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ABSTRACT

Introduction: This analysis of two Japanese
clinical trials evaluated efficacy and safety after
galcanezumab (GMB) discontinuation in
patients with episodic migraine (EM) and
chronic migraine (CM).
Methods: Data were from a 6-month, random-
ized, double-blind, placebo [PBO]-controlled
primary trial (patients with EM) and a
12-month open-label extension trial (patients
with EM/CM). Patients received 6 months’
(primary) or 12/18 months’ (extension) treat-
ment with GMB 120 mg (GMB120) plus 240-mg
loading dose or 240 mg (GMB240) with

4 months’ post-treatment follow-up. Efficacy
was assessed as number of monthly migraine
headache days during post-treatment. Safety
was assessed via post-treatment-emergent
adverse events (PTEAEs).
Results: The analysis population included 186
patients from the primary trial (PBO N = 93;
GMB120 N = 45; GMB240 N = 48), 220 patients
with EM from the extension trial (PBO/GMB120
N = 57; PBO/GMB240 N = 55; GMB120/
GMB120 N = 55; GMB240/GMB240 N = 53),
and 55 patients with CM (GMB120 N = 28;
GMB240 N = 27). In patients with EM receiving
6 months’ GMB120, mean standard deviation
(SD) monthly migraine headache days increased
from 5.69 (4.64) at treatment end to 6.24 (4.37)
at end of follow-up but did not return to pre-
treatment levels (8.80 [2.96]). In the extension
trial, mean monthly migraine headache days in
patients with EM receiving GMB120 were 4.13
(3.85) after 12 months and 4.45 (3.78) at end of
follow-up, and 3.59 (3.48) after 18 months and
3.91 (3.57) at end of follow-up. Monthly
migraine headache days in patients with CM
(12 months’ GMB120) were 10.71 (4.61) at
treatment end and 11.17 (5.64) at end of follow-
up (pre-treatment 20.15 [4.65]). Similar results
were seen for patients receiving GMB240. The
most observed PTEAE after GMB discontinua-
tion was nasopharyngitis.
Conclusion: Galcanezumab exhibited post-
treatment efficacy for up to 4 months in
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Japanese patients with EM and with CM. No
unexpected safety signals were observed.
Clinical Trial Registration: ClinicalTrials.gov,
NCT02959177 and NCT02959190.

Keywords: Anti-CGRP mAb; Clinical factors;
Drug discontinuation; Galcanezumab; Japan;
Migraine disorders; Migraine headache days;
Open-label extension study; Post-treatment;
Randomized controlled trial

Key Summary Points

Why carry out this study?

Galcanezumab (GMB), a humanized
monoclonal antibody that binds to the
neuropeptide calcitonin gene-related
peptide, is a preventive treatment for
migraine with demonstrated efficacy and
safety.

In global trials in people with episodic
migraine (EM), GMB showed reduced
effect after discontinuation, but monthly
migraine headache days did not return to
baseline levels; this effect has not
previously been examined in Japanese
people with migraine.

This analysis of data from two Japanese
clinical trials evaluated efficacy and safety
after GMB discontinuation in patients
with EM and in patients with chronic
migraine (CM) and identified clinical
factors associated with increases in
monthly migraine headache days after
GMB discontinuation.

What was learned from this study?

Monthly migraine headache days did not
return to pre-treatment levels for up to
4 months post-treatment in patients with
EM and in patients with CM after GMB
discontinuation.

In patients with EM, an increase in
monthly migraine headache days during
the post-treatment phase after 6 months
of treatment was associated with a lower
number of headache days per month at
baseline and longer disease duration; after
12 or 18 months of treatment, increased
monthly migraine headache days during
the post-treatment phase were associated
with a higher aura frequency at baseline
and a lower number of migraine headache
days at treatment end.

The demonstrated post-treatment effect of
GMB is important for patients with
migraine who may need to temporarily
cease preventive medication.

INTRODUCTION

Migraine is a debilitating chronic neurological
condition, characterized by pulsating or
pounding headaches and associated symptoms
including nausea, photophobia, and phono-
phobia [1]. Pharmacological treatment of
migraine includes both acute management
during attacks and preventive therapy. How-
ever, traditional migraine preventive treatments
have high discontinuation rates due to intoler-
ance and lack of efficacy [2–4]. Some newer
preventive treatments target the neuropeptide
calcitonin gene-related peptide (CGRP) or its
receptor. CGRP is implicated in the underlying
pathophysiology of migraine and has been
demonstrated to contribute to neurogenic
inflammation, vasodilation, and transmission
of painful stimuli [5]. Galcanezumab is a
humanized monoclonal antibody that inhibits
CGRP-mediated effects by binding to CGRP,
thus preventing it from binding to its receptor
[6]. The efficacy and safety of galcanezumab
have been demonstrated in phase 2 and 3 ran-
domized controlled trials for the prevention of
migraine, including treatment-resistant
migraine [7–11].
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Anti-CGRP antibody treatments for migraine
have demonstrated sustained response even
after discontinuation in some people with
migraine [12–15]. Results from two global ran-
domized phase 3 trials of galcanezumab showed
reduced effect in post-treatment phases, but
monthly migraine headache days did not return
to baseline levels [12]. In Japanese people with
migraine, the efficacy and safety of gal-
canezumab have been demonstrated for episo-
dic migraine (EM) in a phase 2 randomized
controlled trial [9], and for EM and chronic
migraine (CM) in a long-term, 12-month, open-
label extension study [16]. However, continued
efficacy of galcanezumab after discontinuation
in Japanese patients has not yet been demon-
strated. Furthermore, there is a need to identify
clinical factors associated with post-treatment
efficacy of galcanezumab, which could assist
clinicians and patients when selecting the best
treatment option and treatment duration for
the individual.

The objectives of this analysis of the Japanese
randomized controlled clinical trial and open-
label extension were to evaluate efficacy after
discontinuation of galcanezumab, both in
patients with EM and in patients with CM, and
to identify clinical factors associated with
changes in monthly migraine headache days
after discontinuation of galcanezumab.

METHODS

Study Design

The primary trial was a 6-month, randomized,
double-blind, placebo-controlled study of gal-
canezumab in Japanese people with EM (Clini-
calTrials.gov, NCT02959177), conducted across
40 sites from December 2016 to January 2019
[9]. The open-label extension study was a
12-month safety study of galcanezumab in
Japanese people with either EM or CM (Clini-
calTrials.gov, NCT02959190), conducted at 44
sites from March 2017 to August 2019 [16]. The
protocols for both trials were reviewed and
approved by local ethics review boards, and
written informed consent was obtained from all
patients before participation. Both studies were

conducted in accordance with the Helsinki
Declaration of 1964 and its later amendments.
A list of the institutional ethics review boards is
provided in Table S1.

Study Populations and Treatment
Protocols

The inclusion and exclusion criteria for both
trials have been published previously [9, 16].
Briefly, patients eligible for the primary trial
were adults with a migraine diagnosis, had
migraine for C 1 year prior to the study, and
had 4–14 migraine headache days and C 2
migraine attacks per month (i.e., EM) [9].
Patients eligible for the open-label extension
trial included those with EM who completed
the treatment period of the primary trial and
newly recruited patients with CM. Patients with
CM were eligible if they were adults with a
migraine diagnosis, had C 1 headache-free day
per month in the 3 months prior to treatment
and during the baseline period, and had
C 15 headache days per month (of
which C 8 had features of migraine) during the
baseline period [16].

In the primary trial, patients were random-
ized (2:1:1) to monthly subcutaneous injections
of placebo, 120 mg of galcanezumab, or 240 mg
of galcanezumab [9]. Patients randomized to
galcanezumab 120 mg received a single 240-mg
loading dose at the start of treatment [9].
Patients with EM who received galcanezumab
120 mg or 240 mg in the primary trial remained
on the same dose in the open-label extension
study [16]. Patients with EM who received pla-
cebo in the primary trial and patients with CM
who were newly recruited were randomized
(1:1) to galcanezumab 120 mg or 240 mg in the
open-label extension study [16]. All patients
randomized to galcanezumab 120 mg received a
single 240-mg loading dose at the start of open-
label treatment [16]. In the primary trial, all
injections were performed by trained study
personnel [9]; in the open-label study, after
6 months, patients were given the option to
self-administer the injection under the super-
vision of study personnel [16].
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This analysis included three patient groups.
The first group of patients, from the primary
trial, had EM, received 6 months of treatment
with either placebo or galcanezumab, and were
followed up for 4 months post-treatment. The
second group of patients had EM, rolled over to
the open-label extension study from the pri-
mary trial, received 12 months of open-label
treatment with galcanezumab, and were fol-
lowed up for 4 months post-treatment. Patients
who rolled over into the open-label extension
trial from the primary trial were not included in
the post-treatment follow-up of the primary
trial. In this group, patients who received pla-
cebo in the primary trial received a total of
12 months of galcanezumab treatment, and
patients who received galcanezumab in the
primary trial received a total of 18 months of
galcanezumab treatment. The third group of
patients comprised newly recruited patients
with CM who entered the extension study,
received 12 months of open-label gal-
canezumab treatment, and were followed up for
4 months post-treatment.

Outcome Measures

The primary and key secondary outcomes of
both the primary and open-label extension tri-
als have been reported previously [9, 16]. In this
prespecified analysis, the efficacy outcome was
the number of monthly migraine headache
days during the post-treatment phase after dis-
continuation of galcanezumab. A migraine
headache day was defined as a calendar day on
which a migraine or probable migraine head-
ache occurred. Each month was defined as a
30-day period with migraine or headache mea-
sures, normalized from the intervals between
visits. Participants in both studies used daily
migraine diaries to record the frequency of
headaches, migraine headaches, and medica-
tions used for headache during the treatment
and post-treatment phases.

Prespecified safety assessments included fre-
quency of adverse events (AEs), serious AEs,
treatment-emergent AEs (TEAEs), and post-
TEAEs (PTEAEs). A PTEAE was defined as an
event that first occurred or worsened during the

post-treatment phase when compared with
baseline. In this analysis, we report safety dur-
ing the post-treatment phase of the primary
trial; safety during the post-treatment phase of
the open-label study has been reported previ-
ously [16]. AEs were coded using the Medical
Dictionary for Regulatory Activities Version
21.1.

This analysis of data from the primary and
extension trials also includes a post hoc
exploratory analysis to identify clinical factors
of migraine associated with changes in monthly
migraine headache days during the post-treat-
ment phases of both trials.

Statistical Analysis

The efficacy analysis population consisted of
patients in the intent-to-treat (ITT) population
of the primary trial who entered the post-treat-
ment phase of the trial and who had migraine
headache day data recorded both (1) at the final
month of the treatment period and (2) at the
end of the post-treatment period. The ITT pop-
ulation of the primary trial was defined as all
randomized patients who received C 1 dose of
placebo or galcanezumab [9]. The efficacy pop-
ulation of the open-label extension trial was the
same as the primary trial [16].

Baseline (pre-treatment) demographic and
clinical characteristics are reported as mean (SD)
for continuous variables and n (%) for categori-
cal variables, for each of the treatment groups
and for 50% responders and non-responders to
galcanezumab. In each population, a 50%
responder to galcanezumab was defined as any
patient who had a C 50% reduction in the total
number of migraine headache days (relative to
baseline) during the last month of the treat-
ment period.

Clinical factors associated with changes in
monthly migraine headache days during post-
treatment phases were determined using a
three-step process. The clinical factor variables
used in the post hoc analyses are listed in
Table S2. Firstly, Hall’s method [17] was used to
select important (continuous) covariates with a
high correlation with the response variable, but
lower correlations among the selected
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covariates. Here the response variable was the
change in migraine headache days during the
post-treatment phase (migraine headache days
in the last month of the follow-up period minus
migraine headache days in the last month of
the treatment period). This was based on
Eq. 4.16 in [17]. In the original algorithm, the
selection stops at the maximum point in the
merit function Ms. Because we had a next step
to eliminate variables, we wanted to avoid too
strict a selection in this step. Therefore, we
stopped the selection when the merit function
decreased slightly (0.01 decrease) after reaching
the maximum point (in Ms) as the number of
selected covariates (k in Eq. 4.16) increased. We
used the non-parametric method, Kendall’s
correlation in the Hall’s algorithm. Secondly, a
random forest procedure [18] was used to refine
the explanatory variables selected by Hall’s
method, plus one binary variable sex (R package
randomForest, ‘‘randomForest’’ function). The
response variable was the same as the Hall’s
method. Thirdly, after constructing 500 random
forest trees, we computed important scores by
decreases in mean squared errors (MSE). We
selected variables with C 30% of the maximum
decrease in MSE among the input variables
(R package randomForest, ‘‘varImpPlot’’ func-
tion). Note that there is no standard cutoff to
select variables, so we used the relatively con-
servative cutoff of 30%. Finally, linear regres-
sion without interaction terms was used with
the variables selected in the previous steps. As a
cutoff value, we used a p value\ 0.05. This
process was conducted separately for all primary
trial patients who received galcanezumab, all
extension trial patients with EM, all extension
trial patients with CM, 50% responders in the
primary trial, 50% responders with EM in the
extension trial, and 50% responders with CM in
the extension trial. For all these post hoc anal-
yses, there was no multiplicity adjustment.

Statistical analysis was performed using SAS
9.4 (SAS Institute Inc., Cary, NC, USA) and R,
Version 4.2.2 (R Foundation for Statistical
Computing, Vienna, Austria) [19].

RESULTS

Patient Disposition and Baseline
Characteristics

As previously described for the primary trial [9],
459 patients with EM were randomized to pla-
cebo (N = 230), galcanezumab 120 mg
(N = 115), and galcanezumab 240 mg (N = 114)
(Fig. 1). Some patients who completed the
treatment period in the primary trial shifted
into the open-label extension trial and thus
were not included in the post-treatment popu-
lation of the primary trial. This included 58
patients on galcanezumab 120 mg and 62
patients on galcanezumab 240 mg who contin-
ued on the same dose in the extension trial, and
126 patients who received placebo in the pri-
mary trial and were re-randomized to gal-
canezumab 120 mg (n = 62) or galcanezumab
240 mg (n = 64) in the extension trial. Thus, in
the primary trial, 204 patients entered the post-
treatment phase (placebo N = 100; gal-
canezumab 120 mg N = 52; galcanezumab
240 mg N = 52), and 186 patients completed
the post-treatment phase and were included in
the analysis population (placebo N = 93; gal-
canezumab 120 mg N = 45; galcanezumab
240 mg N = 48). In the extension trial, 237
patients with EM entered the post-treatment
phase (galcanezumab 120 mg N = 117; gal-
canezumab 240 mg N = 120), and 220 patients
completed the post-treatment phase and were
included in the analysis population (gal-
canezumab 120 mg N = 112; galcanezumab
240 mg N = 108). The disposition of patients
with EM in the analysis population by primary
trial dose and extension trial dose was 57
patients receiving placebo then galcanezumab
120 mg, 55 receiving placebo then gal-
canezumab 240 mg, 55 receiving galcanezumab
120 mg then 120 mg, and 53 receiving gal-
canezumab 240 mg then 240 mg (Table 1).

Patients with CM were also included in the
extension trial (N = 65) and randomized to
galcanezumab 120 mg (N = 32) or 240 mg
(N = 33). Of these, 64 patients entered the post-
treatment phase (galcanezumab 120 mg N = 32;
galcanezumab 240 mg N = 32), and 55 patients
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Fig. 1 Patient flow for the primary and extension trials,
including patients who transferred from the primary trial
into the open-label extension study. aPatients included in
the analysis population had migraine headache days
recorded for the last month of treatment and the last
month of the post-treatment phase. bDisposition by

primary trial dose/extension trial dose: PBO/GMB120
N = 57; GMB120/GMB120 N = 55. cDisposition by
primary trial dose/extension trial dose: PBO/GMB240
N = 55; GMB240/GMB240 N = 53. GMB gal-
canezumab, LTE long-term extension, PBO placebo
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completed the post-treatment phase and were
included in the analysis population (gal-
canezumab 120 mg N = 28; galcanezumab
240 mg N = 27).

Demographic and clinical characteristics
were mostly well balanced across treatment
groups in the analysis population (Table 1). The
percentage of female patients was around
82–85% in most treatment groups, although
90.9% of the placebo/galcanezumab 240-mg
group with EM and 100% of the galcanezumab
120-mg group with CM in the extension trial
were female. Some expected differences were
seen between patients with EM and those with
CM. In patients with EM, the percentage who
had previously failed C 1 preventive migraine
treatment ranged from 28.9% to 50.9%,
whereas it was slightly higher in patients with
CM (55.6–64.3%; consistent with previous
reports for Japanese patients with CM [3]).

The demographic and clinical characteristics
among 50% responders to galcanezumab in
each trial were mostly similar across the trials
(Table S3).

Efficacy After Discontinuation
of Galcanezumab

In patients with EM who received 6 months of
treatment with galcanezumab in the primary
trial, the number of monthly migraine head-
ache days increased during the 4-month post-
treatment phase compared with the end of the
treatment period but remained lower than
baseline (Fig. 2). Patients in the galcanezumab
120-mg group experienced a mean (SD) of 5.69
(4.64) monthly migraine headache days in the
final month of treatment (month 6) and 6.24
(4.37) monthly migraine headache days at the
end of follow-up (month 10) compared with
8.80 (2.96) at baseline (before treatment). In the
galcanezumab 240-mg group, mean monthly
migraine headache days were 9.04 (3.15) at
baseline (before treatment), 4.58 (4.49) at
month 6 (end of treatment), and 6.25 (4.27) at
month 10 (end of follow-up).

After 12 or 18 months of galcanezumab
treatment, patients with EM maintained a sim-
ilar frequency of monthly migraine headache

days during the 4-month post-treatment phase
and during treatment (Fig. 3). In patients who
received placebo for 6 months followed by gal-
canezumab 120 mg for 12 months, the mean
(SD) number of monthly migraine headache
days was 4.13 (3.85) in the final month of
treatment and 4.45 (3.78) at the end of follow-
up compared with 8.53 (2.95) at baseline (before
treatment). Patients who received gal-
canezumab 120 mg for 18 months had mean
(SD) monthly migraine headache days of 8.37
(2.54) at baseline (before treatment), 3.59 (3.48)
at month 18 (end of treatment), and 3.91 (3.57)
at the end of follow-up. In patients who
received placebo for 6 months followed by gal-
canezumab 240 mg for 12 months, the mean
(SD) number of monthly migraine headache
days was 5.06 (5.17) in the final month of
treatment and 4.96 (4.65) at the end of follow-
up compared with 8.67 (3.10) at baseline (before
treatment). Patients who received gal-
canezumab 240 mg for 18 months had mean
monthly migraine headache days of 9.07 (2.82)
at baseline (before treatment), 4.19 (3.99) at
month 18 (end of treatment), and 3.98 (3.21) at
the end of follow-up.

By pooling the data for patients with EM
from the primary and extension trials, we were
able to visualize the change in migraine head-
ache days from the end of treatment to the end
of the post-treatment phase across treatment
durations and galcanezumab dose groups
(Table 2). There was a numerical trend toward a
smaller change in monthly migraine headache
days after treatment discontinuation as the
treatment duration increased. Furthermore, the
percentage of patients with EM who experi-
enced an increase in monthly migraine head-
ache days (i.e., a worsening of their condition)
during the post-treatment phase was greatest for
patients with the shortest treatment period
(Fig. 4). For patients receiving galcanezumab
120 mg, the percentage who experienced a
worsening of their condition during the post-
treatment phase was 57.8% (26/45) after
6 months, 52.6% (30/57) after 12 months, and
47.3% (26/55) after 18 months of treatment. For
patients receiving galcanezumab 240 mg, the
percentage who experienced a worsening of
their condition during the post-treatment phase
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Fig. 3 Mean number of monthly migraine headache days during the treatment and post-treatment phase of the extension
study for patients with EM. EM episodic migraine, GMB galcanezumab, PBO placebo

Fig. 2 Mean number of monthly migraine headache days during the treatment and post-treatment phase of the primary
study for patients with EM. EM episodic migraine, GMB galcanezumab, PBO placebo
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was 64.6% (31/48) after 6 months, 49.1% (27/
55) after 12 months, and 47.2% (25/58) after
18 months of treatment.

Patients with CM who received 12 months of
galcanezumab treatment also demonstrated
continued efficacy of galcanezumab for
4 months following treatment, with almost no
change in migraine headache days during the
follow-up period (Fig. 5). Patients receiving
galcanezumab 120 mg had a mean (SD) baseline
of 20.15 (4.65) monthly migraine headache
days (before treatment), which decreased to
10.71 (4.61) at the end of treatment and was
11.17 (5.64) at the end of the 4-month follow-

up. For patients in the galcanezumab 240-mg
group, monthly migraine headache days were
10.62 (7.33) at the end of treatment and 11.43
(7.89) at the end of follow-up compared with
19.59 (5.57) at baseline (before treatment).

Safety After Discontinuation
of Galcanezumab

No deaths were reported during the follow-up
period for the primary trial. The only serious AE
reported during the post-treatment phase
occurred in one patient in the placebo group
(moderate pneumonia, considered by the

Table 2 Changes in monthly migraine headache days from the end of treatment during the post-treatment phase for
patients with EM, stratified by galcanezumab dose and duration of galcanezumab treatment

Change in monthly migraine headache days from the end of treatment

Primary trial Extension trial

After 6 months of
treatment

After 12 months of
treatment

After 18 months of
treatment

GMB 120 mg N = 45 N = 57 N = 55

1 month after the end of

treatment

0.10 (3.73) - 0.21 (2.33) 0.27 (2.42)

2 months after the end of

treatment

- 0.56 (2.96) 0.27 (2.63) 0.69 (3.29)

3 months after the end of

treatment

0.58 (3.83) 0.41 (3.60) 0.36 (2.66)

4 months after the end of

treatment

0.55 (4.04) 0.32 (3.14) 0.32 (3.23)

GMB 240 mg N = 48 N = 55 N = 53

1 month after the end of

treatment

0.08 (2.68) 0.06 (3.41) - 0.31 (2.57)

2 months after the end of

treatment

0.75 (3.16) - 0.06 (3.38) - 0.49 (3.42)

3 months after the end of

treatment

0.15 (3.61) - 0.32 (2.91) - 0.25 (2.94)

4 months after the end of

treatment

1.68 (3.84) - 0.10 (3.14) - 0.21 (2.77)

Data are mean (SD)
EM episodic migraine, GMB galcanezumab
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investigator as unrelated to the study drug). In
the galcanezumab 240-mg group, there was a
single discontinuation from the study during
the post-treatment phase due to AEs. Overall, 30
patients (30%) in the placebo group, 21 patients
(40.4%) in the galcanezumab 120-mg group,
and 20 patients (38.5%) in the galcanezumab
240-mg group reported C 1 PTEAE. The PTEAEs
that occurred in C 2% of patients who received
any dose of galcanezumab were nasopharyngitis
(7.7% of each of the 120-mg and 240-mg dose
groups), back pain (1.9% and 3.9% of the
120-mg and 240-mg groups, respectively), gas-
troenteritis (5.8% and 0% of the 120-mg and

240-mg groups, respectively), influenza (3.9%
and 1.9% of the 120-mg and 240-mg groups,
respectively), migraine without aura (0% and
3.9% of the 120-mg and 240-mg groups,
respectively), and oral herpes (3.9% and 0% of
the 120-mg and 240-mg groups, respectively).

AEs that occurred during the post-treatment
phase of the open-label extension study have
been previously reported [16].

Clinical Factors Associated with Efficacy
After Discontinuation of Galcanezumab

For the primary trial data (patients with EM
after 6 months of treatment), after the random
forest selection procedure, the variables selected
were headache days per month at baseline (HD),
migraine headache days per month at baseline
(MHD), years since migraine diagnosis (DIAG-
year), age, number of migraine headache days
in the final month of treatment (BASEend), and
the percentage change in monthly migraine
headache days at treatment end (PCHGend)
(Table S4). In the linear regression with no
interaction terms, an increase in monthly
migraine headache days after discontinuation
of galcanezumab was significantly associated
with a lower number of headache days per
month at baseline (HD variable, p = 0.012) and
longer disease duration (DIAGyear variable,
p = 0.040) (Table 3).

In patients with EM in the extension trial
(after 12 or 18 months of treatment), the vari-
ables selected for linear regression were the
number of days with aura per 30-day period at
baseline (AURA), number of migraine headache
days in the final month of treatment (BASEend),
and the percentage change in monthly
migraine headache days at treatment end
(PCHGend) (Table S5). An increase in monthly
migraine headache days after discontinuation
of galcanezumab was significantly associated
with a higher number of days with aura per
30-day period (at baseline) (AURA variable,
p = 0.004) and a lower number of monthly
migraine headache days at treatment end
(BASEend variable, p\0.001) (Table 3).

In patients with CM in the extension trial
(after 12 months of treatment), the variables

Fig. 4 Percentage of patients with EM who experienced
an increase in monthly migraine headache days during the
post-treatment phase (i.e., worsened condition after the
end of treatment). Data for 6 months of treatment are
from the primary trial and data for 12 and 18 months of
treatment are from the extension trial. EM episodic
migraine, GMB galcanezumab
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Fig. 5 Mean number of monthly migraine headache days during the treatment and post-treatment phase of the extension
study for patients with CM. CM chronic migraine, GMB galcanezumab

Table 3 Clinical factors significantly associated with an increase in monthly migraine headache days during the post-
treatment phase (results of linear regression)

Trial Patient group Variable
name

Variable description Estimate p value

Primary

trial

Patients with EM after 6 months

of treatment

HD Headache days per 30-day period at

baseline

- 0.3634 0.012

DIAGyear Years since migraine diagnosis 0.0724 0.040

Extension

trial

Patients with EM after 12 or

18 months of treatment

AURA Number of migraine headache days

with aura per 30-day period at

baseline

0.1123 0.004

BASEend Number of monthly migraine

headache days in the final month of

treatment

- 0.3435 \ 0.001

Extension

trial

50% responders to GMB with EM

after 12 or 18 months of

treatment

AURA Number of migraine headache days

with aura per 30-day period at

baseline

0.0823 0.044

PCHGend Percentage change in migraine

headache days at treatment end

- 0.0658 0.012

EM episodic migraine, GMB galcanezumab
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selected by the random forest procedure were
headache days per 30-day period at baseline
(HD), number of days with acute medication
use per 30-day period (NUMMU), body mass
index at baseline (BMI), number of migraine
headache days in the final month of treatment
(BASEend), and the percentage change in
migraine headache days at treatment end
(PCHGend) (Table S6). However, in the linear
regression, none of these clinical factors were
significantly associated with an increase in
monthly migraine headache days after discon-
tinuation of treatment.

When the same analyses were performed on
the 50% responder groups, only the patients
with EM after 12 or 18 months of treatment
showed any clinical factors significantly associ-
ated with changes in monthly migraine head-
ache days after discontinuation of
galcanezumab (Table 3). Specifically, in the 50%
responder group, an increase in monthly
migraine headache days after galcanezumab
discontinuation was associated with the num-
ber of monthly migraine headache days with
aura at baseline (AURA variable, p = 0.044) and
a higher percentage change in monthly
migraine headache days at treatment end
(PCHGend variable, p = 0.012). A similar,
although not statistically significant, trend was
seen in the relationship between changes in
monthly headache days and disease duration
(Fig. 6).

DISCUSSION

This analysis of data from both a randomized
controlled trial and an open-label extension
study of galcanezumab in Japanese patients
with migraine provides the first description of
post-treatment effects of galcanezumab in this
population. After 12 or 18 months of treatment
with galcanezumab, Japanese people with EM
and with CM maintained reduced monthly
migraine headache days for 4 months. This
confirms previous reports from global studies of
a post-treatment effect of galcanezumab in
people with migraine [12]. This analysis also
identified clinical factors associated with chan-
ges in migraine headache days after

discontinuation of galcanezumab. These results
may assist clinicians in identifying patients who
may be likely to experience prolonged post-
treatment efficacy. The demonstrated post-
treatment effect of galcanezumab is also
important for patients with migraine who may
need to temporarily cease preventive medica-
tion or switch to another medication.

In the primary trial, the number of monthly
migraine headache days increased slightly dur-
ing the post-treatment phase but did not return
to baseline levels in the galcanezumab-treated
patients with EM. This pattern was seen in
patients receiving both 120 mg and 240 mg of
galcanezumab. This is consistent with the
results of the EVOLVE-1 and -2 global phase 3
clinical trials of galcanezumab in patients with
EM [12]. In both EVOLVE-1 and -2, the reduc-
tion in monthly migraine headache days
declined during the post-treatment phase, and
the number of monthly migraine headache
days remained significantly different from
baseline for all treatments at all time points
[12]. In the open-label extension study, in both
patients with EM and patients with CM, the
number of monthly migraine headache days
during the post-treatment phase remained sig-
nificantly different from baseline in patients
receiving galcanezumab, with very little change
in migraine headache days from end of treat-
ment to the end of the follow-up period. A
prolonged difference from baseline monthly
migraine headache days was reported in the
4-month period after 9 months of open-label
extension of the REGAIN global clinical trial of
galcanezumab in patients with CM [20].

The post-treatment effects of galcanezumab
observed in the current analysis are generally
consistent with previous reports for other
migraine medications targeting CGRP or its
receptor, although direct comparisons between
studies are difficult owing to differences in
methodology, duration of post-treatment per-
iod, and reported patient outcomes. For exam-
ple, in patients with EM and with CM in a real-
world clinical setting, there was a significant
reduction in monthly migraine days compared
with baseline during weeks 1–4 after discontin-
uation of erenumab [13]. Post-treatment effects
have also been demonstrated in a small cohort
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study of patients with CM who were treated
with erenumab or galcanezumab after previous
failure of C 3 preventive treatments [14]. In
these patients, a significant reduction in
monthly migraine days compared with baseline
was observed at 1, 2, and 3 months post-dis-
continuation, although with a significant
increase at 2 and 3 months compared with the
last month of treatment [14].

In the present study, a numerical trend was
observed of a smaller change in monthly
migraine headache days as the treatment dura-
tion increased (in patients with EM). After
6 months of treatment and 4 months of follow-
up, migraine headache days increased by
0.55–1.68 days per month from the end of
treatment; after 12 or 18 months of treatment,
and 4 months of follow-up the change was

Fig. 6 Relationship between change in monthly migraine
headache days during the post-treatment phase and years
since migraine diagnosis in the 50% responder group.

DIAGyear years since migraine diagnosis, GMB All all
patients who received galcanezumab
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- 0.21 to ? 0.32 days per month, depending on
galcanezumab dose. We also observed that the
percentage of patients with EM who experi-
enced an increase in monthly migraine head-
ache days during the post-treatment phase was
greatest for patients treated for 6 months, and
was relatively similar for patients who received
12 or 18 months of treatment. It is therefore
likely that a longer treatment period may be
associated with a prolonged post-treatment
effect and a lower proportion of patients with a
worsened condition.

In this analysis, we identified clinical factors
associated with changes in monthly migraine
headache days after discontinuation of gal-
canezumab by a random forest procedure and
subsequently by linear regression without
interaction effects. Although some variables
appeared to have a similar clinical meaning, we
kept them in the random forest and linear
regression analyses because our first step (Hall’s
algorithm) would have eliminated highly cor-
related non-important variables (e.g., HD and
MHD, BASEend and PCHGend, for the primary
trial analysis).

After 6 months of treatment with gal-
canezumab in patients with EM, random forest
analysis identified the variables of headache
days per month at baseline, migraine headache
days per month at baseline, age, migraine
headache days in the final month of treatment,
percentage change in monthly migraine head-
ache days at treatment end, and disease dura-
tion (years since diagnosis) as being associated
with changes in monthly migraine headache
days during the post-treatment phase. In the
linear regression analysis, an increase in
monthly migraine headache days during the
post-treatment phase was only associated with a
lower number of headache days per month at
baseline and longer disease duration. It is pos-
sible that the association with longer disease
duration is related to central sensitization,
which is known to be associated with longer
disease duration [21]; 6 months of treatment
may be insufficient for patients with a longer
disease duration to develop improved central
sensitization.

After 12 or 18 months of treatment with
galcanezumab in patients with EM, changes in

monthly migraine headache days in the post-
treatment phase were associated in the random
forest analysis with the number of migraine
headache days with aura at baseline, the num-
ber of migraine headache days in the final
month of treatment, and the percentage change
in monthly migraine headache days at treat-
ment end. The linear regression identified a
significant association of increasing number of
monthly migraine headache days post-treat-
ment with a higher number of migraine head-
ache days per month with aura (at baseline) and
a lower number of migraine headache days in
the final month of treatment. It is possible that
patients with a lower number of monthly
migraine headache days at the end of treatment
experienced an increase in migraine headache
days during the post-treatment phase simply
because the lower headache frequency at treat-
ment end could not be maintained without
additional doses of galcanezumab. It is also
possible that the post-treatment effect of gal-
canezumab may not persist in patients with
more frequent baseline aura because gal-
canezumab acts primarily peripherally, whereas
the primary cause of aura is thought to be a
central mechanism (depolarization within the
cerebral cortex [22]). It is not clear why the
clinical factors associated with post-treatment
changes in monthly migraine headache days
differed depending on the treatment period,
and further research is needed.

For patients with CM, after 12 months of
treatment, changes in monthly migraine head-
ache days in the post-treatment phase were
associated in the random forest analysis with
headache days per month at baseline, the
number of days per month with acute medica-
tion use, BMI, the number of migraine head-
ache days in the final month of treatment, and
the percentage change in monthly migraine
headache days at treatment end. However,
there were no significant associations between
the change in monthly migraine headache days
post-treatment and any variables in the linear
regression.

The safety profile of galcanezumab during
the post-treatment phase in Japanese patients
with migraine was consistent with previous
local and global studies. PTEAEs in the primary
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trial were reported by 30–40% of patients, con-
sistent with the open-label extension trial [16].
The most common PTEAE in the primary trial
was nasopharyngitis, which was also the most
commonly reported PTEAE in the open-label
extension trial [16]. These safety parameters are
similar to the global EVOLVE-1 and -2 trials, in
which PTEAEs were reported in around 25% of
patients, and the most common PTEAEs were
upper respiratory tract infections [12].

Limitations

Limitations of this analysis include the small
sample size for some treatment groups, espe-
cially the 50% responder groups, and that
restrictions in enrollment criteria for the two
trials may have limited the generalizability of
the results [12]. Our analyses used data from
company-sponsored clinical trials and may not
reflect the situation for patients in real-world
clinical settings. There were no patients who
received placebo treatment throughout the
open-label extension, and so we were unable to
investigate any impact of placebo responses on
the results of the open-label extension trial,
including in patients with CM. Participants
were permitted to use preventive medication
during the post-galcanezumab treatment per-
iod, which could have affected the results;
however, only a minority of participants
(5.9–7.7% of patients with EM; 23.4% of
patients with CM) actually took such medica-
tion. A further potential limitation is that the
post-treatment duration was 4 months, and our
results may not be generalizable for longer
durations; however, we note that the post-
treatment duration was no shorter than previ-
ous post-treatment studies [12–14]. Investigat-
ing in more detail the variables selected by the
random forest procedure may be a future anal-
ysis approach because the random forest algo-
rithm can account for interaction effects that
were omitted by the simple linear regressions in
the last step of our analysis. We also note that in
our analyses, patients were considered to have
worsened if they had any increase in monthly
migraine headache days post-treatment, even if
this was only one migraine day per month; in

practice, patients may not consider a small
increase to be a worsened outcome, although
this cannot be confirmed without patient-re-
ported satisfaction or quality-of-life data. The
strengths of our analysis included the use of
data from two robustly conducted studies: one
randomized, placebo-controlled, multicenter
phase 2 trial and one randomized, multicenter,
open-label extension study. Both the primary
and extension trials included a prolonged post-
treatment phase (4 months) in the study design
in order to assess post-treatment effects descri-
bed in this analysis. In addition, this is the first
study to evaluate post-treatment effectiveness
of galcanezumab in Japanese people with
migraine, and the study population included
patients both with EM and with CM.

CONCLUSION

Galcanezumab exhibited post-treatment effi-
cacy for up to 4 months in Japanese patients
with EM and with CM. Clinical factors that were
associated with post-treatment increases in
monthly migraine headache days in patients
with EM included fewer headache days per
month at baseline, longer disease duration,
higher aura frequency at baseline, and a higher
percentage change in monthly migraine head-
ache days at treatment end.
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