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Abstract

Background: These subgroup analyses of a Phase 3, randomized, double-blind, placebo-controlled study evaluated
the efficacy and safety of erenumab 70 mg in Japanese migraine patients with/without prior preventive treatment
failure(s) (“failed-yes” and “failed-no” subgroups) and with/without concomitant preventive treatment (“concomitant
preventive-yes” and “concomitant preventive-no” subgroups).

Methods: Overall, 261 patients were randomized; 130 and 131 patients to erenumab 70 mg and placebo,
respectively. Subgroup analyses evaluated the change from baseline to Months 4–6 in mean monthly migraine
days (MMD) (primary endpoint), achievement of a ≥50% reduction in mean MMD, and change from baseline in
mean monthly acute migraine-specific medication (MSM) treatment days. Treatment-emergent adverse events were
also evaluated.

Results: Of the 261 patients randomized, 117 (44.8%) and 92 (35.3%) patients were in the failed-yes and
concomitant preventive-yes subgroups, respectively. Erenumab 70 mg demonstrated consistent efficacy across all
subgroups, with greater reductions from baseline in mean MMD versus placebo at Months 4–6 (treatment
difference versus placebo [95% CI], failed-yes: − 1.9 [− 3.3, − 0.4]; failed-no: − 1.4 [− 2.6, − 0.3]; concomitant
preventive-yes: − 1.7 [− 3.3, 0.0]; concomitant preventive-no: − 1.6 [− 2.6, − 0.5]). Similar results were seen for
achievement of ≥50% reduction in mean MMD and change from baseline in mean monthly acute MSM treatment
days. The safety profile of erenumab 70 mg was similar across subgroups, and similar to placebo in each subgroup.

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: hirata@dokkyomed.ac.jp
1Department of Neurology Headache Center, Dokkyo Medical University, 880
Kitakobayashi, Mibu, Shimotsuga District, Tochigi 321-0293, Japan
Full list of author information is available at the end of the article

The Journal of Headache
                           and Pain

Hirata et al. The Journal of Headache and Pain          (2021) 22:110 
https://doi.org/10.1186/s10194-021-01313-8

http://crossmark.crossref.org/dialog/?doi=10.1186/s10194-021-01313-8&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:hirata@dokkyomed.ac.jp


Conclusion: Erenumab was associated with clinically relevant improvements in all efficacy endpoints and was well
tolerated across all subgroups of Japanese migraine patients with/without prior preventive treatment failure(s) and
with/without concomitant preventive treatment.

Trial registration: Clinicaltrials.gov. NCT03812224. Registered January 23, 2019.

Keywords: Concomitant preventive treatment, Erenumab, Migraine, Prior preventive treatment failure

Introduction
Migraine, i.e. episodic migraine (EM) and chronic mi-
graine (CM), is a debilitating headache disorder that sig-
nificantly impairs functioning and quality of life [1–3],
with an annual prevalence of 8.4% in Japan [4]. The goal
of preventive treatment is to reduce the frequency and
severity of migraine; however, unmet needs for new
treatments remain for Japanese patients with migraine
due to low utilization rates, insufficient efficacy, and/or
poor tolerability of existing preventive therapies [5–9].
Erenumab (erenumab-aooe in the United States) is a

fully human monoclonal antibody that selectively targets
and blocks the calcitonin gene-related peptide receptor
[10–13]. Previously, a double-blind, placebo-controlled,
Phase 2 study of Japanese patients with EM demonstrated
significantly greater reductions with erenumab 70mg and
140mg once monthly versus placebo in mean monthly
migraine days (MMD) and mean monthly acute migraine-
specific medication (MSM) treatment days, along with sig-
nificantly greater odds of achieving a ≥50% reduction from
baseline in mean MMD [14]. In Phase 2 and 3 studies out-
side of Japan, the efficacy of erenumab has been demon-
strated in patients with EM or CM who have previously
failed migraine preventive treatment [15–17]. However,
the efficacy of erenumab among Japanese patients who
have previously failed preventive treatment or who are
currently receiving a standard of care preventive treatment
remains to be elucidated.
Recently, a Phase 3, randomized, double-blind, placebo-

controlled study assessed the efficacy and safety of erenu-
mab 70mg for the prevention of migraine in 261 Japanese
patients with EM or CM [18]. Here, we report the results
of subgroup analyses of the main Phase 3 study [18] that
evaluated the efficacy and safety of erenumab 70mg treat-
ment in the subgroups of Japanese patients with/without
prior preventive treatment failure(s) and with/without
concomitant preventive treatment.

Methods
Study design and patients
These were subgroup analyses of data from a Phase 3,
randomized, double-blind, placebo-controlled study of
261 Japanese patients with EM or CM (ClinicalTrials.gov
identifier: NCT03812224) [18]. The study comprised an
initial screening phase (up to 3 weeks), a 4-week baseline

phase, and a 24-week double-blind treatment phase
(DBTP), followed by a 28-week open-label extension
period and an 8-week follow-up period (Supplemental
Fig. 1). In the DBTP, patients were randomized (1:1) to
receive erenumab 70mg or placebo once monthly sub-
cutaneously for 24 weeks. This study reports efficacy and
safety data from the 24-week DBTP only.
The study enrolled Japanese patients with EM or CM

aged 20–65 years, with a history of migraine (Inter-
national Classification of Headache Disorders, 3rd edi-
tion criteria) with or without aura for ≥12months before
screening. CM was defined as ≥15 headache days per
month, of which ≥8 headache days on average across the
3 months prior to screening met the criteria for migraine
days. EM was defined as <15 headache days per month,
of which ≥4 headache days on average across the 3
months prior to screening met the criteria for migraine
days. During the baseline phase, patients were required
to have the same migraine type as prior to screening and
demonstrate ≥80% compliance with a daily electronic
diary (eDiary) used to record migraine symptoms.
The main exclusion criteria included age >50 years at

migraine onset, body mass index >40 kg/m2, history of
cluster/hemiplegic migraine, migraine with continuous
pain, no therapeutic response to ≥3 prior migraine pre-
ventive classes (defined as no reduction in headache fre-
quency, duration, or severity after 6 weeks of treatment
at the generally accepted therapeutic dose, as judged by
the investigator), or any significant medical condition
that precluded study entry.

Subgroups
Patient subgroups were defined on the basis of prior and
concomitant migraine preventive treatment status. The
“failed-yes” subgroup included patients who had previ-
ously failed ≥1 prior preventive treatment category due
to lack of efficacy and/or unacceptable tolerability, as re-
corded by the investigator. The “failed-no” subgroup in-
cluded patients who had never failed prior preventive
treatment (composed of patients who had not previously
received preventive treatment or received preventive
treatment and had not failed). The “concomitant
preventive-yes” subgroup included patients receiving a
concomitant standard of care migraine preventive treat-
ment and the “concomitant preventive-no” subgroup
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included patients not receiving a concomitant migraine
preventive treatment.
Migraine preventive treatments were defined accord-

ing to the American Academy of Neurology/American
Headache Society [19], and Japanese Headache Society
guidelines [6]. The following were the categories of prior
migraine preventive treatments: topiramate; beta-blockers
(e.g. propranolol or metoprolol); tricyclic antidepressants
(e.g. amitriptyline or nortriptyline); divalproex sodium
or sodium valproate; calcium channel blockers (e.g. flunari-
zine, verapamil, lomerizine); serotonin-norepinephrine re-
uptake inhibitors (e.g. venlafaxine, desvenlafaxine,
duloxetine, and milnacipran); botulinum toxin; antihyper-
tensives (lisinopril or candesartan); or other medications.
Except for the category of “other medications,” any of the
aforementioned medications were considered a concomi-
tant migraine preventive medication, along with clonidine,
guanfacine, cyproheptadine, pizotifen, methysergide, butter-
bur, feverfew, magnesium, and riboflavin.

Assessments and endpoints
Headache data were captured daily via eDiary measure-
ment during the baseline period and the DBTP. The pri-
mary efficacy endpoint was the change from baseline in
mean MMD. A migraine day was defined as any calen-
dar day on which the patient had onset, continuation, or
recurrence of a qualified migraine (i.e. migraine with or
without aura lasting for ≥4 h with either ≥2 pain features
or ≥1 associated nonpain symptom, or both) as recorded
in the eDiary. Any calendar day on which acute MSM
was used was also counted as a migraine day regardless
of the headache duration, pain features, and associated
symptoms. Secondary efficacy endpoints were the pro-
portion of patients achieving a ≥50% reduction from
baseline in mean MMD and the change from baseline in
mean monthly acute MSM treatment days.
All efficacy endpoints were assessed over the last 3

months (Months 4–6) of the DBTP. Treatment-
emergent adverse events (TEAEs) were collected
throughout the DBTP and graded according to Common
Terminology Criteria for Adverse Events (CTCAE) ver-
sion 4.03.

Statistical analysis
All statistical analyses were conducted using SAS version
9.2 (SAS Institute Inc., Cary, NC, USA). All efficacy ana-
lyses in the prior treatment failure subgroups were pre-
specified, and efficacy analyses in the concomitant
preventive treatment subgroups were post hoc. The full
analysis set included all randomized patients. The effi-
cacy analysis set included all patients who received ≥1
dose of erenumab 70 mg or placebo and had ≥1 change
from baseline measurement in MMD during the DBTP.
The safety analysis set included all randomized patients

who received ≥1 dose of erenumab 70 mg or placebo,
unless a patient received the incorrect dose during the
DBTP. Changes from baseline in mean MMD and mean
monthly acute MSM treatment days over Months 4–6
were analyzed using generalized linear mixed-effect
models, which included treatment, visit, treatment-by-
visit interaction, stratification factor of migraine type
(EM or CM), and baseline value as covariates and as-
sumed a first-order autoregressive covariance structure.
An additional stratification factor of migraine preventive
treatment status (ever used or never used) was not in-
cluded in the adjusted models. Adjusted analysis results
were obtained using contrasts. The least squares mean
(LSM) changes from baseline with 95% confidence inter-
vals (95% CIs) for each treatment group, the treatment
difference (erenumab 70 mg − placebo) with the 95% CI,
and nominal p-values without multiplicity adjustment
were calculated. Achievement of a ≥50% reduction from
baseline in mean MMD was analyzed using a stratified
Cochran-Mantel-Haenszel test (CMH), with missing
data imputed as nonresponse. Adjusted odds ratios
(ORs) and associated p-values were obtained from the
CMH test, stratified by migraine type (EM or CM).
Treatment-by-subgroup interaction p-values were ob-
tained from generalized linear mixed models adjusting
for treatment group, stratification factor of migraine type
(EM or CM), subgroup and treatment-by-subgroup
interaction, with data imputed using the nonresponder
imputation method.

Results
Baseline characteristics
A total of 261 patients were randomized: 130 patients to
the erenumab 70mg group and 131 patients to the pla-
cebo group. Of the 261 patients randomized, 117
(44.8%) patients were in the failed-yes subgroup. The
144 patients in the failed-no subgroup included 59
(41.0%) treatment-naïve patients, while 85 (59.0%) pa-
tients had prior preventive treatment use but had not
failed. There were 92 (35.2%) patients in the concomi-
tant preventive-yes subgroup (Table 1). There was a
higher proportion of patients with ≥1 prior preventive
treatment failure(s) in the concomitant preventive-yes
subgroup compared with the concomitant preventive-no
subgroup: 50 (54.3%) versus 67 (39.6%) patients, respect-
ively. Calcium channel blockers were the most common
concomitant preventive treatment received by patients
in the concomitant preventive-yes subgroup (Supple-
mental Table 1).
Across the subgroups, the mean age was 44–45 years

and most patients were female. The mean (standard de-
viation [SD]) number of MMD at baseline ranged from
10.2 (4.9) to 13.9 (6.0), and the mean (SD) number of
monthly acute MSM treatment days ranged from 8.3
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(4.8) to 10.6 (6.4) (Table 1). The failed-yes and concomi-
tant preventive-yes subgroups generally had more severe
disease than the failed-no and concomitant preventive-
no subgroups, based on the greater proportion of pa-
tients with CM and the higher number of mean MMD.
The concomitant preventive-yes subgroup had more pa-
tients who had previously failed prior preventive treat-
ment than the concomitant preventive-no subgroup.
Patients in the failed-yes subgroup had a higher number
of mean monthly acute MSM treatment days than those
in the failed-no subgroup (Table 1).

Change from baseline in mean MMD
From baseline to Months 4–6, significant reductions in
mean MMD occurred with erenumab 70mg versus pla-
cebo in all patient subgroups. The differences in LSM
change from baseline in mean MMD with erenumab 70
mg versus placebo were − 1.9 (95% CI: − 3.3, − 0.4; P =
0.013) and − 1.4 (95% CI: − 2.5, − 0.3; P = 0.012) in the
failed-yes and failed-no subgroups, respectively. The dif-
ferences in LSM change from baseline in mean MMD
with erenumab 70mg versus placebo were − 1.7 (95% CI:
− 3.3, 0.0; P = 0.053) and − 1.6 (95% CI: − 2.6, − 0.5; P =
0.003) in the concomitant preventive-yes and concomi-
tant preventive-no subgroups, respectively (Fig. 1).
P-values for treatment-by-subgroup interactions were

0.70 and 0.93 for the failed-yes/no and concomitant
preventive-yes/no subgroups, respectively, confirming
that the efficacy of erenumab 70 mg was similar regard-
less of whether a patient failed or did not fail a prior pre-
ventive treatment or was receiving or not receiving a
concomitant treatment.

≥50% reduction from baseline in mean MMD
At Months 4–6, a higher proportion of patients treated
with erenumab 70mg achieved a ≥50% reduction in

mean MMD versus placebo in all patient subgroups
(Fig. 2). In patients treated with erenumab 70 mg,
a ≥50% reduction in mean MMD was achieved by 27.1%,
35.2%, 22.5%, and 35.6% of patients in the failed-yes,
failed-no, concomitant preventive-yes, and concomitant
preventive-no subgroups, respectively.
The common ORs versus placebo of achieving a ≥50%

reduction in mean MMD were 4.8 (95% CI: 1.5, 15.3;
P = 0.004) and 1.7 (95% CI: 0.8, 3.4; P = 0.15) in the
failed-yes and failed-no subgroups, respectively, and 1.9
(95% CI: 0.6, 5.5; P = 0.26) and 2.4 (95% CI: 1.2, 5.0; P =
0.013) in the concomitant preventive-yes and concomi-
tant preventive-no subgroups, respectively (Fig. 2).
P-values for treatment-by-subgroup interactions were

0.12 and 0.70 for the failed-yes/no and concomitant
preventive-yes/no subgroups, respectively, confirming
that the efficacy of erenumab 70 mg was similar regard-
less of whether a patient failed or did not fail a prior pre-
ventive treatment or was receiving or not receiving a
concomitant treatment.

Change from baseline in mean monthly acute MSM
treatment days
From baseline to Months 4–6, clinically relevant reduc-
tions in the mean number of monthly acute MSM treat-
ment days were observed in patients receiving erenumab
70mg versus placebo in all patient subgroups. The dif-
ferences in LSM change from baseline in mean monthly
acute MSM treatment days with erenumab 70mg versus
placebo were − 1.7 (95% CI: − 3.0, − 0.5; P = 0.007) and −
1.3 (95% CI: − 2.2, − 0.3; P = 0.009) in the failed-yes and
failed-no subgroups, respectively. The differences in
LSM change from baseline in mean monthly acute MSM
treatment days with erenumab 70 mg versus placebo
were − 1.2 (95% CI: − 2.5, 0.1; P = 0.076) and − 1.6 (95%
CI: − 2.6, − 0.7; P < 0.001) in the concomitant

Fig. 1 LSM change from baseline in mean MMD in (A) failed-yes/no and (B) concomitant preventive-yes/no subgroups. CI confidence interval,
LSM least squares mean, MMD monthly migraine days
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preventive-yes and concomitant preventive-no sub-
groups, respectively (Fig. 3).
P-values for treatment-by-subgroup interactions were

0.57 and 0.55 for the failed-yes/no and concomitant
preventive-yes/no subgroups, respectively, confirming
that the efficacy of erenumab 70 mg was similar regard-
less of whether a patient failed or did not fail a prior pre-
ventive treatment or was receiving or not receiving a
concomitant treatment.

Tolerability
Overall, 60.3%–69.5% and 53.8%–65.0% of patients in
the failed-yes and concomitant preventive-yes sub-
groups, respectively, had ≥1 TEAE. Across all subgroups,

most TEAEs were CTCAE grade 2. The incidence of
TEAEs for placebo compared with erenumab 70 mg was
broadly comparable within each subgroup; however, a
lower proportion of patients experienced ≥1 TEAE with
placebo versus erenumab 70mg in the concomitant
preventive-yes subgroup (53.8% versus 65.0% of pa-
tients). The incidence of TEAEs in the concomitant
preventive-yes subgroup treated with erenumab 70mg
was similar to the incidence in the concomitant
preventive-no subgroup receiving erenumab 70 mg or
placebo. The number of serious adverse events was low,
and there were no adverse events leading to discontinu-
ation of investigational product or fatal adverse events
(Table 2).

Fig. 2 ≥50% reduction in mean MMD from baseline in (A) failed-yes/no and (B) concomitant preventive-yes/no subgroups. CI confidence
interval, MMD monthly migraine days, OR odds ratio

Fig. 3 LSM change from baseline in mean monthly acute MSM treatment days in (A) failed-yes/no and (B) concomitant preventive-yes/no
subgroups. CI confidence interval, LSM least squares mean, MSM migraine-specific medication

Hirata et al. The Journal of Headache and Pain          (2021) 22:110 Page 6 of 9



Discussion
The current subgroup analyses are the first to report effi-
cacy and safety of erenumab 70mg stratified by prior pre-
ventive treatment failure status in Japanese patients with
migraine. Additionally, these are the first analyses to dem-
onstrate efficacy of erenumab 70mg in combination with
concomitant preventive treatment. Erenumab 70mg was
associated with clinically relevant improvements across all
efficacy endpoints versus placebo. Treatment effects were
not significantly modified by prior and concomitant pre-
ventive treatment status. Overall, the current findings sup-
port global Phase 2 and 3 erenumab studies conducted
outside of Japan [10–12], along with the recent Phase 2
study in Japan where erenumab 70mg demonstrated sta-
tistically significant efficacy in patients with EM [14].
As clinically expected, the failed-yes subgroup had more

severe disease than the failed-no subgroup, as reflected by
the greater proportion of patients with CM and mean
number of MMD and monthly acute MSM treatment
days at baseline. Similarly, the concomitant preventive-yes
subgroup had more severe disease than the concomitant
preventive-no subgroup, reflected by the greater propor-
tion of patients with prior treatment failure and CM. Not-
ably, we observed the numerically largest reductions in
mean MMD (both absolute and placebo-adjusted) in
erenumab-treated patients in the failed-yes subgroup. This
finding supports studies that report that erenumab is effi-
cacious in patients with prior preventive treatment failure
[15–17], and indicates that erenumab 70mg is efficacious
even in Japanese patients with severe disease. Patients with
no therapeutic response to ≥3 prior migraine preventive
classes were excluded from the current study; however,
erenumab has been shown to be efficacious in difficult-to-
treat patients with EM in whom 2–4 prior preventive
treatments were unsuccessful [17].

With regard to tolerability, the safety profile of erenu-
mab 70mg was similar across subgroups and there were
no new safety issues based on the established safety profile
of erenumab 70mg [13]. The majority of existing prevent-
ive treatments for migraine have undesirable side effects,
including weight gain and dizziness [5–9], with a high risk
of clinically significant drug-drug interactions [20]. These
factors can contribute to failed adherence and reduced
compliance [21–23]. Importantly, in the current study, the
benefits of erenumab 70mg in combination with con-
comitant preventive treatment were not associated with
an increased incidence of TEAEs relative to erenumab 70
mg without concomitant preventives or placebo without
concomitant preventives. The similarity in tolerability be-
tween erenumab and placebo in difficult-to-treat migraine
patients has also been previously demonstrated in CM pa-
tients with medication overuse [24].
The current study had limitations. The study was not

powered to demonstrate efficacy in the patient subgroups
and the efficacy analyses in the concomitant preventive
treatment subgroups were post hoc; therefore, the results
should be considered in the context of other evidence relat-
ing to erenumab. Additionally, there was a slight imbalance
in the sample sizes of the patient subgroups, although this
is not expected to significantly affect the results. Lastly, the
current study reports efficacy and safety data from the 24-
week DBTP only, thus longer-term erenumab efficacy and
safety data in Japanese patients will be of interest.

Conclusion
In conclusion, erenumab 70 mg was well tolerated and
effective in Japanese patients who had either failed prior
preventive treatment or had not failed, and in patients
receiving erenumab 70mg as monotherapy or in com-
bination with another preventive agent.

Table 2 Summary of adverse events

N (%) Patient subgroup

Prior preventive treatment failure Concomitant preventive

Yes (N = 117) No (N = 144) Yes (N = 92) No (N = 169)

Erenumab 70mg
(N = 59)

Placebo
(N = 58)

Erenumab 70mg
(N = 71)

Placebo
(N = 73)

Erenumab 70mg
(N = 40)

Placebo
(N = 52)

Erenumab 70mg
(N = 90)

Placebo
(N = 79)

≥1 TEAE 41 (69.5) 35 (60.3) 44 (62.0) 42 (57.5) 26 (65.0) 28 (53.8) 59 (65.6) 49 (62.0)

Grade≥2 34 (57.6) 28 (48.3) 38 (53.5) 38 (52.1) 24 (60.0) 24 (46.2) 48 (53.3) 42 (53.2)

Grade≥3 3 (5.1) 1 (1.7) 1 (1.4) 1 (1.4) 2 (5.0) 0 (0.0) 2 (2.2) 2 (2.5)

Grade≥4 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.4) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.3)

Any SAE 1 (1.7) 1 (1.7) 1 (1.4) 1 (1.4) 0 (0.0) 0 (0.0) 2 (2.2) 2 (2.5)

AE leading to
discontinuation of
investigational product

0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Fatal AE 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Grading categories determined using Common Terminology Criteria for Adverse Events version 4.03. AE adverse event, SAE serious adverse event, TEAE treatment-
emergent adverse event

Hirata et al. The Journal of Headache and Pain          (2021) 22:110 Page 7 of 9



Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s10194-021-01313-8.

Additional file 1: Supplemental Figure 1. Study design.

Additional file 2: Supplemental Table 1. Categories of concomitant
preventive treatments.

Abbreviations
CI: Confidence interval; CM: Chronic migraine; CMH: Cochran-Mantel-
Haenszel test; CTCAE: Common Terminology Criteria for Adverse Events;
DBTP: Double-blind treatment phase; eDiary: Electronic diary; EM: Episodic
migraine; LSM: Least squares mean; MMD: Monthly migraine days;
MSM: Migraine-specific medication; OR: Odds ratio; SD: Standard deviation;
TEAE: Treatment-emergent adverse event

Acknowledgments
Medical writing support, which was in accordance with Good Publication
Practice (GPP3) guidelines, was provided by Liam Gillies, PhD, CMPP, of
Cactus Life Sciences (part of Cactus Communications), funded by Amgen.

Authors’ contributions
Conception or design of the study: SC, DDM, KH, FS, TT, NI, YM. Acquisition,
analysis, or interpretation of data: KH, FS, TT, NI, YM, CP, SC, DDM, RY, YN.
Drafting the work or revising it critically for important intellectual content: All
authors. Final approval of the version to be published: All authors.

Funding
This study was supported by Amgen K.K. Erenumab is co-developed by
Amgen and Novartis.

Availability of data and materials
Qualified researchers may request data from Amgen clinical studies.
Complete details are available at www.amgen.com/datasharing.

Declarations

Ethics approval and consent to participate
The study protocol was approved by the ethics committee or institutional
review board at each clinical site, and all patients provided a signed
informed consent before the start of any study-related procedures. The study
was conducted in accordance with the International Council for Harmonisa-
tion Good Clinical Practice Guideline and conforms to the provisions of the
Declaration of Helsinki. All authors were given access to the study data.

Consent for publication
Not applicable.

Competing interests
KH: grants from the Ministry of Health, Labor and Welfare, grants from The
Japan Agency for Medical Research and Development, and nonfinancial
support from Alexion Pharmaceuticals, Inc. FS: membership of advisory
boards for Amgen, Eli Lilly and Company, and Teva Pharmaceuticals. SC, CP,
RY, YN, DDM: employees and stockholders of Amgen. NI, TT, YM: these
authors declare that they have no competing interests.

Author details
1Department of Neurology Headache Center, Dokkyo Medical University, 880
Kitakobayashi, Mibu, Shimotsuga District, Tochigi 321-0293, Japan. 2Saitama
International Headache Center, Saitama, Japan. 3Department of Neurology
Headache Center, Tominaga Hospital, Osaka, Japan. 4Department of
Neurology, Japanese Red Cross Shizuoka Hospital, Shizuoka, Japan. 5Sendai
Headache and Neurology Clinic, Sendai, Japan. 6Amgen K.K, Tokyo, Japan.
7Global Biostatistical Science, Amgen Inc., Thousand Oaks, CA, USA. 8Global
Development, Amgen Inc., Thousand Oaks, CA, USA.

Received: 22 June 2021 Accepted: 3 August 2021

References
1. Lipton RB, Hamelsky SW, Kolodner KB, Steiner TJ, Stewart WF (2001)

Migraine, quality of life, and depression: a population-based case-control
study. Neurology 55:629–635

2. 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

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

4. Sakai F, Igarashi H (1997) Prevalence of migraine in Japan: a nationwide
survey. Cephalalgia 17(1):15–22. https://doi.org/10.1046/j.1468-2982.1997.1
701015.x

5. Watanabe Y, Takashima R, Iwanami H, Suzuki S, Igarashi H, Hirata K (2013)
Management of chronic migraine in Japan. Rinsho Shinkeigaku 23(11):1228–
1230. https://doi.org/10.5692/clinicalneurol.53.1228

6. Araki N, Takeshima T, Ando N, Iizuka T, Igarashi H, Ikeda Y, Ito Y, Inagaki M,
Imamura K, Ohkuma H, Ogawa K, Kato Y, Kikui S, Kitamura T, Kudo M,
Kuwabara K, Gono Y, Kowa H, Saigoh K, Sato S, Shibata K, Shibata M,
Shimazu T, Shimizu T, Suzuki M, Takahashi Y, Takekawa H, Doi H, Nagata E,
Nakano T, Hashizume M, Hashimoto S, Hamada J, Hirata K, Fujiki N, Fujita M,
Yamane K, Wajima K, Watanabe Y (2019) Clinical practice guideline for
chronic headache 2013. Neurol Clin Neurosci 7(5):231–259. https://doi.org/1
0.1111/ncn3.12322

7. Ueda K, Ye W, Lombard L, Kuga A, Kim Y, Cotton S, Jackson J, Treuer T
(2019) Real-world treatment patterns and patient-reported outcomes in
episodic and chronic migraine in Japan: analysis of data from the Adelphi
migraine disease specific programme. J Headache Pain 20(1):68. https://doi.
org/10.1186/s10194-019-1012-1

8. Meyers JL, Davis KL, Lenz RA, Sakai F, Xue F (2019) Treatment patterns and
characteristics of patients with migraine in Japan: a retrospective analysis of
health insurance claims data. Cephalalgia 39(12):1518–1534. https://doi.
org/10.1177/0333102419851855

9. Hirata K, Ueda K, Ye W, Kim Y, Komori M, Jackson J, Cotton S, Rajan N,
Treuer T (2020) Factors associated with insufficient response to acute
treatment of migraine in Japan: analysis of real-world data from the Adelphi
migraine disease specific Programme. BMC Neurol 20(1):274. https://doi.
org/10.1186/s12883-020-01848-4

10. Tepper S, Ashina M, Reuter U, Brandes JL, Doležil D, Silberstein S, Winner P,
Leonardi D, Mikol D, Lenz R (2017) Safety and efficacy of erenumab for
preventive treatment of chronic migraine: a randomised, double-blind,
placebo-controlled phase 2 trial. Lancet Neurol 16(6):425–434. https://doi.
org/10.1016/S1474-4422(17)30083-2

11. Goadsby PJ, Reuter U, Hallström Y, Broessner G, Bonner JH, Zhang F, Sapra
S, Picard H, Mikol DD, Lenz RA (2017) A controlled trial of erenumab for
episodic migraine. N Engl J Med 377(22):2123–2132. https://doi.org/10.1056/
NEJMoa1705848

12. Dodick DW, Ashina M, Brandes JL, Kudrow D, Lanteri-Minet M, Osipova V,
Palmer K, Picard H, Mikol DD, Lenz RA (2018) ARISE: a phase 3 randomized
trial of erenumab for episodic migraine. Cephalalgia 38(6):1026–1037.
https://doi.org/10.1177/0333102418759786

13. Amgen Inc. Aimovig™ prescribing information. 2018. https://www.accessda
ta.fda.gov/drugsatfda_docs/label/2018/761077s000lbl.pdf. Accessed 18 Nov
2020

14. Sakai F, Takeshima T, Tatsuoka Y, Hirata K, Lenz R, Wang Y, Cheng S, Hirama
T, Mikol DD (2019) A randomized phase 2 study of erenumab for the
prevention of episodic migraine in Japanese adults. Headache 59(10):1731–
1742. https://doi.org/10.1111/head.13652

15. Goadsby PJ, Paemeleire K, Broessner G, Brandes J, Klatt J, Zhang F, Picard H,
Lenz R, Mikol DD (2019) Efficacy and safety of erenumab (AMG334) in
episodic migraine patients with prior preventive treatment failure: a
subgroup analysis of a randomized, double-blind, placebo-controlled study.
Cephalalgia 39(7):817–826. https://doi.org/10.1177/0333102419835459

16. Ashina M, Tepper S, Brandes JL, Reuter U, Boudreau G, Dolezil D, Cheng S,
Zhang F, Lenz R, Klatt J, Mikol DD (2018) Efficacy and safety of erenumab
(AMG334) in chronic migraine patients with prior preventive treatment

Hirata et al. The Journal of Headache and Pain          (2021) 22:110 Page 8 of 9

https://doi.org/10.1186/s10194-021-01313-8
https://doi.org/10.1186/s10194-021-01313-8
http://www.amgen.com/datasharing
https://doi.org/10.1177/0333102410381145
https://doi.org/10.1177/0333102410381145
https://doi.org/10.1046/j.1468-2982.1997.1701015.x
https://doi.org/10.1046/j.1468-2982.1997.1701015.x
https://doi.org/10.5692/clinicalneurol.53.1228
https://doi.org/10.1111/ncn3.12322
https://doi.org/10.1111/ncn3.12322
https://doi.org/10.1186/s10194-019-1012-1
https://doi.org/10.1186/s10194-019-1012-1
https://doi.org/10.1177/0333102419851855
https://doi.org/10.1177/0333102419851855
https://doi.org/10.1186/s12883-020-01848-4
https://doi.org/10.1186/s12883-020-01848-4
https://doi.org/10.1016/S1474-4422(17)30083-2
https://doi.org/10.1016/S1474-4422(17)30083-2
https://doi.org/10.1056/NEJMoa1705848
https://doi.org/10.1056/NEJMoa1705848
https://doi.org/10.1177/0333102418759786
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/761077s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/761077s000lbl.pdf
https://doi.org/10.1111/head.13652
https://doi.org/10.1177/0333102419835459


failure: a subgroup analysis of a randomized, double-blind, placebo-
controlled study. Cephalalgia 38(10):1611–1621. https://doi.org/10.1177/
0333102418788347

17. Reuter U, Goadsby PJ, Lanteri-Minet M, Wen S, Hours-Zesiger P, Ferrari MD,
Klatt J (2018) Efficacy and tolerability of erenumab in patients with episodic
migraine in whom two-to-four previous preventive treatments were
unsuccessful: a randomised, double-blind, placebo-controlled, phase 3b
study. Lancet 392(10161):2280–2287. https://doi.org/10.1016/S0140-6736(1
8)32534-0

18. Takeshima T, Sakai F, Hirata K, Imai N, Matsumori Y, Yoshida R, Peng C,
Cheng S, Mikol DD (2021) Erenumab treatment for migraine prevention in
Japanese patients: efficacy and safety results from a phase 3, randomized,
double-blind, placebo-controlled study. Headache 61(6):927–935. https://doi.
org/10.1111/head.14138

19. Silberstein SD, Holland S, Freitag F, Dodick DW, Argoff C, Ashman E, Quality
standards Subcommittee of the American Academy of neurology and the
American headache society (2012) Evidence-based guideline update:
pharmacologic treatment for episodic migraine prevention in adults: report
of the quality standards Subcommittee of the American Academy of
neurology and the American headache society [published correction
appears in Neurology. 2013;80:871]. Neurology 78(17):1337–1345. https://doi.
org/10.1212/WNL.0b013e3182535d20

20. Eadie MJ (2001) Clinically significant drug interactions with agents specific
for migraine attacks. CNS Drugs 15(2):105–118. https://doi.org/10.2165/
00023210-200115020-00003

21. Seng EK, Rains JA, Nicholson RA, Lipton RB (2015) Improving medication
adherence in migraine treatment. Curr Pain Headache Rep 19(6):24. https://
doi.org/10.1007/s11916-015-0498-8

22. Berger A, Bloudek LM, Varon SF, Oster G (2012) Adherence with migraine
prophylaxis in clinical practice. Pain Pract 12(7):541–549. https://doi.org/1
0.1111/j.1533-2500.2012.00530.x

23. Blumenfeld AM, Bloudek LM, Becker WJ, Buse DC, Varon SF, Maglinte GA,
Wilcox TK, Kawata AK, Lipton RB (2013) Patterns of use and reasons for
discontinuation of prophylactic medications for episodic migraine and
chronic migraine: results from the second international burden of migraine
study (IBMS-II). Headache 53(4):644–655. https://doi.org/10.1111/head.12055

24. Tepper SJ, Diener H-C, Ashina M, Brandes JL, Friedman DI, Reuter U, Cheng
S, Nilsen J, Leonardi DK, Lenz RA, Mikol DD (2019) Erenumab in chronic
migraine with medication overuse: subgroup analysis of a randomized trial.
Neurology 92(20):e2309–e2320. https://doi.org/10.1212/WNL.
0000000000007497

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

Hirata et al. The Journal of Headache and Pain          (2021) 22:110 Page 9 of 9

https://doi.org/10.1177/0333102418788347
https://doi.org/10.1177/0333102418788347
https://doi.org/10.1016/S0140-6736(18)32534-0
https://doi.org/10.1016/S0140-6736(18)32534-0
https://doi.org/10.1111/head.14138
https://doi.org/10.1111/head.14138
https://doi.org/10.1212/WNL.0b013e3182535d20
https://doi.org/10.1212/WNL.0b013e3182535d20
https://doi.org/10.2165/00023210-200115020-00003
https://doi.org/10.2165/00023210-200115020-00003
https://doi.org/10.1007/s11916-015-0498-8
https://doi.org/10.1007/s11916-015-0498-8
https://doi.org/10.1111/j.1533-2500.2012.00530.x
https://doi.org/10.1111/j.1533-2500.2012.00530.x
https://doi.org/10.1111/head.12055
https://doi.org/10.1212/WNL.0000000000007497
https://doi.org/10.1212/WNL.0000000000007497

	Abstract
	Background
	Methods
	Results
	Conclusion
	Trial registration

	Introduction
	Methods
	Study design and patients
	Subgroups
	Assessments and endpoints
	Statistical analysis

	Results
	Baseline characteristics
	Change from baseline in mean MMD
	≥50% reduction from baseline in mean MMD
	Change from baseline in mean monthly acute MSM treatment days
	Tolerability

	Discussion
	Conclusion
	Supplementary Information
	Abbreviations
	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

