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Real-life use of onabotulinumtoxinA
reduces healthcare resource utilization in
individuals with chronic migraine: the
REPOSE study
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Abstract

Background: Chronic migraine (CM) is associated with substantial economic burden. Real-world data suggests that
onabotulinumtoxinA treatment for CM reduces healthcare resource utilisation (HRU) and related costs.

Methods: REPOSE was a 2-year prospective, multicentre, non-interventional, observational study to describe the
real-world use of onabotulinumtoxinA in adult patients with CM. This analysis examined the impact of
onabotulinumtoxinA on HRU. Patients received onabotulinumtoxinA treatment approximately every 12 weeks
according to their physicians’ discretion, guided by the summary of product characteristics (SPC) and PREEMPT
injection paradigm. HRU outcome measures were collected at baseline and all administration visits and included
headache-related hospitalizations and healthcare professional (HCP) visits. Health economic data, including family
doctor and specialist visits, inpatient treatment for headache, acupuncture, technical diagnostics, use of
nonpharmacologic remedies, and work productivity were also collected for patients enrolled at German study
centres.

Results: Overall, 641 patients were enrolled at 78 study centres across 7 countries (Germany, UK, Italy, Spain,
Norway, Sweden, and Russia), 633 received ≥1 onabotulinumtoxinA dose, and 128 completed the 2-year study.
Patients were, on average, aged 45 years, 85% were female, and 60% (n = 377) were from Germany. At the end of
the 2-year observation period, significantly fewer patients reported headache-related hospitalizations (p < 0.02) and
HCP visits (p < 0.001) within the past 3 months than in the 3 months before baseline. In the German population,
reductions were observed across all health services at all follow-up visits compared with baseline. The percentage
of patients who saw a family doctor decreased from 41.7% at baseline to 13.5% at administration visit 8 and visits
to a medical specialist decreased from 61.7% to 5.2% of patients. Inpatient acute treatment and technical
diagnostics declined from 6.4% and 19.7% of patients at baseline to 0.0% and 1.0% at administration 8, respectively.
The use of nonpharmacologic remedies and medication for the acute treatment of migraine also decreased with
continued onabotulinumtoxinA treatment. Work incapacity, disability, absenteeism, and impaired performance at
school/work improved with onabotulinumtoxinA treatment for CM over the 2-year observation period.
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Conclusions: Real-world evidence from REPOSE demonstrates that onabotulinumtoxinA treatment is associated
with decreased HRU and supports the long-term benefits associated with the use of onabotulinumtoxinA for CM in
clinical practice.

Trial registration: NCT01686581. Name of registry: ClinicalTrials.gov. URL of registry: Date of retrospective
registration: September 18, 2012. Date of enrolment of first patient: July 23, 2012.

Keywords: OnabotulinumtoxinA, Chronic migraine, Headache, Economic, Healthcare, Burden, Healthcare resource
utilization

Background
Migraine is one of the most common neurological dis-
eases. Chronic migraine (CM) is defined as ≥15 head-
ache days/month for more than 3months, from which a
minimum of 8 days/month fulfill the criteria for mi-
graine [1]. The global prevalence rates of CM migraine
range from 1.4–2.2% [2] and a population-based German
Headache Consortium Study estimated the prevalence of
CM in Germany at 1.9% [3]. Individuals living with CM
often experience a diminished quality of life and societal
and familial burden resulting from frequent, incapacitat-
ing migraine attacks [4, 5]. Further, CM is associated
with substantial disability, healthcare resource utilisation
(HRU), and economic burden [4, 6–9].
OnabotulinumtoxinA (BOTOX®; Allergan, an AbbVie

Company) is indicated for the preventive therapy of mi-
graine in adult patients with CM and has been shown to
reduce HRU in the United States and Europe [10, 11].
The PREEMPT phase 3 clinical trial program provided
evidence of the efficacy and safety of onabotulinumtoxinA
for headache prevention [12, 13] and these findings are
well supported by both clinical and real-world studies
[14–19]. Additionally, cost modeling, using patient data
and dosing protocols from the PREEMPT clinical trials,
EuroQol 5-Dimension Questionnaire (EQ-5D) utility esti-
mates from the REPOSE study, and resource utilization
estimates the International Burden of Migraine Study
(IBMS) has demonstrated that onabotulinumtoxinA is
likely to represent a cost-effective resource in the UK [20].
To establish the complete treatment benefit across differ-
ent countries and healthcare systems, additional real-
world data on the economic impact of onabotulinumtox-
inA treatment for CM is needed.
The REal-life use of botulinum toxin for the symptom-

atic treatment of adults with chronic migraine, measur-
ing healthcare resource utilisation, and Patient-reported
OutcomeS observed in practicE (REPOSE) study was a
2-year, multicenter, prospective, observational, open-
label study to describe the long term, real-world use of
onabotulinumtoxinA for the symptomatic treatment of
adults with chronic migraine in Europe. The patient-
and physician-reported outcomes from the REPOSE
study demonstrated a sustained reduction in headache-
day frequency and significant improvement in quality of

life measures with onabotulinumtoxinA treatment for
CM [17]. This analysis examines HRU utilisation in the
REPOSE study with an emphasis on a subset of the Ger-
man study population that completed an additional
health economic questionnaire, which included utilisa-
tion of health services and productivity metrics.

Methods
Study design
The design of the REPOSE study (NCT01686581) has
previously been published in detail [21]. Briefly, REPOSE
was a 2-year, prospective, non-interventional, observa-
tional, open-label study of patients prescribed onabotuli-
numtoxinA for the treatment of CM. The REPOSE
study was conducted from July 2012 through October
2016 across 78 study centres in 7 countries: Germany,
UK, Italy, Spain, Norway/Sweden, and Russia. To collect
data on the use of onabotulinumtoxinA in real-life clin-
ical settings, consecutive patients for whom physicians
prescribed onabotulinumtoxinA were considered for in-
clusion in the study. All procedures were performed at
the discretion of the physicians according to their clin-
ical judgment and the local standard of medical care.
Eligible patients included adult men and women ≥18

years of age prescribed onabotulinumtoxinA for the
treatment of CM. Patients were ineligible if they had re-
ceived any botulinum toxin serotype within 26 weeks of
study enrollment, were concurrently participating in
Allergan’s BOTOX® CM Post-Authorisation Safety Study
(PASS), or were contraindicated for treatment with ona-
botulinumtoxinA. Investigators were to refer to the
Summary of Product Characteristics (SPC) for informa-
tion on contraindications, warnings, and pregnancy and
lactation. Patients were not excluded for receiving acute
or other preventive treatments before study enrollment
and were permitted to continue these treatments, as
needed, during the study. All patients provided written
informed consent before enrollment.

OnabotulinumtoxinA treatment
OnabotulinumtoxinA was administered according to the
physician’s discretion and guided by the SPC and the
PREEMPT study protocol [15], which recommends ad-
ministration of 155 U spread over 31 injection sites at a
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dosing interval of 12 weeks. In accordance with the SPC,
the administration of an additional 40 U over 8 injection
sites according to the follow-the-pain strategy to a max-
imum total dose of 195 U was possible by physician dis-
cretion [16]. All procedures were performed according
to study physicians’ clinical judgment and the local
standard of medical care; physicians were recommended
but not required to follow the PREEMPT paradigm. All
study investigators obtained ethical approval from their
respective ethics committees prior to study initiation.
REPOSE was conducted in accordance with the Inter-
national Conference on Harmonisation Guideline for
Good Clinical Practice.

Outcomes measures
At baseline (administration visit 1), patient demograph-
ics, medical history, headache history, and previous/con-
comitant headache treatment(s) were documented.
Treatment effectiveness was measured by the change
from baseline in patient estimates of the frequency of
headache days, the Migraine Specific Quality of Life
Questionnaire (MSQ) v2.1 [22], and EuroQol 5-
Dimension Questionnaire (EQ-5D) [23].
Healthcare resource utilisation was assessed in the

overall population at baseline and the follow-up visits.
Patients reported headache-related hospital admissions
and visits to a healthcare professional (HCP), by type:
primary care consultant, outpatient consultation, acci-
dent and emergency visit, alternative practitioner, or
other. The baseline timeframe reflected the last 3
months before the baseline visit and the follow-up time-
frame since the last visit with onabotulinumtoxinA ad-
ministration. Patients enrolled at German study centres
before 08 April 2014 (n = 264) completed an additional
health economic questionnaire on the use of health ser-
vices in the 6months prior to baseline and since the last
onabotulinumtoxinA administration visit. Patients were
asked about the use of the following services as a result
of headaches: 1) visits to a family doctor (general practi-
tioner); 2) visits to a medical specialist (ie, otolaryngolo-
gist (ENT), ophthalmologist, neurologist, neurosurgeon,
dentist); 3) inpatient treatment in an acute care hospital;
4) technical diagnostics (ie, computed tomography (CT),
magnetic resonance imaging (MRI), X-ray, ultrasound);
5) rehabilitation measures; 6) use of remedies (massage,
physiotherapy, manual therapy); 7) therapy by an osteo-
path/non-medical practitioner; 8) acupuncture treat-
ment; 9) nutritional supplements or other over-the-
counter supplements used for headache prevention; and
10) medication taken for the acute treatment of head-
ache. The health economic questionnaire also included
questions related to incapacity to work, disability, absen-
teeism from school/work, availability of disabled person’s

pass, performance, and life habits (ie, regular endurance
sport, regular relaxation exercises).

Statistical analysis
The analysis population for demographic, HRU, effect-
iveness, and safety data included all patients who re-
ceived ≥1 dose of onabotulinumtoxinA (Safety Analysis
Set, SAF). Results are presented for the overall study
population and stratified by country, when available.
The health economic questionnaire data were analysed
based on the German Analysis Set, which comprised
SAF patients enrolled at German study centres before 08
April 2014. Administration visits were defined as visits
at which onabotulinumtoxinA was injected (ie, Admin
1 = baseline, Admin 2 = follow-up visit with second ad-
ministration, etc.). Administration visit 1 (baseline) data
were collected prior to the first onabotulinumtoxinA in-
jection treatment. Data from baseline through adminis-
tration 8 are reported herein to reflect the expected
number of onabotulinumtoxinA treatments adminis-
tered during a 2-year period according to the SPC.
Changes from baseline in the effectiveness variables

were tested using a non-parametric Wilcoxon signed
rank test. HRU data was summarized and presented de-
scriptively for the overall study population and by coun-
try. Descriptive statistics are presented for continuous
variables; frequencies and percentages are provided for
categorical data. The McNemar test was used to com-
pare baseline and follow-up data for headache-related
hospitalizations and HCP visits for the overall and Ger-
man populations. For statistical analysis of the German
health economic questionnaire data, two-sided 95% con-
fidence intervals (CI) were calculated based on the exact
binomial distribution using the Clopper-Pearson
method. This methodology signifies a significant differ-
ence from baseline when the derived confidence inter-
vals do not overlap. All results are based on available
patient data, missing data were not imputed. Statistical
analyses were tested at the 2-sided 5% level and con-
ducted with SAS version 9.3 (SAS Institute, Inc., Cary,
NC).

Results
Study population
A total of 641 patients were enrolled in the REPOSE
study and of those patients, 633 received ≥1 onabotuli-
numtoxinA treatment and were included in the Safety
Analysis Set (SAF) and 128 completed 24 months and
were included in the Per-Protocol Set (PPS). Of the 633
patients included in the SAF, 144 (22.7%) discontinued
treatment. Reasons for treatment discontinuation are
listed in Supplemental Table 1. Approximately 60% (n =
377) of the patients in the SAF were treated at German
study centres and 70% (n = 264) of these patients were
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enrolled before 08 April 2014 and completed the health
economic questionnaire. Baseline demographics and
clinical characteristics of the overall REPOSE patient
population and the German population are presented in
Table 1. Demographic data by country is provided in
Supplemental Table 2. At German study centres, patient
baseline characteristics were similar to the overall study
population, with a mean (SD) age of 46.3 (11.8) years
and the majority of patients female (84.4%, n = 318).

OnabotulinumtoxinA utilisation
In REPOSE, patients received a mean (SD) of 5.5 (3.0)
treatment sessions with onabotulinumtoxinA for CM.
OnabotulinumtoxinA utilisation closely followed the
SPC with a mean (SD) dose of 155.1 (21.4) U and 31.4
(4.3) injection sites among a mean (SD) number of 6.9
(0.6) muscle areas per session. The median time from
baseline to administration visit 8 was 21.7 months. The
most frequent deviation from the SPC was a prolonga-
tion of the recommended 12-week treatment interval,
with 69.5% (n = 440/633) of patients receiving ≥1 treat-
ment session 13–16 weeks after the previous session
during the observational period.

Outcome measures
Effectiveness
As recently published in detail by Ahmed et al. [17],
long-term, real-world preventive treatment of CM with
onabotulinumtoxinA showed effectiveness with a sus-
tained reduction in headache-day frequency and signifi-
cant improvements in quality of life measures. As
presented in Fig. 1a, headache-day frequency was signifi-
cantly reduced from a baseline mean (SD) of 20.6 (5.4)
to 7.4 (6.6) days at administration visit 8 in the overall
population and from 18.9 (4.5) to 6.0 (5.8) days in the
German population (p < 0.001). In both the overall and
German populations, total MSQ scores increased signifi-
cantly at all post-baseline treatment visits, signifying an
improvement in patient-reported quality of life across 3
domains [22] (Fig. 1b). Results of the EQ-5D question-
naire also demonstrated a significant improvement in
patient-reported quality of life with onabotulinumtoxinA
treatment in the overall and German populations, as
shown in Fig. 1c. Similar effectiveness outcomes were

observed for the other countries, however, statistical
analyses were not performed due to small sample sizes
(Supplemental Table 3). In addition, the majority of pa-
tients and physicians in the overall population and at
German study centres rated satisfaction with treatment
and treatment tolerability as good or very good through-
out the 2-year observation period (Supplemental
Figure 1).

Healthcare resource utilisation
As presented in Fig. 2, HRU decreased significantly from
baseline with onabotulinumtoxinA treatment for CM in
the overall and German REPOSE study populations. The
percentage of patients in the overall population that re-
ported headache-related hospital admissions was signifi-
cantly reduced from 6.0% (n = 38/633) at baseline to
1.7% (n = 10/573, p = 0.0001) at administration visit 2
and continued to decrease to 1.0% (n = 2/200, p = 0.005)
at administration visit 8. Similar results were seen in the
German population, with headache-related hospital ad-
missions reported by 4.2% (n = 16/377) of patients at
baseline and 0.8% (n = 1/123, p = 0.02) at administration
visit 8 (Fig. 2a). Trends observed within the other coun-
tries were consistent with the overall findings though no
statistical analyses were performed (Supplemental
Table 4). Notably, the percentage of patients reporting
headache-related hospitalizations in the 3 months prior
to baseline in Italy (15.4%, n = 4/26) and Russia (16.1%,
n = 5/31) decreased to 0% at administration visit 8. In
Spain, headache-related hospitalization decreased from
11.4% (n = 10/88) at baseline to 3.2% (n = 1/31) at ad-
ministration visit 8.
The proportion of patients who had visited any HCP

during the 3 months prior to baseline was 45.8% (n =
290/633) in the overall population and 35.8% (n = 135/
377) in the German population. By administration visit
8, these proportions significantly decreased to 12.5%
(n = 25/200) in the overall population and 8.1% (n = 10/
123) in the German population (all p < 0.0001). Primary
care and outpatient consultations represented the major-
ity of these visits, as shown in Table 2. A statistically sig-
nificant decrease between baseline and administration
visit 8 was observed in both the number of primary care
and outpatient consultations in the overall and German

Table 1 Baseline demographic and migraine characteristics of patients in the REPOSE study (overall and German populations)

Overall Populationa

(n = 633)
German Populationb

(n = 377)

Mean (SD) age, years 45.4 (11.7) 46.3 (11.8)

Female, n (%) 540 (85.3) 318 (84.4)

Mean (SD) monthly headache days 20.6 (5.4) 18.9 (4.5)
aPercentages are based on total number of patients who received ≥1 dosage of onabotulinumtoxinA
bPercentages are based on the total number of patients treated at German study centres who received ≥1 dosage of onabotulinumtoxinA
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Fig. 1 (See legend on next page.)
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(See figure on previous page.)
Fig. 1 a Mean (SD) change from baseline in frequency of headache days. The patient-reported estimate of the number of days in a month with
a headache (≥4 h) at each administration visit through visit 8; b Mean (SD) change from baseline in total MSQ score; c Mean (SD) change from
baseline in EQ-5D total score. *P < 0.001 Wilcoxon signed rank test for change versus baseline (level of significance, 5%). Abbreviations: Admin,
administration; MSQ =Migraine-Specific Quality-of-Life Questionnaire, EQ-5D = EuroQol 5-Dimension Questionnaire

Fig. 2 a Percentage of patients who reported a headache-related hospitalization in the 3 months prior to baseline or since the last
onabotulinumtoxinA administration for follow-up visits; b Percentage of patients who visited any HCP in the 3 months prior to baseline or since
the last onabotulinumtoxinA administration for follow-up visits. The number of patients in administration (Admin) visits for the overall and
German populations are as follows: Admin 1, n = 633 overall, n = 377 Germany; Admin 3, n = 485 overall, n = 270 Germany; Admin 5, n = 371
overall, n = 210 Germany; Admin 8, n = 200 overall, n = 123 Germany. *P < 0.02, **P < 0.0001 McNemar test for difference versus baseline (level of
significance, 5%). Abbreviations: Admin, administration; HCP, healthcare professional
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populations (p < 0.0001). Statistical comparisons regard-
ing the number of accident and emergency visits, visits
to alternative practitioners, and visits to other HCPs
were not feasible due to the small number of patients
who reported such visits.

Health economics
The German Analysis Set comprised 264 patients for
whom health economics data were collected at German
study centres. Results of the health economic question-
naire showed that the health services most frequently
used during the 6months prior to baseline were ‘visit to
a medical specialist’ (61.7%, 95% CI [55.6%, 67.6%], n =

163/264) and ‘visit to a family doctor’ (41.7%, 95% CI
[35.7%, 47.9%], n = 110/264). In the 6 months prior to
baseline, medication for the acute treatment of headache
was taken by 71.2% of patients in the German Analysis
Set (n = 188/264).
At each time point and across all categories, the pro-

portion of patients with health service utilisation since
the last visit was less than the proportion of patients
with the respective health service utilisation during the
6 months prior to baseline. As presented in Fig. 3, the
percentage of patients who reported a visit to a family
doctor at administration visit 8 (13.5%, 95% CI [7.4%,
22.0%], n = 13/96) was significantly less than the

Table 2 Patient-reported visits to healthcare professionals by type of professional

Admin 1 Admin 3 Admin 5 Admin 8

Overall (n =
633)

Germany (n =
377)

Overall (n =
485)

Germany (n =
270)

Overall
(n =
371)

Germany
(n = 210)

Overall (n =
200)

Germany (n =
123)

Primary care
consultant

194 (30.6) 75 (19.9) 61 (12.6) 21 (7.8) 44 (11.9) 13 (6.2) 19 (9.5) 7 (5.7)

Outpatient
consultation

211 (33.3) 95 (25.2) 21 (4.3) 12 (4.4) 22 (5.9) 10 (4.8) 9 (4.5) 5 (4.1)

Accident/emergency
visit

40 (6.3) 8 (2.1) 6 (1.2) 2 (0.7) 7 (1.9) 1 (0.5) 3 (1.5) 1 (0.8)

Alternative
practitioner

40 (6.3) 21 (5.6) 4 (0.8) 2 (0.7) 3 (0.8) 2 (1.0) 4 (2.0) 3 (2.4)

Other 24 (3.8) 19 (5.0) 9 (1.9) 7 (2.6) 5 (1.3) 3 (1.4) 1 (0.5) 1 (0.8)

Frequencies are presented as n (%)

Fig. 3 Health economic questionnaire data from German patients in the SAF enrolled before 08 April 2014 showing percentages of patients who
visited a family doctor (●), visited a medical specialist (■), and used remedies, including massage, manual therapy, and physiotherapy (▲).
Percentages are related to the number of patients at the respective visit. The reporting window for the baseline visit was the last 6 months;
follow-up since the last visit. Non-overlapping 95% confidence intervals (CIs) at each time point vs. baseline are denoted by * for visits to a family
doctor, # for visits to a medical specialist, and ‡ for use of remedies; non-overlapping 95% Cis show statistical significance
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percentage of patients who reported using this service in
the 6months prior to baseline (41.7%, 95% CI [35.7%,
47.9%], n = 110/264), as demonstrated by non-
overlapping 95% CIs. The percentage of patients report-
ing a visit to a medical specialist decreased significantly
from 61.7% (95% CI [55.6%, 67.6%], n = 163/264) at
baseline to 5.2% (95% CI [1.7%, 11.7%], n = 5/96) at ad-
ministration 8. The percentage of patients reporting the
use of remedies (ie, massage, physiotherapy, and manual
therapy) also decreased significantly over the 2-year ob-
servation period from 32.6% (95% CI [27.0%, 38.6%], n =
86/264) at baseline to 16.7% (95% CI [9.8%, 25.6%], n =
16/96) at administration 8. At baseline, the most fre-
quently documented remedy was massage (22.1%, n =
57/258), followed by physiotherapy (21.7%, n = 56/258)
and manual therapy (19.8%, n = 51/258). During the 6
months prior to baseline, 8.3% (95% CI [5.3%, 12.3%],
n = 22/264) of patients received therapy by an osteopath/
non-medical practitioner while no patients reported
using this service at administration 8 (0%, 95% CI [0%,
3.8%], n = 0/96). The percentage of patients who used
acupuncture treatment decreased significantly from
14.8% (95% CI [10.7%, 19.6%], n = 39/264) at baseline
to 2.1% (95% CI [0.3%, 7.3%], n = 2/96) at administra-
tion 8. Patients also reported a significant decrease in
technical diagnostics during the observation period,
with 19.7% (95% CI [15.1%, 25.0%], n = 52/264) of pa-
tients receiving technical diagnostics in the 6 months
prior to baseline and only 1.0% (95% CI [0.0%, 5.7%],
n = 1/96) reporting the use of these services at admin-
istration 8. The most frequent examinations reported
at baseline were MRI of the head (16.3%, n = 42/258)
and ultrasound of neck vessels (5.8%, n = 15/258).
Additionally, significantly fewer patients reported tak-
ing dietary supplements for headache prevention since
the last administration visit at administration visit 8
(8.3%, 95% CI [3.7%, 15.8%], n = 8/96) than in the last
6 months before baseline (17.8%, 95% CI [13.4%,
23.0%], n = 47/264).
Fewer patients reported inpatient treatment and acute

medication use at administration visit 8 than baseline,
though the differences were not statistically significant.
At baseline, 6.4% (95% CI [3.8%, 10.1%], n = 17/264) of
patients reported inpatient treatment in an acute care
hospital within the last 6 months. This proportion de-
creased to 2.6% (95% CI [1.0%, 5.6%], n = 6/288) of pa-
tients at administration 2, and 0% (95% CI [0%, 3.8%],
n = 0/96) of patients reported using this service at ad-
ministration visit 8. Over the 2-year observation period,
there was a decrease in the percentage of patients that
reported taking medication for the acute treatment of
headache, 71.2% (95% CI [65.3%, 76.6%], n = 188/264) at
baseline and 58.3% (95% CI [47.8%, 68.3%], n = 56/96) at
administration 8.

Measures of incapacity for work, absenteeism, and im-
paired performance due to headache improved signifi-
cantly in the German Analysis Set over the 2-year
observation period of onabotulinumtoxinA treatment
(Fig. 4). At baseline, 55.7% (95% CI [49.5%, 61.8%], n =
147/264) of patients indicated that performance at
school or work was impaired when having a headache at
school/work in the past 4 weeks whereas 20.8% (95% CI
[13.2%, 30.3%], n = 20/96) reported this problem at ad-
ministration 8 since the last administration visit. The
percentage of patients that reported absence from school
or work during these periods decreased from 23.9%
(95% CI [18.9%, 29.5%], n = 63/264) at baseline to 5.2%
(95% CI [1.7%, 11.7%], n = 5/96) at administration 8. In
the 6months prior to baseline, 27.7% (95% CI [22.3%,
33.5%], n = 73/264) of patients had been incapacitated
for work and a disability was reported by 4.9% (95% CI
[2.6%, 8.3%], n = 13/264) of patients. The percentage of
patients who reported disability also decreased from
baseline to administration 8, though the change was not
statistically significant. At administration visit 8, the per-
centage of patients who reported incapacity and disabil-
ity since the last visit with onabotulinumtoxinA
administration decreased to 6.3% (95% CI [2.3%, 13.1%],
n = 6/96) and 0.0% (95% CI [0.0%, 3.8%], n = 0/96),
respectively.

Safety
Adverse drug reactions were reported by 18.3% (n = 116/
633) of patients in REPOSE, the majority of which were
of mild (7.1%, n = 45/633) to moderate (7.4%, n = 47/
633) intensity. ADRs occuring in > 2% of patients in-
cluded eyelid ptosis (5.4%, n = 34/633), neck pain (2.8%,
n = 18/633), and musculoskeletal stiffness (2.7%, n = 17/
633). No new safety concerns were identified.

Discussion
According to the Global Burden of Disease Study, mi-
graine is the second leading cause of years lived with dis-
ability [24] and associated with substantial economic
burden. Across Europe, CM is associated with higher
medical resource use and total costs than episodic mi-
graine [9, 25, 26]. The objective of the REPOSE study
was to describe the long-term, real-world use of onabo-
tulinumtoxinA for the symptomatic treatment of adults
with CM over a 2-year period, measuring healthcare re-
source utilisation and patient-reported outcomes ob-
served in clinical practice. Real-world evidence from the
REPOSE study demonstrates that long-term treatment
with onabotulinumtoxinA is significantly associated with
a sustained reduction in monthly headache days, im-
proved quality of life, and decreases in both HRU and
work impairment.
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In Germany and across all study centres, patient-
reported HRU decreased with onabotulinumtoxinA
treatment. Significant reductions in headache-related
hospital admissions and HCP visits were observed after
the first onabotulibumtoxinA administration and both
outcomes continued to decline throughout the 2-year
observation period. At administration visit 8, headache-
related hospital admissions since the last administration
visit were reported by only 1% of patients in the overall
study population and 0.8% of German patients, com-
pared with 6.0% and 4.2% at baseline, respectively.
Headache-related HCP visits were reported by 12.5% of
the overall population and 8.1% of German patients at
administration visit 8, which was significantly less than
the 45.8% of patients overall and 35.8% of German pa-
tients who reported HCP visits in the 3 months prior to
baseline. Primary care visits and outpatient consultations
constituted the majority of HCP visits reported in this
study.
Additional HRU data were collected for patients

treated at German study centres and showed reductions
across all HRU outcomes with onabotulinumtoxinA
treatment, including significant decreases in visits to a
family doctor, visits to medical specialists, technical diag-
nostics, and the use of other remedies. Notably, over the
2-year observation period, the percentage of patients
who reported visits to a family doctor decreased by 68%
and visits to a medical specialist decreased by 92%.

Additionally, there was a 49% decrease in the percentage
of patients who used remedies such as massage, manual
therapy, and physiotherapy for headaches and a 29% de-
crease in the percentage of patients taking medication
for the acute treatment of headaches. In addition to the
financial burden that direct medical costs of CM place
on individuals and healthcare systems, indirect costs
resulting from lost work productivity can also create
hardship for individuals with CM and their families [4,
27]. In REPOSE, the percentage of patients who reported
incapacity for and absenteeism from school or work de-
creased significantly by 77% and 78%, respectively, from
baseline to administration visit 8. Impaired performance
at school or work also decreased significantly by 63%
over the 2-year period and no patients reported
headache-related disability at administration visit 8. In
REPOSE, treatment with onabotulinumtoxinA positively
impacted not only headache day frequency but also the
direct and indirect costs associated with CM.
Results from the REPOSE study complement a grow-

ing body of real-world evidence that demonstrates add-
itional treatment benefits of onabotulinumtoxinA
beyond headache day reduction. For instance, in the
single-arm, open-label COMPEL study, onabotulinum-
toxinA treatment was associated with significant reduc-
tions in headache-related HCP visits, emergency room
and urgent care visits, and diagnostic tests in adults with
CM [28]. Similar reductions in HRU, as well as

Fig. 4 Health economic questionnaire data from German patients in the SAF enrolled before 08 April 2014. Percentage of patients who had been
incapacitated for work (●) or reported a disability (■) in the last 6 months prior to baseline or since the last visit, and the percentage of patients
that had been absent from school or work (▲) or stated that performance at school or work had been impaired when having a headache at
school/work (♦) in the last 4 weeks prior to baseline or since the last visit. Percentages are related to the number of patients at the respective
visit. Non-overlapping 95% confidence intervals at each time point vs. baseline are denoted by * for absenteeism, # for work incapacity, and ‡ for
impaired performance; non-overlapping 95% Cis show statistical significance
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improvements in workplace productivity, were observed
in the multicentre, observational Canadian PREDICT
study [29]. A real-world, open-label study by Rothrock
et al. [10] of CM patients presenting to a university-
based subspecialty headache clinic showed that patients
had 55% fewer emergency department visits, 59% fewer
urgent care visits, and 57% fewer hospitalizations during
the 6-month onabotulinumtoxinA treatment period than
in the 6 months before initiating treatment. These reduc-
tions in HRU represent a significant cost offset and are
consistent with the findings of a study by Naprienko
et al. [30] that demonstrated greater cost-savings with
onabotulinumtoxinA treatment for CM than topiramate
or acupuncture. When compared with oral migraine
preventive medications, onabotulinumtoxinA was associ-
ated with a significantly lower likelihood of headache-
related emergency department visits and hospitalizations
in a large, United States healthcare claims database study
[31]. Additionally, cost-effectiveness analyses have
shown that onabotulinumtoxinA is a cost-effective treat-
ment for chronic migraine in the UK [20, 32], Sweden
and Norway [33], and Italy [34].
Collectively, these findings demonstrate the potential

for treatment with onabotulinumtoxinA to address the
economic burden imposed on individuals and healthcare
systems by both the direct and indirect costs of CM. A
retrosective observational analysis by Negro et al. [26] of
electronic medical records from patients treated at an
Italian tertiary headache centre showed that the average
annual migraine-related expenditure per patient was
€1482, with medications and specialist visits accounting
for the majority of expenditures. Furthermore, the an-
nual direct cost of CM was 4.8-fold higher than that of
EM (€2037 vs. €427, p = 0.001). A recent study by Kikui
et al. [35] that aimed to estimate the disease burden of
migraine in Japan found that compared with matched
controls, migraine patients had higher absenteeism, pre-
senteetism, work productivity impairment, total activity
impairment, indirect costs, and more HCP visits in the
past 6 months. With considerable variation among
healthcare systems worldwide, additional country-
specific, real-world data will further inform the eco-
nomic value of onabotulinumtoxinA treatment for CM
in the clinical setting.
The REPOSE study provides long-term, real-world

data to support the treatment benefit of onabotulinum-
toxinA for CM in clinical practice. No new safety signals
were identified with longer-term use and administration
using real-world prescribing patterns. The REPOSE
study population is representative of the typical migraine
population and included study centres across 7 coun-
tries. The results are generalizable to routine clinical
practice in these countries, though sample sizes were
small in some participating countries. All real-world

studies are subject to some limitations due to their ob-
servational nature, including recall bias, loss of follow-
up, and the lack of formal protocol requirements and ex-
clusion criteria. When interpreting these data, it is im-
portant to note that the results represent real-world
treatment conditions where patients may have been tak-
ing (including stopping/starting treatment; dose de-
crease/increase) concomitant preventive medications.
Additionally, onabotulinumotxinA treatment disconit-
nuation in REPOSE due to lack of efficacy may have re-
sulted in an enriched patient population that could
potentially confound the results. The number of patients
who reported HRU was small especially at later visits,
which may reflect a population of patients who
responded to treatment, and therefore, the results should
be interpreted accordingly.

Conclusions
CM treatment with onabotulinumtoxinA was associated
with a significant reduction in monthly headache days
and decreased HRU in German patients, including
headache-related hospitalizations, visits to a family doc-
tor, visits to a medical specialist, technical diagnostics,
and the use of other remedies. These data support the
long-term benefits associated with the use of onabotuli-
numtoxinA for the treatment of CM in German clinical
practice.

Abbreviations
CI: Confidence interval; CM: Chronic migraine; EQ-5D: EuroQol 5-Dimension
Questionnaire; HCP: Healthcare professional; HRU: Healthcare resource
utilization; MSQ: Migraine Specific Quality of Life Questionnaire; PASS: Post-
Authorization Safety Study; PREEMPT: Phase III Research Evaluating Migraine
Prophylaxis Therapy; SAF: Safety analysis set; SD: Standard deviation;
SPC: Summary of product characteristics

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s10194-021-01260-4.

Additional file 1: Supplemental Table 1. End of study reasons and
reasons for discontinuation.

Additional file 2: Supplemental Table 2. Baseline demographics,
migraine history, and clinical characteristics of patients in the REPOSE
study (overall and by country)a.

Additional file 3: Supplemental Table 3. Change from baseline in
effectiveness outcomes: MSQ v2.1 and EQ-5D, by country.

Additional file 4: Supplemental Table 4. Percentage of patients who
reported headache-related hospitalizations and HCP visits in the 3
months prior to baseline or since the last onabotulinumtoxinA adminis-
tration for follow-up visits, by country.

Additional file 5: Supplemental Figure 1. A) Physician (left) and
patient (right) satisfaction with onabotulinumtoxinA treatment in the
overall REPOSE study population B) Physician (left) and patient (right)
satisfaction with onabotulinumtoxinA treatment in the German study
population C) Physician (left) and patient (right) evaluation of
onabotulinumtoxinA treatment tolerability in the overall REPOSE study
population D) Physician (left) and patient (right) evaluation of

Kollewe et al. The Journal of Headache and Pain           (2021) 22:50 Page 10 of 12

https://doi.org/10.1186/s10194-021-01260-4
https://doi.org/10.1186/s10194-021-01260-4


onabotulinumtoxinA treatment tolerability in the REPOSE study
population.

Acknowledgments
The sponsor and authors would like to thank study participants and their
families, the study investigators, research coordinators, and study staff.

Authors’ contributions
All authors participated in study conception and design. KK, CG, AG, and KS
participated in data acquisition. All authors participated in data analysis and
interpretation. All authors read and approved the final manuscript.

Funding
This study was sponsored by Allergan plc, Dublin, Ireland (prior to its
acquisition by AbbVie Inc.). Writing and editorial assistance was provided to
the authors by Kristin Hirahatake, PhD of AbbVie Inc. All authors met the
ICMJE authorship criteria. Neither honoraria nor payments were made for
authorship. Open Access funding enabled and organized by Projekt DEAL.

Availability of data and materials
AbbVie is committed to responsible data sharing regarding the clinical trials
we sponsor. This includes access to anonymized, individual and trial-level
data (analysis data sets), as well as other information (e.g., protocols and Clin-
ical Study Reports), as long as the trials are not part of an ongoing or
planned regulatory submission. This includes requests for clinical trial data
for unlicensed products and indications.
This clinical trial data can be requested by any qualified researchers who
engage in rigorous, independent scientific research, and will be provided
following review and approval of a research proposal and Statistical Analysis
Plan (SAP) and execution of a Data Sharing Agreement (DSA). Data requests
can be submitted at any time and the data will be accessible for 12 months,
with possible extensions considered. For more information on the process,
or to submit a request, visit the following link: https://www.abbvie.com/our-
science/clinical-trials/clinical-trials-data-and-information-sharing/data-and-
information-sharing-with-qualified-researchers.html.

Declarations

Ethics approval and consent to participate
Before study initiation, all investigators obtained ethical approval from their
respective ethics committees. The study was conducted in accordance with
the International Council on Harmonisation Guideline for Good Clinical
Practice. Informed consent was obtained from each patient before
enrolment.

Consent for publication
Not applicable.

Competing interests
Financial arrangements of the authors with companies whose products may
be related to the present report are listed below, as declared by the authors.
Katja Kollewe, MD, has received travel grants and honoraria for lectures or
advisory boards from Allergan, an AbbVie Company, Biogen, Ipsen, Lilly,
Merz, Novartis, and Teva. KK does not hold stocks of any pharmaceutical or
medical device companies. Charly Gaul, MD, has received honoraria for
consulting and lectures within the past three years from Allergan, an AbbVie
Company, Lilly, Novartis Pharma, Hormosan Pharma, Grünenthal, Sanofi-
Aventis, Weber & Weber, Lundbeck and TEVA. He does not hold any stocks
of pharmaceutical companies. He is honorary secretary of the German Mi-
graine and Headache Society. Astrid Gendolla, MD, has received fees for lec-
tures and consulting in the last 3 years from Allergan, an AbbVie Company,
Reckitt Benckiser, St. Jude Medical, Bayer, Grünenthal, Mundipharma, Zahnärz-
tekammer KVNO, GAF, Novartis, Lilly, Perfood, and Teva. She does not hold
stocks of any pharmaceutical companies. She is vice president of the German
Pain Society. Katherine Sommer, PhD, is an employee of AbbVie Inc. and re-
ceives stock or stock options.

Author details
1Medical School Hannover, Carl-Neuberg-Straße 1, 30625 Hannover,
Germany. 2Migraine and Headache Clinic, Königstein, Germany. 3Praxis fur

Neurologie, Essen, Germany. 4Allergan, An AbbVie Company, Marlow,
Buckinghamshire, UK.

Received: 14 April 2021 Accepted: 14 May 2021

References
1. Headache Classification Committee of the International Headache Society

(IHS) (2018) The International Classification of Headache Disorders, 3rd
edition. Cephalalgia 38(1):1–211

2. 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(5):599–609. https://doi.org/10.1111/j.1468-2982.2009.01941.x

3. Yoon MS, Manack A, Schramm S, Fritsche G, Obermann M, Diener HC,
Moebus S, Katsarava Z (2013) Chronic migraine and chronic tension-type
headache are associated with concomitant low back pain: results of the
German headache consortium study. Pain 154(3):484–492. https://doi.org/1
0.1016/j.pain.2012.12.010

4. Buse DC, Fanning KM, Reed ML, Murray S, Dumas PK, Adams AM, Lipton RB
(2019) Life with migraine: effects on relationships, career, and finances from
the chronic migraine epidemiology and outcomes (CaMEO) study.
Headache 59(8):1286–1299. https://doi.org/10.1111/head.13613

5. Buse DC, Scher AI, Dodick DW, Reed ML, Fanning KM, Manack Adams A,
Lipton RB (2016) Impact of migraine on the family: perspectives of people
with migraine and their spouse/domestic partner in the CaMEO study.
Mayo Clin Proc 91(5):596–611. https://doi.org/10.1016/j.mayocp.2016.02.013

6. Adams AM, Serrano D, Buse DC, Reed ML, Marske V, Fanning KM, Lipton RB
(2015) The impact of chronic migraine: the chronic migraine epidemiology
and outcomes (CaMEO) study methods and baseline results. Cephalalgia
35(7):563–578. https://doi.org/10.1177/0333102414552532

7. Blumenfeld AM, Varon SF, Wilcox TK, Buse DC, Kawata AK, Manack A,
Goadsby PJ, Lipton RB (2011) Disability, HRQoL and resource use among
chronic and episodic migraineurs: results from the international burden of
migraine study (IBMS). Cephalalgia 31(3):301–315. https://doi.org/10.1177/
0333102410381145

8. Lanteri-Minet M (2014) Economic burden and costs of chronic migraine. Curr
Pain Headache Rep 18(1):385. https://doi.org/10.1007/s11916-013-0385-0

9. Bloudek LM, Stokes M, Buse DC, Wilcox TK, Lipton RB, Goadsby PJ, Varon SF,
Blumenfeld AM, Katsarava Z, Pascual J, Lanteri-Minet M, Cortelli P, Martelletti
P (2012) Cost of healthcare for patients with migraine in five European
countries: results from the international burden of migraine study (IBMS). J
Headache Pain 13(5):361–378. https://doi.org/10.1007/s10194-012-0460-7

10. Rothrock JF, Bloudek LM, Houle TT, Andress-Rothrock D, Varon SF (2014)
Real-world economic impact of onabotulinumtoxinA in patients with
chronic migraine. Headache 54(10):1565–1573. https://doi.org/10.1111/hea
d.12456

11. BOTOX® [Package Insert]. Westport, County Mayo, Ireland: Allergan
Pharmaceuticals; 2014.

12. Aurora SK, Dodick DW, Turkel CC, DeGryse RE, Silberstein SD, Lipton RB,
Diener HC, Brin MF, PREEMPT 1 Chronic Migraine Study Group (2010)
OnabotulinumtoxinA for treatment of chronic migraine: results from the
double-blind, randomized, placebo-controlled phase of the PREEMPT 1 trial.
Cephalalgia 30(7):793–803. https://doi.org/10.1177/0333102410364676

13. Diener HC, Dodick DW, Aurora SK, Turkel CC, DeGryse RE, Lipton RB,
Silberstein SD, Brin MF, PREEMPT 2 Chronic Migraine Study Group (2010)
OnabotulinumtoxinA for treatment of chronic migraine: results from the
double-blind, randomized, placebo-controlled phase of the PREEMPT 2 trial.
Cephalalgia 30(7):804–814. https://doi.org/10.1177/0333102410364677

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

15. Blumenfeld A, Silberstein SD, Dodick DW, Aurora SK, Turkel CC, Binder WJ
(2010) Method of injection of onabotulinumtoxinA for chronic migraine: a
safe, well-tolerated, and effective treatment paradigm based on the PREE
MPT clinical program. Headache 50(9):1406–1418. https://doi.org/10.1111/j.1
526-4610.2010.01766.x

16. Blumenfeld AM, Stark RJ, Freeman MC, Orejudos A, Manack AA (2018) Long-
term study of the efficacy and safety of OnabotulinumtoxinA for the
prevention of chronic migraine: COMPEL study. J Headache Pain 19(1):13.
https://doi.org/10.1186/s10194-018-0840-8

Kollewe et al. The Journal of Headache and Pain           (2021) 22:50 Page 11 of 12

https://www.abbvie.com/our-science/clinical-trials/clinical-trials-data-and-information-sharing/data-and-information-sharing-with-qualified-researchers.html
https://www.abbvie.com/our-science/clinical-trials/clinical-trials-data-and-information-sharing/data-and-information-sharing-with-qualified-researchers.html
https://www.abbvie.com/our-science/clinical-trials/clinical-trials-data-and-information-sharing/data-and-information-sharing-with-qualified-researchers.html
https://doi.org/10.1111/j.1468-2982.2009.01941.x
https://doi.org/10.1016/j.pain.2012.12.010
https://doi.org/10.1016/j.pain.2012.12.010
https://doi.org/10.1111/head.13613
https://doi.org/10.1016/j.mayocp.2016.02.013
https://doi.org/10.1177/0333102414552532
https://doi.org/10.1177/0333102410381145
https://doi.org/10.1177/0333102410381145
https://doi.org/10.1007/s11916-013-0385-0
https://doi.org/10.1007/s10194-012-0460-7
https://doi.org/10.1111/head.12456
https://doi.org/10.1111/head.12456
https://doi.org/10.1177/0333102410364676
https://doi.org/10.1177/0333102410364677
https://doi.org/10.1111/j.1526-4610.2011.01990.x
https://doi.org/10.1111/j.1526-4610.2010.01766.x
https://doi.org/10.1111/j.1526-4610.2010.01766.x
https://doi.org/10.1186/s10194-018-0840-8


17. Ahmed F, Gaul C, Garcia-Monco JC, Sommer K, Martelletti P,
Investigators RP (2019) An open-label prospective study of the real-life
use of onabotulinumtoxinA for the treatment of chronic migraine: the
REPOSE study. J Headache Pain 20(1):26. https://doi.org/10.1186/s10194-
019-0976-1

18. Kollewe K, Escher CM, Wulff DU, Fathi D, Paracka L, Mohammadi B, Karst M,
Dressler D (2016) Long-term treatment of chronic migraine with
OnabotulinumtoxinA: efficacy, quality of life and tolerability in a real-life
setting. J Neural Transm (Vienna) 123(5):533–540. https://doi.org/10.1007/
s00702-016-1539-0

19. Ornello R, Ahmed F, Negro A, Miscio AM, Santoro A, Alpuente A, Russo A,
Silvestro M, Cevoli S, Brunelli N, Vernieri F, Grazzi L, Baraldi C, Guerzoni S,
Andreou AP, Lambru G, Frattale I, Kamm K, Ruscheweyh R, Russo M, Torelli
P, Filatova E, Latysheva N, Gryglas-Dworak A, Straburzynski M, Butera C,
Colombo B, Filippi M, Pozo-Rosich P, Martelletti P, Sacco S (2021) Early
management of OnabotulinumtoxinA treatment in chronic migraine:
insights from a real-life European multicenter study. Pain Ther 10(1):637–
650. https://doi.org/10.1007/s40122-021-00253-0

20. Hollier-Hann G, Curry A, Onishchenko K, Akehurst R, Ahmed F, Davies B,
Keyzor I (2020) Updated cost-effectiveness analysis of onabotulinumtoxinA
for the prevention of headache in adults with chronic migraine who have
previously received three or more preventive treatments in the UK. J Med
Econ 23(1):113–123. https://doi.org/10.1080/13696998.2019.1675417

21. Davies B, Gaul C, Martelletti P, Garcia-Monco JC, Brown S (2017) Real-life use
of onabotulinumtoxinA for symptom relief in patients with chronic
migraine: REPOSE study methodology and baseline data. J Headache Pain
18(1):93. https://doi.org/10.1186/s10194-017-0802-6

22. 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(3):204–215. https://doi.
org/10.1046/j.1526-4610.2000.00030.x

23. Balestroni G, Bertolotti G (2012) EuroQol-5D (EQ-5D): an instrument for
measuring quality of life. Monaldi Arch Chest Dis 78(3):155–159. https://doi.
org/10.4081/monaldi.2012.121

24. Disease GBD, Injury I, Prevalence C (2018) Global, regional, and national
incidence, prevalence, and years lived with disability for 354 diseases and
injuries for 195 countries and territories, 1990-2017: a systematic analysis for
the global burden of Disease study 2017. Lancet 392(10159):1789–1858

25. Sanderson JC, Devine EB, Lipton RB, Bloudek LM, Varon SF, Blumenfeld AM,
Goadsby PJ, Buse DC, Sullivan SD (2013) Headache-related health resource
utilisation in chronic and episodic migraine across six countries. J Neurol
Neurosurg Psychiatry 84(12):1309–1317. https://doi.org/10.1136/jnnp-2013-3
05197

26. Negro A, Sciattella P, Rossi D, Guglielmetti M, Martelletti P, Mennini FS
(2019) Cost of chronic and episodic migraine patients in continuous
treatment for two years in a tertiary level headache Centre. J Headache Pain
20(1):120. https://doi.org/10.1186/s10194-019-1068-y

27. Stewart WF, Wood GC, Manack A, Varon SF, Buse DC, Lipton RB (2010)
Employment and work impact of chronic migraine and episodic migraine. J
Occup Environ Med 52(1):8–14. https://doi.org/10.1097/JOM.0b013e3181c1
dc56

28. Rothrock JFSR, Sommer K, Blumenfeld AM (2019) Healthcare resource
utilization in adult patients treated with Onabotulinumtoxina for Chronic
Migraine: results from the COMPEL study. Headache 59(Suppl 1):108

29. Boudreau GBW, Graboski C, Ong-Lam M, Finkelstein I, Christie S, Bhogal M,
Davidovic G (2019) Impact of onabotulinumtoxinA on quality of life, health
resource utilization, and work productivity in people with chronic migraine:
interim results from a prospective, observational study (PREDICT). Neurology
92(Suppl 15):P4.10–P4023

30. Naprienko MV, Smekalkina LV, Safonov MI, Filatova EG, Latysheva NV,
Ekusheva EV, Artemenko AR, Osipova VV, Baiushkina LI (2019) Real-world
migraine burden: clinical and economic aspects. Zh Nevrol Psikhiatr Im S S
Korsakova 119(1):31–37. https://doi.org/10.17116/jnevro201911901131

31. Hepp Z, Rosen NL, Gillard PG, Varon SF, Mathew N, Dodick DW (2016)
Comparative effectiveness of onabotulinumtoxinA versus oral migraine
prophylactic medications on headache-related resource utilization in the
management of chronic migraine: retrospective analysis of a US-based
insurance claims database. Cephalalgia 36(9):862–874. https://doi.org/10.11
77/0333102415621294

32. Batty AJ, Hansen RN, Bloudek LM, Varon SF, Hayward EJ, Pennington BW,
Lipton RB, Sullivan SD (2013) The cost-effectiveness of onabotulinumtoxinA

for the prophylaxis of headache in adults with chronic migraine in the UK. J
Med Econ 16(7):877–887. https://doi.org/10.3111/13696998.2013.802694

33. Hansson-Hedblom A, Axelsson I, Jacobson L, Tedroff J, Borgstrom F (2020)
Economic consequences of migraine in Sweden and implications for the
cost-effectiveness of onabotulinumtoxinA (Botox) for chronic migraine in
Sweden and Norway. J Headache Pain 21(1):99. https://doi.org/10.1186/s101
94-020-01162-x

34. Ruggeri M (2014) The cost effectiveness of Botox in Italian patients with
chronic migraine. Neurol Sci 35(Suppl 1):45–47. https://doi.org/10.1007/s1
0072-014-1741-5

35. Kikui S, Chen Y, Todaka H, Asao K, Adachi K, Takeshima T (2020) Burden of
migraine among Japanese patients: a cross-sectional National Health and
wellness survey. J Headache Pain 21(1):110. https://doi.org/10.1186/s10194-
020-01180-9

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

Kollewe et al. The Journal of Headache and Pain           (2021) 22:50 Page 12 of 12

https://doi.org/10.1186/s10194-019-0976-1
https://doi.org/10.1186/s10194-019-0976-1
https://doi.org/10.1007/s00702-016-1539-0
https://doi.org/10.1007/s00702-016-1539-0
https://doi.org/10.1007/s40122-021-00253-0
https://doi.org/10.1080/13696998.2019.1675417
https://doi.org/10.1186/s10194-017-0802-6
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/10.4081/monaldi.2012.121
https://doi.org/10.4081/monaldi.2012.121
https://doi.org/10.1136/jnnp-2013-305197
https://doi.org/10.1136/jnnp-2013-305197
https://doi.org/10.1186/s10194-019-1068-y
https://doi.org/10.1097/JOM.0b013e3181c1dc56
https://doi.org/10.1097/JOM.0b013e3181c1dc56
https://doi.org/10.17116/jnevro201911901131
https://doi.org/10.1177/0333102415621294
https://doi.org/10.1177/0333102415621294
https://doi.org/10.3111/13696998.2013.802694
https://doi.org/10.1186/s10194-020-01162-x
https://doi.org/10.1186/s10194-020-01162-x
https://doi.org/10.1007/s10072-014-1741-5
https://doi.org/10.1007/s10072-014-1741-5
https://doi.org/10.1186/s10194-020-01180-9
https://doi.org/10.1186/s10194-020-01180-9

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Study design
	OnabotulinumtoxinA treatment
	Outcomes measures
	Statistical analysis

	Results
	Study population
	OnabotulinumtoxinA utilisation
	Outcome measures
	Effectiveness
	Healthcare resource utilisation
	Health economics

	Safety

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

