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Abstract: Galcanezumab is a humanized monoclonal antibody blocking the calcitonin gene-related
peptide (CGRP) pathway by targeting the CGRP. Data from four phase-3 randomized placebo-
controlled clinical trials showed that galcanezumab is superior to placebo in reducing migraine
headaches, migraine-specific quality of life, and headache-related disability. Most of the adverse
events (AEs) were mild to moderate and did not affect trial completion rates significantly. Along with
erenumab, fremanezumab, and eptinezumab, galcanezumab forms a novel class of anti-migraine
preventative treatments that is disease-specific and mechanism-based, unlike the standard ones.
In addition, galcanezumab has also been shown to be effective in cluster headache, though more
clinical trials are required. Overall, galcanezumab is a promising emerging treatment in migraine
prophylaxis. However, it needs to be tested in larger clinical trials focused on treatment-resistant
migraine. Furthermore, its safety profile, especially its potential association with an increased car-
diovascular risk, needs to be established through long-term, real-world data. This review aims to
give an overview of its pharmacological properties as well as to report and discuss data from clinical
trials and its potential place in headache therapeutics.
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1. Introduction

Migraine is a global disabling neurological disorder that manifests itself with re-
current episodes of headache, associated with symptoms such as nausea, photophobia,
and phonophobia. Although its worldwide prevalence and socio-economic cost are well-
recognized [1,2], it is still inadequately treated [3,4]. According to the American Migraine
Prevalence and Prevention study (AMPP), 38% of patients with migraine should be offered
preventive therapy. However, only 3–13% receive it [5,6]. Among patients who receive
preventive treatment, discontinuation rates are up to 68%, mostly because of tolerability
issues or lack of efficacy [7–9]. This is largely since until recently, preventive treatment
was neither disease-specific nor mechanism-based but rather repurposed antihypertensive,
antiepileptic, and antidepressant agents, therefore, causing a great number of adverse
events. A recent Greek study [10] reported that 83.8% of headache participants had never
taken pharmacological prophylaxis, and only 5.5% were under preventive treatment. In-
terestingly, a total of 61.2% of headache participants prioritized safety over effectiveness
regarding prophylactic treatment.

Although migraine’s pathophysiology is not yet clear, numerous recent data indicate
the crucial role of calcitonin gene-related peptide (CGRP) [11]. CGRP is 37 amino acid
neuropeptide, located both in the central and the peripheral nervous system, especially
in the dorsal root and trigeminal ganglions [12–14]. It acts as a sensory neurotransmitter,
vasodilator, and mediator of neurogenic inflammation [15]. Its role in migraine pathophys-
iology has been implied due to studies of people with migraine, in which CGRP was found
to be significantly elevated during migraine attacks, while intravenous infusion of CGRP
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to individuals with a history of migraine could trigger migraine attacks [12,16–19]. Besides,
triptans, 5-HT1B/D receptor agonists, and migraine-specific treatments have been shown
to reduce CGRP plasma levels in migraine patients [16].

Galcanezumab is a humanized monoclonal antibody (mAb) that binds CGRP and
prevents its biological activity without blocking the CGRP receptor. It is administered once
a month via a prefilled syringe or an autoinjector dosed at 120 mg (loading dose 240 mg).
Subcutaneous galcanezumab is approved in many countries, including the USA [20] and
EU countries [21], for the prevention of episodic and chronic migraine. This review aims to
present a comprehensive overview of the pharmacological properties of galcanezumab as
well as short- and long-term efficacy and tolerability data regarding its use.

2. Pharmacological Properties
2.1. Pharmacodynamics

Galcanezumab is a highly specific and potent humanized antibody to CGRP [22]. It
binds with high affinity (KD 31 pmol/L) and specificity (>10,000-fold vs. related peptides
adrenomedullin, amylin, calcitonin, and intermedin) to the CGRP ligand and thereby,
inhibits its binding to the receptor. It neutralizes CGRP-mediated CAMP production both
in human and in rat models in a dose-dependent way. However, CAMP inhibition is not
associated with prostaglandins.

Moreover, subcutaneous galcanezumab has been shown to inhibit capsaicin-induced
vasodilation in vivo [23]. More specifically, in a double-blind study in healthy adults, single
doses of subcutaneous galcanezumab (1–600 mg) resulted in dose-dependent inhibition of
capsaicin-induced dermal blood flow, with significantly (p < 0.05) greater reductions with
galcanezumab 75, 200, and 600 mg doses than with placebo at all post-dose timepoints
(i.e., days 3, 14, 28, and 42) [23]. In a multi-dose cohort of healthy volunteers, four repeated
doses of 150 mg every two weeks resulted in rapid and sustained inhibition of capsaicin-
induced dermal blood flow (>175 days post-dose) [23,24].

2.2. Pharmacokinetics

When administered in a single subcutaneous dose, galcanezumab has exhibited dose-
proportional linear pharmacokinetics across the dose range of 1–600 mg [20,24]. Phar-
macokinetics of galcanezumab did not differ among healthy individuals and patients
with migraine, while the site of injection did not have an impact on the absorption of the
drug [21,22]. The maximum serum concentration (Cmax) of galcanezumab was approxi-
mately 30 µg/mL and the time to maximum concentration was ≈5 days. Monthly doses of
120 or 240 mg achieved a steady-state Cmax (Cmax, ss) of approximately 28 or 54 µg/mL,
respectively. The galcanezumab Cmax, ss at monthly doses of 120 mg is achieved after
the 240 mg loading dose. The apparent volume of distribution was 7.3 L. As a humanized
IgG4 monoclonal antibody, galcanezumab is degraded into small peptides and amino acids
via catabolic pathways in the same way as endogenous IgG. The apparent clearance of
galcanezumab was 0.008 L/h and the elimination half-life was ≈27 days. In a population
pharmacokinetics (PPK) analysis, galcanezumab pharmacokinetics were not affected by
age, sex, race, migraine subtype (episodic or chronic), or bodyweight [20,21]. Additionally,
it seems that renal or hepatic impairment does not affect its pharmacokinetics despite
the fact that it is not tested in such patients alone. Interactions with medications that are
substrates, inducers, or inhibitors of CYP450 enzymes are not likely since galcanezumab is
not metabolized by these enzymes.

3. Efficacy

Galcanezumab has been evaluated in four randomized, double-blind, placebo-controlled,
phase III, multicenter, clinical trials so far. Pivotal trials included EVOLVE-1 [25] and
EVOLVE-2 [26] for the prevention of episodic migraine (4–14 migraine headache days
(MHDs) per month), REGAIN [27] for the prevention of chronic migraine (≥15 headache
days per month of which ≥8 were MHDs), and the most recent CONQUER [28] for the
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prevention of treatment-resistant episodic or chronic migraine. In EVOLVE-1, EVOLVE-2,
and REGAIN trials, patients were randomly assigned to once-monthly galcanezumab
120 mg, galcanezumab 240 mg, or placebo, whilst CONQUER trial patients were assigned
to once-monthly galcanezumab 120 mg or placebo. Patients who were assigned to the
galcanezumab 120 mg group received a loading dose of 240 mg (two doses of 120 mg).
The longer-term efficacy of galcanezumab was tested in the open-label extension arms
of REGAIN [29] and CONQUER [30] studies as well as another long-term, open-label
study which investigated safety, tolerability, and efficacy of galcanezumab using the same
dose regimens as the EVOLVE and REGAIN studies for up to 12 months in patients
with episodic or chronic migraine [31]. Efficacy data from the four pivotal double-blind,
placebo-controlled clinical trials of galcanezumab are summarized in Table 1.

Table 1. Efficacy of galcanezumab in migraine prevention in phase-3 double-blind clinical trials.

Outcome
EVOLVE-1 EVOLVE-2 REGAIN CONQUER

Placebo 120 mg 240 mg Placebo 120 mg 240 mg Placebo 120 mg 240 mg Placebo 120 mg

Change from baseline in the
no. of MHDs/month −2.8 −4.7 1 −4.6 1 −2.3 −4.3 1 −4.2 1 −2.7 −4.8 1 −4.6 1 −1.0 −4.1 1

Percentage of patients with a
reduction in MHDs/month

(response rate)

50% 38.6 62.3 1 60.9 1 36.0 59.3 1 56.5 1 15.4 27.6 1 27.5 13.3 37.7 1

75% 19.3 38.8 1 38.5 1 17.8 33.5 1 34.3 1 4.5 7.0 2,3 8.8 1 3.3 14.5 1

100% 6.2 15.6 1 14.6 1 5.7 11.5 13.8 1 0.5 0.7 1.3 0 4.9 1

Change from baseline in MIDAS total score −14.9 −21.2 1 −20.1 1 −12.0 −21.2 1 −20.2 1 −11.5 −20.3 −17.0 −3.3 −21.3 1

Change from baseline in MSQ-RFR 24.7 32.4 1 32.1 1 19.7 28.5 1 27.0 1 16.8 21.8 1 23.1 1 10.7 23.2 1

MHDs: Migraine headache days, MIDAS: Migraine Disability Assessment, MSQ-RFR: Migraine-Specific Quality of Life Questionnaire.
In the 120 mg group, patients received a 240 mg loading dose, then 120 mg. 1 p < 0.001; 2 p < 0.5; 3 not significant after adjustment
for multiplicity.

3.1. Episodic Migraine

In EVOLVE-1 and EVOLVE-2 trials, patients were included if they were aged 18–65 years
with a history of episodic migraine for ≥1 year prior to enrolment, had migraine onset
before the age of 50, were experiencing 4–14 MHDs per month, and had ≥2 migraine
attacks per month during the baseline period. Patients were excluded if they had failed
to respond to at least three classes of migraine preventive drugs, had a history of any
medical or psychiatric illness that could block their participation in the study, and had
prior administration of galcanezumab or any other anti- CGRP treatment. EVOLVE-1
included 858 subjects across 90 sites in North America and EVOLVE-2 studied 915 subjects
at 109 study sites around the world, including sites in North America, Europe, the Middle
East, and Asia. In EVOLVE-1 trial, a large proportion (60.0% of patients) had received prior
preventive treatment, 18.5% had failed at least one prior treatment in the previous five
years, and 4.9% had failed at least two prior preventive treatments due to lack of efficacy or
poor adherence. In EVOLVE-2, 65.5% of patients had received prior preventive treatment,
and 14.3% had failed at least two prior preventive treatments.

In EVOLVE-1 and EVOLVE-2, both the primary and key secondary outcomes were
met [25,26]. Both galcanezumab dosages were superior in reducing the mean number of
monthly MHDs compared to placebo in the six-month treatment period (primary end-
point) (Table 1). More specifically, in EVOLVE-1, the least-squares mean (LSM) reduction
from baseline in monthly MHDs over the six-month treatment period was −4.7 in the
120 mg group and −4.6 in the 240 mg group, compared to −2.8 in the placebo group.
Galcanezumab dosage (120 or 240 mg) did not seem to have a clinical or statistically mean-
ingful impact. In EVOLVE-2 trial, the LSM reduction from baseline in monthly MHDs
over the six-month treatment period was −4.3 in the 120 mg group and −4.2 in the 240 mg
group, compared to −2.3 in the placebo group. Again, the dose itself did not affect the
clinical outcome significantly. In both trials, galcanezumb administration seemed to have
a rapid onset of action as patients reported a reduction in MHDs at week 1, according to
a post hoc analysis [32]. The mean numbers of MHDs with acute medication use were
also significantly reduced with galcanezumab 120 and 240 mg versus placebo (p < 0.001).
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Regarding other key secondary outcomes, significantly greater proportions of patients
receiving galcanezumab versus placebo over the six-month treatment period demonstrated
a ≥50%, ≥75%, and 100% reduction from baseline in monthly MHDs. According to the
same post hoc analysis [32], a significantly greater number of patients reported a ≥50%
reduction in MHDs at weeks 1–4. In addition, in both trials, patients who received gal-
canezumab reported fewer days of missed work or school, reduced productivity at work
or school, missed household work, reduced productivity in household work, and missed
family or social activities than placebo recipients. That was reflected in the significantly
greater improvements in disability score (Migraine Disability Assessment (MIDAS) total
score at month 6) and functioning scores Migraine-Specific Quality of Life Questionnaire
(MSQ) total and subscale scores for role-function preventive, role-function restrictive (RFR),
and emotional domain scores, and Patient Global Impression of Severity (PGI-S) scores.

3.2. Chronic Migraine

The efficacy of galcanezumab in chronic migraine was tested in REGAIN study [27],
which enrolled 1113 patients with chronic migraine (≥15 headache days per month, of
which ≥8 were MHDs), aged 18–65 years. Patients were excluded if they had reported
persistent daily headache, cluster headache, head or neck trauma within the past six
months, possible posttraumatic headache, primary headache other than chronic migraine,
or prior administration of galcanezumab or other anti-CGRP treatment. Patients who
had an unstable medical or psychiatric condition were also excluded from the study.
The trial comprised a three-month double-blind period followed by a nine-month open-
label extension.

Both dose regimens of galcanezumab were found to be superior to placebo in re-
ducing monthly MHDs (primary endpoint). More specifically, galcanezumab 120 mg and
galcanezumab 240 mg achieved a reduction of 4.8 and 4.6 monthly MHDs, respectively,
compared to 2.7 achieved by placebo (p < 0.001). The proportion of patients who responded
to treatment was significantly greater in galcanezumab 240 mg (50% and 75% response
rates) and in galcanezumab 120 mg (50% response rates) compared to placebo. Regarding
other key secondary outcomes, no statistically significant difference was found between
galcanezumab 120 mg and placebo on reduction of monthly MHDs with acute medication
use, MSQ-RFR, PGI-S score, and MIDAS score. On the other hand, besides 100% response
to treatment and MIDAS score at three months, galcanezumab 240 mg was found superior
to placebo on reduction of monthly MHDs with acute medication use, MSQ-RFR, and
PGI-S score. No statistically significant differences were observed on any efficacy outcome
between different dosages of galcanezumab.

3.3. Treatment-Resistant Migraine

CONQUER [28] was a multicenter, randomized, double-blind, placebo-controlled,
phase 3b trial done at 64 sites in 12 countries that assessed the safety and efficacy of gal-
canezumab, in patients with treatment-resistant migraine (patients who had not benefited
from two to four categories of migraine preventive medications). Eligible participants were
18–75 years of age with a diagnosis of migraine with aura or without aura, or chronic
migraine defined by the International Classification of Headache Disorders–third edition
(ICHD-3). Participants had to have failed to respond to two to four standard-of-care mi-
graine preventive treatments due to poor efficacy or/and poor tolerance (safety reasons).
Medication included antihypertensive, antiepileptic, and antidepressant agents such as pro-
pranolol, topiramate, and amitriptyline. The study comprised a three-month double-blind,
placebo-controlled treatment period, and a three-month open-label extension.

Galcanezumab was found to be superior to placebo in reducing monthly MHDs (−4.1
vs. −1.0, p < 0.0001). The supremacy of galcanezumab was also shown in both the episodic
and the chronic migraine subgroups. Regarding key secondary outcomes proportion of
patients with at least 50%, 75%, and 100% reduction from baseline in monthly MHDs
was significantly greater in the galcanezumab group compared with placebo in the total
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population (p < 0.0001). Finally, a significant improvement from baseline was observed
with regards to functioning and disability in the galcanezumab-treated group. That was
reflected in the MSQ-RFR domain score, MIDAS total score, number of monthly days with
acute headache medication use in galcanezumab-treated patients compared with placebo
across all study populations.

3.4. Open-Label Studies

In the nine-month open-label extension of the REGAIN study [29], galcanezumab
administration was associated with a reduction of 6.5–7.3 monthly MHDs at six months
and 8.0–9.0 monthly MHDs at 12 months. Moreover, a significant proportion reported
a 50% response at six months (45%) and at 12 months (55%), whilst functioning scores
(MSQ-RFR) were found to be improved.

In the open-label extension phase of CONQUER [30], galcanezumab was shown to
achieve a significant reduction in monthly MHDs (−5.6 in the galcanezumab continuous
group, −5.2 in those who switched from placebo to galcanezumab). Again, a great propor-
tion of patients in both treatment groups reported a 50% response rate (54%) as well as a
significant improvement in MSQ-RFR.

Finally, an open-label study investigated primarily the safety and tolerability of gal-
canezumab and secondarily its efficacy in patients with episodic or chronic migraine [31].
With regards to its efficacy, galcanezumab was shown to achieve a significant reduction
in monthly MHDs in both dose regimens (5.6 in the 120 mg group and 6.5 in the 240 mg
group). Furthermore, significant improvements were shown in the 50%, 75%, and 100%
response rates, reduction of monthly MHDs with acute medication use and functioning
and disability (MSQ-RFR and MIDAS score).

4. Safety and Tolerability
4.1. General Principles

Galcanezumab had a favorable safety profile and was well-tolerated, as most com-
mon treatment-emergent adverse events (TEAEs) were transient and of mild to moderate
severity. These included injection-related AEs, such as injection site reaction, injection site
pruritus, injection site pain and erythema, nasopharyngitis, and upper respiratory tract
infection (URTI). The fact that these TEAEs were rarely associated with treatment discon-
tinuation is of great importance for clinical practice. According to an integrated safety
analysis [33], treatment discontinuation due to TEAEs was 4.0% and 3.9% in galcanezumab
120 and 240 mg treatment groups, respectively. Moreover, the proportion of patients who
reported serious adverse events (SAEs) did not differ significantly between galcanezumab-
treated patients and placebo groups. According to the same integrated safety analysis [33]
SAEs were 2.8% and 3.0% in the galcanezumab 120 and 240 mg groups, respectively. Deaths
did not occur in any of the treatment arms. Minimal changes in vital signs, laboratory
values, and electrocardiograms (ECGs) were noticed among galcanezumab-treated pa-
tients, which, however, were considered neither clinically meaningful nor statistically
significant. The most common adverse events (AEs) (≥2%), reported in at least one gal-
canezumab treatment arm of the trials as described in the integrated safety analysis of
galcanezumab [33] are summarized in Table 2. Besides, the above-mentioned integrated
safety analysis, galcanezumab’s favorable safety profile has also been confirmed by several
published reviews and meta-analyses [34–36].

4.2. Cardiovascular Risk

Among the most important physiological properties of CGRP, is its involvement in the
cardiovascular regulation of blood pressure, via vasodilation, mostly during hypertensive
states rather than under normal circumstances [37]. CGRP is also considered to protect
against ischemia by increasing cerebral blood flow [38], while it appears to be able to
reduce post-stroke brain injury as well [39]. Finally, a case of a thalamic stroke following
the first dose of another anti-CGRP antibody (erenumab) was described in a young adult,
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in which the most probable mechanism was vasoconstriction [40]. Therefore, the blockade
of the CGRP pathway should be examined in detail both in the short and long-term.

Table 2. Safety profile of galcanezumab.

Adverse Events (AEs) Galcanezumab 120 mg (n = 926) (%) Galcanezumab 240 mg (n = 1350) (%)

Overview
TEAEs in ≥1 patient 68.8 74.4

Drop-outs due to AEs 4.0 3.9

SAEs 2.8 3.0

TEAs (≥2%)
Injections site pain 11.0 9.6

Nasopharyngitis 9.4 8.5

Upper respiratory tract infection 6.8 7.0

Injection site reaction 5.2 6.5

Dizziness 2.8 3.3

Injection site erythema 3.2 4.4

Sinusitis 4.1 3.9

Urinary tract infection 2.6 3.8

Influenza 2.3 4.1

Fatigue 2.2 2.7

Injection site pruritus 2.3 2.8

Cough 1.8 2.5

Oropharyngeal pain 1.9 2.1

Bronchitis 1.8 2.7

Rash 1.8 2.0
TEAEs: Treatment-emergent adverse events, SAEs: Serious adverse events.

Although none of the trials reported an increased risk of developing cardiovascular
adverse events following galcanezumab administration, it has to be mentioned that in the
EVOLVE-2 trial, two patients in the galcanezumab 240 mg group reported acute myocardial
infarction and transient ischemic attack (TIA) while hypertension was observed in five
patients. Thus, larger, long-term trials need to be conducted to confirm galcanezumab’s
safety, especially regarding cardiovascular risk.

4.3. Immunogenicity and Neutralizing Antibodies

Sometimes, the formation of antidrug antibodies due to the recognition of mAbs as
allogenic may result in mAb neutralization and rapid clearance, low efficacy, and adverse
events, as well as allergic reactions and increased cost of treatment. According to a study
that evaluated the immunogenicity of galcanezumab in phase-3 trials [40], the incidence of
treatment-emergent antidrug antibodies was 2.6–12.4% in the galcanezumab group and
0.5–1.7% in the placebo group. Fortunately, the observed antidrug antibody titer did not
affect galcanezumab concentrations, efficacy, or CGRP concentrations. Furthermore, no
allergic reactions nor increased rate of ADA-related adverse events were noticed. However,
it has to be highlighted that ADAs titer results may vary according to the selected assay
methodology and should be interpreted carefully.

5. Galcanezumab and Other mAbs in Migraine Prophylaxis

The unmet need for highly effective, yet well-tolerated migraine preventive treatment
led to the development of mAbs targeting the CGRP pathway. At the moment, besides
galcanezumab, the agents that are currently marketed include erenumab, eptinezumab, and
fremanezumab. All of them are large peptides, have high target specificity with minimal
potential for off-target toxicity, are degraded and cleared within the reticuloendothelial
system, do not undergo hepatic metabolism or renal clearance, and do not compete for
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binding sites. Therefore, there is a minimal likelihood of drug interactions [41]. In addition,
as large molecules, they are administrated parenterally and do not cross the blood-brain
barrier, thus minimizing central nervous system side effects and toxicity. Regarding their
differences, galcanezumab, fremanezumab, and eptinezumab are humanized monoclonal
antibodies, whilst erenumab is the only fully human. All of them are administered once a
month subcutaneously, except from eptinezumab, which requires quarterly intravenous
administration. Erenumab is the only drug that binds to the CGRP receptor whilst the other
three act through binding to the ligand itself. Moreover, it has to be mentioned that all four
mAbs have different constant regions (Fc) and are categorized into the following subclasses:
Erenumab is an IgG2 antibody, eptinezumab an IgG1 antibody, fremanezumab an IgG2
antibody and galcanezumab an IgG4 antibody. IgG2 and IgG4 exhibit a lower affinity to
the Fcγ receptor and are preferred for blocking antigen function. More specifically, both
subclasses are preferred when aiming to neutralize the soluble antigen without inducing
the host effector mechanisms [42]. Finally, special attention should be given to the fact that
galcanezumab is the only one among the four currently approved mAbs, which has also
been approved for the prevention of cluster headache [43]. The efficacy of galcanezumab
for the treatment of adults with episodic cluster headache was evaluated in an eight-week,
randomized, double-blind, multinational, phase 3 trial. Results showed that it reduced
the frequency of weekly attacks (−8.7 at the active group vs. −5.2 at the placebo group
attacks/week) and met its primary endpoint. Moreover, at week 3, 71% and 53% of patients
in the galcanezumab and placebo groups achieved a ≥50% reduction in the weekly cluster
headache attack frequency. Given the fact that cluster headache is an extremely painful
headache disorder, galcanezumab’s efficacy in the prevention of attacks in the active phase
is of great importance and might pave the way for further future research. However, there
need to be more studies to establish its efficacy.

6. Discussion

Galcanezumab is a humanized monoclonal antibody specifically developed for mi-
graine prophylaxis. It acts by blocking the CGRP pathway by targeting the ligand itself.
In the pivotal studies [25,26], galcanezumab was shown to be efficacious in reducing
monthly MHDs, monthly MHDs with acute medication use as well as improving response
rates and functional and disability scores (MIDAS, MSQ R-FR). Long-term efficacy data
(up to 12 months) were also shown in the open-label extension trials [29–31] and were
also confirmed by a pooled analysis [44] and several systematic reviews and metanaly-
ses [34–36]. Galcanezumab was also well-tolerated and safe, which is reflected in the high
completion rates of the trials (>80%, similar to placebo) and the low drop-out rates due
to AEs. Moreover, more than 75% of the participants completed the 12-month open-label
extension studies, confirming the favorable profile of the studied drug in the mid-term. In
terms of severity, most of the AEs were mild to moderate (most frequent AE was injection
site pain), transient, and resolved during the monitoring stage. However, it has to be
mentioned that galcanezumab’s long-term safety should be investigated carefully in the
clinical setting, especially due to the unknown consequences of a long-term blockade of
the CGRP pathway. As mentioned above, CGRP plays a crucial role in the physiological
regulation of blood pressure, mostly through vasodilation. Therefore, long-term moni-
toring through real-world data is required to determine the potential risks of anti-CGRP
monoclonal antibodies.

Monoclonal antibodies targeting the CGRP pathway include galcanezumab, fre-
manezumab, and eptinezumab, which target the ligand, and erenumab, which blocks
the receptor. Galcanezumab is the only one shown to be efficacious in cluster headache
as well [43] though, its efficacy needs to be established in more randomized clinical trials.
Although no head to head trials with anti-CGRP mAbs and migraine standard prophylactic
treatments have been conducted so far, according to a systematic review and a likelihood
to help or harm (LHH) analysis [45] anti-CGRP mAbs had higher LHH values than pro-
pranolol or topiramate for episodic migraine and onabotulinumtoxinA or topiramate for
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chronic migraine prevention. Noticeably, galcanezumab had the highest LHH ratio in
chronic migraine. However, in episodic migraine the agent that was more likely to be
beneficial than harmful was fremanezumab.

Although combined treatments in refractory chronic migraine have not yet been
studied thoroughly, the question of whether dual preventive therapy with mAbs and
onabotulinumtoxinA could be beneficial for patients with refractory chronic migraine has
been raised recently. Preclinical data showed that mAbs and onabotulinumtoxinA may
have synergic action within the trigeminovascular system. Most significant data show that
fremanezumab, prevents the activation of Aδ- but not C-fibers, whereas onabotulinumtox-
inA prevents the activation of C- but not Aδ-fibers. Fremanezumab is likely effective in
migraine patients with pain signals from meningeal Aδ-fibers. In contrast, non-responders
may involve other pathways mediated by C-fibers and/or different central trigeminovas-
cular neurons. Thus, concurrent use of medications blocking the activation of meningeal
C-fibres may provide a synergistic effect on the trigeminal nociceptive pathway [46]. How-
ever, these data need to be established through rigorous trials assessing efficacy and safety
in the clinical setting. The development of anti-CGRP monoclonal antibodies represents
a very promising emerging option in the prevention of episodic and chronic migraine.
Until recently, patients who met the criteria for migraine prophylaxis were treated with β-
blockers, such as propranolol, oral antiepileptics, such as valproate, divalproex, topiramate,
and antidepressants, such as amitriptyline and venlafaxine. However, these agents were
not specifically developed for migraine, thus resulting in a noticeable number of TEAEs
and poor treatment adherence. On the other hand, anti-CGRP monoclonal antibodies
have a greater half-life time compared to conventional oral agents, which allows monthly
administration instead of daily intake, making treatment more convenient for migraine
patients and potentially improving adherence, thus efficacy.

Although clinical trials showed promising results, galcanezumab needs to be tested
through real-world data in the long-term. Unfortunately, all four monoclonal antibodies,
including galcanezumab, are costly treatments and cannot be afforded by many patients.
Consequently, they are considered a second-line option in migraine prophylaxis and are
mostly prescribed in chronic migraine and especially to patients who have failed at least two
or three classes of migraine preventive treatments. In the future, studies with galcanezumab
need to be focused more on treatment-resistant migraine rather than episodic, as most
episodic migraineurs do not receive galcanezumab as first-line therapy.

Furthermore, migraine is frequently comorbid with other medical conditions, such as
psychiatric conditions (most common) and sleep disorders. This is why most of the older
oral conventional prophylactic migraine treatments were selected according to drug-drug
interactions and the presence of such comorbidities. However, in the clinical trial settings,
most comorbidities consisted of exclusion criteria. Hence, galcanezumab needs to be tested
in more patients with comorbidities to determine its efficacy in that complex population.

7. Conclusions

Galcanezumab is a promising and effective emerging treatment for migraine prophy-
laxis. Its safety profile and monthly administration due to its greater half-life time resulted
in low drop-out rates in the clinical trials and imply better treatment adherence, thus
more efficacy. However, it remains a costly option when compared to older conventional
agents, such as antidepressants, b-blockers, and antiepileptics. Moreover, its safety should
be investigated in the long term with larger clinical trials focused on treatment-resistant
migraine as well as real-world data to determine its potential association with an increased
cardiovascular risk.
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