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ABSTRACT

Purpose of Review: This is a comprehensive
review of the current literature on the usage of
galcanezumab for migraine treatment. It
reviews the biology, pathophysiology, epi-
demiology, diagnosis, and conventional treat-
ment of migraines, then compares the literature
available for galcanezumab with historical
treatment options.

Recent Findings: Migraine is a common head-
ache disorder and constitutes a significant
source of distress from both a personal and
societal perspective. Conventional treatment
includes abortive and preventive treatment.
Treatment options are limited and may be only
partially or minimally effective in some of the
population. Recent evidence points to meta-
bolic changes in the brain as possible causes of
migraine, via reduced available energy or a
spiking need for it, resulting in a relative
insufficiency. This leads to trigeminocervical
complex (TCC) activation and a headache
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episode, modulated by calcitonin gene-related
peptide (CGRP). Galcanezumab (Emgality) is a
monoclonal antibody targeting CGRP that is
given in a monthly injection for the prevention
of migraines. Its safety was previously shown in
phase 1 and 2 trials, and recent phase 3 trials
showed efficacy, with up to 50% reduction in
monthly migraine days and improved func-
tional capacity in migraineurs. Studies show
that the drug is well tolerated and safe.
Summary: Migraine headache is a common
neurological syndrome that causes great pain
and suffering. Treatment options today are
limited. Galcanezumab does not prevent
migraines, but it is effective in decreasing their
frequency and length. It is also much better
tolerated than the currently existing therapies.
While it is unlikely to provide monotherapy for
migraines, it is a novel therapy that may be
added for cases of severe or frequent migraines.

Keywords: Chronic pain; CGRP;
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Key Summary Points

Migraine is a common headache disorder
and constitutes a significant source of
distress from both a personal and societal
perspective. Treatment options are
limited.

Recent evidence points to metabolic
changes in the brain as possible causes of
migraine, via reduced available energy or
a spiking need for it, resulting in a relative
insufficiency.

Galcanezumab (Emgality) is a monoclonal
antibody, which targets CGRP, given in a
monthly injection for the prevention of
migraines.

While galcanezumab is unlikely to provide
monotherapy for migraines, it is a novel
therapy that may be added for cases of
severe or frequent migraines.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
digital features for this article, go to https://doi.
org/10.6084/m9.figshare.12958013.

INTRODUCTION
AND EPIDEMIOLOGY

Migraines are a frequent cause of neurological
disorder among individuals in the United
States. Migraine disorder disproportionately
affects adult women, with 18% of women in the
United States compared to 6% of men reporting
migraines [1]. Data from the American Migraine
Prevalence and Prevention (AMPP) Study
examining epidemiologic factors such as racial
and socioeconomic disparities demonstrated a
higher prevalence in whites than in blacks and
an inverse relationship between the prevalence
of migraines and household income [2]. Data
from the AMPP also supported an age disparity:
the 30–39 age group is most affected by
migraines across genders, with 7.4% of men and
24.4% of women in this age group experiencing
migraine symptoms [2]. The prevalence of
migraines has remained stable since 2005, as
indicated by data from the National Health
Interview Survey [3]. Migraines can be divided
into a number of categories, including episodic
migraine (15 or fewer migraine headaches per
month) and chronic migraine (15 or more
migraine headaches per month for greater than
3 months) [4, 5]. Sufferers of chronic migraine
indicate a direct association of headache fre-
quency with increased disease burden and
reduced quality of life [6, 7]. This disease burden
has a negative effect on personal relationships
as perceived by family members [6, 7]. Data
from the Chronic Migraine Epidemiology and
Outcomes (CaMEO) Study assessed familial
burden with family members suffering from
either chronic or episodic migraine [7]. These
data included struggles within spousal rela-
tionships, perceived financial distress, and dis-
ease burden impact on children [7]. Given the
existence of such a significant burden of disease,
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this review will examine traditional and explore
novel treatment options for migraines.

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

RISK FACTORS

A 2014 systematic review identified a number of
associated triggers or risk factors predisposing
individuals to migraines [8]. Ten precipitating
factors for migraines were noted, in order of
decreasing frequency: stress, auditory stimuli,
fatigue, fasting, hormonal association with the
female menstrual cycle, changes in sleep pat-
terns, weather changes, visual stimuli, olfactory
stimuli, and alcohol [8]. Stress was the most
commonly reported trigger of migraines, with
58% of patients surveyed indicating stress as a
trigger [8]. Alcohol was the least frequent trig-
ger, with 27% of patients reporting it as a pro-
voking factor [8]. A 2019 review suggested that
an association between the aforementioned risk
factors and metabolic disturbances may predis-
pose individuals to migraine headaches [9]. The
review emphasized a possible link between a
brain experiencing a metabolic energy deficit
and/or increased and overwhelming oxidative
stress levels with migraine onset; the above
scenarios may trigger a migraine response in
order to return the brain to homeostatic func-
tion, implicating all risk factors associated with
changes in brain metabolism and oxidative
stress [9]. Along with these environmental trig-
gers, genetics also play a role [10]. Genetic risk
factors for migraine can be monogenic such as
familial hemiplegic migraine (FHM), implicat-
ing the three genes CACNA1A, ATP1A2, and
SCN1A, which predispose individuals to a rare
hemiplegic type of migraine with aura [10]. The
common form of migraine is associated with
polygenic risk factors [10]. Multiple genome-
wide association studies (GWAS) have been
performed on common migraine sufferers [10].
These GWAS have implicated numerous loci
that may play a role in the pathophysiology of
migraines and predispose individuals to

migraines; further study is needed to elucidate
the relevance of these loci [10].

DIAGNOSIS AND CLINICAL
PRESENTATION OF MIGRAINE

The typical clinical presentation of a migraine
consists of premonitory symptoms followed by
a throbbing unilateral headache and subse-
quent postdromal symptoms [11, 12]. Migraines
may present with or without aura, a transient
neurological disturbance [11]. Premonitory
symptoms characterize the first phase of a
migraine and may appear hours to days prior to
the headache [12]. Yawning, fatigue, difficulty
with mental concentration, and neck stiffness
are common premonitory symptoms [11, 12].
Given that the delineation between triggers and
premonitory symptoms is not well defined,
classic migraine triggers such as photophobia
and osmophobia may likely be premonitory
symptoms [11, 13]. It is important to note that
up to 72% of patients are able to accurately
predict an impending migraine based on their
premonitory symptoms [12]. Headache, head
pain, and nausea characterize the second phase
of a migraine, which may last for anywhere
from hours to days [11]. Postdromal symptoms
are diverse in presentation—the most common
is simply fatigue—and characterize the third
phase of migraines [11]. A migraine diagnosis
can usually be derived from a complete history
and physical evaluation alone, but additional
testing such as magnetic resonance imaging
(MRI) or computed tomography (CT) can be
useful in ruling out other headache etiologies
[14]. According to the AMPP, only 56.2% of
patients suffering frommigraine have received a
formal medical diagnosis [15].

PATHOPHYSIOLOGY

The entire chronology of symptoms associated
with migraines—the premonitory, headache,
and postdromal phases—result from a complex
brain network disorder associated with both
environmental and genetic factors [4]. Current
pathophysiology research identifies the
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trigeminovascular pathway as an important
mechanism associated with the characteristic
headache seen in migraines, as well as the dis-
tinct aura that is sometimes reported [4]. The
trigeminovascular pathway comprises periph-
eral nociceptive axons originating from the
meninges and vasculature [4, 16, 17]. The oph-
thalmic branch of the trigeminal nerve has been
most frequently implicated in the symptoma-
tology associated with migraines [4, 16, 17].
Research has shown that activation of the
trigeminal nerves associated with the dura and
vasculature are linked to general headache pain
similar in quality to migraine [17]. These noci-
ceptive axons release neuropeptides including
calcitonin gene-related peptide (CGRP) into the
trigeminocervical complex (TCC), a neural
structure with many inputs that serves as a relay
station before nociceptive information reaches
higher cortical structures which elicit headache
symptoms [4]. Signals from the TCC carry the
nociceptive input from the trigeminal afferents
to the thalamus, which plays a key role in cen-
tral pain and sensory processing through con-
nections to the cortex, including S1 and S2 of
the somatosensory cortex [4, 16, 17]. The
hypothalamus is intimately connected with
various brain structures including the TCC and
plays a role in pain processing [4, 16]. Specifi-
cally, the premonitory symptoms are most
directly linked to hypothalamic activation
before the onset of headache symptoms, but
research regarding premonitory symptom
pathophysiology is lacking [4, 16, 17]. Many of
the above pathways for migraine pathophysi-
ology are described in novel research that has
laid the foundation for the development of new
treatment options [4].

TRADITIONAL TREATMENT
OPTIONS

Individual treatment of migraine varies based
on the patient and his or her symptomatology
[15]. Patients suffering from migraine can treat
their symptoms with over-the-counter (OTC)
medications or prescription medications, or can
decline treatment for acute symptoms [15].
These acute treatment options range from OTC

nonsteroidal anti-inflammatory drugs (NSAIDs)
to specific treatments targeting various path-
ways such as triptans or gepants [18]. The trip-
tans target serotonin receptors while the
gepants target the CGRP receptors in the brain
[18]. Only 12% of patients opt to take preven-
tive treatment for migraine [15]. Many of these
patients use medications categorized as beta-
blockers, calcium channel modulators, or anti-
convulsants [18]. Many patients who undergo
preventive treatment are less willing to con-
tinue preventive medications, as adherence is
poor due to adverse events and low efficacy [19].
As the understanding of migraine pathophysi-
ology evolves, novel treatment options will
become increasingly available [4, 18]. The
gepant class provides an example of targeted
therapy against the CGRP receptor via antago-
nism, which plays a role in the trigeminovas-
cular pathway [18, 19]. Gepants offer better
safety and tolerability compared to triptans
[20]. Many other targeted pathways may play a
key role in future migraine therapies, including
glutamate receptors, notably the N-methyl-D-
aspartate (NMDA) receptor [18]. Recent progress
in the acute treatment of migraines has moved
toward monoclonal antibodies targeting
pathophysiology pathways, notably the CGRP
pathway [4, 20]. Monoclonal antibodies hold a
distinct advantage in the treatment of migraine,
because while many small-molecule drugs are
prone to drug–drug interactions, monoclonal
antibodies are engineered with specificity to a
ligand or receptor, decreasing drug–drug inter-
actions as well as unwanted adverse events [19].
Three monoclonal antibodies have been
approved for the treatment of migraines in the
United States: erenumab, fremanezumab, and
galcanezumab [19].

GALCANEZUMAB

Galcanezumab, sold under the trade name
Emgality, is a humanized monoclonal antibody
developed by Eli Lilly and Company for the
prevention of migraine in adults. Unlike like
other preventive medications for migraines,
which were initially designed to treat other
conditions, galcanezumab was specifically
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developed for the treatment of migraines. It is a
prescription taken once monthly that comes in
a prefilled pen or syringe dosed at 120 mg. In
September 2018, galcanezumab was approved
in the United States for the prevention of
migraine in adults [21]. More recently, Emgality
(300 mg) has been approved for the treatment
of episodic cluster headaches. This monoclonal
antibody targets the 37-amino-acid peptide
calcitonin gene-related peptide (CGRP). The
involvement of CGRP in nociception has also
suggested the potential of galcanezumab in
alleviating osteoarthritis-associated pain [22].

MECHANISM OF ACTION

Anti-calcitonin gene-related peptide mono-
clonal antibodies (anti-CGRP) are a new class of
drugs directed against the potent vasodilator
CGRP that is also involved in the transmission
of nociception. CGRP is a neurotransmitter
synthesized in the central and peripheral ner-
vous system. It has an a and a b form; however,
there is not much known about the b form [23].
Of note, the a form is most commonly found in
the central and peripheral nervous system [23].
CGRP is synthesized in neuronal cell bodies and
packaged into vesicles for transport to axonal
terminals. When the presynaptic neuron con-
taining CGRP is stimulated, CGRP is released
from its storage vesicles in the axon terminal to
the synaptic cleft in the process of calcium-de-
pendent exocytosis. Following its release, CGRP
binds to the CGRP receptor. The CGRP receptor
is a protein complex composed of multiple
proteins which are all required for the ligand’s
specificity to the receptor. The major compo-
nents of the receptor include the G protein-
coupled receptor calcitonin receptor-like recep-
tor (CALCRL) and the receptor activity-modi-
fying protein 1 (RAMP1) [23]. CALCRL has a Gas

subunit which, when stimulated, activates the
cAMP-dependent pathway, resulting in the
production of cAMP. This process is mediated
through stimulation of adenylate cyclase,
which facilitates conversion of ATP to cAMP.
cAMP acts as a second messenger activating
protein kinase A (PKA), ultimately resulting in
the phosphorylation of downstream targets. In

the smooth muscle of cerebrovascular cells, the
increase in cAMP due to CGRP results in
vasodilation [23]. Although the pathophysiol-
ogy of migraine is not completely understood,
abnormal vasodilation has been shown to play
an important role [24]. Given the above mech-
anism of action of CGRP, there are a few
potential drug targets. The anti-CGRP gal-
canezumab works by binding the CGRP peptide
with high affinity. This prevents CGRP from
binding to its receptor, inhibiting a vasodilator
response in cerebrovascular cells.

PHARMACODYNAMICS
AND PHARMACOKINETICS

The analysis of pharmacodynamics and phar-
macokinetics is critical in the development of
drugs. Pharmacodynamics describes how the
drug affects the body. It focuses on the rela-
tionship between the respective dose of a drug
and the resulting desired activity, along with its
side effects, therapeutic window, and duration
of action. Pharmacokinetics describes how the
body affects the drug. It focuses on absorption,
distribution, metabolism, and excretion of a
drug, to enable safe and effective therapeutic
management in patients. In contrast to small-
molecule drugs, the pharmacodynamic and
pharmacokinetic properties of antibody drugs
are more complex. The binding of antibody
drugs to soluble ligands characterizes its thera-
peutic effect. Therefore, the kinetics of both the
ligand and antibody must be accounted for in
determining the pharmacodynamic and phar-
macokinetic properties of antibody drugs [25].

When an antibody drug is administered, the
goal is for the antibody to bind to its respective
soluble ligand, thereby reducing the concen-
tration of free soluble ligand available to bind
the ligand receptor. In theory, the efficacy of
the antibody drug is determined by the magni-
tude and duration of the reduction in free sol-
uble ligand [25]. Galcanezumab is a humanized
monoclonal antibody that binds to the soluble
ligand CGRP. Although measuring free ligand
and total ligand (free ? bound) concentrations
would be ideal in the understanding of ligand
inhibition, biological challenges impede these
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direct measurements [25]. Instead, gal-
canezumab-tolerant electrochemiluminescence
assays measuring total CGRP concentration and
enzyme-linked immunosorbent assays measur-
ing serum galcanezumab concentrations are
used. In this way, the interaction between
CGRP and galcanezumab can be characterized
by a pharmacokinetic (PK)/pharmacodynamic
(PD) antibody-ligand interaction model. The
details of this model can be found in other
studies [6]. The PK/PD model suggests that the
ratio of the zero-order production rate constant
(kin) and the first-order elimination rate con-
stant (kout) are in equilibrium. This means that
an increase in (kin) predicts an increase in free
CGRP concentration. In serum, the elimination
of free circulating CGRP is faster than gal-
canezumab-CGRP complex [25]. As a result,
when CGRP is bound to galcanezumab, CGRP
takes on the properties of galcanezumab, caus-
ing a temporary increase in total CGRP serum
concentration. During a migraine attack, the
free CGRP concentration is elevated. Therefore,
the aim of using galcanezumab as a preventive
treatment of chronic migraines is to have the
appropriate galcanezumab concentration that
will inhibit any spike in free CGRP during a
migraine attack [25]. The PK/PD model suggests
that a 300 mg dose of galcanezumab causes a
rapid decrease in free CGRP within a day of
administration, followed by a slow return to
pre-dose free CGRP concentration. The maxi-
mum reduction in free baseline CGRP was
found to range from 39% when dosed at 5 mg to
97% when dosed at 240 mg and 300 mg in a
simulation study of the percent change in free
CGRP with monthly administration of a range
of doses of galcanezumab [25]. The findings
indicated that galcanezumab displayed both
time- and dose-dependent reduction in CGRP.

Most antibody drugs are administered intra-
venously (IV), subcutaneously (SC), or intra-
muscularly (IM) to avoid absorption in the
gastrointestinal tract and subsequent first-pass
metabolism in the liver. Galcanezumab can be
administered by IV, SC, or IM. However,
although its IV administration facilitates rapid
delivery and complete bioavailability to the
systemic circulation, it may not be convenient
for patients to make hospital visits to receive

medication. IM and SC preparations enable self-
administration of galcanezumab by patients for
chronic dosing. The effectiveness of IM and SC
administration is limited by the large dosing
requirements and the subsequent pain at the
injection site from the large volume [25]. This is
overcome by taking multiple injections of
smaller doses. For the treatment of chronic
migraine, galcanezumab is started with a load-
ing dose (LD) of 240 mg followed by once-
monthly (QM) SC injection of 120 mg. Gal-
canezumab has a half-life of 27 days with
bioavailability of 50–100% in SC or IM admin-
istration [25]. Once injected via SC or IM, gal-
canezumab predominantly enters the
lymphatic system and then slowly drains into
the systemic circulation, reaching a maximum
serum antibody concentration 5 days post-ad-
ministration. Because of its large molecular
weight and polarity, galcanezumab cannot
simply diffuse across a cell membrane. Its pri-
mary mechanism of extravasation is driven by
the hydrostatic pressure gradients between
blood and tissue in the process of convective
transport. Following extravasation, the binding
of galcanezumab to tissue proteins hinders its
distribution. Similar to other monoclonal anti-
bodies, the tight junctions comprising the vas-
cular endothelium of the brain prevent
galcanezumab from crossing the blood–brain-
barrier (BBB) [25]. The majority of gal-
canezumab is eliminated via intracellular cata-
bolism by the liver, skin, muscle, and intestine.
Once the antibody is broken down into smaller
peptides, it can be taken up by surrounding
proteins and macromolecules to undergo fur-
ther enzymatic degradation.

SAFETY AND EFFICACY

Overview

In recent years, LY2951742 or galcanezumab, a
calcitonin gene-related peptide (CGRP), has
been studied for its effects on bone pain and
migraines. While the mechanism of action is
described above and has been a known
vasodilator for decades, it has only recently
been used therapeutically to decrease bone pain
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and migraines. Galcanezumab specifically binds
to both the a- and b-CGRP receptors and has
been studied extensively for safety, initially in
nonhuman primates and then in human sub-
jects [26]. Using the known physiological
response of capsaicin-induced dermal blood
flow reduction, testing galcanezumab’s inhibi-
tory effect of the CGRP pathway would theo-
retically lead to increased blood flow. This
hypothesis was studied using Doppler-imaged
blood flow as a biomarker that defined response
to the CGRP receptor [26]. This initial proof-of-
concept phase 1 study showed that gal-
canezumab did potently inhibit the CGRP
pathway in nonhuman primates, and subse-
quently in humans in clinical trials [26]. After
this proof of concept, a phase 2 randomized
double-blind study was established across 35
sites enrolling 218 patients to evaluate safety
and initial efficacy response. A dose of 150 mg
galcanezumab versus placebo was injected once
every 2 weeks for 12 weeks. This phase 2 study
showed a significant reduction in headache
days and also showed increases in mild side
effects such as erythema around the injection
site, upper respiratory tract infections, and less
commonly abdominal pain [27]. Further safety
testing was performed in a phase 2b trial with
410 patients who were administered either 5,
50, 120, or 300 mg galcanezumab versus pla-
cebo once every 4 weeks for three cycles. No
long-term severe adverse effects occurred in
patients receiving either galcanezumab or the
placebo. Transfusion-related injection-site reac-
tions occurred more often in the galcanezumab
group (13.9%) than in the placebo group
(5.8%). This was true for pain around the
injection site as well (11.4% galcanezumab vs.
2.9% placebo). Upper respiratory tract infec-
tions and hypersensitivity events occurred at
approximately the same rate in both groups—
8–10% and 3–5%, respectively [28]. A further
double-blind phase 2b study was performed to
validate proof of concept in humans. Using the
Migraine-Specific Quality of Life Questionnaire
version 2.1 (MSQv2.1) and the Headache
Impact Test (HIT)-6 to determine outcomes, the
study included 187 patients who received three
monthly injections over 12 weeks, with the
galcanezumab group showing statistically

significant functional improvements indepen-
dent of migraine headache days [29].

REGAIN INITIAL 3-MONTH STUDY
AND 9-MONTH OPEN-LABEL
EXTENSION

Galcanezumab then moved into phase 3 trials,
and a number of study groups concurrently
evaluated the drug’s effectiveness in migraine.
The REGAIN (Evaluation of Galcanezumab in
the Prevention of Chronic Migraine) study
group screened 1903 subjects and enrolled 1113
subjects, and over 90% of the enrolled subjects
completed the treatment period. Inclusion cri-
teria included age of 18–65 years and 4–14
migraine headache days a month. The study ran
for 3 months, with a 9-month open-label
extension. The subjects first underwent a med-
ication washout period of at least 30 days and
up to 4 months in the case of onabotulinum-
toxin. The length of this washout period was
drug-dependent. The subjects were then ran-
domized to placebo group versus 120 mg gal-
canezumab injection versus 240 mg
galcanezumab injection. At the 3-month end-
point, both the 120 mg and 240 mg doses
showed a statistically significant decrease in
monthly headache days versus placebo. The
dose itself showed no meaningful difference
between the two drug subgroups. As previously
observed, the drug group did show increased
injection site reactions, erythema, pruritus, and
sinusitis, but overall showed no severe adverse
reactions. In conclusion, the REGAIN study
group found Class I evidence that gal-
canezumab is superior to placebo in reducing
the number of monthly migraine headache
days in patients with chronic episodic
migraines [30].

When looking at extended outcomes in the
open-label extension, migraine headache days
continued to decrease, and the drug was effec-
tive in a higher number of patients. There was
also no significant increase in reported adverse
events [31].

Subgroup analyses were performed on the
same REGAIN study cohort to divide patients
into those who had failed C 2, C 1, and 0
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previous preventive interventions. Statistically
significant reductions in monthly migraine
headache days were found in all three groups,
regardless of the presence or lack of prior fail-
ures. Further, significant functional improve-
ments quantified by the MSQv2.1 were noted
alongside a decrease in acute abortive migraine
medication use [32].

EVOLVE-1 AND EVOLVE-2 TRIALS

Concurrently with the REGAIN trials, the
EVOLVE (Evaluation of LY2951742 in the
Prevention of Episodic Migraine) study group
also conducted a phase 3 trial under the same
conditions as above: a drug washout period
followed by double-blind 120 mg versus 240 mg
galcanezumab versus placebo, with the same
inclusion criteria of a 1-year history of migraine
and 4–14 migraine headache days per month in
the same 2016–2017 time frame. In this case,
the timing was slightly different, with the
treatment group observed for 6 months fol-
lowed by cessation of use and a 4-month follow-
up. The EVOLVE-1 study looked at 858 subjects
across 90 sites in North America. Of note, 83.7%
(718) of the study group were women. Similar
results were found, in that galcanezumab sig-
nificantly reduced monthly headache days by
4.7 and 4.6 days versus 2.8 days with placebo.
Again, the effect of galcanezumab dosage was
not meaningful. Adverse effects occurred in less
than 5% [33].

The EVOLVE-2 study looked at 915 subjects
at 109 study sites around the world including
sites in North America, Europe, the Middle East,
and Asia. It followed the same methods and
timeline as REGAIN and EVOLVE-1 and simi-
larly found a significant decrease in headache
days in those using galcanezumab versus pla-
cebo. EVOLVE-2 also found no significant dif-
ference between galcanezumab dosages or
prevalent adverse effects [34]. Both EVOLVE-1
and EVOLVE-2 provide further Class I evidence
for the use of galcanezumab for migraine
reduction.

The EVOLVE-1 and 2 trials also looked at the
patient populations for the 4 months after the
study was over and treatment had been

discontinued. In EVOLVE-1, overall efficacy in
the 120 mg galcanezumab group decreased
from a reduction of 5.2 migraine days per
month at month 6, the last month the drug was
still being administered, to 4.1 days at month
10, 4 months after the drug had been stopped.
Similarly, in the 240 mg galcanezumab group,
the efficacy decreased from a reduction of
5.3 days at month 6 to 3.8 days at month 10.
Despite this, these levels still demonstrated a
statistically significant improvement compared
with placebo, which showed a reduction from
baseline of 3.4 days at month 6 and 3.3 days at
month 10. EVOLVE-2 showed similar results,
with both the 120 mg and 240 mg gal-
canezumab groups demonstrating a statistically
significant long-term reduction at 10 months
compared with the placebo group. This statis-
tically significant change between the previ-
ously treated galcanezumab group and the
placebo group suggests potential long-term
effects even after drug cessation and warrants
further study [35].

The data from EVOLVE-1 and EVOLVE-2
were then pooled to perform subgroup analysis
on patients with low-frequency episodic
migraines—defined as 4–7 monthly migraine
headache days—against patients with high-fre-
quency episodic migraines—defined as 8–14
monthly migraine headache days. Admittedly,
there were some limitations with regard to the
population, which was75% white and 85%
female. Additionally, 66% of the patients had
high-frequency migraines versus only 34%
having low-frequency migraines. Interestingly,
the mean time since diagnosis with either type
of migraine was 20.3 years. In both cases, simi-
lar results were found, as galcanezumab reduced
migraine headache days, and the dose effects of
120 mg versus 240 mg were not significant. In
patients with high-frequency episodic migraine,
galcanezumab reduced migraines by 5.5 days, as
opposed to 2.5 days in patients with low-fre-
quency episodic migraines. Given that the
average initial number of migraine headache
days was 10.82 for high-frequency and 5.79 for
low-frequency, the drug reduced overall head-
ache days in both populations by 45–50% [36].
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COMBINED REGAIN AND EVOLVE-
1/2

The above studies were recently pooled in a
meta-analysis that arrived at the same conclu-
sion that the studies repeatedly found, that
regardless of dose, galcanezumab statistically
decreases the number of migraine headache
days (MHDs) in patients with episodic
migraines [37]. The REGAIN and EVOLVE-1/2
studies were also pooled by a separate study
group to look at initial non-responders who
continued to receive galcanezumab, to deter-
mine whether a certain population had a
delayed response to the medication. This group
examined patients who, after 1 month, did and
did not have a protocol-defined response in
migraine reduction ([ 50% reduction in
MHDs). They further separated the non-re-
sponders into four groups of modest responders
(30–50% reduction), limited responders
(10–30% reduction), minimal/non-responders
(10% reduction to 10% increase in MHDs), and
worsening ([ 10% increase in MHDs). In the
cohort of 450 non-responders after 1 month
(51.3% of total subjects), the moderate respon-
ders were more likely than the limited respon-
ders to eventually achieve a protocol-defined
reduction, and likewise the limited responders
were more likely than the minimal responders.
Of the modest responders, 61.9% crossed the
50% threshold during the study and were
therefore deemed responders. This number
declined to 42.6% for the limited responders,
and only 34.1% and 19.6% of the minimal and
worsening categories exceeded the threshold,
respectively. These numbers were rerun after 2
months, and 290 subjects were still non-re-
sponders (33%). At this point, only 50% of the
modest, 40.8% of the limited, 17.9% of the
minimal, and 9.3% of the worsening categories
would reach[ 50% reduction by the end of the
6-month study duration. Therefore, in general,
a more immediate response provides a more
positive outcome; however, even if gal-
canezumab provides initial worsening of
symptoms in the first month, there is still evi-
dence showing a 20% chance that symptoms

can be reduced by more than 50% through
6 months of treatment [38].

Adverse Effects

Migraine is associated with significant head-
ache-related disability and impairment of daily
living and functioning, often calculated using a
scoring system for disability-adjusted life-years
(DALY) [39]. Traditionally, treatments for
migraine have been evaluated using monthly
migraine headache days as a primary endpoint,
but this simple quantitative approach disregards
the effects of migraine on physical, emotional,
and social aspects of life [39]. Thus, more
recently, existing and potential treatments for
migraine have started to be evaluated based on
their ability to improve health-related quality of
life (HRQoL) scores [39]. Given that most oral
migraine medications must be up-titrated to an
efficacious dose over the course of weeks, many
patients experience reductions in HRQoL scores
and increased disability secondary to premature
discontinuation [39]. In order to assess the
effects of galcanezumab not only on physical
health but also on daily living and functioning,
Ford and colleagues compared the MSQv2.1 and
Migraine Disability Assessment (MIDAS) scores
of patients with episodic migraine taking the
drug versus placebo [39]. Data were reported
from two randomized, double-blind, placebo-
controlled phase 3 studies (EVOLVE-1 and
EVOLVE-2) [39]. Patients were evaluated for
6 months according to MSQv2.1 and MIDAS
assessments conducted at baseline and then
either monthly (MSQv2.1) or at months 3 and 6
(MIDAS) [39]. Patients had baseline MSQv2.1
scores of less than 60%, indicating considerable
functional impairment due to migraine [39].

It is known that high measures of disability
correlate with low measures of HRQoL [39].
Consequently, treatments that improve dis-
ability are associated with higher HRQoL scores
[39]. Analysis by Ford and colleagues demon-
strated that a 6-month trial of galcanezumab in
patients with episodic migraine was associated
with significant improvements in HRQoL mea-
sured by MSQv2.1 and significant reductions in
disability measured by MIDAS [39]. With
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treatment, patients exceeded approximately
80% of the total possible score for the MSQv2.1,
suggesting substantially improved functional
capacity in daily life [39]. This improvement
indicates significantly increased capabilities in
work and daily activity, productivity, personal
relationships, leisure, and emotional well-being
[39]. More than 70% of the patients in the
treatment group experienced a reduction of at
least 50% in MIDAS total score [39]. Patient
improvement was similar across the two dose
regimens (120 mg in EVOLVE-1 and 240 mg in
EVOLVE-2), and differences between gal-
canezumab and placebo were seen starting in
the first month of treatment [39]. These results
corroborated the findings of prior studies sup-
porting an association between galcanezumab
and reductions in migraine headache days, low
discontinuation rates, and high safety and tol-
erability [39].

As mentioned earlier, safety and tolerability
play an important role in determining patient
adherence to treatment regimens. The adverse
effect profile of galcanezumab was investigated
in a subset of patients diagnosed with episodic
or chronic migraine not previously exposed to
the drug [40]. Patients were administered gal-
canezumab 120 mg or 240 mg subcutaneously
once a month for a year [40]. Safety and toler-
ability were assessed by calculating the fre-
quency of treatment-emergent adverse events
(TEAEs), serious adverse events (SAEs), and
adverse events (AEs) leading to discontinuation
of treatment [40].

It was determined that approximately 78%
of patients completed the trial, with 4% of
patients experiencing an SAE and 5% discon-
tinuing the study as a result of AEs [40]. Treat-
ment compliance exceeded 95% in patients
who finished the trial [40]. The rate of discon-
tinuation due to AEs was lower than the
adverse-event-related rate of discontinuation
with topiramate [40]. The TEAEs experienced
most frequently were injection site discomfort,
nasopharyngitis, upper respiratory tract infec-
tions, sinusitis, and back pain [40]. Although
migraines are commonly thought to be associ-
ated with increased risk of suicidal ideation, no
treatment-emergent suicidal behavior was
reported in this study [40]. While one-third of

patients experienced injection site AEs such as
injection site pain or reaction, only five patients
discontinued for this reason [40]. Injection site
discomfort was mild to moderate in severity and
occurred most often on the day of injection,
with resolution on the following day [40]. None
of the TEAEs, including injection site discom-
fort, were dose-dependent, with the exception
of upper respiratory tract infections [40]. How-
ever, data from the phase 3 double-blind, pla-
cebo-controlled study showed that incidence of
upper respiratory tract infections was similar
across the 120 mg, 240 mg, and placebo groups
[40].

When the safety of galcanezumab was
assessed by considering changes from baseline
in vital signs, laboratory values, EKG parame-
ters, and weight, there were no clinically
meaningful differences between the two dose
regimens and placebo [40]. Further, the study
group, characterized by a mean of 10.6 migraine
headache days per month at baseline, experi-
enced reductions in migraine headache days of
5.6 (120 mg) and 6.5 days (240 mg) [40]. This
safety and effectiveness profile was consistent
with those of two previous phase 2 and two
phase 3 studies in patients with episodic
migraines and one phase 3 study in patients
with chronic migraines [40].

Guidelines for Use

Galcanezumab and other monoclonal antibod-
ies acting on CGRP or its receptors (eptinezu-
mab and fremanezumab) are new therapies for
the prevention of episodic and chronic
migraine [41]. The development of evidence-
and expert-based guidelines for their use is still
in progress [41]. The European Headache Fed-
eration (EHF) performed a systematic literature
review to assess the quality of available evidence
and to establish recommendations to guide
clinicians in the use of the CGRP monoclonal
antibodies [41]. EHF considered evidence from
inception to November 2018, with 28 studies
identified as eligible for consideration [41].

Analysis of the available data indicated that
galcanezumab is effective for the prevention of
migraine in patients with both episodic and
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chronic disease [41]. Phase 2 and 3 randomized
controlled studies demonstrated that gal-
canezumab use decreased the number of
migraine headache days, decreased the number
of days of acute medication use, and improved
disability [41]. Of note, galcanezumab was
shown to be effective in chronic migraine
patients with a long history of disease who had
failed two or more preventive treatment regi-
mens [41]. The effectiveness of galcanezumab in
patients with severe episodic migraine and his-
tory of preventive treatment failure is not as
well established and requires further investiga-
tion [41]. The aforementioned rapid onset of
action of galcanezumab and its ease of use via
subcutaneous injection with monthly or quar-
terly dosing increases convenience and patient
adherence [41]. For this reason, the long-term
efficacy, safety, and tolerability of the drug is
also currently being evaluated in patients with
episodic and chronic cluster headache (Clini-
calTrials.gov Identifier NCT02797951) [42].

Data on the management of other oral pro-
phylactic migraine treatments in association
with galcanezumab are scarce. It is not believed
that CGRP monoclonal antibodies interact with
other migraine regimens to a large degree, and
it is likely that these drugs can be used in
combination [41]. The development of binding
and/or neutralizing antibodies with gal-
canezumab use is infrequent and has not been
shown to affect treatment [41]. Thus, it is fair to
consider adding galcanezumab in patients with
insufficient response to other therapies [41].
Likewise, it is reasonable to allow the use of
additional preventive drugs when gal-
canezumab produces incomplete symptom
relief [41]. At present, no information on the
concurrent use of galcanezumab and onabo-
tulinumtoxinA is available [41].

Given the demonstrated effectiveness and
high patient adherence to galcanezumab, and
the significant negative impact on quality of life
associated with migraine, the EHF has con-
cluded that it is reasonable to treat patients with
galcanezumab and other CGRP monoclonal
antibodies [41]. As stated, while drug–drug
interaction with galcanezumab is unlikely,
CGRP is the most potent known vasodilator
peptide and is considered dangerous in patients

with known disease of the vascular system [41].
While no evidence of increased cardiovascular
events has been recorded to date, patients with
cardiovascular and cerebrovascular disease have
been excluded from existing clinical trials [41].
Thus, long-term safety studies with gal-
canezumab are needed to justify offering the
drug to this subset of patients [41].

With respect to duration of treatment, the
EHF found that it is reasonable not to stop
treatment even in the absence of clinical
response [41]. Given limited data on the sus-
tainability of the effects of galcanezumab fol-
lowing withdrawal of treatment, it is also
reasonable to continue the drug for at least 6–-
12 months in patients with positive response
[41]. It is essential to recognize that the costs of
galcanezumab are not yet entirely known, but
are expected to be higher than other migraine
drugs [41]. For this reason, while galcanezumab
appears to be a suitable option for patients with
contraindications to other prophylactic medi-
cations, comorbidities, or poor compliance, it is
unlikely that this therapy will be accessible to
all patients [41].

CONCLUSION

Migraines are a common neurological disorder,
most common in women between the ages of
30 and 39 years. They are classified as either
episodic or recurrent, depending on the fre-
quency and duration of headache attacks. These
severe headaches are often debilitating, causing
disability and imposing a significant burden
from a societal perspective, including loss of
working days and productivity. Migraines cause
a great deal of personal pain and suffering,
impact families, and take their toll on society.

Migraines can be triggered by different
events and stimuli, such as stress, auditory or
visual stimuli, fatigue, changes in hormonal
states, caloric intake, sleep patterns, and alcohol
consumption. All of these triggers can influence
the metabolic state of the brain, either by
reducing the available energy the brain is able
to use, or by increasing the required energy;
both of these create a state of relative insuffi-
ciency. There is a genetic predisposition to
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migraines, and several studies have explored
genomic risk factors.

A typical migraine consists of premonitory
symptoms, a headache attack, and finally post-
dromal symptoms that are at times as severe as
the headache itself. This phenomenon is driven
by the likely physiology of TCC activation,
generating a nociceptive signal that is then
transported to the thalamus and interpreted as a
pain attack.

Conventional migraine treatment includes
NSAIDs, triptans, and gepants for abortive
therapy, and migraine prophylaxis that is taken
regularly by only 12% of those suffering from
severe recurring attacks. The latter include beta-
blockers, calcium channel modulators, and
anticonvulsants, each carrying its own set of
risks and side effects. Unfortunately, treatment
is only partially successful in parts of the pop-
ulation and not effective at all in other parts.
Novel treatment options are driven by recent
research on targeting CGRP, perturbing the
generation and propagation of the pain signal.
Another novel approach involves the use of
monoclonal antibodies, such as galcanezumab,
driven by recent advances in migraine research.

Galcanezumab (Emgality) is a monoclonal
antibody against CGRP that is dosed as a
120 mg self-administered monthly injection for
the prevention of migraines and was specifically
designed for that purpose. Galcanezumab pre-
vents the signaling cascade driven by CGRP and
reduces the frequency of migraines. Its safety
was initially shown in phase 1 and 2 studies.
The phase 3 REGAIN trial was then able to show
a significant decrease in migraine days and
improvement in functionality in the interven-
tion group, with no serious adverse events.
Injection site side effects and sinusitis were the
most common minor adverse events. Subgroup
analysis showed that treatment was successful
even in patients who had failed numerous pre-
vious lines of treatment.

Similar results were demonstrated by the
EVOLVE-1 and 2 trials. These studies also
showed a decrease in efficacy with interval after
treatment was stopped; however, some efficacy
was maintained for months following the trials.
Interestingly, examination of the data for the
groups of non-responding patients revealed

good evidence to support continued treatment,
with a likely delayed response in these patients.

The safety of galcanezumab is generally
good, with[95% compliance to treatment and
only 4% of patients experiencing any side
effects. The drug was deemed safe and highly
tolerable and provides a good option in light of
the lack of efficacy with conventional treat-
ment. It is also much better tolerated than
existing options. Phase 4 trials and post-mar-
keting data will be needed to assess the long-
term effects and efficacy of this drug.

Migraines are common and debilitating dis-
order. Their treatment is unlikely to involve one
single drug, but more likely will involve avoid-
ance of triggers, good prophylactic and abortive
care, and interventional treatments in carefully
selected patients. In the current void, gal-
canezumab is a good wrench in the toolbox for
a physician with a migraineur for a patient.

Papers of particular interest, published
recently have been highlighted as:

• Of importance: 9, 21

9. A review of current literature emphasiz-
ing the metabolic pathophysiology of
migraines and the treatments that cur-
rently target it.

21. An animal model for galcanezumab
development, proving its vascular
actions and providing basic data to
support the current pharmacological
model.

• Of major importance: 23, 25, 34, 35

28. A multinational phase 2b study of
galcanezumab in patients with episodic
migraines providing evidence of treat-
ment safety and supporting the estab-
lishment of a longer phase 3 trial.

29. A phase 2b study for the efficacy of
galcanezumab providing evidence of its
efficacy over 12 weeks and supporting a
phase 3 trial.

39. Report of the EVOLVE-1 and EVOLVE-2
phase 3 clinical trials, providing evi-
dence not only of reduction in
migraine days in patients, but also
significant increase in functionality
and reduction in disability in these
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patients compared with placebo (but
not other prophylactic care).

40. A long multinational phase 3 trial
providing evidence to support a reduc-
tion of migraine days in a large popu-
lation with the current model of self-
administered injections.
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