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Abstract

Background: Galcanezumab, a humanized monoclonal antibody that binds calcitonin gene-related peptide, has
demonstrated a significant reduction in monthly migraine headache days compared with placebo. Here, we analyze
data from 3 randomized clinical trials (2 episodic trials [EVOLVE-1, EVOLVE-2] and 1 chronic trial [REGAIN]), to
examine if galcanezumab also alleviates the severity and symptoms of migraine.

Methods: The episodic migraine trials were 6-month, double-blind studies in patients with episodic migraine (4-14
monthly migraine headache days). The chronic migraine trial was a 3-month, double-blind study in patients with
chronic migraine (2 15 headache days per month, where 2 8 met criteria for migraine). Patients (18-65 years) were
randomized to placebo or galcanezumab 120 mg with a 240-mg loading dose or 240 mg. Patients recorded
headache characteristics, duration, severity, and presence of associated symptoms with each headache. The
outcomes analyzed were changes from baseline in number of monthly migraine headache days with nausea and/
or vomiting, photophobia and phonophobia, aura, and prodromal symptoms other than aura. Additional outcomes
analyzed included the number of moderate-to-severe monthly migraine headache days, number of severe migraine
headache days, and mean severity of remaining migraine headache days. Change from baseline in the proportion
of days with nausea and/or vomiting and the proportion of days with photophobia and phonophobia among the
remaining monthly migraine headache days were also analyzed.

Results: Galcanezumab was superior to placebo in reducing the frequency of migraine headache days with
associated symptoms of migraine such as nausea and/or vomiting, photophobia and phonophobia, and prodromal
symptoms. Galcanezumab reduced the frequency of migraine headache days with aura in the episodic migraine
studies. There was a significant reduction in the proportion of remaining migraine headache days with nausea and/
or vomiting for the episodic and chronic migraine studies, and with photophobia and phonophobia for the
episodic migraine studies. Galcanezumab was superior to placebo in reducing the number of monthly moderate-
to-severe migraine headache days and the overall and monthly severe migraine headache days.

Conclusions: Galcanezumab reduces the frequency of migraine headache days and can alleviate potentially
disabling non-pain symptoms on days when migraine is present in patients with episodic or chronic migraine.
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Background

According to the Global Burden of Disease Study 2016,
migraine is the second leading cause of years lived with
disability worldwide, after low back pain, and represents
45.1 million (95% uncertainty interval [UI]: 29.0-
62.8 million) years lived with disability [1]. The global
age-standardized prevalence of migraine, 18.9 % (18.1-
19.7) for women and 9.8% (9.4-10.2) for men,
represents a worldwide total of 1.04 billion (95% UL
1.00-1.09 billion) individuals with migraine [2]. Despite
its wide prevalence, migraine is often under-treated and
inadequately recognized [3, 4].

Migraine is primarily defined by its most prominent
symptom which is a unilateral, moderate-to-severe, pul-
sating headache lasting from 4 to 72 hours and aggra-
vated by routine physical activity usually accompanied
by nausea and/or vomiting or photophobia and phono-
phobia [5]. Many patients experience a prodromal or
premonitory phase that may begin hours or days before
the headache phase of a migraine attack [5] and some
patients experience a postdromal phase following head-
ache resolution. These premonitory symptoms may
include fatigue, difficulty concentrating, neck stiffness,
sensitivity to light and/or sound, nausea, blurred vision,
yawning, and pallor [5-8]. Approximately 20-30 % of
patients may also experience aura (commonly mani-
fested as visual disturbances) usually beginning approxi-
mately 60 minutes before the headache phase of a
migraine attack [9, 10].

Calcitonin gene-related peptide (CGRP) monoclonal
antibodies are efficacious in the treatment of migraine
[11-13]. Phase 3, double-blind, placebo-controlled stud-
ies have shown that the CGRP monoclonal antibodies
erenumab [7, 14, 15], fremanezumab [16, 17], galcanezu-
mab [18-20], and eptinezumab [21, 22], now approved
in the United States and other countries, are efficacious
in decreasing monthly migraine headache day frequency
[23]. A phase 2 study of fremanezumab also showed re-
ductions in migraine-associated symptoms of nausea or
vomiting, photophobia, and phonophobia in patients
with episodic migraine [24]. However, there is minimal
information currently available from phase 3 studies on
how these compounds further affect the severity of the
remaining migraine headache days and the associated
symptoms that are often very disabling to the patient.

Here, we examine the efficacy of galcanezumab on the
severity and symptoms of migraine in patients with

episodic and chronic migraine, and we assess if galcane-
zumab leads to reductions in non-pain symptoms associ-
ated with migraine such as nausea and vomiting,
phonophobia and photophobia, aura, and prodromal
symptoms.

Methods

This investigation, a post-hoc analysis of results from
three phase 3, randomized, double-blind, placebo-
controlled clinical trials, examines the effects of galcane-
zumab on the severity and symptoms of migraine in
patients with episodic and chronic migraine.

In these studies, there were a total of 2289 patients with
either episodic migraine (N=1176 in EVOLVE-1
[NCT02614183] and EVOLVE-2 [NCT02614196]) or
chronic migraine (N =1113 in REGAIN [NCT02614261]),
with or without aura. All patients gave written informed
consent to participate in the study. The studies were
conducted with the approval of the independent Ethics
Committees of the participating institutes and in accord-
ance with the Declaration of Helsinki, the International
Conference on Harmonization Good Clinical Practice
guidelines, and local regulations.

Data from the two episodic migraine studies were
pooled and the chronic migraine study was analyzed
separately. The two episodic migraine studies (EVOLVE-
1 [18] and EVOLVE-2 [19]) examined whether galcane-
zumab at doses of 120 mg per month with a 240-mg
loading dose or 240 mg per month was superior to
placebo in the preventive treatment of episodic migraine.
The chronic study, REGAIN [20], was designed to deter-
mine if galcanezumab was superior to placebo in the
preventive treatment of chronic migraine at doses of
120 mg per month with a 240-mg loading dose or
240 mg per month. Details of the study designs of the
trials are shown in the previously published manuscripts
for these clinical trials [18—20].

Patients were between the ages of 18 and 65 vyears,
with a diagnosis of migraine with or without aura, as de-
fined by International Headache Society (IHS) Inter-
national Classification of Headache Disorders (ICHD)
-3rd edition, beta version [25] for at least 1 year prior to
enrollment and with migraine onset prior to 50 years of
age. Patients in the episodic migraine studies needed to
have 4 to 14 migraine headache days with an average of
no less than 2 migraine attacks per month during the
previous 3 months, and those in the chronic migraine
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study needed to have at least 15 headache days per
month, of which 8 or more had migraine features, with
at least 1 or more headache-free days per month for the
past 3 months.

Patients were excluded from the study if they were en-
rolled in, or had participated in, a clinical trial involving
an investigational product within the last 30 days, if they
had current or prior exposure to galcanezumab or an-
other CGRP antibody within the past 12 months, or if
they failed to have an efficacy response to 3 or more
classes (level A or B evidence) of migraine preventive
treatments [26]. Patients with a history or presence of
any other medical illness (including acute and/or serious
cardiovascular events), significant laboratory abnormal-
ity, or who used opioids or barbiturate-containing anal-
gesics more than twice per month in more than 2 of the
past 6 months were also excluded, as were patients diag-
nosed with medication overuse headache (episodic stud-
ies only). Patients who had a history of =15 migraine
headache days per month (ie., chronic migraine) were
excluded from the episodic migraine studies.

Patients recorded headache characteristics, duration,
and severity, as well as presence of nausea, vomiting,
photophobia, phonophobia, aura, and prodromal symp-
toms other than aura with each headache in a daily elec-
tronic patient-reported outcome (ePRO) diary. The
prodromal symptoms were not specified in our studies.
Per the protocol patients had to answer with yes/no for
prodromal symptoms other than aura in the eDiary. Mi-
graine headache days and headache days were derived
using all headache information recorded in the ePRO
diary. A migraine headache day was defined as a calen-
dar day on which a migraine or probable migraine head-
ache occurred and remaining migraine headache days
refer to days in which a migraine or probably migraine
occurred during the study treatment periods (i.e., those
that still remain after study treatment). Rating for mi-
graine severity was 1=mild, 2=moderate, and 3=
severe.

Statistical analyses

Baseline demographics and disease characteristics were
summarized using appropriate summary statistics such
as mean and standard deviation for continuous variables,
and frequency and percentages for categorical variables.
The change from baseline in continuous repeated
measures outcomes was analyzed using a mixed model
repeated measures analysis (MMRM) with an unstruc-
tured covariance structure to account for the correlation
among outcomes measured on the same subject. All
models included the following variables: baseline value,
treatment group, month, pooled region/country, treat-
ment by month interaction, and baseline by month
interaction. All models involving the pooled episodic
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migraine studies included an additional study variable
which identified the two episodic studies.

The outcomes analyzed were changes from baseline in
number of monthly migraine headache days with nausea
and/or vomiting, photophobia and phonophobia, aura,
and prodromal symptoms other than aura, number of
moderate-to-severe migraine headache days, number of
severe migraine headache days, and mean severity of
remaining migraine headache days. Additionally, among
the remaining monthly migraine headache days, change
from baseline in the proportion of days with nausea
and/or vomiting, and the proportion of days with photo-
phobia and phonophobia were also analyzed.

Treatment effects from the MMRM models are pre-
sented using least squares (LS) means for the overall
treatment effect, and the difference in LS means com-
pared with placebo and corresponding 95 % confidence
intervals (CI). All statistical tests were two-sided at the
significance level of 5%. No adjustments for multiple
testing or multiple comparisons were done and thus re-
sults should be considered exploratory. All statistical
analyses were performed using SAS® Enterprise Guide.
SAS and all other SAS Institute Inc. product or service
names are registered trademarks or trademarks of SAS
Institute Inc., Cary, NC, USA.

Results

Baseline characteristics

Overall, baseline demographic and disease characteristics
were generally consistent between the groups in the epi-
sodic migraine studies and between the groups in the
chronic migraine study with the exception of migraine
headache day frequency and related symptoms (Table 1).

Efficacy

Symptoms - migraine headache days with nausea and/or
vomiting, photophobia and phonophobia, prodrome, and
aura

Migraine headache days with nausea and/or vomiting

The monthly mean change in monthly migraine head-
ache days with nausea and/or vomiting are presented in
Fig. 1A and B. In the episodic migraine studies, mean re-
duction from baseline in the number of monthly mi-
graine headache days with nausea or vomiting across all
6 months was 2.0 days for galcanezumab 120 mg, 1.9
days for galcanezumab 240 mg, and 1.1 days for placebo.
The mean differences versus placebo were statistically
significant for both treatment groups (for 120 mg, mean
difference = -0.95 days, 95 % CI, -1.19 to -0.70, p < 0.001;
for 240 mg, mean difference = -0.88 days, 95 % CI, -1.13
to -0.63, p <0.001). In the chronic migraine study, mean
reduction from baseline in the number of monthly mi-
graine headache days with nausea or vomiting across all
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Table 1 Baseline demographics and disease characteristics
Variable EVOLVE-1 and EVOLVE-2 (Episodic Migraine Trials) REGAIN (Chronic Migraine Trial)

PBO GMB 120 mg GMB 240 mg Total PBO GMB 120 mg GMB Total

N =894 N=444 N=435 N=1773 N =558 N=278 240 mg N=1113

N=277

Age, years, mean (SD) 415 (11.3) 406 (114) 40.1 (11.5) 410(0114) 4160121 397 (11.9* 411 (124)  41.002.1)
Female, n (%) 755 (84.5) 378 (85.1) 366 (84.1) 1499 (84.6) 483 (87) 237 (85) 226 (82) 946 (85.0)
Years since migraine diagnosis, 203 (123) 20.7 (12.1) 195 (11.9) 202 (122) 219129 204 (127) 201 (12.7)% 211 (12.8)*
mean (SD)
Number of migraine headache 109 (2.0 109 (2.0) 10.7 (2.0) 10.8 (2.0) 19.6 (4.6) 194 (4.3) 19.2 (4.6) 194 (4.5
days/month
Number of severe migraine 26 24) 25(23) 27 23) 2623) 6.6 (5.2) 6.7 (4.9) 6.6 (4.8) 6.6 (5.0)
headache days/month
Number of moderate-severe 74 (3.0) 74 (3.0) 75 (3.1) 74 (3.7) 16.1 (5.4) 16.0 (5.2) 15.7 (5.4) 16.0 (5.4)
migraine headache days
Mean severity of migraine 2.1 (04) 2.1 (04) 2.1 (04) 2.1 (04) 22 (04) 22 (04) 22 (04) 22 (04)
headache days®
Number of migraine headache 3.1 (3.8) 28 (34) 3.1 (3.6) 3.0 (3.7) 5.0 (6.9) 53 (7.3) 48 (7.0) 5.0 (7.0)
days with aura
Number of migraine headache 46 (34) 4.7 (34) 48 (33) 4.7 (34) 9.2 (6.9) 88 (6.3) 8.1 (6.5)* 88 (6.7)
days with nausea and/or vomiting
Number of migraine headache 84 (3.5) 8.1 (3.6) 8.1 (3.6) 83 (3.5) 152 (7.2) 14.8 (7.0) 140 (76)* 148 (7.3)
days with photophobia and
phonophobia
Number of migraine headache 39 (3.8) 38 (3.8) 37 (3.7) 39 (3.8) 6.8 (7.3) 73 (7.5) 71 (7.3) 70 (74)
days with prodromal symptoms
Proportion of migraine headache 404 (30.1) 41.8 (32.0) 423 (30.2) 412 (306) 464 (313) 447 (293) 415(303) 448 (30.6)
days with nausea and vomiting
Proportion of migraine headache  74.5 (30.2) 72.8 (31.8) 73.9 (30.7) 739 (30.7) 764 (296) 750 (29.7) 716 (32.7) 748 (30.5)

days with photophobia and
phonophobia

*p <0.05 vs. PBO; **p <0.01 vs. PBO. *Severity ratings: 1 =mild, 2= moderate, 3 = severe

GMB Galcanezumab, PBO Placebo, SD Standard deviation

3 months was 3.1 days for galcanezumab 120 mg, 3.2
days for galcanezumab 240 mg, and 1.9 days for placebo.
The mean differences versus placebo were statistically
significant for both treatment groups (for 120 mg, mean
difference = -1.21 days, 95 % CI, 1.82 to -0.59, p < 0.001;
for 240 mg, mean difference = -1.28 days, 95 % CI, -1.90
to -0.66, p < 0.001).

Migraine headache days with photophobia and
phonophobia

The monthly mean change in monthly migraine headache
days with photophobia and phonophobia are presented in
Fig. 2A and B. In the episodic migraine studies, mean re-
duction from baseline in the number of monthly migraine
headache days with photophobia and phonophobia across

EVOLVE-1 and EVOLVE-2
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Fig. 1 Monthly mean change in monthly migraine headache days with nausea and/or vomiting. *p<0.05 vs PBO; **p<0.01 vs PBO; ***p<0.001 vs
PBO. GMB, galcanezumab; LS least squares; PBO, placebo; SE, standard error
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all 6 months was 3.4 days for galcanezumab 120 mg, 3.3
days for galcanezumab 240 mg, and 1.8 days for placebo.
The mean differences versus placebo were statistically sig-
nificant for both treatment groups (for 120 mg, mean dif-
ference = -1.58 days, 95 % CI, -1.93 to -1.23, p < 0.001; for
240 mg, mean difference = -1.48 days, 95% CI, -1.83 to
-1.13, p<0.001). In the chronic migraine study, mean re-
duction from baseline in the number of monthly migraine
headache days with photophobia and phonophobia across
all 3 months was 3.8 days for galcanezumab 120 mg, 3.6
days for galcanezumab 240 mg, and 2.3 days for placebo.
The mean differences versus placebo were statistically sig-
nificant for both treatment groups (for 120 mg, mean dif-
ference = -1.56 days, 95 % CI, -2.37 to -0.75, p < 0.001; for
240 mg, mean difference = -1.33 days, 95% CI, -2.14 to
-0.52, p = 0.001).

Migraine headache days with prodromal symptoms

The monthly mean change in monthly migraine head-
ache days with prodromal symptoms are presented in
Fig. 3A and B. In the episodic migraine studies, mean re-
duction from baseline in the number of monthly mi-
graine headache days with prodromal symptoms across
all 6 months was 1.8 days for galcanezumab 120 mg, 1.7
days for galcanezumab 240 mg, and 1.1 days for placebo.
The mean differences versus placebo were statistically
significant for both treatment groups (for 120 mg, mean
difference = -0.71 days, 95 % CI, -0.96 to -0.47, p < 0.001;
for 240 mg, mean difference = -0.60 days, 95 % CI, -0.84
to -0.35, p <0.001). In the chronic migraine study, mean
reduction from baseline in the number of monthly mi-
graine headache days with prodromal symptoms across
all 3 months was 1.8 days for galcanezumab 120 mg, 2.2
days for galcanezumab 240 mg, and 1.2 days for placebo.
The mean differences versus placebo were statistically
significant for both treatment groups (for 120 mg, mean
difference = -0.66 days, 95 % CI, -1.29 to -0.02, p = 0.042;
for 240 mg, mean difference = -1.03 days, 95 % CI, -1.67
to -0.40, p = 0.001).
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Migraine headache days with aura

The monthly mean change in monthly migraine head-
ache days with aura are presented in Fig. 4A and B. In
the episodic migraine studies, mean reduction from
baseline in the number of monthly migraine headache
days with aura across all 6 months was 1.4 days for gal-
canezumab 120 mg, 1.4 days for galcanezumab 240 mg,
and 1.0 days for placebo. The mean differences versus
placebo were statistically significant for both treatment
groups (for 120 mg, mean difference = -0.46 days, 95 %
CL, -0.67 to -0.24, p < 0.001; for 240 mg, mean difference
= -0.45 days, 95% CI, -0.67 to -0.24, p <0.001). In the
chronic migraine study, mean reduction from baseline in
the number of monthly migraine headache days with
aura across all 3 months was 1.4 days for galcanezumab
120 mg, 1.9 days for galcanezumab 240 mg, and 1.4 days
for placebo. The mean differences versus placebo were
not statistically significant for both treatment groups
(for 120 mg, mean difference = 0.03 days, 95 % CI, -0.53
to 0.58, p=0.922; for 240 mg, mean difference = -0.47
days, 95 % CI, -1.02 to 0.09, p = 0.098).

Proportion of remaining migraine headache days with
nausea and vomiting
In the episodic migraine studies, among the three treat-
ment groups, patients experienced nausea and vomiting
on 41.2% of the migraine headache days during the
baseline period (Table 1). During the double-blind
phase, the overall mean monthly reduction in the pro-
portion of remaining migraine headache days with nau-
sea and/or vomiting was 5.8 % for galcanezumab 120 mg
and 6.8 % for galcanezumab 240 mg, which were signifi-
cantly greater than the corresponding reduction of 2.5 %
for the placebo group (p=0.014 for galcanezumab
120 mg vs. placebo; p =0.001 for galcanezumab 240 mg
vs. placebo).

In the chronic migraine study, in the three treatment
groups combined, patients experienced nausea and
vomiting on 44.8% of migraine headache days at

EVOLVE-1 and EVOLVE-2
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Fig. 2 Monthly mean change in monthly migraine headache days with photophobia and phonophobia. *p<0.05 vs PBO; **p<0.01 vs PBO;
***p<0.001 vs PBO. GMB, galcanezumab; LS least squares; PBO, placebo; SE, standard error
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EVOLVE-1 and EVOLVE-2
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Fig. 3 Monthly mean change in monthly migraine headache days with prodromal symptoms. *p<0.05 vs PBO; **p<0.01 vs PBO; ***p<0.001 vs
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baseline (Table 1). The overall mean monthly reduction
across all 3 months in the percent of remaining migraine
headache days with nausea and/or vomiting was signifi-
cantly higher for galcanezumab 120 mg compared with
the placebo group (7.3 % vs. 3.5%, p =0.01). The reduc-
tion from baseline in percent of migraine headache days
for the 240 mg group was 6.2 % which was numerically
greater compared with placebo although not statistically
significant (p = 0.07).

Proportion of remaining migraine headache days with
photophobia and phonophobia

During baseline, patients in the episodic migraine studies
experienced photophobia and phonophobia on 73.9% of
migraine headache days. The overall mean monthly reduc-
tion from baseline across all 6 months in the percent of
remaining migraine headache days with photophobia and
phonophobia was 7.1 % for galcanezumab 120 mg and
8.1 % for galcanezumab 240 mg, which were significantly
greater than the corresponding reduction of 3.2 % for the
placebo group (p=0.004 for galcanezumab 120 mg vs.
placebo; p < 0.001 for galcanezumab 240 mg vs. placebo).

In the chronic migraine study, patients experienced
photophobia and phonophobia on 74.8 % of migraine head-
ache days on an average during the baseline period; how-
ever, the overall mean reduction in percent of remaining
migraine headache days with photophobia and phonopho-
bia was 2.5 % for galcanezumab 120 mg, and 3.2 % for gal-
canezumab 240 mg while the placebo group did not
experience any meaningful reduction from baseline (0.8 %).
The reductions for the two treatment groups, although nu-
merically greater than placebo, were not statistically signifi-
cant (p =0.228 for galcanezumab 120 mg vs. placebo; p =
0.096 for galcanezumab 240 mg vs. placebo).

Severity — reduction in moderate/severe migraine
headache days, severe migraine headache days, severity
of remaining migraine headache days

Reduction in moderate-to-severe migraine headache days
The monthly mean change in moderate to severe mi-
graine headache days are presented in Fig. 5A and B. In
the episodic migraine studies, mean reduction from
baseline in the number of moderate-to-severe migraine
headache days across all 6 months was 4.2 days for gal-
canezumab 120 mg, 4.0 days for galcanezumab 240 mg,

A
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Fig. 4 Monthly mean change in monthly migraine headache days with aura. *p<0.05 vs PBO; **p<0.01 vs PBO; ***p<0.001 vs PBO. GMB,
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and 2.7 days for placebo. The mean differences versus
placebo were statistically significant for both treatment
groups (for 120 mg, mean difference = -1.48 days, 95 %
CL, -1.80 to -1.16, p < 0.001; for 240 mg, mean difference
= -1.36 days, 95% CI, -1.68 to -1.04, p < 0.001).

In the chronic migraine study, mean reduction from
baseline in the number of moderate-to-severe migraine
headache days across all 3 months was 5.0 days for gal-
canezumab 120 mg, 4.7 days for galcanezumab 240 mg,
and 2.9 days for placebo. The mean differences versus
placebo were statistically significant for both treatment
groups (for 120 mg, mean difference = -2.03 days, 95 %
CI, -2.78 to -1.28, p < 0.001; for 240 mg, mean difference
= -1.77 days, 95 % CI, -2.52 to -1.03, p < 0.001).

Reduction in severe migraine headache days

The monthly mean change in number of severe migraine
headache days are presented in Fig. 6A and B. In the epi-
sodic migraine studies, mean reduction from baseline in
the number of severe migraine headache days across all
6 months was 1.7 days for galcanezumab 120 mg, 1.6
days for galcanezumab 240 mg, and 1.2 days for placebo.
The mean differences versus placebo were statistically
significant for both treatment groups (for 120 mg, mean
difference = -0.55 days, 95 % CI, -0.70 to -0.39, p < 0.001;
for 240 mg, mean difference = -0.47 days, 95 % CI, -0.62
to -0.31, p < 0.001).

In the chronic migraine study, mean reduction from
baseline in the number of severe migraine headache days
across all 3 months was 2.8 days for galcanezumab
120 mg, 2.7 days for galcanezumab 240 mg, and 1.9 days
for placebo. The mean differences versus placebo were
statistically significant for both treatment groups (for
120 mg, mean difference = -0.96 days, 95 % CI, -1.44 to
-0.49, p<0.001; for 240 mg, mean difference = -0.81
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Reduction in severity of remaining migraine headache days
In the episodic migraine studies, the reduction from
baseline in the mean severity of remaining migraine
headache days across all 6 months was 0.2 for galcane-
zumab 120 mg, 0.2 for galcanezumab 240 mg, and 0.2
days for placebo. The mean differences versus placebo
were statistically significant for both treatment groups
(for 120 mg, mean difference = -0.04, 95 % CI, -0.08 to
-0.00, p =0.036; for 240 mg, mean difference = -0.06,
95 % CI, -0.10 to -0.02, p = 0.001).

In the chronic migraine study, the reduction from
baseline in the mean severity of remaining migraine
headache days across all 3 months was 0.2 for galcane-
zumab 120 mg, 0.2 for galcanezumab 240 mg, and 0.1
for placebo. The mean differences versus placebo were
statistically significant for both treatment groups (for
120 mg and 240 mg, mean difference = -0.07, 95% CI,
-0.11 to -0.03, p < 0.001).

Discussion

In the episodic and chronic migraine studies, both doses
of galcanezumab demonstrated greater statistically sig-
nificant improvements compared with placebo in the
overall and the monthly reductions from baseline in the
number of monthly migraine headache days. In the epi-
sodic migraine studies, the mean difference versus pla-
cebo in the overall (Months 1-6) mean reductions from
baseline in the number of migraine headache days was
statistically significant for both treatment groups (for
120 mg, mean difference = -1.84 days, 95% CI, -2.25 to
-142, p<0.001; for 240 mg, mean difference = -1.88
days, 95 % CI, -2.30 to -1.47, p < 0.001) (EVOLVE-1 [18]
and EVOLVE-2 [19]). In the chronic migraine study, the
mean difference versus placebo in the overall (Months
1-3) mean reductions from baseline in the number of

days, 95 % CI, -1.28 to -0.33, p < 0.001). monthly migraine headache days was statistically
A B
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significant for both treatment groups (for 120 mg, mean
difference = -1.84 days, 95 % CI, -2.65 to -1.02, p < 0.001;
for 240 mg, mean difference = -1.60 days, 95 % CI, -2.41
to -0.78, p < 0.001) (REGAIN [20]).

In the analyses reported here, galcanezumab was effi-
cacious in reducing the severity and symptoms of mi-
graine in patients with episodic and chronic migraine.
Both the 120 mg and 240 mg doses of galcanezumab
were superior to placebo in reducing the frequency of
migraine headache days with associated symptoms such
as nausea and/or vomiting, photophobia and phonopho-
bia, and prodromal symptoms. In addition, among pa-
tients with episodic migraine, both doses of
galcanezumab reduced the frequency of migraine head-
ache days with aura, however, reduction in migraine
headache days with aura was not statistically significant
compared with placebo for either dose of galcanezumab
in the chronic trial. This may have been due to the
smaller sample size and shorter length of the chronic
trial than in the two pooled episodic migraine trials.
Moreover, although the magnitude of change for
galcanezumab-treated patients was similar in patients
with and without aura, there was a higher response in
the placebo group for patients with aura than for pa-
tients without aura. Additionally, aura status was deter-
mined only by patient report and collected via ePRO in
the prospective baseline period. As such, determination
of aura status may have been influenced by a patient’s
own interpretation of different symptoms. Consequently,
limitations of interpretation of findings based upon self-
reported aura have been highlighted by a number of au-
thors [27, 28].

Since migraine-associated symptoms such as nausea,
vomiting, and photophobia result in greater migraine-
associated disability and disease burden [29, 30], it is im-
portant to reduce the number of migraine headache days
with symptoms. In addition to the absolute reduction in
number of migraine headache days with symptoms,

patients would also benefit from fewer symptoms on
days with headache. To explore this notion, we analyzed
the change from baseline in the proportion of remaining
migraine headache days with nausea and/or vomiting,
and the proportion of remaining migraine headache days
with photophobia and phonophobia. Among patients
treated with galcanezumab, there was a greater reduc-
tion in the percent of migraine headache days with nau-
sea and/or vomiting for both episodic and chronic
migraine trials, and a reduction in the percent of mi-
graine headache days with photophobia and phonopho-
bia in the episodic migraine trials compared with
patients treated with placebo. This suggests that treat-
ment with galcanezumab results in fewer migraine head-
ache days, and fewer days with symptoms among the
migraine headache days that remain.

Migraine symptoms other than headache that occur
during attacks such as nausea, photophobia, and phono-
phobia [5] are associated with significant disease burden
[29-31]. People with migraine also self-report problems
with taking acute and/or preventive oral migraine medi-
cations because of nausea and vomiting [31]. In the
cross-sectional, observational Migraine in America
Symptoms and Treatment (MAST) study, 64.9% of all
respondents (n =7518) reported experiencing all 3 mi-
graine symptoms of nausea, phonophobia, and photo-
phobia [32]. Among patients who completed a 6-month
follow-up assessment which included questions about
their most bothersome migraine symptoms, patients re-
ported that photophobia, nausea, and phonophobia were
the most bothersome symptoms in up to 49.1 %, 28.1 %,
and 22.8 % of patients, respectively [32]. A prospective
cohort study using data from the American Migraine
Prevalence and Prevention (AMPP) study showed that
nausea seen in 43.7 % of patients with episodic migraine
was associated with an increased risk of progression to
chronic migraine in 3.4 % of patients [33]. A reduction
in the associated symptoms of nausea and vomiting is
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particularly relevant since the presence of these symp-
toms is related to migraine-associated disability and in-
creased burden of migraine [29].

In the study reported here, both doses of galcanezumab
were superior to placebo in reducing the numbers of
monthly moderate-to-severe migraine headache days. In
the episodic and chronic migraine studies, both doses of
galcanezumab were superior to placebo in reducing the
overall and the number of monthly severe migraine head-
ache days. In addition, although galcanezumab significantly
reduced the mean severity of migraine headache days rela-
tive to placebo in both the episodic and chronic migraine
patients, these differences were small, and it is unclear if
they are clinically meaningful. Studies have shown that,
with treatment, patients with migraine have a reduction in
migraine days and moderate-to-severe headache days [16,
24]; however, there is a paucity of information on whether
CGRP monoclonal antibodies reduce the most severe mi-
graine headache days or most severe migraine attacks or
only decrease the number of attacks and if these treatments
lead to a reduction in migraine-associated symptoms such
as nausea and/or vomiting, and photophobia and phono-
phobia. Recent post-hoc analysis of the same studies as re-
ported here has also shown that treatment with
galcanezumab 120 mg once monthly resulted in greater re-
duction in total pain burden in patients with episodic and
chronic migraine compared to placebo [34]. The total pain
burden is conceptualized as a measure of frequency of mi-
graine headache days in a month, duration, and maximum
severity of migraine headache on a given day, which, along
with the results reported here, provide a more holistic view
of the effect galcanezumab can have in patients with epi-
sodic or chronic migraine [34].

Some of the strengths of this study include the prospect-
ive nature of the randomized controlled studies, the large
sample size, and the use of the ICHD-3 beta diagnostic
criteria for the diagnosis of migraine. One of the limita-
tions of the study was the method used to collect informa-
tion related to aura in the trials. Patients self-reported the
presence or absence of aura in the electronic patient-
reported outcomes diary, rather than having a physician
confirm the presence or absence of aura. Another limita-
tion included the post-hoc nature of the analysis.

Conclusions

Overall, this study demonstrates that, while treatment
with galcanezumab decreases the frequency of migraine
days compared with placebo, there is also a decrease in
potentially disabling non-pain symptoms even on days
when migraine is present.
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