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ABSTRACT

Introduction: The consistency of the treatment
effect of galcanezumab throughout the dosing
interval is examined in patients with episodic
and chronic migraine.
Methods: This study was a post hoc analysis of
clinical trial data from episodic (EVOLVE-1;
EVOLVE-2; both 6-month duration) and
chronic (REGAIN; 3-month duration) migraine
double-blind trials evaluating the efficacy of a
once-monthly injection of galcanezumab
120 mg relative to placebo. Adults with episodic
(placebo, n = 894; galcanezumab, n = 444) or
chronic migraine (placebo, n = 558; gal-
canezumab, n = 278) were included. Mean
change from baseline in weekly migraine

headache days, averaged across all months for
each week of the dosing interval, was compared
between groups and within the galcanezumab
group during weeks 1 and 4. Additional analyses
examined the mean difference from placebo in
weekly migraine headache days and a day-by-
day analysis.
Results: Weekly migraine headache day reduc-
tion was significantly greater with gal-
canezumab relative to placebo every week
(P\0.001) and did not differ during weeks 1
and 4 for those with episodic (P = 0.740) or
chronic migraine (P = 0.231) taking gal-
canezumab. Estimated probabilities of migraine
on day 2 and day 30 did not differ for those with
episodic (P = 0.61) or chronic migraine
(P = 0.616) taking galcanezumab.
Conclusion: This analysis demonstrates once
monthly galcanezumab exhibits consistent
efficacy throughout the dosing interval among
the population of patients with migraine in
three clinical trials evaluating the efficacy of
galcanezumab. There is no evidence from these
trials that the effect of galcanezumab ‘‘wears off’’
at the end of the dosing interval.
Trial Registration: ClinicalTrials.gov identifier:
EVOLVE-1 (NCT02614183); EVOLVE-2
(NCT02614196); REGAIN (NCT02614261).
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Key Summary Points

Migraine is a neurologic disease that is a
major cause of diminished quality of life
and years lost to disability. A lack of
consistent response to preventive
treatment may contribute to patient non-
compliance and early discontinuation of
preventive therapy

This post-hoc analysis examined the
consistency of the treatment effect of
galcanezumab throughout the dosing
interval in patients with chronic and
episodic migraine

Compared to placebo, patients treated
with galcanezumab had greater reduction
in weekly migraine headache days every
week over 3 months in patients with
chronic migraine and 6 months in
patients with episodic migraine

During the dosing interval, there was no
difference in weekly migraine headache
days when the first week was compared to
the fourth week, and the estimated
probability of having a migraine headache
on days 2 and 30 were not different

Among the population of patients in the
phase 3 studies, galcanezumab 120 mg
once monthly (with a 240 mg loading
dose) exhibits consistent efficacy
throughout the dosing interval

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14195273.

INTRODUCTION

Migraine is a neurologic disease that affects
about 12% of the population worldwide and is a
major cause of diminished quality of life and
years lost to disability [1, 2]. Despite a large
percentage of patients meeting criteria to
receive preventive treatment for migraine [2, 3],
only a fraction of prevention-eligible patients
with migraine receive appropriate treatment
[4, 5]. Among these patients, a lack of consistent
response to treatment may contribute to patient
non-compliance and early discontinuation of
preventive therapy [6, 7].

Galcanezumab, a humanized monoclonal
antibody that binds to the calcitonin gene-re-
lated peptide (CGRP) ligand and blocks its
binding to the CGRP receptor [8], is approved
for the preventive treatment of migraine in
adults. The efficacy of galcanezumab 120 mg
administered once monthly (with an initial
loading dose of 240 mg) has been established
for the preventive treatment of episodic
(EVOLVE-1 and EVOLVE-2 studies) and chronic
(REGAIN study) migraine in three phase 3
studies where galcanezumab significantly
reduced the number of monthly migraine
headache days compared to placebo [9–11].

In patients with episodic migraine, gal-
canezumab has demonstrated a significant dif-
ference relative to placebo as early as the first
day after treatment and a superiority in C 50%
reduction in migraine headache days as early as
week 1 [12]. Although a clinically meaningful
persistence of efficacy with galcanezumab in the
treatment of episodic and chronic migraine has
been demonstrated across consecutive months
[13], the consistency of galcanezumab efficacy
within the monthly dosing interval has not
been investigated beyond the first month.

The objective of this post hoc analysis was to
examine the consistency of treatment effect of
galcanezumab 120 mg once monthly (with an
initial loading dose of 240 mg) throughout the
dosing interval.
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METHODS

In this post hoc analysis of three phase 3, ran-
domized, double-blind, placebo-controlled
studies, 1338 adult patients with episodic
migraine (placebo, n = 894; galcanezumab
120 mg, n = 444) and 836 adult patients with
chronic migraine (placebo, n = 558; gal-
canezumab 120 mg, n = 278) were included.
Data from the two episodic migraine studies
were pooled, and the chronic migraine study
was analyzed separately. The pooled studies,
EVOLVE-1 (NCT02614183) [9] and EVOLVE-2
(NCT02614196) [10], were designed to examine
whether galcanezumab dosed at 120 mg per
month with a 240-mg loading dose or dosed at
240 mg per month was superior to placebo in
the preventive treatment of episodic migraine.
In EVOLVE-1, 858 randomized patients received
at least 1 dose of study drug; 433, 213, and 212
patients received placebo, galcanezumab
120 mg, and galcanezumab 240 mg, respec-
tively. In EVOLVE-2, 915 randomized patients
received at least 1 dose of study drug; 461, 231,
and 223 patients received placebo, gal-
canezumab 120 mg, and galcanezumab 240 mg,
respectively. The third study, REGAIN
(NCT02614261) [11], was designed to determine
whether galcanezumab dosed at 120 mg per
month with a 240-mg loading dose or dosed at
240 mg per month was superior to placebo in
the preventive treatment of chronic migraine.
In REGAIN, 1113 randomized patients received
at least 1 dose of study drug; 558, 278, and 277
patients received placebo, galcanezumab
120 mg, and galcanezumab 240 mg, respec-
tively. The primary outcome measure for each
of these studies was the overall mean change
from baseline in monthly migraine headache
days. The study protocols were approved by the
institutional review board for each study site,
and patients provided written informed consent
prior to study procedures. More information
regarding these trials is available in the primary
manuscripts [9–11]. This analysis evaluated the
galcanezumab 120 mg and placebo treatment
arms of the phase 3 studies.

Patients were between 18 and 65 years, with
a diagnosis of migraine as defined by the

International Classification of Headache Disor-
ders—3rd edition, beta version [14]. for at least
1 year prior to enrollment and with migraine
onset prior to age 50. Patients in the episodic
migraine studies had 4–14 migraine headache
days per month with an average of no less than
2 migraine attacks per month during the pre-
vious 3 months. In the chronic migraine study,
patients had at least 15 headache days per
month, of which 8 or more had migraine fea-
tures, with at least 1 or more headache-free days
per month for 3 months prior to enrollment.

Full exclusion criteria for these studies are
described in the primary manuscripts [9–11]. Of
note, patients were excluded from the studies if
three or more classes of adequately dosed
migraine preventive treatments had failed to
provide adequate efficacy.

Statistical Analyses

The primary objective of the statistical analysis
was to determine the consistency of the treat-
ment effect of galcanezumab during each week
of the dosing interval, starting with the week
immediately after dosing (week 1) and ending
with the week immediately prior to the next
dose (week 4). The analysis aimed to determine
whether the effect of galcanezumab remained
consistent throughout the month, starting from
the first day after dosing to the day(s) prior to
the next dose. These analyses were done for
patients in the episodic (pooled data from
EVOLVE-1 and EVOLVE-2) and chronic
migraine (REGAIN) studies. Mean changes from
baseline in weekly migraine headache days
during each week of the dosing interval aver-
aged across all months were estimated and
compared between the galcanezumab and pla-
cebo groups using a mixed-model repeated
measures (MMRM) analysis. This model inclu-
ded the following fixed effects variables: base-
line migraine headache days, treatment, week,
month, study (for episodic only), pooled
region/country (nested within study), and the
treatment-by-week and baseline-by-week inter-
action effects. The probability of having a
migraine over each day within the month, from
day 2 (first day after dosing) through day 30,
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was modeled using a generalized linear mixed-
effects model. This model included the follow-
ing fixed effects variables: baseline migraine
headache days, treatment, day, month, study
(for episodic data only), and treatment-by-day
interaction effect. All multilevel models
included patient-level random effects for inter-
cept, week/day, and month variables using a
variance components correlation structure to
account for the correlation introduced because
of repeated measures on each patient measured
on each day of each month.

Consistency of treatment effect throughout
the dosing interval was evaluated in two ways.
First, the treatment-effect difference of gal-
canezumab relative to placebo was estimated at
the weekly or day-by-day level and averaged
across all months. This allowed evaluation of
whether the treatment effect of galcanezumab
later in the dosing interval, relative to placebo,
was consistent with its effect early in the dosing
interval. Second, within-treatment-group dif-
ferences were compared. This allowed evalua-
tion of whether the effect of galcanezumab
remained consistent later in the dosing interval
relative to earlier in the dosing interval. For the
weekly analysis, mean weekly migraine head-
ache days were compared between the first and
last weeks within each treatment group. For the
daily analysis, the estimated probabilities of
having a migraine on day 2 (first day after
administration) and day 30 were compared to
evaluate consistency of effect. These compar-
isons were done within the context of the
multilevel models using contrasts for the least-
squares (LS) means for the treatment-by-period
(day or week) interaction effect.

General Considerations
Baseline demographics were summarized using
summary statistics, which included means and
standard deviations (SDs) for continuous vari-
ables and frequencies and percentages for cate-
gorical variables. Effects from linear mixed-
effects models were presented using the differ-
ences in LS means, whereas effects from gener-
alized linear mixed-effects models were
presented as odds ratios (ORs) along with 95%
confidence intervals (CIs). All analyses were
conducted using the software SAS� Enterprise

Guide version 7.1. All statistical tests conducted
were two-sided, assuming a significance level of
5%. All analyses conducted were post hoc in
nature, and thus results should be considered
exploratory.

RESULTS

Baseline Characteristics

There were no significant differences in baseline
characteristics between the patient groups ran-
domized to galcanezumab or to placebo in the
episodic or chronic migraine studies, with the
exception of age (mean age [SD]: galcanezumab
120-mg group = 39.7 [11.9] years, placebo
group = 41.6 [12.1] years; P\ 0.05). At baseline,
prior to randomization, there were no signifi-
cant differences between the galcanezumab and
placebo groups in the number of migraine
headache days per week or per month (Table 1).
In the episodic trials, the average weekly
migraine headache days was 2.1 ± 0.7 days, and
in the chronic trial, patients treated with gal-
canezumab averaged 4.5 ± 1 weekly migraine
headache days versus 4.6 ± 1.1 days in the pla-
cebo group.

Consistency of Treatment Effect

Episodic Migraine
In the weekly analysis of the pooled episodic
studies (Fig. 1), the mean reduction from base-
line in weekly migraine headache days, aver-
aged across all 6 months, was significantly
greater for the galcanezumab group relative to
the placebo group in each of the 4 weeks
(P\0.001). The mean differences (95% CI) in
change from baseline of weekly migraine
headache days between the galcanezumab
group and placebo group were - 0.49 (- 0.59,
- 0.39) in weeks 1 and 2, - 0.44 (- 0.54,
- 0.34) in week 3, and - 0.45 (- 0.55, - 0.35)
in week 4. The mean treatment differences in
weekly migraine headache days were not sig-
nificantly different between week 1 and week 4
(difference = - 0.04; 95% CI - 0.12, 0.04;
P = 0.321). Treatment-effect estimates were not
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Table 1 Baseline characteristics of phase 3 studies

Episodic Migraine (EVOLVE-1 and
EVOLVE-2)

Chronic Migraine (REGAIN)

Placebo,
n = 894

GMB
120 mg,
n = 444

Placebo,
n = 558

GMB
120 mg,
n = 278

Age, years, mean (SD) 41.9 (11.4) 40.9 (11.5) 41.6 (12.1) 39.7 (11.9)*

Female, n (%) 755 (84.5) 378 (85.1) 483 (86.6) 237 (85.3)

Race, white, n (%) 681 (76.2) 335 (75.5) 432 (77.4) 223 (80.2)

North America residence, n (%) 657 (73.5) 325 (73.2) 321 (57.5) 161 (57.9)

Years since migraine diagnosis, mean (SD) 20.5 (12.5) 20.5 (12.3) 21.9 (12.9) 20.4 (12.7)

MIDAS total score, mean (SD) 33.1 (29.3) 31.9 (28.0) 68.7 (57.4) 62.5 (49.5)

Number of migraine headache days, mean (SD)

Per month 9.1 (3.0) 9.1 (3.0) 19.6 (4.6) 19.4 (4.3)

Per week 2.1 (0.7) 2.1 (0.7) 4.6 (1.1) 4.5 (1.0)

Summary statistics for migraine headache days per week at baseline were obtained by converting migraine headache days per
month (30 days) summaries into a 7-day period by dividing them by 30 and multiplying by 7
GMB galcanezumab, MIDAS Migraine Disability Assessment, n number, SD standard deviation
*P\ 0.05 versus placebo

Fig. 1 Episodic migraine: LS mean change from baseline
in weekly migraine headache days across all months
(EVOLVE-1 and EVOLVE-2 pooled). aP\ 0.001 versus
placebo based on MMRM analysis. Mean changes from
baseline for each treatment group were estimated using an
MMRM model for repeated measures after adjusting for

baseline migraine headache days, week, month, study,
pooled region/country (nested within study), and the
treatment-by-week and baseline-by-week interaction
effects. GMB galcanezumab, LS least-squares, MMRM
mixed-model repeated measures, SE standard error
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meaningfully different between other combi-
nations of weeks (results not shown). Within
the galcanezumab group, LS mean changes
from baseline in weekly migraine headache
days during week 1 (- 1.06) and week 4
(- 1.07) were not significantly different (differ-
ence = 0.01; 95% CI - 0.05, 0.07; P = 0.740),
suggesting the treatment effect of gal-
canezumab was not ‘‘wearing off’’ during the
last week of the dosing interval relative to the
first week. The fixed effect of week (P = 0.705)
and the treatment-by-week interaction effect
(P = 0.148) from the MMRM model were not
statistically significant, suggesting no signifi-
cant trend in mean changes from baseline in
weekly migraine headache days throughout the
dosing interval.

In the day-by-day analysis of the pooled
episodic studies (Fig. 2), the estimated proba-
bility of having a migraine headache on each

day, averaged across all 6 months from day 2
through day 30, was significantly lower in the
galcanezumab group compared to the placebo
group (P B 0.001 for all days). The gal-
canezumab group had a significantly lower
probability of having a migraine headache
compared to the placebo group on day 2 (OR
0.61; 95% CI 0.51, 0.72; P\0.001) and day 30
(OR 0.65; 95% CI 0.51, 0.85; P = 0.001), sug-
gesting the treatment effect relative to placebo
is not likely to be different from the beginning
to the end of the dosing interval. Within the
galcanezumab group, the estimated probabili-
ties of having a migraine headache on day 2 and
day 30 were not statistically significantly dif-
ferent (OR 0.94; 95% CI 0.74, 1.19; P = 0.61),
suggesting the treatment effect of gal-
canezumab was not ‘‘wearing off’’ at the end of
the dosing interval relative to the first day fol-
lowing dosing. In addition, the main effect of

Fig. 2 Episodic migraine: estimated probability of
migraine by day averaged across all 6 months (EVOLVE-
1 and EVOLVE-2 pooled). aP B 0.001 versus placebo
(P values comparing probability of migraine between the
two groups was significant for all days). Probabilities
shown for each treatment group were estimated using a

generalized linear mixed-effects model for repeated mea-
sures adjusting for baseline migraine headache days, day,
month, study, and treatment-by-day interaction effect.
GMB galcanezumab
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day (P = 0.498) and the interaction effect of
treatment by day (P = 0.485) were not statisti-
cally significant, suggesting no evidence of
treatment-effect inconsistency during the dos-
ing interval.

Chronic Migraine
In the weekly analysis of the chronic migraine
study (Fig. 3), the mean reduction from baseline
in weekly migraine headache days, averaged
across all 3 months, was significantly greater for
the galcanezumab group compared to the pla-
cebo group for each of the 4 weeks (P\0.001).
The mean differences (95% CI) in weekly
migraine headache day change from baseline
between the galcanezumab group and placebo
group were - 0.49 (- 0.69, - 0.28) in week 1,
- 0.56 (- 0.78, - 0.34) in week 2, - 0.52
(- 0.74, - 0.31) in week 3, and - 0.40 (- 0.62,
- 0.19) in week 4. Treatment differences in
weekly migraine headache days were not sig-
nificantly different between week 1 and week 4
(difference = - 0.08; 95% CI - 0.24, 0.07;
P = 0.301). Treatment-effect estimates were not
meaningfully different between other combi-
nations of weeks (results not shown). Within

the galcanezumab group, LS mean changes
from baseline in weekly migraine headache
days during week 1 (- 1.07) and week 4
(- 1.15) were not significantly different (differ-
ence = 0.08; 95% CI - 0.05, 0.20; P = 0.231),
suggesting the effect of galcanezumab did not
‘‘wear off’’ during the last week of the dosing
interval relative to the first week. The fixed
effect of week (P = 0.162) and the treatment-by-
week interaction effect (P = 0.403) from the
MMRM model were not statistically significant,
suggesting no significant trend in mean chan-
ges from baseline in migraine headache days
from week to week within the month.

In the day-by-day analysis of those with
chronic migraine (Fig. 4), the estimated proba-
bility of having a migraine headache on each
day, from day 2 through day 30, averaged across
all 3 months, was significantly lower in the
galcanezumab group compared to the placebo
group on most days (P\ 0.05) except for days
10 (P = 0.091), 23 (P = 0.096), 29 (P = 0.125),
and 30 (P = 0.226). The galcanezumab group
had a significantly lower probability of having a
migraine headache compared to the placebo
group on day 2 (OR 0.71; 95% CI 0.56, 0.90;
P = 0.005) but not on day 30 (OR 0.80; 95% CI

Fig. 3 Chronic migraine: LS mean change from baseline in
weekly migraine headache days across all months (REGAIN)
for each treatment group. aP\ 0.001 versus placebo based on
MMRM analysis. Mean changes from baseline for each
treatment group were estimated using an MMRM model for

repeated measures after adjusting for baseline migraine
headache days, week, month, pooled region/country, and
the treatment-by-week and baseline-by-week interaction
effects. GMB galcanezumab, LS least squares, MMRM
mixed-model repeated measures, SE standard error
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0.55, 1.15; P = 0.226). Within the gal-
canezumab group, the estimated probabilities of
having a migraine headache on day 2 and day
30 were not statistically significantly different
(OR 1.08; 95% CI 0.80, 1.48; P = 0.616), sug-
gesting the treatment effect of galcanezumab
was not ‘‘wearing off’’ at the end of the dosing
interval relative to the first day following dos-
ing. The main effect of day (P = 0.389) and the
interaction effect of treatment-by-day
(P = 0.241) were not statistically significant,
suggesting no evidence that the treatment effect
within the galcanezumab group was inconsis-
tent during the dosing interval.

DISCUSSION

Maintenance of benefit throughout the dosing
interval is an important attribute for migraine
preventive therapy. Pharmacokinetic studies of

galcanezumab in healthy patients have shown
that galcanezumab has a half-life of 27 days [8]
and support treating patients with a once-
monthly subcutaneous injection of gal-
canezumab. Previous phase 3 studies have
shown that galcanezumab at doses of 120 mg
and 240 mg significantly reduces the number of
mean monthly migraine headache days over
6 months compared to placebo in adults with
episodic migraine [9, 10] and over 3 months in
adults with chronic migraine [11].

Here, we examined whether galcanezumab
120 mg once monthly (with an initial loading
dose of 240 mg) maintained consistent efficacy
during the dosing interval in patients with epi-
sodic or chronic migraine. Clinical trials evalu-
ating the reduction of migraine headache days
in response to a treatment typically use longer
durations of time (e.g., months rather than
weeks or days) to evaluate treatment efficacy
because the natural variation of migraine

Fig. 4 Chronic migraine: estimated probability of
migraine by day averaged across all 3 months (REGAIN).
aP B 0.001 versus placebo, bP B 0.010 versus placebo,
cP\ 0.050 versus placebo. Probabilities shown for each
treatment group were estimated using a generalized linear

mixed-effects model for repeated measures adjusting for
baseline migraine headache days, day, month, and treat-
ment-by-day interaction effect. GMB galcanezumab
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headache in individuals may impact outcomes
when comparing treatment to placebo effect.
This post hoc analysis attempted to mitigate
this variability by averaging data across all
months of the phase 3 trials. We evaluated
mean reduction of weekly migraine headache
days and the day-to-day likelihood of having a
migraine headache to determine whether the
population of those taking galcanezumab
showed a consistent response from the first to
the last day of the dosing interval.

This post hoc analysis demonstrates that
efficacy of galcanezumab remains consistent
throughout the monthly dosing interval for
both chronic and episodic migraine. The mean
reduction from baseline of weekly migraine
headache days averaged across all months was
significantly greater in the galcanezumab group
compared to the placebo group, and the change
in average weekly migraine headache days
among those in the galcanezumab group was
consistent from the first week to the last week of
the dosing interval. These findings suggest that,
at a treatment-population level, the effect of
galcanezumab remains consistent throughout
the dosing interval (i.e., does not ‘‘wear off’’) for
those with episodic or chronic migraine.

In the day-by-day analysis, the results among
those with episodic migraine show a similar
pattern to the weekly data, with the likelihood
of having a migraine headache lower among
those in the galcanezumab group relative to
placebo for all days of the dosing interval and
no difference in the likelihood of having a
migraine headache within the galcanezumab
group at day 2 and day 30. Among those with
chronic migraine in the galcanezumab group,
there were also no differences in the likelihood
of having a migraine headache at day 2 and day
30 of the dosing interval. When comparing the
day-to-day likelihood of having a migraine
headache between the galcanezumab and pla-
cebo groups, the differences were significant at
25 of 29 days. Possible reasons for the lack of
statistical significance on other days include the
smaller sample size in the chronic study and a
smaller sample size reporting headache days
towards the end of the month, which could lead
to higher variability. In addition, the burden of
diary entry (participant fatigue) during the trial

may be more likely to occur near the end of the
month among patients with higher headache
day frequency [15, 16]. This may be especially
relevant for the placebo group who had more
headache days to report throughout the month.
Finally, the absence of statistical significance
does not rule out a clinically meaningful effect.
This may help substantiate the message that the
effect of galcanezumab does not diminish at the
end of the dosing interval relative to the
beginning of the dosing interval for those with
chronic migraine.

The strengths of the study include the large
sample size and the complementary methods
used to investigate the consistency of effect.
These were necessary since there is no standard
definition for the loss of effect or ‘‘wearing off’’
during the dosing interval of migraine preven-
tive medication. This analysis was performed on
a post hoc basis and thus should be considered
exploratory, so failure to find a statistically sig-
nificant difference may not provide conclusive
evidence of absence of effect. In addition, the
analysis is treatment population based, and it
cannot be interpreted that every individual will
have a consistent response to galcanezumab
throughout the dosing interval every month. It
is possible to evaluate consistency of effect at an
individual level, but that was not in line with
the scope and aims of the current study. Future
studies might consider whether individual-level
factors (e.g., migraine headache day variability,
comorbidities, migraine disease-related, care-
related, sociodemographic, psychographic)
influence the consistency of effect throughout
the month. Identifying a subset of patients
inclined to experience inconsistent effect
throughout the month would provide clinicians
insight that might influence treatment
decisions.

These results demonstrate that gal-
canezumab has consistent efficacy throughout
the monthly dosing interval and there is no
indication of ‘‘wearing off’’ or loss of effect for
patients with episodic or chronic migraine.
These results expand the information available
to providers and patients about the expected
outcomes when using galcanezumab for the
preventive treatment of migraine.
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