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ABSTRACT

Migraine headache is a common, chronic,
debilitating disease with a complex etiology.
Current therapy for migraine headache com-
prises either treatments targeting acute
migraine pain or prophylactic therapy aimed at
increasing the length of time between migraine
episodes. Recent evidence suggests that calcium
gene-related peptide (CGRP) is a critical com-
ponent in the pathogenesis of migraines. Fre-
manezumab, a monoclonal antibody against
CGRP, was recently approved by the Food and

Drug Administration (FDA) after multiple stud-
ies showed that it was well-tolerated, safe, and
effective in the treatment of migraines. Further
research is needed to elucidate the long-term
effects of fremanezumab and CGRP-antagonists
in general, and additional data is required in
less healthy patients to estimate its effects in
these populations and potentially increase the
eligible group of recipients. This is a compre-
hensive review of the current literature on the
efficacy and safety of fremanezumab for the
treatment of chronic migraine. In this review
we provide an update on the epidemiology,
pathogenesis, diagnosis, and current treatment
of migraine, and summarize the evidence for
fremanezumab as a treatment for migraine.
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Key Summary Points

Migraine headache is a common, chronic,
debilitating disease with a complex
etiology.

Recent evidence suggests that calcium
gene-related peptide (CGRP) is a critical
component in the pathogenesis of
migraines.

Fremanezumab, a monoclonal antibody
against CGRP, has been recently approved
by the FDA after multiple studies showed
that it was well-tolerated, safe, and
effective in the treatment of migraines.

Long-term studies are required to monitor
the long-term effects and financial
effectiveness of this therapy.

INTRODUCTION

Migraine, as defined by the International
Headache Society’s International Classification
of Headache Disorders 3 criteria (ICHD-3), is a
recurrent and debilitating primary headache
disorder, with individual attacks lasting from 4
to 72 h that impact and/or are exacerbated by
regular physical activity such as walking [1]. The
headaches are most commonly described as
pulsatile in nature and localized unilaterally,
and may or may not be accompanied by pro-
dromal, aura, and resolution symptoms [1, 2].
The classification of migraine remains relatively

broad, as the specifics of each attack can vary
considerably between individuals and even
within the same individual [3]. Nausea, photo-
phobia, and phonophobia are symptoms com-
monly associated with migraines [1]. Aura
symptoms present as the gradual development
of unilateral visual, motor, or sensory deficits,
among others, that are fully-reversible and can
continue into the onset of the headache itself
[1]. Resolution symptoms are most commonly
described as increased tiredness, asthenia, and
increased somnolence [2]. The ICHD-3 further
recognizes the frequency of attacks as a crucial
element in migraine classification and has
defined two categories, episodic migraine (EM)
and chronic migraine (CM); chronic migraine
was previously referred to as transformed
migraine. To be classified as CM, headache
attacks must occur C 15 days per month for 3 or
more months; anything below this cutoff is
therefore defined as EM [1]. Progression from
EM to CM has been described and appears to
occur at an annual rate of between 2.5 and 3%
in a process termed migraine chronification
[4, 5].

This is a comprehensive review of the current
literature on the efficacy and safety of fre-
manezumab for the treatment of chronic
migraine. In this review we provide an update
on the epidemiology, pathogenesis, diagnosis,
and current treatment of migraine, and sum-
marize the evidence for fremanezumab as a
treatment for migraine. 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.

EPIDEMIOLOGY

Migraine headaches are a relatively common
and disabling global disease. Analysis of the
Global Burden of Disease, Injuries, and Risk
Factors Study from 2016 (GBD 2016) found the
global total of migraineurs to have reached
1.04 billion, making migraine the sixth most
prevalent cause of disease in that year [6]. On a
more local scale, the 2004 American Migraine
Prevalence and Prevention Study (AMPP) pro-
vided a longitudinal pool of information
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regarding the disease in the United States. In
particular, analysis of the AMPP has estimated
the U.S. prevalence of ‘‘severe headache’’ to be
17.4% (28,261 total people), approximately two
thirds of which met the ICHD-2 criteria for a
migraine diagnosis [7]. Based on an earlier
sampling of 20,000 households in the American
Migraine Study II, just under a quarter of
households contained at least one migraineur.
This same survey data inquired after the impact
of migraine on productivity. They found that
close to one third of respondents missed 1 day
of work or school in the last 3 months because
of migraine, and more than half felt their work/
school productivity was significantly reduced
[8]. Moreover, the disability impact of migraine
appears to be increasing. Further study of the
GBD 2015 found a statistically significant
increase of 15.3% in all-age migraine disability-
adjusted life-years (DALYs) from 2005 to 2015
[9]. Another analysis of the GBD 2015 estimated
that migraines are the second largest contribu-
tor (13.1%) to all neurologic DALYs, behind
stroke [10]. The distribution of disease does not
appear to be evenly split between the sexes; it
also appears to fade with age. There has been
consistent evidence over time demonstrating
that women are affected at rates between two
and three times higher than men [7, 10–13].
Across all genders, migraine rates appear to peak
anywhere between 25 and 50 years of age, and
then proceed to decline in persons over 60 years
old [7, 8, 10, 13].

RISK FACTORS FOR MIGRAINE

There is a dearth of available information
regarding the risk factors associated with the
development of initial EM. Progression of EM to
CM has been studied heavily, with studies
revealing the risk factors involved. The major
factors indicated are age, female gender,
comorbid depression, low socioeconomic sta-
tus, baseline headache frequency, medication
overuse, obesity, and caffeine use. These factors
can be separated into those that are modifiable
and those that are realistically unmodifiable.

Non-Modifiable Risk Factors

Migraine prevalence exhibits an age-related
pattern of distribution, with a peak in preva-
lence between 25 and 50 years of age for all
genders [7, 8, 10, 13]. There is repeated evidence
that the prevalence of migraine declines with
advancing age, with the exception of females
within the hormonally fluctuating period lead-
ing up to menopause, but this effect appears to
diminish with eventual hormone stabilization
[7]. Premenopausal women are also at a 75%
increased risk of migraine in the 5 days sur-
rounding (2 days before and 3 days after) the
start of menstruation when compared with
other points in their cycle [14]. Another factor
that appears to be associated with increased
chronicity is the presence of comorbid depres-
sion in those with EM, with the increased risk
proportional to the severity of the depression
[4, 15, 16]. Lastly, a significant increase in
prevalence has been found related to lower
socioeconomic status [13].

Modifiable Risk Factors

There are multiple sites of evidence linking an
increase in baseline EM attack frequency with
an exponential risk of progression to CM
[4, 5, 17]. This is believed to be the result of
increased central sensitization over time [17].
Medication overuse has also been identified as a
predominant risk factor, but there is evidence
that this depends on the medication. With
acetaminophen as the control, both barbiturate
and opiate overuse was linked to increased odds
of development of CM [5]. In the AMPP study,
monotherapy of triptans for treatment of EM
was associated with increased risk of progres-
sion to CM. The same study found that nons-
teroidal anti-inflammatory drugs (NSAIDs) use
in migraineurs with a frequency of
headache[10 days/month showed a dose-de-
pendent increase in the risk of progression to
CM. However, dual therapy with both triptans
and NSAIDs was not associated with increased
risk [18]. Obesity is another repeatedly linked
risk factor. Individuals with a BMI C 30 experi-
enced a greater frequency of migraine than
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those below that cutoff. The obese and mor-
bidly obese BMI was also linked to greater
severity of each headache attack, with the
morbidly obese noting twice the headache pain
of those with a normal BMI [4]. Lastly, indi-
viduals with CM were more likely to have been
labeled as high caffeine consumers (defined as
being in the upper quartile of caffeine con-
sumption) before the onset of CM when com-
pared with EM controls [19].

DIAGNOSIS AND CLINICAL
PRESENTATION OF MIGRAINE

As the diagnosis of migraine requires the patient
to recall the frequency, quality, and duration of
their headaches, it is often helpful for the
patient to maintain a headache diary for at least
1 month, in the hope of eliminating recall error.
The diagnosis of migraine utilizes the Interna-
tional Headache Society’s International Classi-
fication of Headache Disorders 3rd edition. The
ICHD-3 splits EM into two types, with aura and
without aura. The following is adapted from the
ICHD-3 criteria [1].

Migraine without Aura

The patient must have had a minimum of five
headaches lasting between 4 and 72 h. The
headache itself must also fulfill at least two of
the following criteria: unilaterally located, pul-
satile nature, moderate to severe pain, aggra-
vated by or causing avoidance of regular daily
activities. Throughout the ictal phase, the
migraineur must also experience either nausea
and/or vomiting or photophobia with
phonophobia.

Migraine with Aura

The patient must have experienced two attacks
that include fully reversible symptoms involv-
ing at least one of the following: visual, sensory,
speech/language, motor, brainstem, or retinal
disruption. These headaches must also have a
minimum of three of the following: aura
spreading gradually over 5 min, succession of

two or more aura symptoms, presence of an
aura symptom lasting 5 min to 1 h, a unilateral
aura symptom, at least one aura is a positive
symptom, the aura is combined with or fol-
lowed by a headache within 1 h.

Chronic Migraine

Chronic migraine can occur with or without
aura but is principally defined by the increased
regularity of migraine attacks. CM is classified as
headache on C 15 days/month. This headache
frequency must be maintained for more than
3 months. CM diagnosis is also indicated by
relief of migraine by triptan or ergot derivative.

Premonitory Symptoms

Multiple studies have elucidated premonitory
symptoms associated with migraine that can be
used to identify the onset of migraine [2, 20].
These symptoms can preempt the ictal phase of
migraine by up to 72 h, but predictive value is
most accurate within 24 h [2]. Premonitory
symptoms are often consistent between attacks
within a single patient, and treatment of these
symptoms appeared to reduce the severity of
the oncoming migraine [2]. Given the relatively
large window of time that these symptoms can
present before onset of migraine and the
potential benefit of early recognition and
treatment, it may prove clinically relevant to
note them. The most frequent premonitory
symptoms were asthenia, difficulty concentrat-
ing, stiff neck, mood changes, gastrointestinal
symptoms, and increased somnolence
[2, 20, 21].

Diagnosis of CM excludes the diagnosis of
chronic tension-type headache, and is an
important distinction, since misdiagnosis can
result in inappropriate management [22].
Migraineurs with CM can have predominantly
tension-type headache attacks but should still
be diagnosed with CM if they have migraine
headaches 8 days or more per month [22].
Chronic tension-type headaches present nor-
mally with bilateral distribution and lack the
pulsatile quality and nausea, phonophobia, and
photophobia of migraine headaches [22].
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PATHOPHYSIOLOGY OF MIGRAINE
HEADACHES

Although the mechanism of migraine has yet to
be fully understood, current research has
attempted to elucidate this disease process.
Migraine is best understood as a neurovascular
disorder originating from the brain and
spreading to the trigeminal vascular system
(TVS), provoking pain symptomology [23–27].
There are four phases of migraine: premonitory
phase, aura phase, headache phase, and post-
drome phase; these generally occur sequentially
but can also show overlap and slight differences
[28]. The premonitory phase involves a collec-
tion of sensory alterations, mood changes,
polyuria, and irritability that can occur hours
before the headache phase of migraine [28].
Functional brain imaging of migraineurs reveals
activation of the brainstem and hypothalamus,
leading to a hypothesis of dysfunctional brain
activity in these areas [29, 30]. More impor-
tantly, the alteration of afferent signals by the
brainstem and hypothalamus can cause neuro-
logical symptoms such as photophobia and
phonophobia seen in the premonitory phase,
pointing to the brain as the principal issue in
migraine [20, 21, 29, 31]. About 15% of
migraineurs experience aura, which describes
transient focal neurologic symptoms that result
in visual deficits immediately before the head-
ache phase [23]. A growing body of evidence
indicates that migraine aura is closely related to
cortical spreading depression (CSD), a slow
propagating wave along the brain surface
involving neurons, glial cells, and vasculature,
as originally suggested by Leao’s animal model
experiments [32, 33]. This wave consists of an
initial depolarization in areas of the occipital
lobe followed by impaired neuronal activity and
spreading oligemia that can lead to the clinical
features of scintillating scotoma seen in
migraine aura [32, 34]. In further support of this
association, functional MRI in humans during
migraine aura attacks reveals similar patterns of
CSD in the visual cortex [35]. In the literature, it
is widely accepted that CGRP and the TVS play
major roles in the pathogenesis of migraine
[36]. The TVS includes the nucleus caudalis,

trigeminal ganglia, and ophthalmic division of
trigeminal nerve, together conveying nocicep-
tive sensory information from blood vessels in
the meninges to higher-order neurons [37].
Activation of trigeminal nerves causes the
release of several neuropeptides including
CGRP, substance P, and pituitary adenylate
cyclase-activating polypeptide-38 (PACAP-38)
[38–41]. CGRP is the most potent vasodilator
and is known to cause migraine attacks via its
release in the cerebral vascular beds [36]. Recent
studies suggest that CSD initiates activation of
the TVS, and this CSD-mediated CGRP release
coincides with the onset of headache due to
activation of meningeal nociceptors on nerve
endings of peripheral trigeminal nerves [42].
Additionally, CGRP is implicated in neurogenic
inflammation resulting in hyperresponsive
stimulation of primary nociceptive trigeminal
fibers [43]. This unregulated activation leads to
sensitization of successive pain transmission
neurons within the central nervous system
(CNS) [43, 44]. The peripheral sensitization
decreases firing thresholds of nociceptive fibers
and increases the magnitude of response to
nociceptive stimulus, leading to hyperalgesia
and allodynia [43, 45]. The peripheral and
central pain sensitization due to the abnormal
activation of the TVS is causative of sustained
headache [46].

CURRENT TREATMENT

Acute Migraine Headache Therapy

Current acute migraine therapies include non-
specific analgesics such as NSAIDs and specific
drugs such as the ergots and triptans aimed at
aborting migraine attacks [47]. Among these,
triptans have the best evidence for effectiveness
as acute migraine therapy and are frequently
prescribed [37, 48]. Triptans such as sumatrip-
tan are selective 5-hydroxytryptamine (5HT1B/
1D) receptor agonists that act as potent vaso-
constrictors by opposing the vasodilatory effects
in cerebral vasculature and inhibiting neuro-
transmitter release in trigeminal nociceptive
neurons [47]. It is important to note that
administration of acute therapy before the
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onset of migraine attacks is more effective than
after migraine symptoms emerge [49]. The use
of triptans is limited to acute therapy, since the
risk of developing medication overuse headache
(MOH) correlates with frequency of triptan use
[50]. Additionally, triptans are contraindicated
in patients with cardiovascular risk, due to
undesirable vasoconstrictive effects [37, 51, 52].

Migraine Headache Preventive Therapy

Unlike the drugs used for acute migraine ther-
apy, migraine preventive therapy aims to reduce
the incidence of migraine attacks. Hence, these
types of treatments are more suitable for EM
and CM with frequent recurrent attacks [50].
These preventive medications were originally
designed for other medical conditions includ-
ing depression, epilepsy, and hypertension
before being used for migraine therapy [46].

Onabotulinumtoxin A

Onabotulinumtoxin A (OBT-A) is a locally
injectable drug approved for prophylaxis of CM
and is used to reduce migraine attacks and
improve patients’ pain profiles [53–56]. OBT-A
has a long duration of action, allowing a
3-month drug delivery interval, and has a safe
and tolerable drug profile, as shown in the
PREEMPT study [53, 57]. It is thought that
injection of OBT-A inhibits the release of many
neurotransmitters including CGRP, substance P,
and glutamate from peripheral trigeminal
nociceptive neurons [58–60]. Currently, OBT-A
is the only medicine approved by FDA for the
prevention and treatment of CM [58].

Topiramate

Topiramate was originally approved by the FDA
as an antiepileptic drug, but has also been found
to be an effective prophylactic medication for
EM and CM [61]. Topiramate involves voltage-
gated Ca2? channels and GABA-mediated
neuro-inhibition to raise neural thresholds and
prevent the initiation of migraine attacks and
CSD [62, 63]. Common side effects of topira-
mate include weight loss, paresthesia, fatigue,

and poor concentration, all making topiramate
a less persuasive treatment option than OBT-A
[64].

Ditans

Ditans, such as lasmiditan, have been developed
as novel 5-HT1F receptor agonists and are cur-
rently undergoing clinical trials for acute
migraine therapy [65]. 5-HT1F receptors are
found within trigeminal nerve endings, and
their activation is linked to the inhibition of
CGRP release, without the vasoconstrictive
characteristics observed with triptans [66]. The
absence of vasoconstrictive characteristics
makes ditan a promising new acute therapy
option for patients with cardiovascular con-
traindications [67, 68].

Gepants

The importance of CGRP in the modulation of
pain pathways in the brain has been gaining
attention, and has led to pharmacological
development of CGRP-targeted therapies such
as gepants [69]. Three new gepants, namely
rimegepant, ubrogepant, and atogepant, are
currently undergoing phase 3 clinical trials and
have shown positive efficacy and side effect
profiles [70]. Gepants are small molecule CGRP
receptor antagonists developed for acute
migraine therapy [65]. In comparison with the
vasoconstrictive adverse events (AEs) in trip-
tans, recent studies show that gepants cause no
vasoconstriction and are thus a promising
addition to acute migraine therapies [71].

Monoclonal CGRP Antibodies

Another class of drugs that has been recently
introduced is the group of monoclonal anti-
bodies against CGRP or CGRP receptor for the
prevention of EM and CM [72]. Recent clinical
trials show very promising data indicating that
monoclonal antibodies such as fremanezumab
have high specificity for its target, long half-life,
and promising safety and toxicity profiles
[73, 74]. Fremanezumab, eptinezumab, gal-
canezumab, and erenumab are the first effective
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antibody treatments developed specifically for
migraine prevention and need further investi-
gation [75].

FREMANEZUMAB

Fremanezumab (Ajovy�) is a fully humanized
IgG2 monoclonal antibody, approved by the
FDA and the European Medicines Agency (EMA)
for the prevention of episodic or chronic
migraine in adults [76, 77]. The drug was pro-
duced by Teva Pharmaceuticals via recombinant
DNA technology in Chinese hamster ovary
(CHO) cells [76]. Fremanezumab selectively
binds to and blocks the calcitonin gene-related
peptide (CGRP), a neuropeptide that is
increased in migraine [76–79]. The recom-
mended dosage is 225 mg monthly or 675 mg
(three consecutive injections of 225 mg each)
every 3 months administered subcutaneously in
the abdomen, thigh, or upper arm [76]. Each
syringe delivers 225 mg of the drug per 1.5 mL
[76]. For multiple injections, the injection
needs to be at a different location from the
previous injection site but can be in the same
general body area [76]. Fremanezumab needs to
be stored in a refrigerator protected from light
and should be discarded if it has been at room
temperature for 24 h or longer [76]. Random-
ized placebo-controlled trials in adults with
episodic and chronic migraine validated the
effectiveness of fremanezumab as preventive
therapy for migraine [76, 77, 80–85]. The most
common adverse reactions reported in clinical
trials were injection site reactions which
include pain, induration, and erythema at the
site of injection [76].

CGRP AS A TARGET: MECHANISM
OF ACTION

The pathophysiology of migraine is linked to
activation of the trigeminovascular system,
which releases several neuropeptides including
CGRP, a 37-amino acid peptide neurotransmit-
ter found in sensory nerves throughout the
central and peripheral nervous systems
[36, 77–79, 86–88]. CGRP exists in two isoforms,

a and b, but since the b form is found in the
enteric nervous system, hereafter the paper will
focus on a-CGRP, which is a peptide derived
from the calcitonin gene on chromosome 11 via
alternative mRNA splicing and proteolytic
cleavage [75, 79, 89, 90]. Since its discovery in
1982, CGRP has been found to play a critical
role in the mechanism of migraine pathology
[79, 91, 92]. Among the earliest evidence of the
role of CGRP in migraine was the discovery by
Goadsby et al., whose study was the first to
show that during an acute migraine attack, the
only neuropeptide that is released is CGRP
[79, 93]. Later clinical studies aligned with these
findings and contributed additional evidence of
elevated levels of CGRP in migraine [94–96].
Some clinical studies also provided evidence for
a causal role of CGRP in migraine [97–99]. In
response to cerebrovascular vasoconstriction,
CGRP is released from vesicles in the trigeminal
ganglion via calcium-dependent exocytosis and
binds to the CGRP receptor, a heterodimer of
calcitonin receptor-like receptor (CLR) and
receptor activity-modifying protein 1 (RAMP1),
to exert its potent vasodilatory effects
[36, 79, 90, 100]. The CGRP receptor complex is
coupled to Ga so that, when stimulated, it
activates intracellular cAMP, amplifying protein
kinase A, which then phosphorylates multiple
downstream targets [79, 90]. CGRP signaling
ultimately results in vasodilation of intracranial
blood vessels, contributing to the neurogenic
inflammation that triggers migraine nocicep-
tion [79, 87].

The monoclonal antibody fremanezumab
targets the CGRP ligand, but the exact site of
action is not fully understood [36]. It is thought
that monoclonal antibodies act peripherally
because they do not cross the blood–brain bar-
rier [79, 87]. Possible sites of action for fre-
manezumab are the trigeminal ganglion and
meningeal nociceptors [78, 87, 101]. A study in
rats found that fremanezumab selectively inhi-
bits activation of peripheral lightly myelinated
Ad (but not unmyelinated C) meningeal neu-
rons and central high-threshold (HT) [but not
wide-dynamic-range (WDR)] trigeminovascular
neurons by cortical spreading depression (CSD)
in the meningeal sensory pathway [78, 87].
Based on their findings, the authors concluded
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that activation of Admeningeal pain fibers leads
to activation of HT trigeminal neurons cen-
trally, and then their axonal projections convey
nociceptive signals to upstream CNS regions,
resulting in the perception of migraine symp-
toms [78, 87]. This coincides with earlier
immunohistochemical and in situ hybridiza-
tion studies which showed that around half of
the neurons in the trigeminal ganglion express
CGRP, and that within the trigeminal ganglion/
nerve, CGRP is expressed in unmyelinated C
sensory neurons/fibers, while CGRP receptors
are found on myelinated Ad sensory neu-
rons/fibers and Schwann cells [79, 91, 102–105].
Given that the trigeminovascular pathway
activation is central to the transmission of
migraine, blocking CGRP signaling with mon-
oclonal antibodies such as fremanezumab
effectively inhibits the trigeminovascular pain
pathway, thus preventing migraine.

PHARMACOKINETICS
AND PHARMACODYNAMICS

Fremanezumab specifically targets CGRP and
prevents it from binding to its receptor, thereby
preventing activation of the trigeminovascular
pain pathway [36, 77–79, 86–88]. The pharma-
cological properties of fremanezumab make it a
safe and tolerable drug for migraine prophy-
laxis. A single subcutaneous (SC) injection
(225 mg, 675 mg, or 900 mg) took a median of
5–7 days to reach maximum concentration
(tmax) [76, 80, 90]. Dosing regimens of 225 mg
SC monthly and 675 mg SC quarterly took
about 168 days (* 6 months) to reach steady
state [76, 80]. Like other monoclonal antibod-
ies, fremanezumab is degraded into small pep-
tides and amino acids by enzymatic proteolysis,
not by cytochrome P450 enzymes, so it does not
generate toxic metabolites [76]. Thus, the risk of
hepatotoxicity or drug–drug interactions is low.
Given that fremanezumab is a peptide, it must
be administered parenterally and cannot easily
cross membranes, resulting in a relatively small
distribution volume of approximately 6 L [76].
Although an injection may not be the preferred
form of drug administration, fremanezumab
has a long half-life of approximately 31 days,

which allows for less frequent injections (only
once a month or once every 3 months) and may
thus increase drug compliance [76]. A popula-
tion analysis of 2287 subjects found no effect of
age, race, sex, or weight on fremanezumab
pharmacokinetics [76]. Also, administration of
concomitant migraine medications such as
analgesics, ergots, or triptans was not found to
have any negative effects on fremanezumab
efficacy [76, 80]. No studies were conducted to
determine the effect of renal impairment, severe
hepatic impairment, or carcinogenesis on fre-
manezumab pharmacokinetics [76]. In a pooled
safety analysis of four placebo-controlled phase
2b/3 studies (total n = 2563), the most common
AEs were injection site reactions, most of which
were mild to moderate [80, 85]. Serious AEs such
as cardiovascular effects, hepatotoxicity, or
hypersensitivity were rare and occurred at rates
similar to those in placebo groups [80, 85].
Consistent with these findings, a year-long
study of fremanezumab in adults with episodic
and chronic migraine demonstrated that the
efficacy and safety of the drug were maintained
over 12 months of treatment [85, 106], but
additional longitudinal studies are needed to
confirm this. Fremanezumab is currently
approved for use in adults, but it is important to
note that there is insufficient data on safety in
pregnant women, although studies in mating/
pregnant rats and rabbits found no adverse
effects on fertility or embryo-fetal and postnatal
development [76].

Melo-Carrillo et al. [78] conducted experi-
ments investigating the effects of fre-
manezumab on neuronal activity in rats to
better understand its role in reducing migraine
frequency [78]. In the literature, CGRP has been
implicated in the pathophysiology of migraine.
Single-unit recording in the spinal trigeminal
nucleus was performed. Central trigeminovas-
cular neurons were then identified and labeled
as WDR if the neuron showed incremental
response to brush, pressure, and pinch, or HT if
the neurons failed to respond to brush stimuli.
Cortical spreading depression (CSD) was
induced, and cortical activity was recorded
using electrocorticography. Next, male and
female rats were administered either IV fre-
manezumab at 30 mg/kg or a control (human
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IgG isotype antibody), and both spontaneous
and evoked activity were measured in naive or
CSD-sensitized neurons. The study found that
fremanezumab selectively inhibited HT neurons
and spared WDR neurons in the intracranial
dura, and prevented CSD-induced activation
and sensitization of HT neurons in male and
female rats. Fremanezumab also decreased the
sensitivity to dural stimulation, but not cuta-
neous facial or corneal stimulation. After
administration of the control antibody, there
was no change in sensitivity to dural stimula-
tion in HT and WDR neurons, and there was
sensitization of HT neurons after CSD induc-
tion. Given these findings, it appears that HT
neurons play a significant role in the patho-
physiology of migraine, allodynia, and central
sensitization.

Clinical Studies: Safety and Efficacy

Bigal et al. [81] conducted a phase 2b multi-
center randomized controlled trial (RCT) on the
safety and efficacy of TEV-48125 (fre-
manezumab) in the prevention of high-fre-
quency episodic migraines (HFEM) [82]. The
study included 297 individuals in the US, aged
18–65, who experienced migraine headaches
8–14 days per month and were otherwise heal-
thy. They were randomized in a 1:1:1 fashion to
three 28-day cycles. Each cycle consisted of
three injections of either placebo, 225 mg fre-
manezumab (one 225 mg, two placebo injec-
tions), or 675 mg fremanezumab (three 225 mg
injections). Participants were permitted to be
taking a stable dose of one standard migraine
prevention medication for at least 2 months
and to use an acute migraine medication up to
14 days per month prior to the study. During
the treatment phase of the study, participants
were allowed to use one concurrent migraine
preventive medication, and to treat their acute
migraines as they did prior to the study. Patients
reported daily headache data using an elec-
tronic diary system, with compliance rates
greater than 80%. The analysis was performed
using mixed-effects model reported measures
(MMRM). A Migraine Disability Assessment
(MIDAS) was administered to patients at

baseline and after the 12-week study period to
assess disability [107]. Compared with baseline,
both doses of fremanezumab significantly
decreased the number of migraine days relative
to placebo in all three treatment cycles. Addi-
tionally, there was a greater reduction in the
number of days of acute migraine medication
use and in the number of headache days from
baseline in the 225 mg and 675 mg fre-
manezumab groups relative to placebo, with no
significant difference between the two doses.
Patients on either dose of fremanezumab also
demonstrated significant improvement from
baseline in MIDAS scores relative to placebo.
Subsequent post hoc analyses found that a lar-
ger percentage of the 225 mg and 675 mg
groups experienced a [ 50% reduction and
[75% reduction relative to the placebo group.
The most common AEs reported were mild
injection site reactions, which were similar
across all three groups. No patients developed
metabolic, immunologic, cardiac, or liver func-
tion abnormalities. There were no serious AEs
considered to be related to fremanezumab
treatment. Of note, 1% of patients (n = 2) had
positive antibodies against fremanezumab prior
to the study, and no subsequent antibody
response was observed. In conclusion, this
12-week trial demonstrated that both 225 mg
and 675 mg of fremanezumab are effective in
reducing the number of migraine days and
acute medication use days, with a favorable
safety profile.

A phase 2b multicenter RCT was conducted
to investigate the safety and efficacy of fre-
manezumab in the prevention of chronic
migraine (CM) [81]. CM is defined as C 15
headache days per month, with C 8 migraine
days per month for[ 3 months, per the ICHD-3
beta guidelines [1]. Patients in the US aged
18–65 and diagnosed with chronic migraines
were eligible for the study. CM patients were
allowed to be taking two preventive medica-
tions if they had been at the same dose for at
least 3 months and to treat acute migraines as
they did prior to study without restriction. Two
dosing regimens were established: either an
initial loading dose of 675 mg followed by a
monthly dose of 225 mg, or a consistent
monthly dose of 900 mg. In all, 264 participants
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were randomized to 675/225 mg fre-
manezumab, 900 mg fremanezumab, or placebo
for three 28-day treatment cycles, and they
recorded daily headache data in an electronic
diary. Analysis demonstrated a significantly
greater reduction in the number of headache
hours in both fremanezumab groups when
compared with the placebo group during the
third treatment cycle relative to baseline. Fur-
thermore, there was a significantly larger
reduction in the number of moderate to severe
(M/S) headache days during the third treatment
cycle in the fremanezumab groups relative to
placebo. There was no significant difference in
efficacy between either treatment group. A post
hoc subgroup analysis demonstrated signifi-
cantly fewer days per month of triptan use in
the fremanezumab groups compared with pla-
cebo. Additionally, more patients in the
675/225 mg group had a C 50% reduction in
M/S headache days than placebo, and more
patients in the 900 mg group had a C 75%
reduction in M/S headache days than placebo.
Similar to the phase 2b HFEM trial by Bigal et al.
(2015a), the most common AEs across all groups
were mild injection site reactions. There were
no serious treatment-related AEs, and 1% of
patients had antibodies against fremanezumab
prior to the study and did not develop subse-
quent increases in antibody titers after taking
fremanezumab. Both doses of fremanezumab
demonstrated efficacy and safety in the pre-
ventive treatment of CM.

Bigal et al. [108] conducted post hoc analyses
of the previous study to assess the efficacy of
fremanezumab at times points earlier than
3 months in CM patients [81, 82, 108]. A sig-
nificant reduction in the number of headache
hours from baseline was observed after 1 week
of treatment with both doses of fremanezumab
relative to placebo. A significant difference was
first noted in the 900 mg treatment arm by day
3, and in the 675/225 mg treatment arm by day
7. The percentage of patients with a 50%
reduction in the number of headache hours
from baseline and in the number M/S headache
days increased from weeks 1 to 3 in both fre-
manezumab groups relative to placebo. Thus,
both doses of fremanezumab showed superior-
ity to placebo in the preventive treatment of

CM, and some patients saw improvement
within 1 week of treatment with fre-
manezumab. The rapid onset of relief provided
by fremanezumab may increase treatment
compliance among patients. However, it is not
clear whether these results are clinically signif-
icant, as the patients were not interviewed at
these early time points.

Cohen et al. [109] conducted pooled post
hoc analyses of the data from Bigal et al. [81, 82]
to evaluate the efficacy of fremanezumab as an
add-on preventive therapy for patients with EM
and CM on stable doses of standard migraine
prevention medications [81, 82, 109]. They
selected 133 patients with EM and CM who
were taking preventive migraine medication at
the time of study initiation and were random-
ized to either placebo (n = 66) or fremanezumab
(n = 67). Efficacy endpoints were the number of
migraine days, M/S headache days, and acute
medication use days. Patients with add-on fre-
manezumab therapy had a significantly larger
reduction in migraine days per month relative
to placebo, with 50% or greater reduction seen
in 40% of patients on fremanezumab and 24%
of patients on placebo. There was also a signif-
icant decrease in the mean number of M/S
headache days in the fremanezumab group rel-
ative to placebo, with more patients on fre-
manezumab experiencing a 50% or greater
decrease relative to placebo. Furthermore, fre-
manezumab significantly decreased the mean
number of acute medication use days relative to
placebo, with a larger percentage of patients
experiencing a 50% or greater decrease relative
to placebo. Ultimately, patients with EM and
CM who were previously taking standard pre-
ventive migraine medications for at least
3 months saw a marked improvement with the
addition of fremanezumab. Fremanezumab did
not demonstrate interactions with major classes
of preventive migraine medication and
appeared to be safe when taken with other
migraine medications. Lastly, decreasing acute
migraine medication use can reduce the likeli-
hood of headaches related to medication over-
use [110].

Halker Singh et al. [111] subsequently per-
formed a post hoc analysis of both trials by Bigal
et al. [81, 82] to evaluate the sustained efficacy
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of fremanezumab during the full 3 months of
treatment in EM and CM patients [81, 82, 111].
They found that a significantly greater per-
centage of HFEM patients on 225 mg and
675 mg fremanezumab sustained a 50% reduc-
tion in migraine days, M/S headache days, and
days with acute medication use relative to pla-
cebo. Although there were few patients in any
group who sustained a 75% or 100% reduction
in these endpoints, a greater percentage was
found in HFEM patients in either treatment arm
relative to placebo. In the CM trial, although
smaller differences were observed between the
treatment arms and placebo, there was still a
significantly higher percentage of patients tak-
ing fremanezumab with a sustained 50%
reduction in the study’s endpoints. Again, there
were more patients in the treatment cohorts
who sustained 75% or 100% reduction in the
endpoints relative to placebo, but the number
of patients with these results were limited.
Given the rising concerns about tachyphylaxis
in migraine preventive therapy, this post hoc
analysis demonstrates that fremanezumab has
the potential to generate a sustained reduction
in acute medication use, which may alleviate
some of these concerns [111]. However, this
analysis had multiple limitations, including
small sample sizes, unknown types of acute
migraine medication use, unknown quality-of-
life measures, and a placebo response.

VanderPluym et al. [112] performed a post
hoc analysis of the two phase 2b RCTs con-
ducted by Teva Pharmaceuticals described
above [81, 82, 112]. Participants were asked
whether they had a headache of any severity on
that day, and questions assessing impairment in
their physical performance, concentration, and
mental fatigue. In the HFEM cohort, the treat-
ment arms, regardless of dose, had a significant
increase in headache-free days in which the
patients were able to work, study, or do chores
without difficulty and had no problems with
concentration or prolonged time to task com-
pletion. In the CM arms, an impact was
observed on the number of headache-free days
where patients reported normal functioning
(mental and physical), but it was seen primarily
in the 900 mg dose cohort as opposed to the
675/225 mg dose cohort.

In an effort to quantify the time to response
to fremanezumab, Silberstein et al. [113] per-
formed post hoc analyses on the HFEM group
described in Bigal et al. [81, 113]. All 297 par-
ticipants from the study were included in the
analyses. Investigators examined the drug
response within the first 3 weeks of treatment
versus the response in the placebo cohort.
Within the first week, investigators found a
significant decrease in all parameters measured
in both treatment groups, including number of
migraine days, number of M/S headache days,
number of headache hours, and number of days
with nausea/vomiting, photophobia, or
phonophobia. Migraine days decreased by 0.93
(0.49–1.36 fewer days, p\ 0.0001) and 1.02
(0.58–1.46 fewer days, p\ 0.0001) for the
225 mg and 675 mg treatment groups, respec-
tively. This effect size remained stable, showing
no increased efficacy after the first week. All
other parameters continued to show a stable,
significant reduction, apart from days with
nausea/vomiting, which did not have a signifi-
cant difference at week 3 in the 675 mg treat-
ment group. This analysis demonstrates the
immediate preventive effect of fremanezumab
with limited adverse effects. Additionally, it
confirms a continued preventive effect in the
weeks following the initial injection, which was
maintained throughout the remainder of the
study after injections of the same dose. The lack
of dose titration and immediacy is a strength of
fremanezumab when compared with currently
approved preventive agents, which often
require titration and have far more delayed
preventive efficacy [114].

In a smaller phase 1 clinical trial conducted
in 2016, Cohen-Barak et al. [115] reported
results on the safety, tolerability, and pharma-
cokinetics of three doses of fremanezumab:
225 mg, 675 mg, and 900 mg [115]. Healthy
Japanese and Caucasian participants (n = 32
each) were randomized and equally distributed
by ethnicity into one of four groups: placebo or
a single dose of fremanezumab with 225 mg,
675 mg, or 900 mg. Patients were followed for
36 weeks after the administration of the study
drug in an outpatient setting. There were a
comparable number of AEs experienced by
those in either treatment group when compared
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with placebo. The most common AE was injec-
tion site reaction. Moreover, no significant
changes in clinical laboratory values or on
electrocardiogram were observed. Of note, no
patient developed antibodies to fremanezumab.
Results from this phase 1 trial indicate that
fremanezumab was well-tolerated in the short
term at the doses studied, allowing for further
studies at these doses.

Silberstein et al. [84] evaluated the efficacy
and safety of fremanezumab for the prevention
of CM in a randomized, double-blind cohort of
1130 individuals with CM per the International
Classification of Headache Disorders, 3rd edi-
tion (ICHD-3), who were otherwise relatively
healthy [1, 84]. Overall, 376 participants
received fremanezumab monthly, 379 received
the drug quarterly, and 375 received placebo.
The dosing regimens were 675 mg at baseline
followed by placebo, or one 225 mg injection at
weeks 4 and 8 for the quarterly and monthly
cohorts, respectively. The primary endpoint of
the study was the average number of days with
headache per month. Secondary endpoints
included the change in the average number of
days of migraine medication use per month,
and reduction in the average number of
migraine days per month and the six-item
Headache Impact Test (HIT-6) score [116]. In
comparison with placebo, both treatment
cohorts demonstrated a statistically significant
improvement in all endpoints, with no signifi-
cant difference between the treatment groups.
With respect to safety, there was no significant
difference between placebo and the quarterly
group. However, there were significantly more
AEs reported in the monthly group (64%–71%,
P = 0.03). Almost all AEs were reported to be of
either mild or moderate severity (95–96%), with
injection site reactions constituting the major-
ity of AEs among all groups. Notably, there was
a 1% occurrence of transient elevated liver
enzymes among all those receiving the trial
drug. However, these participants were concur-
rently using agents known to potentially induce
elevated liver enzymes. Additionally, there was
no significant increase in this event when
compared with the placebo cohort. In whole,
this study suggests that fremanezumab may

serve as an effective and safe agent in treating
chronic migraines in relatively healthy persons.

Dodick et al. [83] compared fremanezumab
with placebo for the prevention of episodic
migraine (EM) in a cohort of 875 otherwise
healthy participants, and patients in whom
previous migraine medication management had
failed were excluded [83]. EM was defined as ‘‘a
headache occurring on 6–14 days, with at least
4 days fulfilling ICHD-3 criteria for migraine
with aura (code 1.2; B and C) or without aura
(code 1.1; C and D), probable migraine, or use of
triptans or ergot derivatives’’ [1, 83]. Patients
were once again randomized to monthly,
quarterly, or placebo with 290, 291, and 294
participants in each group, respectively. Dosing
for the treatment arms was an injection of
225 mg at baseline with either a 225 mg or
placebo injection at weeks 4 and 8 for the
monthly and quarterly groups, respectively.
Investigators observed a significant change in
the number of monthly migraine days in the
12 weeks following the baseline injection, the
number of patients with a 50% reduction in the
number of monthly migraine days, and an
improvement in the MIDAS score in both
treatment groups [107]. Once again, there was
no significant difference in efficacy between the
two treatment cohorts. A greater number of
treatment-related AEs were observed in the
treatment groups; however, there was no dif-
ference in the number of serious AEs or AEs
leading to discontinuation of the study. Injec-
tion site reactions were the most common AEs
among all groups. There were also no clinically
significant changes in objective data points,
including liver function tests. Of note, four
patients in the monthly group were positive for
antibodies against fremanezumab, although
there were no significant AEs in these patients.
Overall, this study demonstrates fre-
manezumab’s potential as preventive treatment
of EM in patients who are otherwise healthy
and have not had previous failure of preventive
medications.

In the most recent post hoc analysis, Silber-
stein et al. [85] conducted a pooled analysis of
safety and tolerability data from four phase 2b
and 3 trials on fremanezumab in the preventive
treatment of migraine [81–85]. In total, 2566
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patients were randomized, and 2563 received
either fremanezumab (n = 1704) or placebo
(n = 86). The most common reasons for dis-
continuation of the study were withdrawal from
study (n = 78), patient lost to follow-up
(n = 60), and AEs (n = 50). Patients had an
average age of 41 years and a 20-year history of
diagnosed migraine. AEs were noted in 48–69%
of patients in all treatment groups, with the
majority being mild reactions at the injection
site. A total of 25–48% of patients reported one
or more treatment-related AEs, with the major-
ity being injection site reactions. Most AEs in
the fremanezumab treatment groups that led to
study discontinuation were mild to moderate
and had resolved, and were most commonly
injection site erythema and rash. Patients tak-
ing fremanezumab had significantly higher
rates of AEs overall relative to placebo, with
48–69% of all treatment patients reporting C 1
AE (p = 0.001). Rates of AEs were similar
between patients with concurrent preventive
migraine medication use and those without.
There were two deaths in the phase 3 trials that
were determined to be unrelated to fre-
manezumab treatment. Fremanezumab did not
appear to cause significant cardiovascular
effects, with less than 1% of patients experi-
encing hypertension, tachycardia, or palpita-
tions. Similarly, no significant evidence of liver
toxicity was found, and most liver function
abnormalities were mild to moderate and
resolved without treatment. There were no cases
of anaphylaxis or severe drug hypersensitivity.
Although 0.4% of patients developed antidrug
antibodies (ADA) after treatment with fre-
manezumab, there were no type I or III hyper-
sensitivity AEs in those patients. Overall, this
pooled analysis suggests that fremanezumab is
safe and well-tolerated for the preventive treat-
ment of migraine in patients with either EM or
CM.

In 2019, Ferrari et al. [117] published data
from their FOCUS study—a randomized, dou-
ble-blind, placebo-controlled, parallel-group
phase 3b study investigating fremanezumab’s
efficacy in hard-to-treat migraines [117]. Study
participants were once again relatively healthy,
although they could have minor comorbidities
as determined by the investigator.

Notable participant criteria included that
patients must have failed 2–4 preventive treat-
ments in the 10 years prior to screening and
could not be taking preventive medications at
the time of screening. EM and CM patients were
included with similar criteria as previous stud-
ies; however, EM and CM participants required
C 4 days and C 8 days, respectively, of head-
aches that met ICHD-3 criteria for migraine
over the 28-day lead-in period [1]. Participants
were randomized to either placebo (n = 279) or
monthly (n = 283) or quarterly (n = 276) treat-
ments for 12 weeks, followed by a 12-week
open-label period. All quarterly patients
received 675 mg at baseline, followed by pla-
cebo for the remainder of the blinded period.
For the monthly EM cohort, dosing was 225 mg
per month, while the monthly CM cohort
received 675 mg at baseline, followed by
2 months of 225 mg. In the double-blinded
period, all treatment cohorts demonstrated a
significant decrease in the number of migraine
days when compared with placebo. Moreover,
the reduction was observed as early as the first
month in both cohorts, as was a reduction in
the average number of days triptans or ergots
were used. Of note, 34% of participants in
treatment groups had a C 50% treatment
response. With respect to patient-reported
metrics, both HIT-6 and MIDAS scores were
significantly improved compared with placebo
[107, 116]. Overall, there were no significant
differences in efficacy between the study treat-
ment groups or between EM and CM partici-
pants. Additionally, no significant difference in
the incidence of AEs was observed. Injection site
reactions were the most common AE. Based on
these findings, the FOCUS trial demonstrated
that fremanezumab was efficacious and well-
tolerated for use in migraines unresponsive to
traditional preventive treatments.

Despite current studies and these numerous
analyses demonstrating that fremanezumab is
relatively well-tolerated in the short term, con-
cerns have been raised regarding its safety pro-
file, and the safety profile of other CGRP ligand
mAbs (eptinezumab, galcanezumab) and CGRP
receptor mAbs (erenumab) [85, 118–120]. Some
of this apprehension stems from CGRP’s wide-
reaching effects throughout the body, in
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addition to the fact that there is still uncertainty
about the full extent of the role of CGRP in the
body, despite significant research [121]. Majima
et al. [118] note several potential adverse effects
of long-term CGRP and CGRP receptor inhibitor
use based on basic scientific research. Specific
concerns relate to the inhibition of CGRP and
its effects on vascularity. CGRP has been shown
in multiple in vitro and mouse models to be
pro-angiogenic, and to have pro-lymphangio-
genic properties mediated by its action on
macrophages and subsequent vascular
endothelial growth factor (VEGF) secretion
[118, 122, 123]. Mice studies have shown
decreased wound healing and development of
significant lymphedema when the CGRP gene
was knocked out. It has also been suggested that
CGRP mAbs could impact healing from
ischemic injuries, such as stroke.

Moreover, CGRP has a profound impact on
vascular resistance, serving as a potent
vasodilator [118]. The inhibition of CGRP in its
capacity as a vasodilator could foreseeably pre-
cipitate adverse effects. In a case report by Evans
[120], three patients who were on CGRP or
CGRP receptor antibody antagonists were
reported to have Raynaud’s phenomenon (RP)
exacerbations or new onset [120]. Of note,
patients with migraines are already at a signifi-
cantly elevated risk of RP when compared with
the general population [124]. One study, albeit
small, showed that those with RP (from sys-
temic sclerosis) had a reduced number of CGRP
neurons in the skin by skin biopsy and
immunohistochemistry [125]. Also, given
CGRP’s vasodilatory effects, it is conceivable
that distal vasoconstriction, such as what is seen
in RP, is precipitated by CGRP antagonist use.
Given the dearth of long-term follow-up studies
and the small sample size of those who have
taken fremanezumab, further studies and
monitoring are needed before any definitive
assessments can be made regarding the short-
and long-term safety profile of fremanezumab.

Based on the aforementioned studies, Sacco
et al. developed guidelines for the use of CGRP
mAbs (eptinezumab, erenumab, fre-
manezumab, and galcanezumab) in migraine
prevention, in accordance with the Grading of
Recommendations, Assessment, Development

and Evaluation (GRADE) system [126]. An
expert panel of seven physicians evaluated 28
high-quality studies, including phase 2 or 3
RCTs, post hoc or pooled analyses of RCTs, and
open-label trials, on the use of CGRP mAbs. In
their evaluation of fremanezumab, the authors
selected four RCTs investigating the safety and
efficacy of fremanezumab relative to placebo in
EM or CM patients, which were discussed in
previous sections of this paper [81–84]. The
panel developed the following expert consensus
recommendations for the European Headache
Federation on the use of CGRP mAbs in various
clinical scenarios. They recommended CGRP
mAbs in both EM and CM patients who failed
two or more preventive treatments or who
could not use other medications due to side
effects or comorbidities. For EM patients, they
suggested stopping preventive migraine medi-
cations before starting CGRP mAbs. For patients
with CM already on a standard migraine pre-
ventive medication, they recommend adding a
CGRP mAb and withdrawing the other drug at a
later time to avoid rebound headaches. Simi-
larly, the authors suggested adding a standard
migraine prevention drug for CM patients
already on a CGRP mAb and who might benefit
from an additional medication. However, for
CM patients on onabotulinumtoxinA with
suboptimal response, discontinuance of the
drug was recommended before starting a CGRP
mAb, as there is no current evidence of the
efficacy or safety of combining those medica-
tions. The guidelines also suggest cessation of
CGRP mAb use after 6–12 months of treatment
in both EM and CM patients. Although a study
on fremanezumab showed sustained efficacy in
reducing migraine days during the full 3-month
study period, there is insufficient data on the
sustained benefit after 3 months or after with-
drawal of CGRP mAbs. For migraines due to
medication overuse in individuals with CM,
there is not enough information to suggest
increased efficacy after withdrawal from the
standard preventive migraine medication.
Therefore, CGRP mAbs can be offered either
before or after stopping the medication. Popu-
lations in whom use of CGRP mAbs is con-
traindicated include pregnant women, women
who are breastfeeding, and patients with
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vascular disease (cardiovascular and cere-
brovascular), drug or alcohol abuse, or severe
mental disorders. CGRP is a strong vasodilator
and is involved in blood pressure regulation,
and therefore patients with cardiovascular and
cerebrovascular disease were excluded from tri-
als; thus there is insufficient data at this time to
determine whether it would be safe in patients
with vascular disease. However, the studies did
not find a significant increase in cardiovascular
events in patients taking CGRP mAbs. Lastly,
multiple clinical trials have assessed for the
development of binding or neutralizing anti-
bodies against CGRP mAbs, and found no clin-
ical significance associated with a positive
result. Therefore, the guidelines suggest that
current routine antibody testing in patients is
not needed, but further studies with longer
treatment duration are warranted before con-
cluding that the development of these anti-
bodies does not have clinical implications. With
these clinical considerations, CGRP mAbs ere-
numab, fremanezumab, and galcanezumab
have been demonstrated to be safe and effective
for use in migraine prevention in selected
patient populations.

CONCLUSION

Migraine headache is a common and debilitat-
ing neurovascular condition. The expression of
CGRP in the trigeminovascular pain pathway
plays a critical role in migraine pathogenesis
[36, 77–79, 86–88]. Advances in therapies have
made it possible to effectively prevent or reduce
symptoms of migraine. Humanized monoclonal
antibodies targeting CGRP and its receptor have
recently been approved for migraine prophy-
laxis in adults [75, 79, 91, 101, 127, 128]. Fre-
manezumab, a monoclonal antibody specific to
CGRP, was approved by the FDA in September
2018 and by the EMA in March 2019 for
migraine prevention in adults [76, 90]. The
safety, tolerability, and clinical efficacy of fre-
manezumab have been consistently validated
across all placebo-controlled phase 2b/3 trials in
adults with episodic and chronic migraine
[76, 77, 80–85]. Although currently available
studies provide support for fremanezumab,

further studies are needed to elucidate the
relationship between the pharmacodynamic
activity and its mechanism; the long-term risks,
especially with regard to the cardiovascular
system, of chronic use of anti-CGRP mono-
clonal antibodies; the specific sites of action,
including whether it can bind to other human
calcitonin receptors; and the effect of antidrug
neutralizing antibodies on long-term efficacy
[90, 129–133].
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