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Abstract

Background: OnabotulinumtoxinA is effective in treating chronic migraine (CM), but there are limited data
assessing how allodynia affects preventive treatment responses. This subanalysis of the 108-week, multicenter,
open-label COMPEL Study assessed the efficacy and safety of onabotulinumtoxinA in people with CM with and
without allodynia.

Methods: Patients (n = 715) were treated with onabotulinumtoxinA 155 U every 12 weeks for 9 treatment cycles.
The Allodynia Symptom Checklist was used to identify patients with allodynia (scores ≥3). The primary outcome for
this subanalysis was reduction in monthly headache days from baseline for weeks 105 to 108 in groups with and
without allodynia. Other outcomes included assessments of moderate to severe headache days, disability (using the
Migraine Disability Assessment [MIDAS] questionnaire), and health-related quality of life (Migraine-Specific Quality-
of-Life Questionnaire [MSQ] v2). Adverse events and their relation to treatment were recorded.

Results: OnabotulinumtoxinA was associated with a significant mean (SD) reduction in headache day frequency at
week 108 relative to baseline in patients with (n = 289) and without (n = 426) allodynia (− 10.8 [7.1] and − 12.5 [7.4],
respectively; both P < 0.001) that was significantly greater in patients without allodynia (P = 0.044 between-
subgroup comparison). Moderate to severe headache days were significantly reduced at week 108 in patients with
and without allodynia (− 9.6 [6.9] and − 10.5 [7.2]; both P < 0.001); reduction was similar between groups. MIDAS
scores improved significantly at week 108 (− 53.0 [50.3] and − 37.7 [53.0]; both P < 0.001), with a significant
between-group difference in favor of those with allodynia (P = 0.005). Similarly, MSQ subscale scores (Role Function
Preventive, Role Function Restrictive, Emotional Function) significantly improved at week 108 for patients with and
without allodynia: 20.6 (21.9) and 16.9 (20.7), 28.0 (23.3) and 24.7 (22.7), and 27.6 (26.5) and 24.9 (26.1), respectively
(all P < 0.001). OnabotulinumtoxinA was well tolerated in patients with and without allodynia.

Conclusion: Results indicate that onabotulinumtoxinA is associated with reductions from baseline in multiple
efficacy outcomes for up to 108 weeks whether or not allodynia is present. The allodynia group showed a smaller
treatment response for reduction in headache days, but a similar or greater treatment response for improvement in
other measures. No new safety concerns were identified.
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Introduction
Chronic migraine (CM) is a debilitating disease occurring
in 1.4% to 2.2% of adults globally [1]. It is a distinct pri-
mary headache disease defined as headaches occurring on
≥15 days per month for > 3months, with migraine fea-
tures on ≥8 days per month [2]. People with CM have
more allodynia and greater levels of migraine-associated
disability than people with episodic migraine [3].
In clinical practice, allodynia, a common condition

among people with CM [3, 4], has been associated with
a reduced likelihood of a positive response to some acute
treatments for migraine [5]. Data from the American
Migraine Prevalence and Prevention study demonstrated
that individuals with allodynia (defined as a sum score ≥
3 on the Allodynia Symptom Checklist [ASC]) were sig-
nificantly more likely to have an inadequate response to
triptans, nonsteroidal anti-inflammatory drugs, opioids,
and barbiturates than those without allodynia [5]. How-
ever, it remains unclear whether allodynia also influences
response to preventive treatment.
The efficacy and safety of onabotulinumtoxinA for the

prevention of CM was established in the double-blind
placebo-controlled Phase III REsearch Evaluating Mi-
graine Prophylaxis Therapy (PREEMPT) trials [6–8] and
was further confirmed in the 32-week open-label exten-
sion phase [9]. The Chronic Migraine Onabotulinumtox-
inA Prolonged Efficacy Open-Label (COMPEL) Study
was designed to gather real-world evidence on the
long-term management of CM by evaluating the efficacy
and safety of onabotulinumtoxinA after 9 treatments
(108 weeks) [10, 11]. The COMPEL Study demonstrated
that treatment with onabotulinumtoxinA 155 U was as-
sociated with sustained reduction in headache day fre-
quency and migraine-related disability in people with
CM over 108 weeks [11]. The COMPEL Study also
sought to determine the efficacy of onabotulinumtoxinA
in specific subgroups of interest that were not specific-
ally assessed in or were excluded from the PREEMPT
clinical study program. We undertook this analysis of
the COMPEL Study to compare the efficacy and safety
of onabotulinumtoxinA in patients with CM with and
without allodynia at baseline.

Methods
Primary study design
The COMPEL Study (clinicaltrials.gov identifier
NCT01516892) was a multicenter, open-label, prospective
study in adult patients with CM across sites in the United
States, Australia, and South Korea. The methodology of
the COMPEL Study has been published previously and
will be only briefly reviewed here for context [10]. Onabo-
tulinumtoxinA (BOTOX®; Allergan plc, Dublin, Ireland)
155 U, with or without concomitant stable oral preventive
medication, was administered every 12 weeks for 9

treatment cycles (108 weeks) [10] using the recommended
fixed-site, fixed-dose injection paradigm [12]. Adult pa-
tients aged ≥18 years with a diagnosis of CM and with
stable comorbidities were eligible for inclusion in the
study if they had not previously received onabotulinum-
toxinA, even if they were taking a stable oral preventive
treatment at baseline. We excluded patients who had se-
vere major depressive disorder or suicidal ideation. The
study received ethical approval from the institutional review
board or independent ethics committee at each site, and we
obtained written informed consent from all patients before
study enrollment.
The primary efficacy measure was the change from

baseline in headache days per 28-day period (headache
frequency) at 108 weeks (after 9 treatment cycles). The
secondary efficacy measures were the change from base-
line in headache days at week 60 (after 5 treatment cy-
cles) and the mean change from baseline in the 6-item
Headache Impact Test (HIT-6) total score over a 4-week
period at weeks 60 and 108. Exploratory outcome mea-
sures included, but were not limited to, assessment of the
change from baseline in moderate to severe headache
days, HIT-6 scores throughout the study, migraine-related
disability as assessed by Migraine Disability Assessment
questionnaire (MIDAS) scores, and health-related quality
of life as assessed by Migraine-Specific Quality-of-Life
Questionnaire (MSQ) v2 scores. Moderate to severe head-
ache days were assessed via a daily diary, and HIT-6 and
MIDAS scores were assessed at each clinic visit, with
higher scores indicating greater disability [13]. The MSQ,
which consists of 3 subscales (Role Function Preventive,
Role Function Restrictive, and Emotional Function) scored
on a 0 to 100 scale, with higher scores indicating greater
quality of life [14], was assessed at baseline and at weeks
48, 96, and 108.
Safety and tolerability were assessed at each visit for

all patients who received ≥1 onabotulinumtoxinA treat-
ment. Patients were withdrawn from the study for safety
reasons if they showed any signs of suicidal ideation or
became pregnant.

Subgroup analysis
The subgroups with and without allodynia at baseline
were assessed. The ASC was used to identify those with
allodynia during the 28-day screening period. We classi-
fied patients with an ASC score ≥ 3 as having allodynia
and those with an ASC score < 3 as not having allodynia
at baseline [15, 16].

Statistical analysis
As previously reported, for the primary and secondary
analyses, including change in headache days and change
in HIT-6 scores from baseline, missing data were im-
puted using a modified last-observation-carried-forward
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method [11]. Observed data were used for the explora-
tory analyses reported in this manuscript in patients
with and without allodynia (headache day frequency,
patient-reported outcomes, and safety). Analyses were
descriptive and inferential, characterizing trends associ-
ated with onabotulinumtoxinA treatment over 108
weeks. Differences from baseline for each subgroup (ie,
those with and without allodynia) were determined, in-
cluding only those patients who had data at baseline and
at the time point being assessed. The differences be-
tween the subgroups (ie, between those with and those
without allodynia at baseline) were determined using
2-sided t tests (alpha = 0.05).

Results
Patient demographics and disposition
A total of 716 patients (safety population) were enrolled
in the study. Of these patients, 715 received ≥1 dose of
onabotulinumtoxinA (analysis population). In the
anal-ysis population, 289 patients (40.4%) had allodynia
at baseline and 426 (59.6%) did not. Patient demograph-
ics at baseline were similar across subgroups, with the
exception of sex (Table 1); patients with allodynia were
slightly more likely to be women (86.9%) than those
without allodynia (83.3%). Clinical characteristics were
generally similar across subgroups, with the exception of
previous preventive treatment (Table 1); patients with

allodynia at baseline were more likely to have previously
taken preventive treatment (84.1%) than those without
allodynia (78.6%).
Among all patients (N = 716), 373 (52.1%) completed

the study. Of these patients, 282 had headache day data
available for all 5 study visits (including baseline). The
most common reasons for study discontinuation were
withdrawal of consent (n = 92 [12.8%]), lost to follow-up
(n = 82 [11.5%]), lack of efficacy (n = 25 [4.9%]), and ad-
verse events (AEs; n = 25 [3.5%]). Of the 290 patients
with allodynia, 157 (54.1%) completed the study com-
pared with 216 (50.7%) of the 426 patients without allo-
dynia. Of the patients with allodynia, a cumulative total
of 46 patients (15.9%) discontinued after treatment 2, 85
(29.3%) after treatment 5, and 133 (45.9%) after the final
treatment. Of the patients without allodynia, a cumula-
tive total of 85 patients (20.0%) discontinued after treat-
ment 2, 150 (35.2%) after treatment 5, and 210 (49.3%)
after the final treatment.

Efficacy outcomes
Overall efficacy outcomes have been previously pub-
lished [11] and will be reviewed only briefly here for
context. In the analysis population of 715 patients, re-
ductions in headache days were observed from the first
assessment (at week 24, after 2 treatment cycles) and
continued throughout the 108-week period. By week 108

Table 1 Baseline Patient Demographics and Clinical Characteristics of Patients With and Without Allodynia

With Allodynia
(n = 289)

Without Allodynia
(n = 426)

Mean (SD) age, y 42.3 (11.3) 43.5 (11.2)

Min, max 18,72 18,73

Female, n (%) 251 (86.9) 355 (83.3)

Race, n (%)

Caucasian 240 (83.0) 341 (80.0)

Black 16 (5.5) 25 (5.9)

Asian 31 (10.7) 58 (13.6)

Native Hawaiian or other Pacific Islander 1 (0.3) 2 (0.5)

American Indian or Alaska Native 1 (0.3) 0 (0.0)

Mean (SD) BMI, kg/m2 27.6 (6.5) 27.3 (6.4)

Mean (SD) age of migraine onset, y 32.2 (13.1) 32.7 (14.1)

Mean (SD) time since onset of migraine, y 10.2 (10.5) 10.8 (11.3)

Family history of migraine, n (%) 179 (61.7) 270 (63.4)

Mean (SD) headache days at baseline 21.7 (4.8) 21.9 (4.9)

Mean (SD) moderate to severe headache days at baseline 17.9 (5.6) 17.8 (5.7)

Medication use at baseline, n (%)*

Previously taken acute medications 288 (99.3) 419 (98.4)

Previously taken preventive medications 244 (84.1) 335 (78.6)

BMI body mass index
*Data were based on the safety population
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(after 9 treatment cycles), onabotulinumtoxinA signifi-
cantly reduced headache frequency from a mean (SD)
baseline of 22.0 (4.8) days by − 10.7 (6.4) days (P < 0.0001),
resulting in 11.3 (7.4) headache days per 28-day period.
Similarly, onabotulinumtoxinA significantly reduced
HIT-6 scores from a baseline score of 64.7 (4.8) by − 6.8
(6.6) at week 60 and − 7.1 (7.2) at week 108 (P < 0.0001).
Of the 282 patients who completed the study and had
headache day data available for all 5 study visits (including
baseline), a slightly greater reduction in headache fre-
quency from baseline (− 11.8 [7.3] days) was noted with
onabotulinumtoxinA treatment, resulting in a slightly
lower number of headache days (9.8 [8.3] days) than in
the total analysis population.

Patients with versus without allodynia

Effect on headache frequency At baseline, patients
with allodynia had a mean (SD) of 21.7 [4.8] headache
days compared with 21.9 [4.9] headache days in patients
without allodynia. OnabotulinumtoxinA significantly re-
duced the mean (SD) frequency of headache days per
28-day period at week 24 in patients with and without

baseline allodynia to 13.8 (8.1) and 14.3 (8.5) days, re-
spectively; at week 60, to 11.8 (7.9) and 11.5 (8.4) days;
and at week 108, to 10.5 (8.1) and 9.3 (8.3) days (P < 0.001
for all within-group changes from baseline; Additional file 1:
Fig. S1A). The change from baseline in headache days at
week 24 was − 8.4 (6.6) and − 7.7 (6.9) days, respectively; at
week 60, − 9.9 (6.7) and − 10.3 (7.3) days; and at week 108,
− 10.8 (7.1) and − 12.5 (7.4) days (Fig. 1a). There was no sig-
nificant between-group difference in the allodynia sub-
groups in the mean change in headache frequency from
baseline at week 24 (− 0.7 days; P = 0.265) and week 60 (0.4
days; P = 0.532); however, at week 108, there was a statisti-
cally significant difference between patients with versus
without allodynia at baseline (1.7 days; P = 0.044) in favor
of those without baseline allodynia. Similarly, onabotuli-
numtoxinA significantly reduced moderate to severe head-
ache days at week 24 in patients with and without baseline
allodynia to 10.7 (7.2) and 11.2 (7.6) days, respectively; at
week 60, to 9.1 (6.7) and 8.6 (7.0) days; and at week 108, to
7.7 (6.8) and 7.0 (6.9) days (P < 0.001 for all within-group
changes from baseline; Additional file 1: Figure S1B). The
change from baseline in moderate to severe headache days
at week 24 was − 7.5 (6.1) and − 6.7 (6.0) days, respectively;

a

b

Fig. 1 OnabotulinumtoxinA effect on (a) headache days and (b) moderate to severe headache days. *Indicates P < 0.001 for within-group change
from baseline. P values shown in the figure indicate between-subgroup differences in change from baseline; data are observed data
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at week 60, − 8.7 (6.1) and − 8.9 (6.2) days; and at week 108,
− 9.6 (6.9) and − 10.5 (7.2) days (Fig. 1b). There was no sig-
nificant between-group difference in change of moderate to
severe headache frequency from baseline at any time point.

Patient-reported outcomes OnabotulinumtoxinA sig-
nificantly reduced mean (SD) HIT-6 total scores (with
higher scores indicating greater disability) from baseline
scores of 65.2 (4.5) and 64.5 (5.1) in patients with and
without allodynia, respectively, to 59.2 (6.9) and 58.9
(7.2) for the 28-day period before week 24; to 57.9 (6.7)
and 56.6 (7.8) at week 60; and to 56.0 (6.9) and 54.5
(8.3) at week 108. The change from baseline for patients
with and without allodynia increased from − 5.7 (6.7)
and − 5.5 (6.2), respectively, at week 24 to − 8.4 (7.1) and
− 9.4 (7.9) at week 108 (P < 0.001 for all within-group
changes from baseline; Fig. 2a). There was no significant
between-group difference in the reduction in HIT-6
scores from baseline at any time point.
OnabotulinumtoxinA significantly reduced mean (SD)

MIDAS total scores (with higher scores indicating
greater disability) from baseline scores of 87.4 (58.5) and

71.6 (56.2) for patients with and without allodynia, re-
spectively, to 41.3 (47.3) and 42.3 (52.2) at week 24; 36.2
(44.6) and 29.4 (43.1) at week 60; and 22.7 (25.5) and
26.1 (43.7) at week 108 (P < 0.001 for all within-group
changes from baseline). The change from baseline for pa-
tients with and without allodynia increased from − 45.4
(57.1) and − 29.6 (56.2), respectively, at week 24 to − 53.0
(50.3) and − 37.7 (53.0) at week 108 (Fig. 2b). There was a
statistically significant between-group difference in the
change of MIDAS scores from baseline in favor of those
with allodynia at week 24 (mean between-group differ-
ence, − 15.8; P = < 0.001) and at week 108 (mean between
group difference, − 15.3; P = 0.005).
Similarly, MSQ domain scores were significantly in-

creased (improved) at all time points compared with
baseline scores regardless of allodynia status. Mean (SD)
MSQ Role Function Preventive scores increased from a
baseline of 57.0 (22.2) and 62.4 (22.3) for patients with
and without allodynia, respectively, to 77.7 (20.4) and
80.9 (20.2) at week 48 and 81.3 (17.0) and 82.3 (19.3) at
week 108 (P < 0.001 for all within-group changes from
baseline). The change from baseline for patients with

a

b

Fig. 2 OnabotulinumtoxinA effect on (a) HIT-6 and (b) MIDAS scores. HIT-6 = 6-Item Headache Impact Test; MIDAS =Migraine Disability
Assessment questionnaire. *Indicates P < 0.001 for within-group comparison from baseline. P values shown in the figure indicate between-
subgroup differences in change from baseline; data are observed data

Young et al. The Journal of Headache and Pain           (2019) 20:10 Page 5 of 10



and without allodynia was similar, with no significant
differences at week 48 (19.8 [20.9] and 17.6 [20.6], re-
spectively) or at week 108 (20.6 [21.9] and 16.9 [20.7];
Fig. 3a). Mean (SD) MSQ Role Function Restrictive
scores increased from a baseline of 39.2 (18.3) and 44.9
(20.1) for patients with and without allodynia, respect-
ively, to 66.0 (21.7) and 68.3 (22.2) at week 48 and 70.2
(20.7) and 72.8 (21.2) at week 108 (P < 0.001 for all
within-group changes from baseline). The change from
baseline for patients with and without allodynia was
similar at week 48 (26.5 [22.3] and 21.6 [22.1],
respec-tively) and week 108 (28.0 [23.3] and 24.7 [22.7]),
with no significant differences at week 108 (Fig. 3b).
Mean (SD) MSQ Emotional Function scores increased
from a baseline of 46.4 (25.5) and 53.1 (26.2) for patients
with and without allodynia, respectively, to 75.1 (25.1)
and 78.0 (22.7) at week 48 and 80.1 (20.6) and 81.7
(21.9) at week 108 (P < 0.001 for all within-group
changes from baseline). The mean (SD) change from
baseline for patients with and without allodynia was
similar, with no significant differences at week 48 (26.7
[26.4] and 22.5 [25.3], respectively) or at week 108 (27.6
[26.5] and 24.9 [26.1]; Fig. 3c). The only significant
between-group difference in mean (SD) change from
baseline in any MSQ domain was for the change in the
Role Function Restrictive domain at week 48 (4.8 [22.2];
P = 0.016; Fig. 3b).

Safety and tolerability
OnabotulinumtoxinA was well tolerated in both sub-
groups (Table 2). AEs occurred in 185 patients (63.8%)
with allodynia and 251 patients (58.9%) without allody-
nia. Across the safety population, serious AEs included
migraine (n = 6 [0.8%]); suicidal ideation (n = 5 [0.7%]);
and noncardiac chest pain, malignant melanoma, and
headache (n = 3 [0.4%] for each), with no clear differences
observed in patients with and without allodynia. Only 1
serious AE was considered to be treatment-related (gener-
alized rash in a patient without allodynia).
Treatment-related AEs occurring in ≥2% of either sub-

group included neck pain, eyelid ptosis, musculoskeletal
stiffness, injection site pain, and headache (Table 2). Thir-
teen patients (1.8%) in the overall population discontinued
from the study as a result of treatment-related AEs.

Discussion
The primary analysis of the COMPEL Study data dem-
onstrated that onabotulinumtoxinA 155 U was associ-
ated with reductions in headache day frequency and a
range of patient-reported outcomes in people with CM
over 9 treatment cycles and 108 weeks and with a favor-
able tolerability profile. These results replicate and ex-
tend the findings of the PREEMPT study [6, 8, 9].

Chronic migraine in people with allodynia is typically
considered difficult to manage [5], particularly with acute
treatments; however, little is known about the effect of
allodynia on the response to preventive treatment. The
COMPEL data presented herein provide the first analyses
over 9 treatment cycles of the efficacy and safety of onabo-
tulinumtoxinA in patients with allodynia. Treatment was
effective and well tolerated in patients regardless of
whether they had allodynia at baseline. Onabotulinumtox-
inA treatment resulted in a significantly greater improve-
ment in MIDAS scores in patients with allodynia than in
those without allodynia at baseline. Improvement in head-
ache day frequency at week 108 was significantly lower in
patients with allodynia compared with those without allo-
dynia. For most other endpoints (eg, HIT-6 and MSQ
scores), differences were not significant between those in-
dividuals with and without allodynia.
Allodynia is associated with sensitization of sensory

neurons, first in the trigeminal ganglion within 10 to 20
min of the onset of migraine pain (corresponding to face
and scalp pain) and then in the spinal trigeminal nucleus
(also known as the trigeminal nucleus caudalis or the tri-
geminal cervical complex) within 60 to 120 min of the
onset of pain [17, 18]. Early administration of acute
treatments for migraine is reported to prevent central
sensitization, but is relatively ineffective once central
sensitization, as expressed by cutaneous allodynia, has
occurred [19]. Across a range of drug classes routinely
used for the acute treatment of migraine attacks, the
presence of allodynia was associated with a greater likeli-
hood of inadequate 2-h (ie, triptans, nonsteroidal
anti-inflammatory drugs, opioids, and ergot alkaloids)
and 24-h (ie, triptans, nonsteroidal anti-inflammatory
drugs, opioids, and barbiturates) pain-free responses [5].
The prevalence of allodynia was lower in our study

population (n = 289 [40.4%]) than the prevalence re-
ported in a large group of people with migraine (63.2%)
[16] and in a much smaller sample of people with CM
(92.5%) [3]. Regardless, in our population, the benefits
observed following preventive treatment with onabotuli-
numtoxinA was little influenced by the presence or ab-
sence of allodynia at baseline. After onabotulinumtoxinA
treatment, there was a significant improvement in all ef-
ficacy measures at 24, 60 and 108 weeks in patients with
and without allodynia compared with baseline. There
was a statistically significant between-group reduction in
headache frequency in favor of patients without allody-
nia at week 108, but not at other time points. Further-
more, there was no significant difference in the effect of
onabotulinumtoxinA on change in moderate to severe
headache frequency at any time point, regardless of
allodynia status at baseline. These findings suggest
that onabotulinumtoxinA is capable of attenuating the
central sensitization of the sensory neurons associated

Young et al. The Journal of Headache and Pain           (2019) 20:10 Page 6 of 10



with allodynia. However, the role of allodynia on the
response to treatment needs to be explored further
before definitive conclusions can be drawn. A recent
meta-analysis of the treatment of migraine in people
presenting to emergency departments, a population
that would likely include people with allodynia,

proposed that intravenous metoclopramide and
prochlor-perazine, and subcutaneous sumatriptan
“should be offered” to patients with acute migraine
[20], suggesting that these treatments are effective,
even after central sensitization of sensory neurons.
Nonetheless, the availability of an effective preventive

a

b

c

Fig. 3 OnabotulinumtoxinA effect on MSQ (a) Role Function Preventive, (b) Role Function Restrictive, and (c) Emotional Function subscores.
MSQ =Migraine-Specific Quality-of-Life Questionnaire. *Indicates P < 0.001 for within-group comparison from baseline. P values shown in the
figure indicate between-subgroup differences in change from baseline; data are observed data

Young et al. The Journal of Headache and Pain           (2019) 20:10 Page 7 of 10



treatment will minimize the need for acute treatments
in patients with CM.
Physicians and patients alike seek preventive treatment

that not only reduces headache days but also improves
quality of life and reduces migraine-related disability
[21]. Therefore, to assess the overall effectiveness of a
treatment for CM, it is recommended that in addition to
efficacy measures focused on headache frequency,
disease-related disability and health-related quality of life
should be assessed using validated tools [22]. A > 5 point
change in HIT-6 scores is considered clinically meaning-
ful for people with migraine [23]. In our study, onabotu-
linumtoxinA resulted in a > 5 point change from
baseline in HIT-6 total scores from week 24 onward,
demonstrating a clinically meaningful improvement
through week 108 in patients with or without allodynia.
Similarly, MIDAS scores were reduced by approximately
40 points by week 60, regardless of allodynia status at
baseline. OnabotulinumtoxinA preventive treatment did
result in a slightly greater improvement in MIDAS
scores in patients with allodynia than in those without
allodynia, which was statistically significant at week 108
(P = 0.005); however, both subgroups experienced clinic-
ally meaningful improvements.
Clinically meaningful differences in MSQ domain scores

vary by the specific domain being assessed (Role Function
Restrictive domain, 5-point improvement; Role Function

Preventive domain, 5- to 8-point improvement; Emotional
Function domain, 8- to 10-point improvement) [24]. In
our study, regardless of allodynia status at baseline, onabo-
tulinumtoxinA treatment was associated with a clinically
meaningful increase in all MSQ domain scores. When
considered with the results from the other measures of
migraine-related disability and quality of life we assessed,
these results suggest that the reduction in headache fre-
quency observed in the COMPEL Study would be clinic-
ally meaningful to patients with CM and no less so for
patients with allodynia at baseline.
Others have reported that the presence of allodynia may

signal a phenotype resistant to acute treatment for mi-
graine [5, 19, 25], although the benefit of some acute treat-
ments in patients presenting to emergency departments
with migraine [20] suggests that the correlation of allody-
nia with treatment resistance is not clear-cut. Although
the effect of onabotulinumtoxinA on headache frequency
at week 108 was significantly lower in patients with allody-
nia than in those without allodynia, onabotulinumtoxinA
reduced moderate to severe headache frequency similarly
in both groups. Furthermore, onabotulinumtoxinA was at
least as effective in patients with allodynia as those with-
out allodynia across a range of secondary efficacy out-
comes, suggesting that onabotulinumtoxinA is a useful
preventive treatment for those patients with CM with
allodynia.

Study limitations and strengths
Open-label studies, although useful to gain additional in-
formation once the safety and efficacy profile of an inter-
vention has been clearly established, are subject to
inherent limitations, such as the lack of placebo com-
parison, loss to follow-up, and change in concomitant
medication use over the course of the study. These limi-
tations have been discussed more fully in a previous re-
port [11]. Despite the low persistency rates, the
treatment benefits we observed at week 24 in this
anal-ysis continued to improve up to week 108, and the
lack of between-group differences typically persisted,
trends that reinforce our conclusions of this subgroup
analysis.
In addition, fluctuations in headache frequency over

time that occur with CM can make the interpretation of
results difficult [26]. It is recommended that validated
disease-specific tools be used to assess health-related
quality of life and disability [22]. Tools such as the
HIT-6 and MSQ, which were used in this study, have
been validated for use in CM [27, 28], and the MIDAS
questionnaire has been validated in migraine [13] and is
likely to be valid for use in CM [22], including patients
with CM with allodynia. Nonetheless, given the subject-
ive reporting and open-label nature of the study, the re-
sults should be interpreted cautiously [22].

Table 2 Summary of Adverse Events Occurring in Patients With
and Without Allodynia

With Allodynia
(n = 290)

Without Allodynia
(n = 426)

AEs, n (%)

≥ 1 AE 185 (63.8) 251 (58.9)

Serious AE 36 (12.4) 39 (9.2)

Discontinuation due to AE 14 (4.8) 18 (4.2)

TRAEs, n (%)

≥ 1 TRAE 56 (19.3) 75 (17.6)

TRAEs occurring in ≥1% of either subgroup

Neck pain 15 (5.2) 14 (3.3)

Eyelid ptosis 6 (2.1) 12 (2.8)

Musculoskeletal stiffness 6 (2.1) 11 (2.6)

Headache 6 (2.1) 6 (1.4)

Injection site pain 5 (1.7) 9 (2.1)

Facial paresis 4 (1.4) 5 (1.2)

Muscular weakness 3 (1.0) 7 (1.6)

Migraine 3 (1.0) 4 (0.9)

Injection site hematoma 3 (1.0) 1 (0.2)

Muscle spasms 3 (1.0) 1 (0.2)

Skin tightness 1 (0.3) 6 (1.4)

AE adverse event, TRAE treatment-related adverse event
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Despite the potential limitations outlined previously,
the reduction in headache frequency from baseline in
the overall population from the COMPEL Study at week
24 parallels results from the double-blind placebo-controlled
phase of the PREEMPT study (− 7.4 days vs − 8.4 days, re-
spectively) [8, 11]. Furthermore, results at week 24 for
HIT-6 scores and week 48 for MSQ scores are similar to
those reported at week 24 (HIT-6, − 4.8; Role Function Pre-
ventive, + 13.1; Role Function Restrictive, + 17.0; Emotional
Function, + 17.9) after the double-blind placebo-controlled
phase of the PREEMPT study [8], supporting the relevance
of the results from the COMPEL Study and, by extension,
this subanalysis of COMPEL data.

Conclusions
Data from the COMPEL Study support the sustained
benefit and safety of onabotulinumtoxinA for reducing
headache days and disability and improving quality of
life for up to 108 weeks (9 treatment cycles) in patients
with CM with and without allodynia. The effect of ona-
botulinumtoxinA on headache days at week 108 was sig-
nificantly lower in patients with allodynia than in those
without allodynia. However, the effect on other efficacy
measures was similar or greater in those with allodynia
versus those without allodynia, despite some reports that
patients with allodynia are resistant to acute treatments.
No new safety concerns were identified, and onabotuli-
numtoxinA appeared to be well tolerated in patients
with and without allodynia at baseline.

Additional file

Additional file 1: Figure S1. Effect of onabotulinumtoxinA on (A)
headache frequency and (B) moderate to severe headache frequency in
patients with vs without allodynia at baseline. (PDF 15 kb)

Abbreviations
AE: Adverse event; ASC: Allodynia Symptom Checklist; CM: Chronic migraine;
COMPEL: Chronic migraine OnabotulinuMtoxinA Prolonged Efficacy open-
Label; HIT-6: 6-item Headache Impact Test; MIDAS: Migraine Disability
Assessment questionnaire; MSQ: Migraine-Specific Quality-of-Life Question-
naire v2; PREEMPT: Phase III REsearch Evaluating Migraine Prophylaxis
Therapy

Acknowledgments
This study was sponsored by Allergan plc (Dublin, Ireland). Writing and
editorial assistance was provided to the authors by Lee B. Hohaia, PharmD,
of Complete Healthcare Communications, LLC (North Wales, PA, USA), a CHC
Group company, and was funded by Allergan plc (Dublin, Ireland). All
authors met ICMJE authorship criteria. Neither honoraria nor payments were
made for authorship.
The authors thank the patients for their participation in the study. Principal
investigators for the COMPEL Study included Lawrence D. Robbins, MD; Jan
L. Brandes, MD; Tamara A. Miller, MD; Roger K. Cady, MD; Jo H. Bonner, MD;
Paul K. Winner, DO, FAAN; Marshall C. Freeman, MD; Kathleen B. Mullin, MD;
Andrew M. Blumenfeld, MD; Eric J. Eross, DO; Amy A. Gelfand, MD; Ejaz A.
Shamim, MD; William B. Young, MD; John F. Rothrock, MD; Stephen H. Landy,
MD; J. Ivan Lopez, MD; George R. Nissan, DO; Soma Sahai-Srivastava, MD;
Marcia Ribeiro, MD; Maria-Carmen Wilson, MD; Jose M. Casanova, MD, PhD;
Laszlo L. Mechtler, MD; Richard J. Stark, MBBS, FRCAP; Andrew H. Evans, MD;

John D. O’Sullivan, MD, MBBS; Joseph Frasca, MBBS; Min Kyung Chu, MD,
PhD; Jeong-Wook Park, MD; ByungKun Kim, MD, PhD; Seong Taek Kim, DDS,
MS, PhD; Kwang Soo Lee, MD, MS, PhD; Heui-Soo Moon, MD.

Funding
This study was sponsored by Allergan plc (Dublin, Ireland). Allergan funded
the editorial and writing support and provided support for the study design
and the collection, analysis, and interpretation of the data. Other than in
their role as authors, employees of Allergan did not have a role in the final
decision regarding which data to include in the manuscript or the decision
to submit the manuscript for publication.

Availability of data and materials
Data reported in this manuscript are available within the article and its
additional supplementary materials. Additional data from the COMPEL Study
(ClinicalTrials.gov identifier NCT01516892) may be requested at http://
www.allerganclinicaltrials.com/PatientDataRequest.htm.

Authors’ contributions
WBY, JIL, and JFR made contributions to the analysis and interpretation of
the data, drafting the manuscript, revising critically for important intellectual
input, and gave final approval for publication. AO and AMA made substantial
contributions to conception and design, analysis and interpretation of data,
drafting the manuscript, and revising critically for important intellectual
input; they gave final approval for publication of the manuscript and agree
to be accountable for appropriate portions of the work. RBL made
substantial contributions to the analysis and interpretation of the data,
drafting the manuscript, and revising critically for important intellectual
input; he gave final approval for publication. AMB made substantial
contributions to conception and design, analysis and interpretation of data,
drafting the manuscript, and revising critically for important intellectual
input; he gave final approval for publication of the manuscript and agrees to
be accountable for all aspects of the work.

Ethics approval and consent to participate
The study received ethical approval from the institutional review board or
independent ethics committee at each site, and written informed consent
was obtained from patients before study enrollment.

Consent for publication
Not applicable.

Competing interests
William B. Young has served on advisory boards for Alder, Allergan, Cipla,
Lilly, and Supernus; has consulted for Allergan and Supernus; and has
received research support from AGA, Alder, Allergan, Amgen, Autonomic
Technology, Cumberland, Dr. Reddy’s Laboratories, Eli Lilly, eNeura, Merz, and
St. Jude Medical. J. Ivan Lopez has no disclosures to report. John F. Rothrock
has served on advisory boards and/or has consulted for Allergan, Lilly,
Amgen, and Supernus. He also has received funding for travel and speaking
from Supernus and has received honoraria from Allergan for participating as
a speaker and preceptor at Allergan-sponsored educational programs. His
parent institution has received funding from Allergan, Amgen, and Dr. Red-
dy’s Laboratories for clinical research he has conducted. Amelia Orejudos is
an employee of Allergan. Aubrey Manack Adams is an employee of Allergan
and owns stock in the company. Richard B. Lipton serves on the editorial
boards of Neurology and Cephalalgia and as senior advisor to Headache. He
has received research support from the National Institutes of Health. He also
receives support from the Migraine Research Foundation and the National
Headache Foundation. He has reviewed for the National Institute on Aging
and National Institute of Neurological Disorders and Stroke, serves as consult-
ant or advisory board member or has received honoraria from Alder, Aller-
gan, Amgen, Autonomic Technologies, Avanir, Biohaven, Biovision, Boston
Scientific, Dr. Reddy’s Laboratories, Electrocore, Eli Lilly, eNeura Therapeutics,
GlaxoSmithKline, Merck, Novartis, Pernix, Pfizer, Supernus, Teva, Trigemina,
Vector, and Vedanta. He receives royalties from Wolff ’s Headache (8th Edition,
Oxford University Press), Informa, and Wiley. He holds stock options in
eNeura Therapeutics and Biohaven. Andrew M. Blumenfeld has served on
advisory boards for Allergan, Amgen, Alder, Teva, Supernus, Promius, Egalet,
and Lilly and has received funding for speaking from Allergan, Amgen,
Pernix, Supernus, Depomed, Avanir, and Promius.

Young et al. The Journal of Headache and Pain           (2019) 20:10 Page 9 of 10

https://doi.org/10.1186/s10194-018-0952-1
http://clinicaltrials.gov
http://www.allerganclinicaltrials.com/PatientDataRequest.htm
http://www.allerganclinicaltrials.com/PatientDataRequest.htm


Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Jefferson Hospital for Neuroscience, 900 Walnut Street, Second Floor, Suite
#200, Philadelphia, PA 19107, USA. 2University of South Alabama College of
Medicine, Mobile, AL, USA. 3George Washington School of Medicine,
Washington, DC, USA. 4Allergan plc, Irvine, CA, USA. 5Montefiore Headache
Center, Department of Neurology, Department of Epidemiology and
Population Health, Albert Einstein College of Medicine, Bronx, NY, USA.
6Headache Center of Southern California, The Neurology Center, Carlsbad,
CA, USA.

Received: 1 October 2018 Accepted: 19 December 2018

References
1. Natoli JL, Manack A, Dean B, Butler Q, Turkel CC, Stovner L, Lipton RB (2010)

Global prevalence of chronic migraine: a systematic review. Cephalalgia 30:
599–609. https://doi.org/10.1111/j.1468-2982.2009.01941.x

2. Headache Classification Committee of the International Headache Society
(2018) The international classification of headache disorders, 3rd edition.
Cephalalgia 38:1–211. https://doi.org/10.1177/0333102417738202

3. Benatto MT, Florencio LL, Carvalho GF, Dach F, Bigal ME, Chaves TC,
Bevilaqua-Grossi D (2017) Cutaneous allodynia is more frequent in chronic
migraine, and its presence and severity seems to be more associated with
the duration of the disease. Arq Neuropsiquiatr 75:153–159. https://doi.org/
10.1590/0004-282X20170015

4. Chen N, Zhang J, Wang P, Guo J, Zhou M, He L (2015) Functional alterations
of pain processing pathway in migraine patients with cutaneous allodynia.
Pain Med 16:1211–1220. https://doi.org/10.1111/pme.12690

5. Lipton RB, Munjal S, Buse DC, Bennett A, Fanning KM, Burstein R, Reed ML
(2017) Allodynia is associated with initial and sustained response to acute
migraine treatment: results from the American Migraine Prevalence and
Prevention Study. Headache 57:1026–1040. https://doi.org/10.1111/head.13115

6. Aurora SK, Dodick DW, Turkel CC, DeGryse RE, Silberstein SD, Lipton RB,
Diener HC, Brin MF (2010) OnabotulinumtoxinA for treatment of chronic
migraine: results from the double-blind, randomized, placebo-controlled
phase of the PREEMPT 1 trial. Cephalalgia 30:793–803. https://doi.org/10.
1177/0333102410364676

7. Diener HC, Dodick DW, Aurora SK, Turkel CC, DeGryse RE, Lipton RB,
Silberstein SD, Brin MF (2010) OnabotulinumtoxinA for treatment of chronic
migraine: results from the double-blind, randomized, placebo-controlled
phase of the PREEMPT 2 trial. Cephalalgia 30:804–814. https://doi.org/10.
1177/0333102410364677

8. Dodick DW, Turkel CC, DeGryse RE, Aurora SK, Silberstein SD, Lipton RB,
Diener HC, Brin MF (2010) OnabotulinumtoxinA for treatment of chronic
migraine: pooled results from the double-blind, randomized, placebo-
controlled phases of the PREEMPT clinical program. Headache 50:921–936.
https://doi.org/10.1111/j.1526-4610.2010.01678.x

9. Aurora SK, Winner P, Freeman MC, Spierings EL, Heiring JO, DeGryse RE,
VanDenburgh AM, Nolan ME, Turkel CC (2011) OnabotulinumtoxinA for
treatment of chronic migraine: pooled analyses of the 56-week PREEMPT
clinical program. Headache 51:1358–1373. https://doi.org/10.1111/j.1526-
4610.2011.01990.x

10. Blumenfeld AM, Aurora SK, Laranjo K, Papapetropoulos S (2015) Unmet clinical
needs in chronic migraine: rationale for study and design of COMPEL, an
open-label, multicenter study of the long-term efficacy, safety, and tolerability
of onabotulinumtoxinA for headache prophylaxis in adults with chronic
migraine. BMC Neurol 15:100. https://doi.org/10.1186/s12883-015-0353-x

11. Blumenfeld AM, Stark RJ, Freeman MC, Orejudos A, Manack Adams A (2018)
Long-term study of the efficacy and safety of onabotulinumtoxinA for the
prevention of chronic migraine: COMPEL study. J Headache Pain 19:13.
https://doi.org/10.1186/s10194-018-0840-8

12. BOTOX® for injection, for intramuscular, intradetrusor, or intradermal use
(onabotulinumtoxinA). Full Prescribing Information, Allergan plc, Irvine, CA, 2016

13. Stewart W, Lipton R, Dowson A, Sawyer J (2001) Development and testing
of the migraine disability assessment (MIDAS) questionnaire to assess
headache-related disability. Neurology 56:S20–S28. https://doi.org/10.1212/
WNL.56.suppl_1.S20

14. Martin BC, Pathak DS, Sharfman MI, Adelman JU, Taylor F, Kwong WJ,
Jhingran P (2000) Validity and reliability of the migraine-specific quality of
life questionnaire (MSQ version 2.1). Headache 40:204–215. https://doi.org/
10.1046/j.1526-4610.2000.00030.x

15. Bigal ME, Ashina S, Burstein R, Reed ML, Buse D, Serrano D, Lipton RB, AMPP
Group (2008) Prevalence and characteristics of allodynia in headache
sufferers: a population study. Neurology 70:1525–1533. https://doi.org/10.
1212/01.wnl.0000310645.31020.b1

16. Lipton RB, Bigal ME, Ashina S, Burstein R, Silberstein S, Reed ML, Serrano D,
Stewart WF, American Migraine Prevalence Prevention Advisory Group (2008)
Cutaneous allodynia in the migraine population. Ann Neurol 63:148–158.
https://doi.org/10.1002/ana.21211

17. Burstein R, Jakubowski M, Garcia-Nicas E, Kainz V, Bajwa Z, Hargreaves R, Becerra
L, Borsook D (2010) Thalamic sensitization transforms localized pain into
widespread allodynia. Ann Neurol 68:81–91. https://doi.org/10.1002/ana.21994

18. Burstein R, Jakubowski M, Rauch SD (2011) The science of migraine. J Vestib
Res 21:305–314. https://doi.org/10.3233/VES-2012-0433

19. Burstein R, Collins B, Jakubowski M (2004) Defeating migraine pain with
triptans: a race against the development of cutaneous allodynia. Ann
Neurol 55:19–26. https://doi.org/10.1002/ana.10786

20. Orr SL, Friedman BW, Christie S, Minen MT, Bamford C, Kelley NE, Tepper D
(2016) Management of adults with acute migraine in the emergency
department: the American Headache Society evidence assessment of
parenteral pharmacotherapies. Headache 56:911–940

21. Silberstein S, Lipton R, Dodick D, Freitag F, Mathew N, Brandes J, Bigal M,
Ascher S, Morein J, Wright P, Greenberg S, Hulihan J (2009) Topiramate
treatment of chronic migraine: a randomized, placebo-controlled trial of
quality of life and other efficacy measures. Headache 49:1153–1162. https://
doi.org/10.1111/j.1526-4610.2009.01508.x

22. Silberstein S, Tfelt-Hansen P, Dodick DW, Limmroth V, Lipton RB, Pascual J,
Wang SJ (2008) Guidelines for controlled trials of prophylactic treatment of
chronic migraine in adults. Cephalalgia 28:484–495. https://doi.org/10.1111/j.
1468-2982.2008.01555.x

23. Dodick DW, Turkel CC, DeGryse RE, Diener HC, Lipton RB, Aurora SK, Nolan
ME, Silberstein SD (2015) Assessing clinically meaningful treatment effects in
controlled trials: chronic migraine as an example. J Pain 16:164–175. https://
doi.org/10.1016/j.jpain.2014.11.004

24. Cole JC, Lin P, Rupnow MF (2009) Minimal important differences in the
migraine-specific quality of life questionnaire (MSQ) version. Cephalalgia 29:
1180–1187. https://doi.org/10.1111/j.1468-2982.2009.01852.x

25. Lipton RB, Munjal S, Buse DC, Fanning KM, Bennett A, Reed ML (2016)
Predicting inadequate response to acute migraine medication: results from
the American Migraine Prevalence and Prevention (AMPP) study. Headache
56:1635–1648. https://doi.org/10.1111/head.12941

26. Serrano D, Lipton RB, Scher AI, Reed ML, Stewart WBF, Adams AM, Buse DC
(2017) Fluctuations in episodic and chronic migraine status over the course
of 1 year: implications for diagnosis, treatment and clinical trial design.
J Headache Pain 18:101. https://doi.org/10.1186/s10194-017-0787-1

27. Rendas-Baum R, Yang M, Varon SF, Bloudek LM, DeGryse RE, Kosinski M
(2014) Validation of the Headache Impact Test (HIT-6) in patients with
chronic migraine. Health Qual Life Outcomes 12:117. https://doi.org/10.
1186/s12955-014-0117-0

28. Rendas-Baum R, Bloudek LM, Maglinte GA, Varon SF (2013) The
psychometric properties of the migraine-specific quality of life questionnaire
version 2.1 (MSQ) in chronic migraine patients. Qual Life Res 22:1123–1133.
https://doi.org/10.1007/s11136-012-0230-7

Young et al. The Journal of Headache and Pain           (2019) 20:10 Page 10 of 10

https://doi.org/10.1111/j.1468-2982.2009.01941.x
https://doi.org/10.1177/0333102417738202
https://doi.org/10.1590/0004-282X20170015
https://doi.org/10.1590/0004-282X20170015
https://doi.org/10.1111/pme.12690
https://doi.org/10.1111/head.13115
https://doi.org/10.1177/0333102410364676
https://doi.org/10.1177/0333102410364676
https://doi.org/10.1177/0333102410364677
https://doi.org/10.1177/0333102410364677
https://doi.org/10.1111/j.1526-4610.2010.01678.x
https://doi.org/10.1111/j.1526-4610.2011.01990.x
https://doi.org/10.1111/j.1526-4610.2011.01990.x
https://doi.org/10.1186/s12883-015-0353-x
https://doi.org/10.1186/s10194-018-0840-8
https://doi.org/10.1212/WNL.56.suppl_1.S20
https://doi.org/10.1212/WNL.56.suppl_1.S20
https://doi.org/10.1046/j.1526-4610.2000.00030.x
https://doi.org/10.1046/j.1526-4610.2000.00030.x
https://doi.org/10.1212/01.wnl.0000310645.31020.b1
https://doi.org/10.1212/01.wnl.0000310645.31020.b1
https://doi.org/10.1002/ana.21211
https://doi.org/10.1002/ana.21994
https://doi.org/10.3233/VES-2012-0433
https://doi.org/10.1002/ana.10786
https://doi.org/10.1111/j.1526-4610.2009.01508.x
https://doi.org/10.1111/j.1526-4610.2009.01508.x
https://doi.org/10.1111/j.1468-2982.2008.01555.x
https://doi.org/10.1111/j.1468-2982.2008.01555.x
https://doi.org/10.1016/j.jpain.2014.11.004
https://doi.org/10.1016/j.jpain.2014.11.004
https://doi.org/10.1111/j.1468-2982.2009.01852.x
https://doi.org/10.1111/head.12941
https://doi.org/10.1186/s10194-017-0787-1
https://doi.org/10.1186/s12955-014-0117-0
https://doi.org/10.1186/s12955-014-0117-0
https://doi.org/10.1007/s11136-012-0230-7

	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Primary study design
	Subgroup analysis
	Statistical analysis

	Results
	Patient demographics and disposition
	Efficacy outcomes
	Patients with versus without allodynia

	Safety and tolerability

	Discussion
	Study limitations and strengths

	Conclusions
	Additional file
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

