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ABSTRACT

Introduction: Galcanezumab, a humanized
monoclonal antibody against calcitonin gene-
related peptide, is a preventive migraine treat-
ment. In global, randomized, placebo-con-
trolled trials, galcanezumab reduced migraine
headache severity and the frequency of
migraine headaches associated with nausea
and/or vomiting, photophobia and phonopho-
bia, prodromal symptoms, or aura. We report
secondary analyses from a Japanese phase 2 trial
that assessed the effect of galcanezumab on
migraine headache severity, frequency of
migraine-associated symptoms, and frequency

of migraine headaches during menstrual peri-
ods in Japanese patients with episodic migraine.
Methods: Adults with migraine (International
Classification of Headache Disorders, 3rd edi-
tion; 4–14 migraine headache days/month)
were randomized (2:1:1) to a monthly placebo
(n = 230), 120 mg galcanezumab (240 mg load-
ing dose; n = 115), or 240 mg galcanezumab
(n = 114) for 6 months (double-blind). Patients
recorded migraine headache days, severity, and
symptoms in an electronic diary. Changes from
baseline were analyzed (mixed model for repe-
ated measures).
Results: Both galcanezumab doses significantly
reduced the number of monthly moderate-to-
severe and severe migraine headache days
compared with placebo, overall (difference in
least-squares mean change from baseline,
120 mg/240 mg versus placebo: moderate-to-
severe, -1.9/-1.8 days; severe: -0.4/-0.4 days)
and in each month; mean severity score was
significantly reduced in the 240 mg group. Both
galcanezumab doses significantly reduced the
number of migraine headache days with nau-
sea/vomiting (-1.1/-1.0 days), photophobia/
phonophobia (-2.3/-1.7 days), prodromal
symptoms (-0.7/-0.8 days), and aura
(-0.7/-0.7 days). In most cases, the proportion
of migraine headache days with these symp-
toms was reduced by galcanezumab. Both gal-
canezumab doses reduced the number of
migraine headache days occurring during
menstrual periods (n = 269; -0.8/-0.9 days).

Supplementary Information The online version
contains supplementary material available at https://
doi.org/10.1007/s40120-022-00410-3.

H. Igarashi
Department of Internal Medicine, Fujitsu Clinic,
Kawasaki, Japan

M. Shibata
Department of Neurology, Tokyo Dental College
Ichikawa General Hospital, Ichikawa, Japan

A. Ozeki � T. Matsumura (&)
Eli Lilly Japan K.K., Tokyo, Japan
e-mail: matsumura_taka@lilly.com

T. Matsumura
Japan Drug Development and Medical Affairs,
Eli Lilly Japan K.K., 4-15-1 Akasaka, Akasaka Garden
City 13F, Minato-Ku, Tokyo 107-0052, Japan

Neurol Ther (2023) 12:73–87

https://doi.org/10.1007/s40120-022-00410-3

http://orcid.org/0000-0001-5510-4219
https://doi.org/10.1007/s40120-022-00410-3
https://doi.org/10.1007/s40120-022-00410-3
https://doi.org/10.1007/s40120-022-00410-3
https://doi.org/10.1007/s40120-022-00410-3
http://crossmark.crossref.org/dialog/?doi=10.1007/s40120-022-00410-3&amp;domain=pdf
https://doi.org/10.1007/s40120-022-00410-3


Conclusion: Once-monthly galcanezumab sig-
nificantly reduced the frequency of migraine
headache days with moderate-to-severe or sev-
ere headache, migraine headache days with
migraine-associated symptoms, and migraine
headache days during menstrual periods in
Japanese patients with episodic migraine, con-
sistent with results from global studies.
Trial Registration: ClinicalTrials.gov (NCT0295
9177).

Keywords: Galcanezumab; Japan;Menstruation;
Migraine disorders; Prodromal symptoms;
Randomized controlled trial; Aura; Episodic
migraine;Migraine severity;Migraine symptoms

Key Summary Points

Why carry out this study?

Global, randomized, placebo-controlled
trials have demonstrated that
galcanezumab, a once-monthly
preventive treatment for migraine,
significantly reduces the number of
monthly migraine headache days, the
severity of migraine headaches, and the
frequency of migraine-associated
symptoms.

In this study, we analyzed data from a
Japanese randomized, placebo-controlled
trial to assess the effect of 6 months of
galcanezumab treatment on migraine
headache severity, frequency of migraine-
associated symptoms, and frequency of
migraine headaches during menstrual
periods.

What was learned from the study?

Both 120 mg and 240 mg doses of
galcanezumab significantly reduced the
severity of migraine headaches, the
frequency of migraine-associated
symptoms, and the frequency of migraine
headaches during menstrual periods in
Japanese patients with episodic migraine.

These results indicate that galcanezumab
treatment not only reduces the frequency
of migraine headaches in Japanese
patients (as demonstrated previously), but
also reduces other important aspects of
migraine, such as headache severity,
migraine-associated symptoms, and
migraine headaches during menstrual
periods, that adversely affect quality of
life.

INTRODUCTION

Migraine affects more than 1 billion people
worldwide [1] and is the second most common
cause of disability [2]. Although migraine
attacks are primarily characterized by headache,
other symptoms such as nausea, vomiting,
photophobia, and phonophobia are common
[3]. The headache phase is often preceded by
prodromal symptoms (e.g., yawning, fatigue,
mood changes), and about a third of people
experience aura before and/or during headache
[4, 5]. Migraine is most prevalent among young
adult women, and migraine attacks are often
associated with menstrual periods [2, 6].
Although preventive treatments for migraine
reduce the frequency of migraine headache,
their effects on the severity of migraine head-
aches or on the frequency of migraine-associ-
ated symptoms are not well documented.

Galcanezumab is a humanized monoclonal
antibody directed against calcitonin gene-re-
lated peptide (CGRP) that is approved in many
countries as a once-monthly preventive treat-
ment for migraine [7, 8]. Global phase 3 ran-
domized, placebo-controlled trials have
demonstrated that galcanezumab significantly
reduces the number of monthly migraine
headache days in people with episodic [9, 10] or
chronic [11] migraine. In 2021, galcanezumab
was approved in Japan [12], where migraine is
estimated to affect 6.0–8.4% of the population
[13, 14]. A phase 2 randomized, placebo-con-
trolled trial has demonstrated the efficacy and
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safety of monthly galcanezumab in Japanese
patients with episodic migraine [15]. Over the
6-month treatment period of the trial, the
number of monthly migraine headache days
was reduced to a significantly greater extent by
both 120 mg (following a 240 mg loading dose;
mean change from baseline: -3.60 days) and
240 mg (-3.36 days) doses of galcanezumab
compared with placebo (-0.59 days) [15].
Treatment-emergent adverse events were
numerically more frequent with galcanezumab
than with placebo, with injection-site reactions
the most common adverse event across all
treatment groups; the full safety results of this
phase 2 trial have been reported in the primary
publication [15].

A subsequent analysis of the global trials
reported that galcanezumab significantly
reduced the number of moderate-to-severe
migraine headache days, the number of severe
migraine headache days, and the number of
migraine headache days associated with nausea
and/or vomiting, photophobia and phonopho-
bia, prodromal symptoms, or aura [16]. We
hypothesized that galcanezumab would have
similar effects on migraine headache severity
and symptoms in Japanese patients. In addi-
tion, we aimed to determine for the first time
whether galcanezumab could reduce the fre-
quency of migraine headaches during men-
strual periods. In this report, we present
secondary analyses from the Japanese phase 2
trial that assessed the effect of galcanezumab on
the severity of migraine headaches, the fre-
quency of migraine-associated symptoms, and
the frequency of migraine headaches during
menstrual periods in Japanese people with epi-
sodic migraine.

METHODS

Study Design

This was an analysis of data from a phase 2
randomized, placebo-controlled trial of gal-
canezumab in patients with episodic migraine
in Japan (ClinicalTrials.gov: NCT02959177); the
primary results have been published previously
[15]. The trial was conducted at 40 sites in Japan

between December 2016 and January 2019 and
in accordance with the Declaration of Helsinki,
Good Clinical Practice, and the Council for
International Organizations of Medical Sciences
International Ethical Guidelines. The protocol
was approved by local ethics review boards
(Table S1), and all patients provided written
informed consent before any study procedures.
The study consisted of a screening and washout
period (C 30 days or C 4 months for patients
using botulinum toxin A or B), a prospective
baseline period of 30–40 days, a 6-month dou-
ble-blind treatment period, and a 4-month fol-
low-up period.

Study Population

Detailed inclusion and exclusion criteria have
been reported previously [15]. In brief, patients
were eligible for the study if they were aged
18–65 years, had a diagnosis of migraine based
on the International Classification of Headache
Disorders, 3rd edition (beta version) criteria [3],
and had 4–14 migraine headache days per
month and C two migraine attacks per month
in the previous 3 months. A migraine headache
day was defined as a calendar day when the
patient recorded having a migraine headache or
probable migraine headache. Patients were
excluded if they were currently using migraine
preventive treatment, had persistent daily
headache, cluster headache, or migraine sub-
types, had C 15 headache days per month or
suspected chronic migraine, or had failed to
respond to C three adequately dosed migraine
preventive treatments from different classes.

Treatment Protocol

After the baseline period, patients were ran-
domized (2:1:1) to placebo, 120 mg gal-
canezumab, or 240 mg galcanezumab.
Randomization was stratified by baseline
monthly migraine frequency (\8 versus C 8
monthly migraine headache days) and imple-
mented using a computer-generated random
sequence with an interactive web-response
system.
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Study drug was administered subcutaneously
once per month. The 120 mg galcanezumab
group received a loading dose of 240 mg at the
first injection.

Outcome Measures

Patients recorded migraine headache data using
an electronic diary (eDiary) during the baseline,
treatment, and follow-up periods. Headache
data included the occurrence and severity
(mild, moderate, or severe) of a migraine (or
probable migraine) headache and the presence
or absence of migraine-associated symptoms
(nausea, vomiting, photophobia, phonophobia,
prodromal symptoms, aura). Menstrual periods
were also recorded in the eDiary throughout the
study; there was no set definition of a ‘‘men-
strual period,’’ although this is usually consid-
ered to be from the first day of bleeding to when
bleeding has stopped or almost stopped. Patient
demographic data and years since migraine
diagnosis were collected at baseline.

The primary endpoint of the trial was the
overall mean change from the baseline period
in the number of monthly migraine headache
days averaged over the 6 months of the double-
blind period, which was estimated as the main
treatment effect from a mixed model for repe-
ated measures (MMRM) analysis [15]. Prespeci-
fied (except where noted) analyses of secondary
and exploratory endpoints reported herein
include the following: for each month and for
the overall double-blind period (average per
month for months 1–6), the monthly mean
change in the number of moderate-to-severe
migraine headache days (secondary), severe
migraine headache days (post hoc), migraine
headache days with nausea and/or vomiting
(exploratory), migraine headache days with
photophobia or phonophobia (exploratory),
migraine headache days with prodromal symp-
toms (exploratory), migraine headache days
with aura (exploratory), and migraine headache
days during menstrual periods (secondary); for
the overall double-blind period, the change in
mean severity score of migraine headache days
(secondary; for analysis, severity was converted
to a 3-point scale, where 1 = mild,

2 = moderate, and 3 = severe, and mean sever-
ity score was calculated as the sum of the
severity scores of migraine headache days dur-
ing the period divided by the number of
migraine headache days during the period),
proportion of migraine headache days with
nausea and/or vomiting (post hoc), proportion
of migraine headache days with photophobia
and phonophobia (post hoc), and proportion of
migraine headache days during menstrual peri-
ods (post hoc).

Statistical Analysis

As reported previously [15], the planned sample
size of 451 patients was based on an effect size
of 0.36 and a 15% discontinuation rate, and
would provide 88% power to detect a significant
difference between galcanezumab and placebo
for the primary endpoint. The intent-to-treat
population, defined as all randomized patients
who received C one dose of study drug, was
used for all analyses. Baseline demographic and
clinical characteristics are reported as mean [s-
tandard deviation (SD)] or n (%). Changes from
the baseline period were analyzed using a
restricted maximum likelihood-based MMRM
with treatment, month, treatment-by-month
interaction, baseline value, baseline-by-month
interaction, and baseline migraine headache
days category (\ 8 versus C 8) as factors.
MMRM provides an unbiased estimator under
the assumption of missing at random, whereas
analysis of covariance (ANCOVA) with a last
observation carried forward imputation method
cannot. As stated, potential baseline con-
founders were included in the MMRM as
covariates, and the model terms would be sim-
ilar between ANCOVA and MMRM (both
include baseline value and baseline migraine
headache days category). The overall change
from baseline for months 1–6 was the average of
the changes from baseline for each month.
Changes from baseline are presented as least-
squares (LS) means with standard errors (SE);
differences in LS means compared with placebo
are presented with 95% confidence intervals
(CIs). No multiplicity adjustments were made.
The change in the proportion of monthly
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migraine headache days with symptoms was
calculated by subtracting the proportion at
baseline (number of monthly migraine head-
ache days with symptom during the baseline
period/total number of monthly migraine
headache days during the baseline period 9100)
from the proportion at each month (number of
monthly migraine headache days with symp-
tom during the month/total number of
monthly migraine headache days during the
month 9 100). Statistical tests were two-sided
with a significance level of 5%. Analyses were
performed using SAS version 9.4 (SAS Institute
Inc., Cary, NC, USA).

RESULTS

Demographic and Baseline Clinical
Characteristics

As reported previously [15], 459 patients were
randomized to placebo (n = 230), 120 mg gal-
canezumab (n = 115), or 240 mg galcanezumab
(n = 114); of these, 440 patients completed the
study. All patients received all doses of study
drug. Most patients were female, with mean age
approximately 44 years and a mean of approxi-
mately 21 years since migraine diagnosis
(Table 1). The mean (SD) number of monthly
migraine headache days was 8.7 (2.9). Of these,
a mean of 6.0 (3.3) days were with moderate-to-
severe migraine headache and a mean of 1.0
(1.4) day was with severe migraine headache.
The mean (SD) severity score of migraine
headaches on a 3-point scale was 1.77 (0.37).
Symptoms associated with migraine headache
were common (Table 1). The mean (SD) number
of monthly migraine headache days with nau-
sea and/or vomiting was 3.0 (3.1), with photo-
phobia and phonophobia was 5.1 (4.0), with
prodromal symptoms was 2.4 (3.2), and with
aura was 3.0 (3.5). The mean (SD) number of
monthly migraine headache days during men-
strual periods (n = 269) was 2.4 (1.7).

Migraine Headache Severity

Moderate-to-Severe Migraine Headache Days
Both 120 mg and 240 mg doses of gal-
canezumab significantly reduced the number of
monthly moderate-to-severe migraine headache
days compared with placebo (Fig. 1). Statisti-
cally significant differences between each dose
of galcanezumab and placebo were seen at each
month (Fig. 1a) and overall for months 1–6
(Fig. 1b). The overall difference in LS mean
(95% CI) change from baseline in the number of
monthly moderate-to-severe migraine headache
days compared with placebo was -1.9 (-2.5
to -1.2) days in the 120 mg galcanezumab
group and -1.8 (-2.5 to -1.2) days in the
240 mg galcanezumab group.

Severe Migraine Headache Days
Both 120 mg and 240 mg doses of gal-
canezumab significantly reduced the number of
monthly severe migraine headache days com-
pared with placebo (Fig. 2). Statistically signifi-
cant differences between each dose of
galcanezumab and placebo were seen at each
month (Fig. 2a) and overall for months 1–6
(Fig. 2b). The overall difference in LS mean
(95% CI) change from baseline in the number of
monthly severe migraine headache days com-
pared with placebo was -0.4 (-0.6 to -0.2)
days in both the 120 mg and 240 mg gal-
canezumab groups.

Migraine Headache Severity Score
The overall LS mean (SE) severity score of
migraine headache days across months 1–6 was
reduced by -0.11 (0.02), -0.17 (0.03),
and -0.20 (0.03) points for placebo, 120 mg
galcanezumab, and 240 mg galcanezumab,
respectively. The LS mean change difference
(95% CI) versus placebo was statistically signif-
icant for the 240 mg dose (-0.09 [-0.16
to -0.03], p = 0.005), but not for the 120 mg
dose [-0.06 (-0.13 to 0.00), p = 0.055].
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Table 1 Baseline demographics and clinical characteristics (ITT population)

Variable Placebo
(N = 230)

GMB
120 mg
(N = 115)

GMB
240 mg
(N = 114)

Age, yearsa 44.2 (10.0) 43.2 (10.0) 44.8 (10.2)

Female, n (%)a 196 (85.2) 95 (82.6) 96 (84.2)

Years since migraine diagnosisa 21.2 (11.6) 21.1 (11.8) 22.1 (11.6)

Number of migraine headache days/montha 8.6 (3.0) 8.6 (2.8) 9.0 (3.0)

Prior preventive treatment, n (%)a,b 140 (60.9) 68 (59.1) 70 (61.4)

Failed C 1 preventive treatments, n (%)a 94 (40.9) 42 (36.5) 48 (42.1)

MSQ-RFRa 68.1 (14.5) 66.2 (17.0) 67.6 (13.7)

PGI-Sa 3.6 (1.2) 3.5 (1.2) 3.5 (1.1)

MIDAS total scorea 15.8 (19.3) 14.8 (18.1) 13.7 (13.9)

Number of moderate-to-severe migraine headache days/month 6.0 (3.4) 5.7 (3.2) 6.1 (3.2)

Number of severe migraine headache days/month 0.9 (1.4) 1.0 (1.3) 1.1 (1.4)

Mean severity of migraine headache daysc 1.77 (0.37) 1.76 (0.40) 1.79 (0.37)

Number of migraine headache days/month with:

Nausea and/or vomiting 2.9 (3.0) 2.8 (3.1) 3.4 (3.3)

Photophobia and phonophobia 5.0 (4.0) 5.1 (4.0) 5.3 (4.2)

Prodromal symptoms 2.3 (3.0) 2.5 (3.3) 2.7 (3.6)

Aura 2.8 (3.4) 2.7 (3.3) 3.5 (3.7)

Menstrual periodd 2.2 (1.8)

(N = 133)

2.4 (1.6)

(N = 68)

2.5 (1.7)

(N = 68)

Proportion (%) of migraine headache days with:

Nausea and/or vomiting 31.8 (30.2) 30.5 (29.6) 36.7 (30.5)

Photophobia and phonophobia 55.7 (38.7) 55.0 (36.8) 56.2 (36.9)

Menstrual periodd 26.2 (19.6)

(N = 133)

29.0 (19.6)

(N = 68)

28.8 (18.4)

(N = 68)

Data are mean (SD), unless otherwise indicated
GMB galcanezumab, ITT intent-to-treat, MIDAS Migraine Disability Assessment, MSQ-RFR Migraine-Specific Quality-of-
Life Questionnaire Role Function-Restrictive, PGI-S Patient Global Impression of Severity, SD standard deviation
aPreviously reported in Sakai et al. [15]
bPatients who failed to respond (in terms of efficacy) to C three preventive treatments were not eligible to enroll in the trial.
Failure to respond due to tolerability issues was not considered a treatment failure
cSeverity ratings: 1 = mild, 2 = moderate, 3 = severe
dIncluded all female participants with C 1 menstrual day recorded in the eDiary during the study
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Symptoms Associated with Migraine

Nausea and/or Vomiting
Significantly greater reductions in the number
of monthly migraine headache days with nau-
sea and/or vomiting were observed in both
galcanezumab groups compared with placebo at
every month (Fig. 3a) and overall across
6 months (Fig. 3b). The overall difference in LS
mean (95% CI) change from baseline in the
number of monthly migraine headache days
with nausea and/or vomiting compared with
placebo was -1.1 (-1.7 to -0.6) and -1.0
(-1.5 to -0.4) days in the 120 mg and 240 mg
galcanezumab groups, respectively.

In the baseline period, the mean (SD) pro-
portion of monthly migraine headache days
with nausea and/or vomiting across all groups
was 32.7% (30.2). The overall LS mean (SE)
monthly reduction in the proportion of
migraine headache days with nausea and/or
vomiting was numerically greater in both the
120 mg [-3.7% (2.6)] and 240 mg [-7.7% (2.7)]
galcanezumab groups than in the placebo group
[-0.4% (1.9)]; the difference was statistically
significant for 240 mg galcanezumab versus
placebo (p = 0.02), but not for 120 mg gal-
canezumab versus placebo (p = 0.31).

Fig. 1 Monthly mean change in moderate-to-severe migraine headache days: a for each month and b overall for months 1–6.
***p\ 0.001 versus placebo. BL baseline, GMB galcanezumab, LS least-squares, M month, SE standard error

Fig. 2 Monthly mean change in severe migraine headache days: a for each month and b overall for months 1–6. *p\ 0.05,
**p\ 0.01, ***p\ 0.001 versus placebo. BL baseline, GMB galcanezumab, LS least-squares, M month, SE standard error
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Photophobia and Phonophobia
Similarly, the reduction from baseline in the
number of monthly migraine headache days
with photophobia and phonophobia was sig-
nificantly greater in both galcanezumab groups
than in the placebo group at each month
(Fig. 4a) and overall (Fig. 4b). The overall dif-
ference in LS mean (95% CI) change from
baseline in the number of monthly migraine
headache days with photophobia and phono-
phobia compared with placebo was -2.3 (-3.0
to -1.6) and -1.7 (-2.4 to -1.1) days in the
120 mg and 240 mg galcanezumab groups,
respectively.

In the baseline period, the mean (SD) pro-
portion of monthly migraine headache days
with photophobia and phonophobia across all
groups was 55.7% (37.7). The overall LS mean
(SE) monthly reduction in the proportion of
migraine headache days with photophobia and
phonophobia was numerically greater in both
the 120 mg [-6.4% (2.8)] and 240 mg [-3.2%
(2.8)] galcanezumab groups than in the placebo
group [increase of ?1.1% (2.1)]; the difference
was statistically significant for 120 mg gal-
canezumab versus placebo (p = 0.03), but not
for 240 mg galcanezumab versus placebo
(p = 0.21).

Fig. 3 Monthly mean change in migraine headache days with nausea and/or vomiting: a for each month and b overall for
months 1–6. *p\ 0.05, **p\ 0.01, ***p\ 0.001 versus placebo. BL baseline, GMB galcanezumab, LS least-squares,
M month, SE standard error

Fig. 4 Monthly mean change in migraine headache days with photophobia and phonophobia: a for each month and
b overall for months 1–6. ***p\ 0.001 versus placebo. BL baseline, GMB galcanezumab, LS least-squares, M month, SE
standard error
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Prodromal Symptoms
Significantly greater reductions in the number
of monthly migraine headache days with pro-
dromal symptoms were observed in both gal-
canezumab groups compared with placebo at
most months (Fig. 5a) and overall for months
1–6 (Fig. 5b). Differences from placebo were not
statistically significant for the 120 mg dose
group at month 6 or for the 240 mg dose group
at month 4 (Fig. 5a). The overall difference in LS
mean (95% CI) change from baseline in the
number of monthly migraine headache days
with prodromal symptoms compared with pla-
cebo was -0.7 (-1.3 to -0.2) and -0.8 (-1.4

to -0.3) days in the 120 mg and 240 mg gal-
canezumab groups, respectively.

Aura
Significantly greater reductions in the number
of monthly migraine headache days with aura
were seen in both galcanezumab groups com-
pared with placebo at most months (Fig. 6a) and
overall for months 1–6 (Fig. 6b). Differences
from placebo were not statistically significant
for the 240 mg dose group at month 4, the
120 mg dose group at month 5, or for either
dose group at month 6 (Fig. 6a). The overall
difference in LS mean (95% CI) change from

Fig. 5 Monthly mean change in migraine headache days with prodromal symptoms: a for each month and b overall for
months 1–6. *p\ 0.05, **p\ 0.01 versus placebo. BL baseline, GMB galcanezumab, LS least-squares, M month, SE
standard error

Fig. 6 Monthly mean change in migraine headache days with aura: a for each month and b overall for months 1–6.
*p\ 0.05, **p\ 0.01 versus placebo. BL baseline, GMB galcanezumab, LS least-squares, M month, SE standard error
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baseline in the number of monthly migraine
headache days with aura compared with pla-
cebo was -0.7 (-1.2 to -0.2) days in both the
120 mg and 240 mg galcanezumab groups.

Change in Migraine Headache Days
during Menstrual Periods

Among 269 women who recorded C one men-
strual period during the study, significantly
greater reductions in the number of monthly
migraine headache days during menstrual peri-
ods were observed in both galcanezumab groups
compared with placebo at every month (Fig. 7a)
and overall across 6 months (Fig. 7b). The
overall difference in LS mean (95% CI) change
from baseline in the number of monthly
migraine headache days during menstrual peri-
ods compared with placebo was -0.8 (-1.2
to -0.5) and -0.9 (-1.2 to -0.6) days in the
120 mg and 240 mg galcanezumab groups,
respectively.

In the baseline period, the mean (SD) pro-
portion of monthly migraine headache days
during menstrual periods (n = 269 women with
C one menstrual period during the study) was
27.6% (19.3) across all groups. During the
double-blind phase, the proportion decreased
by a mean (SE) of -3.6% (1.6) and -5.5% (1.6)
in the galcanezumab 120 mg and 240 mg
groups, respectively, compared with a mean
decrease of -1.5% (1.1) in the placebo group

(p = 0.28 for 120 mg galcanezumab versus pla-
cebo; p = 0.04 for 240 mg galcanezumab versus
placebo).

DISCUSSION

In this 6-month study, once-monthly gal-
canezumab significantly reduced the frequency
of moderate-to-severe and severe migraine
headache days, the severity of headaches, the
frequency of headache days with migraine-as-
sociated symptoms, and the frequency of
headache days during menstrual periods in
Japanese patients with episodic migraine. These
results indicate that galcanezumab treatment of
Japanese patients not only reduces the number
of migraine headaches, as previously demon-
strated [15], but also reduces the frequency of
moderate and severe headaches and migraine-
associated symptoms. This is the first study to
evaluate the effect of galcanezumab on
migraine headache severity and associated
symptoms in Japanese patients, and the first to
examine galcanezumab effects on migraine
headaches during menstrual periods in any
population.

Consistent with analyses of global trials [16],
both 120 mg and 240 mg doses of gal-
canezumab were effective in reducing the
number of moderate-to-severe and severe
migraine headache days. The headache severity
score was also reduced, similar to findings in

Fig. 7 Monthly mean change in migraine headache days during menstrual periods: a for each month and b overall for
months 1–6. *p\ 0.05, **p\ 0.01, ***p\ 0.001 versus placebo. BL baseline, GMB galcanezumab, LS least-squares,
M month, SE standard error
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global trials [17], although statistical signifi-
cance was only achieved in the 240 mg group.
Significant reductions in moderate-to-severe
and severe headache days were observed in the
first month of treatment and were sustained
throughout the 6-month study. Over the
6 months, galcanezumab treatment resulted in
a mean reduction of nearly 3 days per month
with moderate-to-severe migraine headache,
which corresponds to approximately half the
baseline mean of 6 days per month. Severe
migraine headache days were reduced by
approximately 0.6 days per month, more than
half the baseline mean of 1 day per month.
Although the absolute reduction in number of
days may seem small, this is because the base-
line number of days within each subcategory of
migraine headache is also small. Moreover, the
number of moderate-to-severe or severe
migraine headache days was reduced by
approximately 50% relative to baseline, which
meets the American Headache Society’s criteria
for successful migraine prevention [4]. Other
antibodies directed against CGRP or the CGRP
receptor have also been shown to reduce the
frequency of moderate-to-severe headache days
(fremanezumab [18]) or the severity of break-
through migraine headaches (erenumab [19]) in
patients with episodic migraine. Migraine
headache frequency and severity are both
important contributors to overall migraine-as-
sociated disability [20]. Thus, treatments that
effectively reduce both the occurrence of
migraine headache and the intensity of head-
aches can help reduce the burden of disease in
people with migraine. Indeed, previous analyses
of this Japanese trial have demonstrated that
galcanezumab was associated with improved
quality of life [21] and treatment satisfaction [22].

In addition to headache, migraine-associated
symptoms are common, can adversely affect
quality of life [23, 24], and can be associated
with progression to chronic migraine [25]. In an
analysis of the 2017 Japanese National Health
and Wellness Survey, more than half of patients
with migraine reported experiencing nausea/
vomiting (59.3%), photophobia (57.4%), or
phonophobia (54.5%), and 22.5% reported
having aura [26]. In this study, during the
baseline period, approximately one-third (mean

32.7%) of migraine headache days were
accompanied by nausea and/or vomiting and
more than half (mean 55.7%) by photophobia
and phonophobia. Both doses of galcanezumab
reduced the number of monthly migraine
headache days with nausea and/or vomiting,
photophobia and phonophobia, prodromal
symptoms, and aura. Additionally, the propor-
tion of migraine headache days with nausea
and/or vomiting and with photophobia and
phonophobia was lower with galcanezumab,
although the difference from placebo was not
always statistically significant. Although fre-
manezumab has been reported in a phase 2
randomized trial to reduce the number of days
per week with nausea/vomiting and with pho-
tophobia/phonophobia, the effect on migraine
headache days with these symptoms was not
assessed [18]. Interestingly, a recent case report
described the disappearance of aura in a patient
treated with galcanezumab and reduced dura-
tion and intensity of aura in a patient treated
with erenumab [27]; another case report also
reported reduced aura after erenumab treatment
[28]. A physician survey conducted in Germany
has reported that erenumab reduced nausea/
vomiting, photophobia/phonophobia, and aura
[29]. A post hoc analysis of four randomized,
placebo-controlled trials indicated that
although erenumab reduced the number of
monthly migraine headache days in patients
with or without aura, it did not significantly
reduce the number of monthly aura days [30].
Galcanezumab is the only CGRP antibody cur-
rently shown in clinical trials to reduce
migraine headache days with prodromal symp-
toms and with aura. Overall, our results are
consistent with those of the global gal-
canezumab trials [16], indicating that gal-
canezumab is equally effective at reducing
migraine-associated symptoms in Japanese
patients.

In women of reproductive age, migraine
attacks disproportionately occur during or just
before menstrual periods, suggesting there may
be hormonal triggers for migraine onset [6, 31].
In women with menstrual-related migraine,
migraine attacks that occur during menstrual
periods have been reported to last longer, cause
greater disability, and respond less well to acute
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treatments compared with migraine attacks that
occur at other times [32, 33]. In this study,
galcanezumab was effective in reducing the
number of migraine headache days by approx-
imately 45%, as well as the proportion of
migraine headache days, that occurred during
menstrual periods. Although the absolute
reduction in the number of migraine headache
days during menstrual periods was small, the
impact is likely to be clinically meaningful
because of the greater severity and duration of
headaches that occur at this time [32, 33]. The
effect of galcanezumab on migraine at the time
of menstrual periods was not evaluated in the
global galcanezumab trials [9–11, 16, 17]. A post
hoc analysis of data from a phase 3 randomized
trial indicated that erenumab reduced monthly
migraine headache days compared with placebo
in women with a history of menstrual migraine;
however, unlike our study, the analysis did not
specifically investigate migraine headaches
occurring during menstrual periods separately
from migraine headaches occurring outside of
the 5-day perimenstrual window [34]. A real-
world observational study conducted at a single
center in Italy reported that CGRP/CGRP
receptor antibodies, including galcanezumab,
reduced the frequency, intensity, and duration
of menstrual-related migraines occurring during
the 5-day perimenstrual window in 40 women
with C three previous treatment failures [35].
Together, these results suggest that gal-
canezumab may be an effective preventive
treatment for women experiencing migraine
during menstrual periods.

Our study is a detailed analysis of data from a
phase 2 multicenter, randomized placebo-con-
trolled trial of galcanezumab in Japanese
patients with episodic migraine, and is the first
analysis of the effect of galcanezumab on the
frequency of migraine headache days during
menstrual periods. Although the primary end-
point of the trial was the reduction in overall
number of migraine headache days [15], most of
the secondary analyses reported here were pre-
specified, while some were post hoc. As a limi-
tation, the sample size was based on the primary
endpoint and may not have provided sufficient
statistical power for all analyses. Additionally,
the presence of aura was reported by patients

and may not correspond to clinically defined
aura. Similarly, patients recorded whether they
had their menstrual period, with no set defini-
tion. Finally, although head-to-head compar-
isons between galcanezumab and other
preventive medications for migraine would be
useful, these trials have not yet been completed.
Future investigations specifically designed to
examine the effect of galcanezumab on
migraine-associated symptoms, including aura,
and on migraine headaches during menstrual
periods are required.

CONCLUSION

This analysis indicates that once-monthly gal-
canezumab is effective at reducing the fre-
quency of moderate-to-severe and severe
migraine headache days, the severity of head-
aches, the frequency of migraine headache days
with associated symptoms, and the frequency of
migraine headache days during menstrual peri-
ods in Japanese patients with episodic migraine.
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