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Abstract

Purpose To evaluate secondary outcomes including changes in functioning and disability associated with galcanezumab, a
humanized monoclonal antibody to calcitonin gene-related peptide, in patients with chronic migraine.

Methods Patients randomly received galcanezumab (120 mg n=278, 240 mg n=277) or placebo (n=1558) during 3 months
of double-blind treatment, followed by a 9-month open-label extension. The Migraine-Specific Quality-of-Life Questionnaire
v2.1 (MSQv2.1) measured the impact of migraine on patient functioning. The Migraine Disability Assessment (MIDAS)
quantified headache-related disability. Changes from baseline were analyzed with mixed model repeated measures or analysis
of covariance.

Results Total MSQ score at baseline was 44.88 +18.02 (mean + SD), indicating significant functional impairment. At Month
3, least squares (LS) mean change + SE in total MSQ for galcanezumab-treated patients were 20.51 4+ 1.49 (120 mg) and
20.49 +1.49 (240 mg), both statistically significantly greater vs placebo-treated patients (14.55+1.21; both P <0.001). Total
MIDAS score at baseline was 67.24 +57.31 (mean + SD). At Month 3, LS mean change + SE from baseline in total MIDAS for
galcanezumab-treated patients was statistically significantly greater than placebo for 120 mg group (placebo: —11.53 +3.38
vs 120 mg: —20.27 +4.07; P <0.05) but not for 240 mg group (— 17.02 +4.05). At Month 12, within-group mean changes
from baseline for total MSQ (28.56 + 1.19 previous placebo; 29.53 +1.51 previous 120 mg; 25.83 + 1.49 previous 240 mg)
and MIDAS scores (—28.47 +2.95 previous placebo; —31.47 +3.69 previous 120 mg; —31.13 +3.62 previous 240 mg) were
statistically significant (P <0.001) for the open-label treatment population regardless of previous double-blind treatment
assignment.

Conclusions Galcanezumab-treated patients with chronic migraine reported statistically significant improvements in func-
tioning and disability, representing a clinically significant change.

Trial registration ClinicalTrials.gov registry: NCT02614261. Registered 25 November 2015.
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Introduction

Migraine represents a spectrum of disorders consisting of
episodic (i.e., < 15 headache days per month) and chronic
forms (i.e., > 15 headache days per month for >3 months)
[1]. Population-based studies have indicated a rate of chroni-
fication from episodic migraine to chronic migraine of
2.5-3.0% annually [2], although rates as high as 14% have
been reported in specialty headache clinics [3]. Risk factors
associated with development of chronic migraine include
high frequency of attacks (episodic migraine), overuse of
acute migraine medications, ineffective acute therapy, obe-
sity, anxiety and depression, and stressful life events [4-6].
Migraine may also present in its chronic form from the start
[7]. While many clinical characteristics and sociodemo-
graphic factors of people with chronic migraine and episodic
migraine are similar, the duration of headache (treated or
untreated) is significantly longer with chronic migraine; a
greater proportion of patients with chronic migraine experi-
ence severe pain and occupational disability [8, 9]

The prevalence of chronic migraine in the general popu-
lation is lower than episodic migraine, with the 12-month
prevalence of chronic migraine (International Classification
of Headache Disorders-II criteria) ranging from 0.2 to 2.7%
in studies across multiple countries and peaking during mid-
life [10, 11]. Higher prevalence rates during prime working
ages are concerning, particularly for people with chronic
migraine who experience more disease burden than those
with episodic migraine [9, 10]. Beyond pain, the array of
negative consequences due to this debilitating neurologi-
cal disease include increased global disability, difficulties
at work, decreased vitality and fatigue, emotional problems,
decreased mental health, decreased physical health, poor
social functioning, and psychiatric comorbidities [12].

Reducing headache-related disability is recognized in
guidelines across multiple regions as one of the primary
goals for preventive drugs [13—15]. There are many preven-
tive medications that have the potential to reduce migraine
headache attack frequency and severity especially for epi-
sodic migraine [13]; however, few have been proven effec-
tive for the treatment of chronic migraine in robust clinical
studies [6, 16]. In addition, the benefits of preventive treat-
ment on health-related quality of life (HRQoL) and disability
are often unmeasured [17]. Observational research suggests
that the current level of impaired functioning and disability
among the population with chronic migraine remains high,
indicating a continuing unmet medical need for people with
migraine [9].
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Galcanezumab, a humanized monoclonal antibody that
binds calcitonin gene-related peptide (CGRP), was recently
approved for the prevention of migraine in adults based
on its proven efficacy in reducing the number of monthly
migraine headache days in patients with episodic [18, 19]
and chronic migraine [20]. Based on the previously reported
considerations, it is important to understand the implications
to patient functioning in day-to-day activities (Migraine-
Specific Quality of Life Questionnaire [MSQv2.1]) and
changes in the levels of disability due to migraine (Migraine
Disability Assessment [MIDAS]) among patients with
chronic migraine when treated with galcanezumab. The
research herein reports the performance of galcanezumab
on the secondary outcomes of functioning and disability in
a randomized, 3-month, double-blind, placebo-controlled,
Phase 3 study (REGAIN) including the 9-month open-label
extension period with two different dose-regimens of gal-
canezumab (120 and 240 mg). The study’s hypothesis is that
galcanezumab significantly improves patient functioning and
decreases patient disability.

Methods
Study design

Details of this study’s design have been described earlier
[20]. Briefly, the study design consisted of five study peri-
ods: initial screening and washout (3—45 days); a prospec-
tive lead-in or baseline period for determining the frequency
of migraine headache days or probable migraine headache
(3040 days); a double-blind treatment period (Month 1-3);
a 9-month open-label extension period (Months 3—12); and
a 4-month post-treatment (washout) period (Months 12-16).
Patients were randomized to treatment with galcanezumab
120 mg (with a 240-mg loading dose), galcanezumab
240 mg, or placebo in a 1:1:2 ratio. Assignment to treat-
ment was via computer-generated random sequence with an
interactive web-response system. Randomization was strati-
fied by country, acute headache medication overuse (yes/no)
as determined during prospective baseline, and presence of
concurrent migraine preventive (yes/no). Treatments were
administered monthly during office visits by subcutane-
ous injection. During the open-label extension period, all
patients received galcanezumab 240 mg beginning at Month
3, 120 mg at Month 4, then flexible dosing of galcanezumab
120 mg or 240 mg from Month 5 onward at the discretion of
the investigator. Patients used an electronic handheld diary
device to record their headache information, such as pain
severity and duration, other related symptoms, and acute
medication use. Diary entries were made every day during
the baseline, treatment, and post-treatment periods; patients
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were permitted to take specified acute medications during
these periods, as well.

The study was conducted at 116 headache and clinical
research centers in 12 countries: Argentina, Canada, Czech
Republic, Germany, Israel, Italy, Mexico, the Netherlands,
Spain, Taiwan, the United Kingdom, and the United States.
The first patient was enrolled in January 2016, and the last
patient completed the double-blind portion of the study in
March 2017. The study is registered at ClinicalTrials.gov
(NCT02614261).

The study protocol was reviewed and approved by appro-
priate ethic review boards at each study site (see Supplemen-
tary Table 1) and was conducted according to Good Clinical
Practice and the Declaration of Helsinki. Patients provided
written informed consent before initiating study procedures.

Patient selection

The patient population consisted of male and female patients
aged 18-65 years, previously diagnosed with chronic
migraine per the International Classification of Headache
Disorder 3-beta [21] criteria (i.e., frequency of > 15 head-
ache days for more than 3 months with features of migraine
on at least 8 days per month), and had migraine onset before
50 years of age. Patients were to have a history of at least
1 headache-free day per month for 3 months prior to entry,
as well as at least 1 headache-free day during the prospec-
tive baseline period. Other preventive migraine medications
were disallowed, except for stable doses of topiramate or
propranolol in a limited number of patients (15%) [20].

Outcome measures

The MSQv2.1 is a patient-reported HRQoL instrument
developed to address functional limitations in day-to-day
activities of specific concern to people with migraine [22,
23]. It assesses the impact of migraine on the physical,
social, and emotional limitations over the past 4 weeks,
spanning work or daily activities, relationships with fam-
ily and friends, leisure time, productivity, concentration,
energy, tiredness, and feelings [22, 23]. The instrument
measures three domains that are scored independently:
(1) Role Function-Restrictive (RF-R), (2) Role Function-
Preventive (RF-P), and (3) Emotional Function (EF). The
RF-R domain measures the degree to which migraine lim-
its the performance of daily activities (items 1 through 7),
the RF-P domain measures the degree to which migraine
interrupts or stops the performance of day-to-day activities
(items 8 through 11), and EF has three items addressing feel-
ings of frustration and helplessness due to migraine (items
12 through 14) [22, 23]. The standard response options for
each question included “none of the time,” “a little bit of the
time,” “some of the time,” “a good bit of the time,” “most of

LR 99 ¢

the time,” and ““all of the time” [22, 23]. The MSQv2.1 total
raw score and each of the domain raw scores were trans-
formed to ranges from O (worst functional health status) to
100 (best functional health status), with a positive change
in scores reflecting improvements in daily functioning. As a
result, transformed scores reflect the percentage of the total
possible score [24, 25]. Previous research defined minimal
important within-group differences from baseline for each
domain (RF-R+10.9; RF-P+8.3; EF +12.2) [26, 27]. The
MSQv2.1 has been recommended by the National Institutes
of Health as a core instrument for headache studies [28]
with proven reliability, validity, and sensitivity to change in
migraine [22, 23]. It is also a recommended outcome by the
Guidelines for Clinical Trials of the International Headache
Society [29]. As a result, it has been used in numerous clini-
cal studies, including CGRP clinical trials [18, 19, 30, 31].

The MIDAS questionnaire quantifies headache-related
disability [32]. This instrument has five items that capture
the number of days of missed work, reduced productivity
at work, missed household work, reduced productivity at
home, and missed social events over the past 3 months. Each
item is scored from 0 to 90. However, missed days are not
double-counted as days with reduced productivity; therefore,
the total score ranges from O to 270. Higher values indicate
more disability due to headaches, and categorical grades for
the severity of disability have been defined for the MIDAS
[32-34]. Scores ranging from 0-5 indicate little or no dis-
ability (Grade I); 6-10 indicates mild disability (Grade II);
11-20 indicates moderate disability (Grade III); 2140 indi-
cates severe disability (Grade IV-A); and 41-270 indicates
very severe disability (Grade IV-B) [9]. Treatment response
has been defined in previous research as a reduction in the
total score of a least 50% from baseline [27]. Changes from
one grade to a lower grade level are also considered clini-
cally meaningful, given the high correlation with clinical
judgment on patients’ level of pain, degree of disability, and
urgency for medical treatment [34]. The instrument is also
considered highly reliable and valid [32, 33].

The MSQv2.1 was collected at baseline and then monthly
during the double-blind and open-label extension periods;
the MIDAS was collected at baseline, at Month 3 (end of
double-blind period), and at Months 6, 9, and 12 during the
open-label extension.

Statistical analyses

For the primary publication [20], the primary objective tested
the hypothesis that at least 1 dose of galcanezumab (120
or 240 mg/mo) was superior to placebo in the prevention
of migraine in patients with chronic migraine as measured
by the overall mean change from baseline in the number of
monthly migraine headache days during the 3-month double-
blind treatment period. Accordingly, the target sample size
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was 1140, based on the assumption of a 15% discontinuation
rate and an effect size of 0.30 in the last month of the 3-month
treatment phase, to provide approximately 95% power that at
least 1 galcanezumab group would separate from placebo at a
1-sided 0.025 significance level.

In this secondary analysis, mean changes from baseline
on the MSQv2.1 and MIDAS were analyzed for the double-
blind treatment period, as well as for the double-blind and
open-label treatment periods combined. Open-label results
are presented by previous double-blind treatment (i.e., previ-
ous placebo, previous 120 mg, and previous 240 mg). For the
MIDAS during the double-blind treatment period, analysis of
covariance (ANCOVA) was used to analyze the change from
baseline to Month 3. The ANCOVA model included treat-
ment, country, baseline medication overuse, concurrent pre-
ventive treatment, and baseline MIDAS score as independent
variables. For the MIDAS scale, during the double-blind and
open-label treatment periods combined, and for the MSQv2.1,
a mixed model repeated measures (MMRM) analysis was
conducted for the change from baseline to each post-baseline
measurement. MMRM analysis included treatment, country,
month, baseline medication overuse, concurrent preventive
treatment, treatment-by-month interaction, baseline value, and
baseline-by-month interaction as model terms.

In addition, responder analyses were conducted for both
the MSQv2.1 and MIDAS during the double-blind treat-
ment period. MSQv2.1 responders were defined as achieving
the minimal important difference threshold (RF-R +10.9;
RF-P+8.3; EF+12.2) [26, 27]. The MSQv2.1 responder
indicators were analyzed with a pseudo-likelihood-based
generalized linear mixed model repeated measures approach
including treatment, baseline medication overuse, concur-
rent preventive treatment, month, treatment-by-month inter-
action, and corresponding baseline domain score as model
terms. MIDAS responders were defined as those reaching a
MIDAS total score response of at least 50% improvement
from baseline. MIDAS responder indicator at Month 3 was
analyzed using logistic regression with treatment, country,
baseline medication overuse, concurrent preventive treat-
ment, and baseline MIDAS total score as model terms.

All analyses were pre-specified and were two-sided
assuming a significance level of 5%. All randomized and
treated patients with baseline and at least one post-baseline
data point were included. Statistical analyses were conducted
using SAS Enterprise Guide 7.0, SAS Institute, Cary, NC.

Results
Patients

Baseline demographics and disease burden are shown
in Table 1. A total of 1113 randomized patients received
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at least one dose of study drug and were included in the
intent-to-treat (ITT) population (120 mg N=278, 240 mg N
=277, placebo N =558). Overall, 1037 patients (93.2%
[1037/1113]) with chronic migraine completed treatment
during the double-blind treatment period. A total of 1022
patients entered the open-label extension period, and 825
(80.7%) patients completed this period of the study.

Mean number of monthly migraine headache days at
baseline was 19.4 for the ITT population (Table 1). Pre-
viously reported overall mean reduction in the number of
monthly migraine headache days at the end of the 3-month
double-blind period was —4.8 for 120 mg, —4.6 for 240 mg,
and — 2.7 for placebo (P <0.001 for each dose compared to
placebo) [20] and ranged from — 8.0 to — 9.0 at Month 12
for all patients who participated in the open-label extension
study [35].

Mean baseline MSQv2.1 total scores and MIDAS scores
did not differ significantly between galcanezumab groups
and placebo (Table 1).

Functional limitations: MSQ

The MSQ total score at baseline was 44.88 + 18.02
(mean + SD), indicating a clinically significant functional
impairment. Galcanezumab significantly increased daily
functioning (P <0.001) as measured by the total score and
each domain of the MSQv2.1 in both the double-blind
(Table 2) and open-label extension periods (Table 3). At
Month 3, least squares (LS) mean change + SE in the MSQ
total scores for galcanezumab were 20.51 +1.49 (120 mg)
and 20.49 +1.49 (240 mg), which corresponded to statis-
tically significant greater improvements in functioning
than placebo (14.55+1.21; P<0.001) (Table 2, Fig. 1).
Both galcanezumab 120 mg and 240 mg showed signifi-
cant increases in the LS means (P <0.001) and difference
vs placebo (P <0.001) of the MSQ total score and RF-R,
RF-P, and EF domains at Month 3 (Table 2). Moreover, the
greater improvement in total score and RF-R domain score
in the galcanezumab treatment groups compared to placebo
was already evident at Month 1 (each P <0.001) (Fig. 2).
The improvement in daily functioning was also apparent at
Month 4 in the group that switched from placebo to gal-
canezumab and was sustained monthly through Month 12
during the open-label extension period in all three previous
treatment groups. At Month 12, within-group changes from
baseline for the MSQ total score reflected statistically sig-
nificant improvements in patient functioning (P <0.001) for
each previous treatment group (Table 3). At the end of the
open-label extension period (Month 12), patients’ average
level of functional impairment for the pooled galcanezumab
population was reduced from greater than 50% to less than
30%.
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Table 1 Baseline demographics, medical characteristics, and disease burden (intent-to-treat population)

Placebo Galcanezumab

N=558
120 mg 240 mg
N=278 N=277

Age, years, mean (SD)
Gender (female), n (%)
Race (white), n (%)
Duration of migraine illness (years), mean (SD)
Number of monthly migraine headache days, mean (SD)
Migraine headache days with acute medication use, mean (SD)
Number of comorbidities, mean (SD)
MSQv2.1*
Total, mean (SD)
RF-R, mean (SD)
RF-P, mean (SD)
EF, mean (SD)
MIDAS
Total, mean (SD)
# of days missed work or school
# of days reduced productivity
# of days missed household work
# of days reduced productivity
# of days missed family/social

41.63 (12.08)

39.66 (11.88)*

41.05 (12.40)

483 (86.6) 237 (85.3) 226 (81.6)
432 (77.4) 223 (80.2) 224 (81.2)
21.94 (12.85) 20.37 (12.74) 20.06 (12.72)*
19.55 (4.59) 19.36 (4.27) 19.17 (4.60)
15.51 (6.57) 15.12 (6.25) 14.49 (6.25)*
4.39 (3.70) 4.08 (3.33) 4.21(3.19)
N=546 N=272 N=272

44.38 (17.92)
38.37 (17.18)
55.01 (20.84)

45.19 (18.19)
39.29 (17.30)
55.48 (21.99)

45.58 (18.10)
38.93 (17.31)
57.13 (20.51)

44.22 (25.95) 45.27 (25.77) 45.71 (27.36)
N=546 N=272 N=272
68.66 (57.36) 62.46 (49.48) 69.17 (64.08)
4.97 (10.64) 4.45 (7.44) 5.71 (12.51)
15.55 (18.00) 14.02 (16.17) 15.94 (18.59)
18.39 (18.36) 17.29 (16.28) 18.65 (18.86)
17.79 (18.27) 16.25 (16.57) 17.86 (19.88)

10.45 (13.84)

11.01 (15.61)

10.73 (14.74)

#number; EF emotional function; MIDAS migraine disability assessment; MSQv2.] migraine-specific quality of life questionnaire version 2.1;
RF-P role function-preventive; RF-R role function-restrictive; SD standard deviation

*Total and each domain’s raw dimension scores were transformed to a 0-100 point scale

*p value comparison vs placebo P <0.05

Galcanezumab treatment produced a greater proportion
of patients who met the established minimal important dif-
ference criteria for improving patient functioning at Month 3
for MSQv2.1 domains compared to treatment with placebo.
For each domain, the estimated percentage of patients in
each treatment group that met the criteria + SE and level
of significance for the 120 and 240 mg treatment groups
vs placebo, respectively, are RF-R: 77.6% +2.8 (P <0.001),
75.2% +2.9 (P=0.002), and 63.6% +2.6; RF-P: 76.1% +2.9
(P<0.001), 73.1% +3.0 (P<0.001), and 58.0% +2.7;
EF: 67.8% +3.3 (P=0.003), 68.3% +3.2 (P=0.002), and
56.1% +2.7.

Disability: MIDAS

The MIDAS mean + SD score at baseline was 67.24 +57.31,
indicating very severe disability (Table 1). At Month 3, the
difference in the LS mean change + SE from baseline in the
MIDAS total score for galcanezumab indicated a decrease in
disability that was significantly greater for the 120 mg dose
only (—8.74+3.90; P <0.05) and similar for the 240 mg
dose (—5.49 +3.88) compared with placebo (— 11.53 +3.38)
(Table 2). The percentage of patients meeting the definition

of >50% response at Month 3 (model estimated rate) was
significantly greater for both the galcanezumab 120 mg and
240 mg treatment groups (48.8% and 45.0%, respectively;
P <0.02) vs placebo (35.8%).

At the end of the double-blind treatment period (Month
3), several individual item scores of the MIDAS were sig-
nificantly reduced with galcanezumab treatment vs placebo
including fewer number of days of missed household work
and reduced productivity in household work for the 120 mg
group (P <0.05) and number of days of missed house-
hold work for the 240 mg group (P <0.05). At Month 12,
within-group changes from baseline for the MIDAS total
score reflected statistically significant (P <0.001) reduc-
tions in disability across all three groups (Table 3). Spe-
cifically, disability was reduced from Grade level IV-B to
Grade level IV-A for the pooled galcanezumab group, the
average decrease in the MIDAS total score was greater than
30 points (—31.47 for 120 mg, —31.13 for 240 mg) com-
pared with baseline (62.46 for 120 mg, 69.17 for 240 mg).
At Month 12, within-group changes from baseline for the
five individual item scores indicated reductions in disability
that were statistically significant (P <0.05) for each previ-
ous treatment group. The reductions in MIDAS total scores
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Table 2 Changes in patient functioning and disability scores during the 3-month double-blind treatment period

Galcanezumab
120 mg 240 mg
MSQv2.1 total N=49%4 N=252 N=253
LS mean change (SE) 14.55 (1.21)** 20.51 (1.49)** 20.49 (1.49)**
Diff vs placebo (SE) - 5.96 (1.51)* 5.93 (1.51)*
95% CI - 3.0,89 3.0,89
RF-R
LS mean change (SE) 16.76 (1.18)** 21.81 (1.41)** 23.05 (1.63)**
Diff vs placebo (SE) - 5.06 (1.50)* 6.29 (1.66)*
95% CI - 2.1,8.0 3.0,9.6
RF-P
LS mean change (SE) 10.98 (1.15)** 17.98 (1.42)** 16.07 (1.41)**
Diff vs placebo (SE) - 7.00 (1.44)* 5.09 (1.44)
95% CI - 42,9.8 23,79
EF
LS mean change (SE) 14.07 (1.55)** 21.03 (1.91)** 20.70 (1.90)**
Diff vs placebo (SE) - 6.96 (1.94) 6.62 (1.93)
95% CI - 3.2,10.8 2.8,10.4
MIDAS total N=504 N=254 N=258
LS mean change (SE) —11.53 (3.38) —20.27 (4.07) —17.02 (4.05)
Diff vs placebo (SE) - —8.74 (3.90)° —5.49 (3.88)
95% CI - -164,-1.1 —13.1,2.1
MIDAS number of days missed work or school
LS mean change (SE) -0.36 (0.72) —1.86 (0.87) -0.29 (0.86)
Diff vs placebo (SE) - —1.50(0.83) 0.07 (0.82)
95% CI - -3.1,0.1 -15,1.7
MIDAS number of days reduced productivity at work or school
LS mean change (SE) —2.62 (1.01) —-3.87(1.22) —3.49 (1.21)
Diff vs placebo (SE) - —-1.25(1.17) —0.87 (1.16)
95% CI - -35,1.0 -32,14
MIDAS number of days missed household work
LS mean change (SE) —3.51(0.95) —6.09 (1.15) —5.80(1.14)
Diff vs placebo (SE) - —2.58 (1.10)° —2.29 (1.09)°
95% CI - -4.7,-04 —-44,-0.2
MIDAS number of days reduced productivity in household work
LS mean change (SE) —3.35(0.94) -5.59 (1.13) —4.43 (1.12)
Diff vs placebo (SE) - —2.24 (1.08)° —1.08 (1.07)
95% CI - —-44,-0.1 -32,1.0
MIDAS number of days missed family/social
LS mean change (SE) —1.37 (0.83) —3.20 (1.00) —2.46 (1.00)
Diff vs placebo (SE) - —1.83 (0.96) —1.09 (0.95)
95% CI - -3.7,-0.1 -3.0,0.8

CI confidence interval; Diff difference; EF emotional function; LS least squares; MIDAS migraine disability assessment; MSQv2.1 migraine-

specific quality of life questionnaire v2.1; RF-P role function-preventive; RF-R role function-restrictive; SE standard error

2P <0.001 vs placebo
5P <0.05 vs placebo
*#P <0.001 vs baseline
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Table 3 Least square mean changes from baseline in patient functioning and disability scores during open-label treatment period (Month 12)

Galcanezumab

Previous Placebo Previous 120 mg Previous 240 mg
MSQv2.1 N=399 N=193 N=199
Total 28.56 (1.19)** 29.53 (1.51)** 25.83 (1.49)**
RF-R 31.34 (1.24)** 32.91 (1.58)** 28.98 (1.56)**
RF-P 23.32 (1.12)** 23.97 (1.43)** 20.24 (1.41)**
EF 28.87 (1.49)** 29.27 (1.89)** 26.17 (1.87)**
MIDAS N=396 N=193 N=199
Total —28.47 (2.95)** —31.47 (3.69)** —31.13 (3.62)**

MIDAS number of days missed work or school —1.26 (0.59)* —2.73 (0.74)** —2.08 (0.72)*

MIDAS number of days reduced productivity at work or school
MIDAS number of days missed household work
MIDAS number of days reduced productivity in household work

MIDAS number of days missed family/social

—17.03 (0.82)%*
—8.17 (0.79)%*
—7.97 (0.77)%*
—4.31 (0.68)*

—6.83 (1.03)**
—8.74 (0.99)%*
—8.43 (0.97)%*
—5.37 (0.86)**

—6.68 (1.01)**
—8.89 (0.98)**
—8.47 (0.95)**
—5.13 (0.84)%*

CI confidence interval; Diff difference; EF emotional function; LS least squares; MIDAS migraine disability assessment; MSQv2.] migraine-
specific quality of life questionnaire v2.1; RF-P role function-preventive; RF-R role function-restrictive; SE standard error

All P values are within-group comparisons vs baseline: *P <0.05; **P <0.001
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persisted during the open-label extension period and were
similar across all previous treatment groups (Fig. 3).

Discussion

The physical and emotional impact of migraine on daily
activities, as assessed by the MSQv2.1, indicated a high
degree of functional impairment in this chronic migraine
population, given baseline scores less than 50 out of 100
total possible points (100 indicates no functional impair-
ment due to migraine). When compared to placebo after
only 3 months of treatment with galcanezumab, statistically
significant and clinically meaningful improvements in daily
functioning as measured by the MSQv2.1 were observed,
with significant reductions occurring at Month 1 for the total
score and each of the three domains. Improvements with
galcanezumab were considered clinically meaningful as
demonstrated by the published analyses results for the estab-
lished minimal important difference thresholds [26, 27]; a
significantly greater proportion of patients on galcanezumab
reached this degree of improvement when compared to pla-
cebo. During the open-label extension period, improvements
in patient functioning were sustained. Reductions in disabil-
ity were also statistically significantly greater for the 120 mg
galcanezumab group when compared to placebo at Month
3 as measured by the MIDAS. The decrease in the level of
disability was considered clinically meaningful given that a
significantly greater proportion of patients on galcanezumab
met the previously published responder threshold of greater
than a 50% reduction when compared to placebo [27]. Nota-
ble improvements were observed in patient functioning, with
impairment levels less than 30% at the end of 12 months,
and disability was reduced from Grade level IV-B to Grade
level IV-A.

The baseline demographics, disease characteristics, and
levels of functioning and disability for this clinical trial

Double-Blind
Treatment Phase

Fig.3 Least squares mean
change from baseline + standard
error for MIDAS total score

LS Mean Change from Baseline (SE)
)
=}

population were consistent with the general chronic migraine
population and are reflective of a debilitating neurological
disease [9, 36]. The baseline characteristics of this popula-
tion included more than 19 migraine headache days/month,
duration of illness of approximately 21 years, and on average
more than four comorbid conditions. Measures of disability
and functional impairment indicated severe illness due to
migraine in this population [9, 37]. Accordingly, this is a
very ill population who should be at their prime produc-
tivity but instead are missing work/school, home respon-
sibilities, and social events, which greatly impacts society.
Reducing burden of migraine (e.g., headache-related dis-
ability) in patients with chronic migraine is a primary treat-
ment goal per preventive treatment guidelines [13—15]. The
present findings show that galcanezumab positively affects
functional limitations and disability in adult patients with
chronic migraine.

The findings described herein with galcanezumab as a
preventive medication for patients with chronic migraine
parallel and extend the findings of other relatively new pre-
ventive drugs [26, 27]. In a randomized, 16-week, double-
blind, placebo-controlled study of 306 topiramate-treated
patients with chronic migraine, daily functioning as meas-
ured by the MSQv2.1 was significantly improved at Week
4 in all three domains and at Weeks 8 and 16 in both RF-P
and EF domains (P <0.05) [27]. Although not statistically
significant, 56% of topiramate-treated patients (100 mg/day)
vs 45% of placebo-treated patients reported > 50% improve-
ment from baseline in MIDAS scores (P =0.07); the lack
of significance was attributed to missing data, topiramate
patients having higher disability at baseline, and overlap-
ping recall periods. Data from the randomized, double-blind,
placebo-controlled PREEMPT trial that included 1384
patients with chronic migraine found that onabotulinum-
toxinA (155-195 U every 12 weeks) was associated with
significant and clinically meaningful improvements in all
domains of the MSQv2.1 at Weeks 12 and 24 (P <0.001)
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[26]. At Week 12, MSQ mean changes from baseline in
RF-R, RF-P, and EF scores following onabotulinumtoxinA
were 16.2, 13.0, and 18.3, respectively [26]. Migraine-spe-
cific HRQoL and disability, as measured by the MSQv2.1
and MIDAS, were statistically improved in patients with
chronic migraine receiving erenumab (70 mg or 140 mg) vs
placebo in a Phase 2, randomized, double-blind study [38].
For example, at Week 12, mean changes for placebo vs the
70 mg and 140 mg groups were 11.8 vs 17.7 (P=0.002)
and 19.1 (P <0.001), respectively, for RF-R scores. Lipton
et al. also reported that 12-week preventive treatment with
fremanezumab was associated with significantly improved
RF-R and RF-P MSQv2.1 domain scores from baseline com-
pared to placebo in patients with chronic migraine [39].

The research presented in this paper must be interpreted
relative to known strengths and limitations. Whether the
findings presented herein can be applied to the broader
general population of patients with chronic migraine is not
known. However, the baseline characteristics of our patients
were similar to patients with chronic migraine described
elsewhere [9, 36]. In this study, HRQoL outcomes were
reported in patients with chronic migraine who received
galcanezumab; only a limited number of patients used
concurrent topiramate or propranolol (15%); and changes
in HRQoL outcomes for this specific subgroup were not
evaluated due to the small number. Placebo response was
observed during the double-blind treatment period for the
HRQoL outcomes, which is not unexpected given that
patient experiences and expectations for pain treatments
are known confounders [40]. Interestingly, analyses of sub-
groups with a history of migraine preventive treatment fail-
ures revealed lower placebo response rates, providing fur-
ther evidence of the complex relationship between treatment
expectations and placebo response in patients with migraine
[41]. Additional research is needed for a more complete
understanding of the complex factors involved in the placebo
response among patients with migraine.

Inclusion of the 9-month open-label extension analysis
provides added confidence in longer-term findings; however,
this may not be reflective of disease management in real-
world clinical practice. Accordingly, there are challenges
with interpretation of the HRQoL findings due to patient
experience and expectations. The MSQv2.1 and MIDAS
measure two different constructs, that is, migraine-specific
functional impairment and disability; however, the MSQv2.1
seemed more sensitive to measuring changes in this chronic
migraine population, possibly due to the inclusiveness of
emotional implications. The MIDAS may have measurement
bias associated with employment status and engagement
with household activities [32, 33]. Although improvement
in disability for the 240 mg galcanezumab group was not
significantly different compared to placebo at Month 3, the
direction of the score change suggested more improvement,

and there may have been insufficient power to detect a sta-
tistically significant difference with the MIDAS for this sec-
ondary outcome. Also, the recall period for the two measures
differed; however, results and conclusions were directionally
similar for these two HRQoL instruments.

Conclusions

Given the debilitating nature of chronic migraine, clinicians
and patients need information on multiple health-related
outcomes when evaluating preventive treatments. Clini-
cally meaningful reductions in daily functional impairment
and disability due to migraine translates into significant
societal benefits associated with work productivity, perfor-
mance at home, and social health. The findings of this study
provide important evidence for clinicians and health care
policy makers, that beyond improvement in the number of
migraine headache days, galcanezumab increased patients’
HRQoL scores and decreased disability scores in a rapid and
sustained fashion.
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