics

The safety population included all 716 enrolled patients 
who received one or more doses of onabotulinumtoxinA. 
The baseline demographics and disease characteristics of 
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the population have previously been presented [23] and are 
briefly summarized here. Patients had a mean (SD) age of 
43.0 (11.3) years and were typically female [n = 607 (84.8%)] 
and Caucasian [n = 582 (81.3%)]. The most common pre-
ventive headache medications used historically before study 
enrollment were anticonvulsants [n = 434 (60.6%)], antide-
pressants [n = 323 (45.1%)], and β-adrenergic antagonists 
[n = 211 (29.5%)]. A total of 343 patients (47.9%) discontin-
ued treatment during the study. The primary reasons for dis-
continuation were withdrawal of consent [n = 92 (12.8%)], 
being lost to follow-up [n = 82 (11.5%)], or protocol viola-
tion [n = 60 (8.4%); Fig. 1] [23]. Treatment-emergent AEs 
were the primary reason for discontinuation for 25 patients 
(3.5%), and six patients withdrew from the study because 
of pregnancy. Of the 716 patients enrolled in the study, 34 
(4.7%) had a significant protocol deviation where their treat-
ment window exceeded ± 2 weeks within the allotted treat-
ment visit schedule.

3.2 � Safety and Tolerability over the Duration 
of the Study

OnabotulinumtoxinA was well tolerated throughout the 
study, with no new safety signals identified (Table 1). A 

total of 436 patients (60.9%) reported one or more TEAEs; 
onabotulinumtoxinA treatment was discontinued in 32 
patients (4.5%) who had experienced a TEAE. Treatment-
related AEs were reported in 131 (18.3%) patients. The most 
frequently reported treatment-related AEs were neck pain 
[n = 29 (4.1%)], eyelid ptosis [n = 18 (2.5%)], musculoskel-
etal stiffness [n = 17 (2.4%)], and injection-site pain [n = 14 
(2.0%); Table 1].

Serious AEs were reported in 75 patients (10.5%); 
migraine [n = 6 (0.8%)], suicidal ideation [n = 5 (0.7%)], 
headache, malignant melanoma, and non-cardiac chest 
pain [each n = 3 (0.4%)] were the most frequently reported 
(Table 2 and Electronic Supplementary Material [ESM] 1). 
The only SAE considered by the investigator to be treatment 
related was a generalized rash in one patient. The majority 
of SAEs resolved without sequelae. Treatment was discon-
tinued in 13 patients (1.8%) who had an SAE, including 
the only SAE that was considered by the investigator to be 
treatment related (moderate generalized rash after the third 
treatment). Other SAEs reported in patients who discontin-
ued the study included congestive cardiac failure and con-
gestive cardiomyopathy (n = 1, occurred 26 days after the 
first treatment); malignant pulmonary neoplasm (n = 1, after 
the sixth treatment); bipolar disorder (n = 1, occurring after 
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Fig. 1   Patient disposition over the course of the study. Reproduced 
without modification from Blumenfeld et  al. Long-term study of 
the efficacy and safety of OnabotulinumtoxinA for the prevention of 

chronic migraine: COMPEL study. J Headache Pain. 2018;19:13 [23] 
under the terms of the Creative Commons Attribution 4.0 Interna-
tional License (http://creat​iveco​mmons​.org/licen​ses/by/4.0/)

http://creativecommons.org/licenses/by/4.0/
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the ninth treatment); sinusitis, pyrexia, and headache (n = 1, 
after the seventh treatment); mantle cell lymphoma (n = 1, 
after the third treatment); breast cancer (n = 1, after the fifth 
treatment); suicidal ideation (n = 4, first reported after the 
first, second, fourth, and eighth treatments, respectively); 
Cushing syndrome (n = 1, after the second treatment); and 
depression (n = 1, after the sixth treatment). There were no 
deaths during the study.

No AEs that were identified were assessed as being due 
to the potential distant spread of toxins. The majority of 
findings on physical examinations were normal for all body 

systems. There were no clinically significant changes in vital 
signs during the study. Seven patients reported suicidal idea-
tion during the study; all events were considered to be unre-
lated to onabotulinumtoxinA. Of these seven patients, all had 
medical histories that included depression (n = 5), or suicidal 
ideation (n = 1) or suicidal behavior (n = 1), and there were 
no completed suicides.

3.3 � Safety and Tolerability by Treatment Cycle

The incidence of TEAEs typically decreased with repeated 
onabotulinumtoxinA treatment cycles, from 24.2% after the 
first treatment cycle to 16.3% after the fifth treatment cycle 
and 12.2% after the ninth (last) treatment cycle (Fig. 2a). 
Similarly, the incidence of most individual TEAEs gener-
ally decreased with repeated onabotulinumtoxinA treat-
ment (Table 3). For example, neck pain decreased from 
2.7% after the first treatment to 0.2% after the last treat-
ment. Correspondingly, eyelid ptosis decreased from 1.8 to 
0.0%, musculoskeletal stiffness decreased from 1.4 to 0.2%, 
headache decreased from 1.3 to 0.5%, and injection-site pain 
decreased from 1.3 to 0.0%. The percentage of patients with-
drawing from the study and citing a TEAE as the reason 
also decreased with repeated onabotulinumtoxinA treatment 
(Fig. 2b).

At the system organ class level, TEAEs generally 
decreased with repeated treatment (Table 4). However, 
the incidence of specific TEAEs related to nervous system 
disorders (Fig. 3a), musculoskeletal and connective tissue 
disorders (Fig. 3b), and infections (Fig. 3c) varied through-
out the treatment cycles, showing no clear trend to decrease 
over repeated treatments. Treatment-emergent AEs related 
to other system organ classes showed a clearer reduction in 
incidence with repeated treatment (Fig. 3d).

3.4 � Safety and Tolerability in Patients Receiving 
Oral Preventive Treatment

A total of 89 patients (12.4%) received one or more stable 
oral preventive treatments during the study. This included 
44 patients (6.1%) who had oral preventive treatments added 
to their treatment regimen on or after week 24; of these, the 
most commonly used were topiramate [n = 18 (20.2%)], ami-
triptyline [n = 6 (6.7%)], valproate [n = 4 (4.5%)], gabapentin 
[n = 3 (3.4%)], non-selective β-adrenergic antagonists [n = 3 
(3.4%)], selective β-adrenergic antagonists [n = 2 (2.2%)], 
zonisamide [n = 2 (2.2%)], fiorinal-C [n = 1 (1.1%)], lamo-
trigine [n = 1 (1.1%)], and lisinopril [n = 1 (1.1%)]. Baseline 
demographics of those receiving concomitant oral preventive 
treatment vs. those not receiving any oral preventive treat-
ment were similar, except those receiving oral preventive 
treatments were more likely to be male (21.3% vs. 14.4%), 
less likely to have a family history of migraine (57.3% vs. 

Table 1   Summary of treatment-emergent and treatment-related 
adverse events (AEs)

a Only 1 serious AE was considered to be treatment related (general-
ized rash)
b For 7 patients, the primary reason for discontinuation was protocol 
violation, pregnancy, or lack of efficacy
c AEs were coded using the Medical Dictionary for Regulatory 
Activities®, Version 15.1. Patients could have ≥ 1 preferred term 
within a system class. Within each preferred term, a patient was 
counted once
d Including brow ptosis

Overall
N = 716

Any treatment-emergent AE, n (%) 436 (60.9)
 Serious AEa 75 (10.5)
 Discontinued treatment owing to an AEb 32 (4.5)
 Discontinued treatment owing to a serious AE 13 (1.8)

Any treatment-related AE,c n (%) 131 (18.3)
 Neck pain 29 (4.1)
 Eyelid ptosis 18 (2.5)
 Musculoskeletal stiffness 17 (2.4)
 Injection-site pain 14 (2.0)
 Headache 12 (1.7)
 Muscular weakness 10 (1.4)
 Facial paresisd 9 (1.3)
 Migraine 7 (1.0)
 Skin tightness 7 (1.0)

Table 2   Summary of serious adverse events (AEs)

A full listing of reported serious AEs is available in ESM 1

Overall
N = 716

Serious AEs, n (%) 75 (10.5)
 Migraine 6 (0.8)
 Suicidal ideation 5 (0.7)
 Headache 3 (0.4)
 Malignant melanoma 3 (0.4)
 Non-cardiac chest pain 3 (0.4)
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63.5%), and more likely to have been taking oral preventive 
treatment at baseline (89.9% vs. 79.6%) compared with those 
who did not receive oral preventive treatment (ESM 2).

Treatment-emergent AEs (71.9% vs. 59.3%) and treat-
ment-related AEs (25.8% vs. 17.2%) were more common 
among patients receiving vs. not receiving oral preventive 
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Fig. 2   Percentage of patients at each treatment cycle (a) with treatment-emergent adverse events (TEAEs) and (b) withdrawing from the study 
citing adverse events as the reason

Table 3   Treatment-emergent adverse events (TEAEs) occurring in ≥ 1% of patients after each treatment cycle

TEAE, n (%) Treatment cycle

1 (n = 716) 2 (n = 645) 3 (n = 585) 4 (n = 543) 5 (n = 515) 6 (n = 481) 7 (n = 444) 8 (n = 422) 9 (n = 402)

Neck pain 19 (2.7) 5 (0.8) 6 (1.0) 4 (0.7) 2 (0.4) 3 (0.6) 4 (0.9) 3 (0.7) 1 (0.2)
Nasopharyngitis 6 (0.8) 12 (1.9) 2 (0.3) 2 (0.4) 3 (0.6) 1 (0.2) 1 (0.2) 0 (0.0) 1 (0.2)
Sinusitis 6 (0.8) 7 (1.1) 11 (1.9) 3 (0.6) 3 (0.6) 1 (0.2) 6 (1.4) 4 (0.9) 2 (0.5)
Eyelid ptosis 13 (1.8) 4 (0.6) 1 (0.2) 0 (0.0) 2 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Migraine 8 (1.1) 11 (1.7) 3 (0.5) 2 (0.4) 5 (1.0) 5 (1.0) 0 (0.0) 4 (0.9) 1 (0.2)
Bronchitis 4 (0.6) 7 (1.1) 9 (1.5) 3 (0.6) 2 (0.4) 3 (0.6) 4 (0.9) 0 (0.0) 0 (0.0)
Musculoskeletal stiffness 10 (1.4) 4 (0.6) 4 (0.7) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.2) 1 (0.2) 1 (0.2)
Influenza 4 (0.6) 1 (0.2) 8 (1.4) 2 (0.4) 2 (0.4) 4 (0.8) 1 (0.2) 3 (0.7) 1 (0.2)
Injection-site pain 9 (1.3) 3 (0.5) 2 (0.3) 1 (0.2) 1 (0.2) 0 (0.0) 1 (0.2) 0 (0.0) 0 (0.0)
Headache 9 (1.3) 9 (1.4) 3 (0.5) 3 (0.6) 3 (0.6) 3 (0.6) 4 (0.9) 2 (0.5) 2 (0.5)
Skin tightness 7 (1.0) 3 (0.5) 1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Muscular weakness 7 (1.0) 2 (0.3) 2 (0.3) 2 (0.4) 0 (0.0) 2 (0.4) 1 (0.2) 2 (0.5) 1 (0.2)
Musculoskeletal pain 5 (0.7) 3 (0.5) 6 (1.0) 1 (0.2) 2 (0.4) 0 (0.0) 1 (0.2) 1 (0.2) 0 (0.0)
Arthralgia 2 (0.3) 2 (0.3) 1 (0.2) 1 (0.2) 5 (1.0) 3 (0.6) 2 (0.5) 1 (0.2) 0 (0.0)



1019COMPEL: Safety of OnabotulinumtoxinA

treatment. However, TEAEs led to study discontinuation in 
a lower percentage of patients taking oral preventive treat-
ment (1.1% vs. 4.9%). The incidence of SAEs was similar 
in both subgroups (9.0% vs. 10.7%, respectively), and no 
patient receiving oral preventive treatment presented with a 
treatment-related SAE. The nature of treatment-related AEs 
was different among patients receiving vs. not receiving oral 
preventive treatment, with a lower incidence of neck pain 
(1.1% vs. 4.5%) and a higher incidence of musculoskele-
tal stiffness (6.7% vs. 1.8%) and injection-site pain (4.5% 
vs. 1.6%; Table 5). The incidence of TEAEs reduced from 
23.6% after treatment cycle 1 to 14.3% after treatment cycle 
9 in patients receiving oral preventive treatment; the most 
common TEAEs associated with onabotulinumtoxinA also 
tended to decrease over repeated treatment cycles (ESM 3).

3.5 � Pregnancy

Six women became pregnant after enrollment. Once their 
pregnancy was confirmed, the women received no further 
onabotulinumtoxinA treatment and were followed up for 
12 weeks before being withdrawn from the study; follow-
up information was captured in the Allergan Global Safety 
Database. One patient, who was reported to have become 
pregnant on the same day as the last onabotulinumtoxinA 
treatment, gave birth to a normal healthy female by caesar-
ean section. One pregnancy, reported 5 days after the first 
study treatment, resulted in a normal healthy baby at term 
without complications. One pregnancy in a patient who 
had received a single treatment with onabotulinumtoxinA 
ended as a spontaneous abortion > 12  weeks after the 
treatment with onabotulinumtoxinA; this event occurred 
outside of the study period (i.e., > 12 weeks after the last 
study treatment and > 4 weeks after the pregnancy was 

reported) and was considered to be unrelated to onabotuli-
numtoxinA. The three remaining cases were lost to follow-
up, and pregnancy outcomes are unknown.

3.6 � Efficacy Outcomes

The efficacy results of the COMPEL Study have been 
reported in full elsewhere [23] and will be briefly sum-
marized here. OnabotulinumtoxinA treatment achieved 
statistically significant changes from baseline for all of 
the primary and secondary efficacy endpoints. At base-
line, patients reported a mean (SD) of 22.0 (4.8) headache 
days per 28-day period. OnabotulinumtoxinA significantly 
reduced the number of headache days per 28-day period at 
all time points (p < 0.0001), including week 60 (secondary 
endpoint; mean [SD] headache frequency reduced to 12.7 
[7.6] days) and week 108 (primary endpoint; mean [SD] 
headache frequency reduced to 11.3 [7.4] days). Onabotu-
linumtoxinA also significantly reduced 6-item Headache 
Impact Test total scores at all time points (p < 0.0001) 
from a mean (SD) total score of 64.7 (4.8) at baseline, 
including at week 60 [reduced to 58.0 (7.0)] and week 108 
[reduced to 57.7 (7.8)]. The frequency of moderate-to-
severe headache days was also reduced from a mean (SD) 
at baseline of 18.0 (5.7) days per 28-day period to 8.5 (6.4) 
days at week 108.

4 � Discussion

This analysis of the COMPEL Study provides additional data 
on the safety and tolerability of onabotulinumtoxinA to com-
plement data previously reported [23]. Treatment-emergent 

Table 4   Number (%) of patients with treatment-emergent adverse events (TEAEs) occurring in ≥ 1% of patients at any treatment cycle (safety 
population)

Adverse events were coded using the Medical Dictionary for Regulatory Activities®, Version 15.1. For each preferred term and system organ 
class: n = number of patients; % = percentages based on the number of patients in the safety population. Patients may have more than one pre-
ferred term within a system organ class. Within each preferred term, a patient is counted at most once

TEAE, n (%) Treatment cycle

1 (n = 716) 2 (n = 645) 3 (n = 585) 4 (n = 543) 5 (n = 515) 6 (n = 481) 7 (n = 444) 8 (n = 422) 9 (n = 402)

Eye disorders 22 (3.1) 11 (1.7) 5 (0.9) 3 (0.6) 5 (1.0) 2 (0.4) 5 (1.1) 2 (0.5) 3 (0.7)
General disorders and 

administration-site condi-
tions

22 (3.1) 13 (2.0) 7 (1.2) 6 (1.1) 8 (1.6) 2 (0.4) 3 (0.7) 1 (0.2) 5 (1.2)

Infections and infestations 36 (5.0) 51 (7.9) 41 (7.0) 26 (4.8) 19 (3.7) 22 (4.6) 22 (5.0) 25 (5.9) 16 (4.0)
Musculoskeletal and connec-

tive tissue disorders
51 (7.1) 27 (4.2) 26 (4.4) 17 (3.1) 19 (4.0) 19 (3.7) 18 (4.1) 15 (3.6) 9 (2.2)

Nervous system disorders 40 (5.6) 34 (5.3) 9 (1.5) 21 (3.9) 14 (2.7) 14 (2.9) 9 (2.0) 13 (3.1) 6 (1.5)
Skin and subcutaneous tissue 

disorders
20 (2.8) 8 (1.2) 9 (1.5) 4 (0.7) 4 (0.8) 3 (0.6) 4 (0.9) 6 (1.4) 1 (0.2)
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AEs were evaluated by treatment cycle, demonstrating that 
the incidence of TEAEs diminished with repeated admin-
istration of onabotulinumtoxinA, as did the percentage of 
patients withdrawing from the study after experiencing an 
AE. Data are also presented on the incidence and nature of 
TEAEs in patients receiving concomitant oral preventive 

treatment, demonstrating that onabotulinumtoxinA remains 
well tolerated in this subgroup. Data on the outcomes of 
pregnancy in patients receiving onabotulinumtoxinA treat-
ment are also reported. Consistent with the findings of a 
24-year retrospective review of women exposed to onabotu-
linumtoxinA before or during pregnancy [28], no new safety 

Fig. 3   Percentage of patients 
with treatment-emergent 
adverse events (TEAEs) by 
treatment cycle related to (a) 
nervous system disorders, (b) 
musculoskeletal and connective 
disorders, (c) infections, and 
(d) other system organ classes. 
Classes of adverse events based 
on Medical Dictionary for 
Regulatory Activities®, Version 
15.1 terminology 1
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concerns were identified. Three patients were lost to follow-
up, despite attempts to obtain detailed information regarding 
pregnancy outcomes.

The incidence of TEAEs in this study (60.9%) was similar 
to the incidence reported in the PREEMPT study (62.4%) 
[19] and higher than that reported in a real-world European 
Observational Study (41.2%) [20]. The incidence of treat-
ment-related AEs (18.3%) was lower than that reported in 
the PREEMPT study (29.4%) and lower than or similar to 
that reported in real-world observational studies (European 
Observational Study, 25.1% [20]; REPOSE Study, 18.3% 
[21]), further supporting the long-term safety and toler-
ability of onabotulinumtoxinA. The injection experience 
gained from the PREEMPT study and real-world practice 
with regard to proper identification of injection sites was 
shared with the injectors in the current study and may have 
contributed to the lower incidence of AEs [24]. Neck pain 
(4.6%), muscular weakness (3.9%), eyelid ptosis (2.5%), 
muscle tightness (2.2%), and injection-site pain (2.0%) were 
the most commonly reported treatment-related AEs over the 
32-week open-label phase in PREEMPT [19], with an over-
all incidence rate similar to the most commonly reported 

treatment-related AEs in this study (neck pain, 4.1%; muscu-
loskeletal stiffness, 2.4%; eyelid ptosis, 2.5%; and injection-
site pain, 2.0%). Despite the more flexible injection para-
digms in the real-world observational studies, the overall 
incidences of the most common treatment-related AEs were 
similar (European Observational Study: neck pain, 4.4%; 
eyelid ptosis, 4.1%; muscular weakness, 2.7%; headache, 
2.2%; and musculoskeletal stiffness, 2.0% [20]; REPOSE: 
eyelid ptosis, 5.4%; neck pain, 3.0%; musculoskeletal stiff-
ness, 2.7% [21]). Interestingly, eyelid ptosis was a more fre-
quent treatment-related AE in REPOSE, potentially owing 
to the diverse mix of physician specialists and patients in 
this real-world observational study. Suicidal ideation was 
reported in approximately 1% of patients; however, this 
should be considered in the context of previous reports stat-
ing a strong association between migraine and suicidal idea-
tion [29], with a lifetime incidence of suicidal ideation of 
3.8% in elderly patients (aged > 65 years) with migraine or 
non-migraine headaches [30].

The incidence of overall TEAEs and many individual 
TEAEs decreased with repeated administration of onabotu-
linumtoxinA from 24.2% after the first treatment cycle to 
16.3% after the fifth treatment cycle and 12.2% after the 
ninth treatment cycle. Similarly, in the real-world obser-
vational study in the UK and Europe, the percentage of 
patients reporting a TEAE declined from 26.8% after the 
first treatment cycle to 18.6% after the fifth treatment cycle 
[20]. Additionally, this is consistent with the TEAE profile 
reported in a separate long-term study of onabotulinumtox-
inA in patients with CM and medication overuse reported 
by Negro et al [31], in which two of the most frequently 
reported events (i.e., neck pain and musculoskeletal weak-
ness) were most prominent in the first three injection cycles. 
However, Guerzoni et al. [32] did not find a correlation 
between AE frequency and injection cycle. Taken together, 
these results would suggest that there is no evidence of 
cumulative tolerability issues with long-term onabotuli-
numtoxinA exposure and that injectors gain insights with 
experience that enables adverse effects to be mitigated to a 
degree over time.

By allowing the use of stable concomitant oral preventive 
treatments, the COMPEL Study data also provide reassur-
ance of the safety and tolerability of onabotulinumtoxinA 
in clinical practice. There was no evidence in this study, in 
which 89 patients (12.4%) received oral preventive treatment 
during the study, that the concomitant use of oral preventive 
treatment had any detrimental effect on the overall safety 
profile of onabotulinumtoxinA. Given the tolerability issues 
previously reported with oral preventive treatment [13], it is 
not surprising that the incidence of TEAEs and treatment-
related AEs was slightly higher among those receiving con-
comitant oral preventive treatment. However, the incidences 
of SAEs and the TEAEs leading to study discontinuation 

Table 5   Summary of adverse events (AEs) in patients receiving or 
not receiving oral preventive treatments during the study

TEAE treatment-emergent adverse event
a Includes all patients receiving oral preventive treatment at any time 
during the study
b Only 1 serious AE was considered to be treatment related (gener-
alized rash), and this was in a patient not receiving oral preventive 
therapy
c For 7 patients, the primary reason for discontinuation was protocol 
violation, pregnancy, or lack of efficacy
d AEs in ≥ 2% of patients in either subgroup, coded using the Medical 
Dictionary for Regulatory Activities®, Version 15.1. Patients could 
have ≥ 1 preferred term within a system class. Within each preferred 
term, a patient is counted once
e Including brow ptosis

Oral preventive treatment during 
study

Yesa (n = 89) No (n = 627)

Any TEAE, n (%) 64 (71.9) 372 (59.3)
 Serious AEb 8 (9.0) 67 (10.7)
 Discontinued treatment owing to 

a TEAEc
1 (1.1) 31 (4.9)

Treatment-related AE, n (%)d 23 (25.8) 108 (17.2)
 Musculoskeletal stiffness 6 (6.7) 11 (1.8)
 Injection-site pain 4 (4.5) 10 (1.6)
 Eyelid ptosis 3 (3.4) 15 (2.4)
 Headache 3 (3.4) 9 (1.4)
 Facial paresise 2 (2.2) 7 (1.1)
 Skin tightness 2 (2.2) 5 (0.8)
 Neck pain 1 (1.1) 28 (4.5)
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were similar in both groups, suggesting that onabotulinum-
toxinA remained well tolerated in this subgroup of patients. 
This is consistent with the experience from the REPOSE 
study, in which 19.3% of patients receiving concomitant 
headache treatments at baseline and throughout the study 
experienced treatment-related AEs (Allergan plc, data on 
file).

OnabotulinumtoxinA has previously been classified as 
“category C” owing to the developmental toxicity observed 
in mice, rats, and rabbits when administered during organo-
genesis at doses equivalent to less than the maximum recom-
mended human dose of 400 U (on a body weight basis) [14]. 
Further, because of the lack of adequate and well-controlled 
studies in pregnant women, onabotulinumtoxinA should 
only be used in pregnancy if the potential benefit justifies 
the potential risk to the fetus [14]. Allergan monitors and 
evaluates safety if exposure occurs during pregnancy. The 
numbers of pregnancy exposures were low, and pregnancy 
outcomes were only available for half of the pregnancies; 
therefore, the results of this study can only augment the cur-
rent data for onabotulinumtoxinA exposure in women who 
became pregnant.

Pregnancy outcomes after exposure to onabotulinum-
toxinA over 24 years (1990–2013) have been previously 
reported [28]. During this period, 574 pregnancies were 
reported after maternal exposure to onabotulinumtoxinA, 
and the outcomes of 232 (137 prospective cases) of those 
pregnancies were known. Approximately 50.5% of the 
patients exposed were receiving onabotulinumtoxinA for 
cosmetic purposes, and 14.2% for pain disorders, such as 
migraine, with 45.3% of known doses ≥ 100 U (26.3% of 
doses were ≥ 150 U). The prevalence rates for fetal loss 
(20.9% [95% confidence interval 14.0–30.0]) and defects 
(2.7% [95% confidence interval 0.6–8.0]), calculated based 
on prospective cases as recommended by the Food and 
Drug Administration [33], were lower than underlying 
population estimates for fetal loss (35.4%) [34] and simi-
lar to population estimates for birth defects (2.8%) [35]. 
Given the relatively low doses of onabotulinumtoxinA in 
this population, these results should not be extrapolated to 
the general use of onabotulinumtoxinA treatment during 
pregnancy [36]. A preliminary report [37] of pregnancy 
outcomes in 34 patients with CM at a single center who 
were exposed to onabotulinumtoxinA included 13 (38.2%) 
who discontinued treatment and 21 (65.6%) who wished to 
continue at 3-month treatment intervals. All pregnancies 
but one (miscarriage) resulted in normal vaginal deliv-
ery with live births and no fetal malformations. Overall, 
it remains important to continue to balance the benefits 
and risks of onabotulinumtoxinA treatment in women of 
childbearing age and to report and monitor pregnancies in 
those exposed to onabotulinumtoxinA.

This study has a number of strengths that make it an 
important contribution to the understanding of the safety 
and tolerability of onabotulinumtoxinA in clinical practice. 
A relatively large population was followed up for more 
than 2 years, with TEAE data collected systematically over 
nine treatment cycles. The evaluation of TEAE data over 
repeated treatments enables an increased understanding 
of the long-term safety and tolerability of onabotulinum-
toxinA after repeated administration. Subgroup analysis 
of those receiving concomitant oral preventive treatment 
provides additional support for the safety and tolerability 
of onabotulinumtoxinA in clinical practice.

As a non-randomized open-label study, our study is 
subject to inherent limitations. Any open-label study with 
a long-term follow-up can be subject to unintentional 
bias, low persistency rates, and concomitant medication 
changes. The relatively low persistency rates observed in 
this study may understate the short-term safety and toler-
ability because patients who experienced TEAEs may not 
have persisted with treatment over the 108-week follow-
up period, leading to a lower prevalence of TEAEs as the 
study progressed. Furthermore, the exclusion of patients 
with severe depression and suicidal ideation could have 
meant that safety and tolerability data from those patients 
who are potentially the most challenged by CM would not 
have been captured.

5 � Conclusions

The results of this long-term non-randomized open-label 
study support the efficacy and safety of onabotulinumtoxinA 
for headache prevention in adults with CM for up to nine 
treatment cycles (108 weeks). OnabotulinumtoxinA was 
well tolerated over nine cycles of treatment, and no new 
safety concerns were identified. Importantly, the overall inci-
dence of AEs considered to be related to treatment was low.

In this first study to assess AEs over nine treatment 
cycles, the overall incidence of TEAEs and rates of many 
individual TEAEs decreased with administration of 
onabotulinumtoxinA, suggesting that cumulative tolerabil-
ity issues with long-term onabotulinumtoxinA exposure do 
not occur with recommended treatment regimens.
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