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Migraine headache is a widespread and complex neurobiological disorder that is
characterized by unilateral headaches that are often accompanied by photophobia and
phonophobia. Migraine is one of the leading chief complaints in the emergency
department with negative impacts on quality of life and activities of daily living. The
high number of emergency presentations also results in a significant economic burden.
Its risk factors include family history, genetics, sex, race, socioeconomics, the existence
of comorbid conditions, and level of education. Triggers include stress, light, noise,
menstruation, weather, changes in sleep pattern, hunger, dehydration, dietary factors,
odors, and alcohol. The International Headache Society has defined criteria for the
diagnosis of migraine with and without aura. The pathophysiology of migraine headaches
is multifactorial so there are a variety of treatment approaches. The current treatment
approach includes abortive medications and prophylactic medications. Abortive
medications include the first-line treatment of triptans, followed by ergot alkaloids, and
calcitonin gene-related peptide (CGRP) receptor antagonists along with supplemental
caffeine and antiemetics. Trigeminal afferents from the trigeminal ganglion innervate
most cranial tissues and many areas of the head and face. These trigeminal afferents
express certain biomarkers such as calcitonin gene-related peptide (CGRP), substance P,
neurokinin A, and pituitary adenylate cyclase-activating polypeptide that are important
to the pain and sensory aspect of migraines. In this comprehensive review, we discuss
Zavegepant, a calcitonin gene-related peptide receptor antagonist, as a new abortive

medication for migraine headaches.

INTRODUCTION

Migraine headache is a widespread and complex neurobi-
ological disorder. This condition is characterized by recur-
ring unilateral headaches and is commonly associated with
increased sensitivities to visual and auditory stimulation,
nausea, and possible transient focal neurological effects or
aura. Episodes may last hours to several days leading to
impairment in everyday functioning. Identified as the sec-
ond-leading cause of disability throughout the world, mi-
graine headaches have widespread personal and socioeco-
nomic implications.!

With the emerging understanding of the complexity be-
hind migraine pathogenesis and its many associated symp-
toms, the previously recognized vascular theory of migraine
pathogenesis has shown insufficient to explain the pain
and many associated symptoms associated with migraine
headaches.2 Further research has demonstrated that the
pathogenesis of this disorder is attributed to a complex
interaction of many neuronal networks.! Current under-

standing is that migraine arises from central and peripheral
nervous system processes that include the cerebral cortex,
meninges, and brainstem. These processes elicit an inflam-
matory response leading to aura due to cortical depression
and activation of trigeminal afferent nerves resulting in the
primary headache of migraine.3

Established pharmacological management options in-
clude beta-blockers, tricyclic antidepressants, calcium
channel blockers, and anticonvulsants.%> Although suc-
cessful management is achieved for some of these med-
ications, marked variability in effectiveness and tolerance
has been exhibited with these existing treatments and thus
compliance to these medical therapies.>~7

Many triggers are known to prompt the onset of mi-
graines. Both physiological and or emotional have been
shown to disrupt central nervous system (CNS) structures
leading to stimulation of the Trigeminovascular system and
other CNS structures.l»2%8 This stimulation leads to the
release of vasoactive molecules including calcitonin gene-
related peptide (CGRP), neurokinin A, and pituitary cy-
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clase-activating peptide (PACAP), thus leading to the char-
acteristic pulsatile headache of migraine and other
associated symptoms.%10

Calcitonin gene-related peptide (CGRP) has been found
to be greatly associated with migraine pathophysiology.!0
Following stimulation of the Trigeminovascular system,
CGRP has shown to be released and found at high levels in
the cerebrovascular circulation and Trigeminovascular sys-
tem.!! CGRP receptors are found to be localized at vas-
cular smooth muscle cells of the dura meninges as well
as neurons and glial cells involved in the trigeminal sys-
tem.12 Acting on smooth muscle cell receptors, neurovas-
cular structures, and spinothalamic pathways the release of
CGRP results in vasodilation, possible central nervous sys-
tem sensitization, and transmission of pain characteristic
of acute migraine episodes.%12

As a major component in migraine pathogenesis, CGRP
has been a focus of migraine research since the 1980s.13
The advancement in the understanding of migraine patho-
physiology and involvement of specific molecular targets
has been encouraging for further target-based treatments
with the aim of improving effectiveness in migraine man-
agement. As a promising target-specific treatment for mi-
graines, we aim to review intranasal third-generation CGRP
antagonists as a novel treatment in the setting of acute mi-
graine management.

EPIDEMIOLOGY
PREVALENCE

Globally, among the top three most prevalent illnesses and
the sixth leading cause of years lived with disability, mi-
graine is a common disorder worldwide.!4-16 Migraine af-
fects up to 18% of people each year.$1%18 The peak preva-
lence of migraine has been identified in middle life,
typically in the thirties and forties, with a midlife preva-
lence of 25% and 8% in females and males, respectively. A
nonlinear decrease in prevalence is appreciated in adults
greater than 60 years of age with approximately 5% of fe-
males and 1.6% of males affected.119 Despite the avail-
ability of both acute and chronic treatment options, the
prevalence of migraine has remained relatively stable in the
United States over the years.1419

Worldwide, the highest prevalence of migraine has been
identified in North America and South America, with a de-
creased prevalence in Europe, and the lowest prevalence in
Asian countries.20 Within the United States, the prevalence
of migraine has shown to be highest among Caucasian pop-
ulations compared to African American populations and
the lowest prevalence amongst Asian Americans.!?

As with many clinical pain disorders, migraine occur-
rence is higher in females compared to males with an ap-
proximately two-fold increase in migraine prevalence in fe-
males compared to males.1%21.22 [n midlife, when migraine
prevalence is greatest, there is a roughly 3:1 female-to-
male ratio.!8 This difference is made evident through a
study by Stewart et al. demonstrating a lifetime incidence
of 43% in females compared to an 18% lifetime incidence
in males.23 However, prior to the onset of puberty, the oc-

currence of migraine is found to be higher in males than fe-
males. Following puberty, the prevalence of migraine con-
tinues to increase in females until about the age of 40. This
pattern is not observed in males.20 Despite geographic dif-
ferences in migraine prevalence, the pattern of female pre-
dominance in migraine prevalence remains consistent.20

SOCIOECONOMIC BURDEN

Of those affected by migraine, up to ninety-one percent
report decreased functionality as a result of migraine
episodes with over half with severe functional impairment
requiring bed rest for up to two days.!”19 Lipton et al. re-
ports one or more days of missed work or school in patients
experiencing migraine and 51% with decreased productiv-
ity by 50% or more while at work or school.1? This impact
on functionality leads to not only personal but also finan-
cial and economic burdens. Those who experience migraine
are at a higher risk for greater indirect costs related to in-
creased work loss, and short- and long-term disability com-
pared to those without migraine.24

Headache, commonly migraine, is a leading cause of
emergency department (ED) visits and among the front
20 causes of outpatient appointments.!418 In the United
States alone, there is an estimated $36 billion spent from
direct costs of healthcare resources and indirect costs of
loss of productivity.!> A study published by the American
Headache Society showed that those who experience mi-
graines had an annual cost of $8924 greater from both
direct healthcare costs and indirect costs compared to a
matched group of patients without migraine.24

QUALITY OF LIFE

In addition to economic costs, migraines have been asso-
ciated with another great cost - a lower quality of life.
Along with physical pain, migraine is found to be signif-
icantly related to impaired social functioning.2> Not only
is migraine a prominent disorder worldwide but has been
found associated with medical and psychiatric comorbidi-
ties.18 Such comorbid disorders include stress, depression,
anxiety, and suicide intent.25,26 Additionally, according to
Buse et al. using the Chronic Migraine Epidemiology and
Outcomes (CaMEO) study, roughly half of migraineurs re-
port decreased participation in family activities associated
with an increasing frequency of headache episodes.27

RISK FACTORS FOR MIGRAINE

As a complex disorder, many risk factors associated with
the onset and progression of migraine have been identified
and continue to be an area of ongoing research. Currently,
many risk factors for the onset of migraine have been iden-
tified including family history, genetics, sex, race, socioeco-
nomics, the existence of comorbid conditions, and level of
education. Additionally, numerous triggers have also been
identified. Both risk factors and triggers of migraine are de-
scribed in this section of our review.
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Table 1. Gene association with migraine subtypes.

Migraine subtype

Gene(s) involvement

Primary Migraine with Aura
Primary Migraine Without Aura
Pure familial migraine

FHM

CADASIL

HIHRATL with migraine

RVCL

FASPS

MTDH

MEF2D, TGFBR2

KCNK18

CACNA1A, ATPA2, SCN1A, PRRT2
NOTCH3

COL4A1

TREX1

CSNK1D

(FHM) Familial Hemiplegic Migraine; (CADASIL) Cerebral Autosomal Dominant Arteriopathy with subcortical infarcts and leukoencephalopathy; (HIHRATL) Hereditary infantile
hemiparesis, retinal arteriolar tortuosity, and leukoencephalopathy; (RVCL) Retinal Vasculopathy with cerebral leukodystrophy; (FASPS) Familial advanced sleep phase syndrome.28

As with many disorders, family history is a major factor
in the development of migraine. Approximately 90% of mi-
graineurs have a family history of this disorder.!> It has
been shown that the risk of developing migraine headaches
is increased in those with a first-degree relative that suffers
from migraine accounting for an estimated 50% heritabil-
ity.28,29 Russell et al. estimate 1 to 9 times increased risk
in the development of migraine without aura in those with
first-degree relatives with migraine and 1 to 4 times in-
creased risk of migraine with aura, compared to the general
population.2?

Reflecting on the prevalence of migraine, females are at
an increased risk to develop migraine compared to their
male counterparts (see Prevalence).20:22,30 Fyrthermore,
with increased acute attack frequency and progression of
migraine disorder, women are at increased risk for the de-
velopment of deep white matter lesions in those who suffer
from either migraine with or without aura.3! Education
level is also associated with the risk of migraine develop-
ment. Completion of less than high school level education
is associated with a three-fold increase in chronic headache
risk. Additionally, divorce, separation, or widowhood have
been attributed to an increased risk.32 Other associations
with migraine are the self-reported concurrent presence of
arthritis, diabetes, previous head trauma, and medication
overuse.32-34

Genetics play a significant role in migraine and many
forms of migraine are considered to be polygenic in na-
ture.28 Qver the past decade, an increasing number of ge-
netic associations with migraine and migraine subtypes
have been identified. Through genome-wide association
studies (GWAS), genes affecting both neuronal and vascular
pathways as well as the encoding for metalloproteinases
have been identified as associated with polygenic migraine
both with and without migraine. Each of these genes pro-
duces are associated with various degrees of vascular dys-
function which may contribute to migraine involvement.28
Genes associated with migraine and migraine subtypes are
listed in Table 1.

MIGRAINE PROGRESSION

Progression of migraine episodes has been associated with
the central-sensitization-allodynia theory.20 A study by

Burstein et al. estimated that about 79% of patients experi-
encing an acute attack develop central sensitization (CS), or
sensitization of the second-order trigeminal afferent neu-
rons, by parasympathetic activation and or sensitization of
intracranial nociceptors, leading to cutaneous allodynia.3>
36 Thus, recurrent acute attacks with repeated CS are hy-
pothesized to place the patient at increased risk of migraine
disorder progression.

TRIGGERS

Stress, noise, hormonal changes in females such as those
experienced during menstruation or exogenous hormone
usage, changes in weather, bright lighting, changes in the
duration of sleep, hunger, dehydration, dietary factors,
odors, and alcohol are among some of the many common
triggers identified by Kelman and other collective studies
with stress noted as the most common trigger of migraine
headaches.37-39

In their review of migraine triggers, Borkum describes
oxidative stress as a commonality between the many mi-
graine triggers. The mechanism behind this oxidative stress
has been linked to mitochondrial energy production rate or
toxicity of the mitochondria, excitotoxicity, neuroinflam-
mation, and activation of neuronal enzymes such as neu-
ronal nicotinamide adenine dinucleotide phosphate oxi-
dase, monoamine oxidase, cytochrome P450, or nitric oxide
synthase.40

DIAGNOSIS AND CLINICAL PRESENTATION OF
MIGRAINE

Following years of research, migraine has been identified as
a neurobiological disorder with a complex clinical presen-
tation, consistent with the complexity of migraine patho-
physiology. According to the International Headache So-
ciety, migraines may be classified into migraine with or
without aura and further by chronicity of headaches.*!
Previously known as common migraine or hemicrania
simplex, migraine without aura is a primary headache dis-
order typically characterized by recurrent headaches that
persist between 4 to 72 hours. These headaches are most
often having a pulsating quality and may be exacerbated
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by activities of daily living such as physical activity, light,
or sound and may have associated nausea. Although these
headaches are most commonly unilateral frontotemporal in
adults, children under the age of 18 years more often expe-
rience bilateral pain.%!

Migraine with aura is characterized by focal neurological
deficits (FND) that precede or may coincide with acute mi-
graine episodes. Occurring in approximately 90% of mi-
graineurs, the visual aura is the most common FND of aura.
Other forms of aura manifest as paresthesia of the body,
typically unilaterally, or of the face or tongue. Rarely, the
aura may present with speech disturbances or aphasic aura.
Importantly, an aura is transient and reversible in nature.
Additionally, migraine with aura can be further classified
as hemiplegic migraine which consists of motor symptoms.
This classification includes familial hemiplegic migraine
types 1 through 3, sporadic hemiplegic migraine, and reti-
nal migraine.#! However, the in-depth discussion of these
subgroups extends beyond the scope of this review.

Migraineurs, with and without aura, often experience
prodromal phase symptoms and or postdromal phase
symptoms. Occurring anywhere from hours to days prior to
headache onset, the median duration of premonitory symp-
toms is 2 hours with a median duration of 6.8 hours.3’
Among the most prevalent prodromal symptoms include
fatigue, mood changes such as depression, gastrointestinal
symptoms, phonophobia, difficulty concentrating, hyper-
or hypo-activity, dietary cravings, yawning, and neck pain
or discomfort.4145 Of note, Giffen et al. found that patient
with poor functioning during the premonitory phase of mi-
graine had a greater ability to predict onset of acute mi-
graine headache episodes.43 Despite occurring at different
phases in relation to the headache associated with mi-
graine, prodromal and postdromal symptoms are often sim-
ilar.

In a large retrospective cohort study, trigger factors and
prodromal symptoms demonstrated sizeable overlap sug-
gesting that many of the common trigger factors for pa-
tients with migraine may, in fact, be due increased at-
tentiveness of the migraineur secondary to prodromal
migraine symptoms rather than independent instigator of
acute migraine episode.#2 In fact, symptomatic changes are
not only seen in the premonitory phase of migraine.

During this premonitory phase, functional neuroimag-
ing changes have been identified involving primarily sub-
cortical structures of the hypothalamus, thalamus, mid-
brain, basal ganglia, and limbic regions.4647 Involvement
of these regions of the brain has been supported by perfu-
sion imaging (i.e., positive emission topography (PET) scan
and perfusion MRI with arterial spin labeling) whereby in-
creased perfusion relates with increased neuronal activity
and perfusion MRI. Using MRI, Manivar et al. demonstrated
increased blood flow to the aforementioned subcortical ar-
eas during the prodromal phase of migraine, suggesting an
increase in neuronal activity during this phase. In conjunc-
tion with prodromal phase symptoms, these imaging find-
ings support the notion of subcortical dysfunction involve-
ment in migraine episode onset rather than cortical

DIAGNOSIS

The diagnosis of migraine is clinical and can be most often
achieved by analysis of a patient’s history and physical ex-
amination.8 Clinical diagnostic criteria for migraine with
and without aura are summarized in Table 2. Testing out-
side of the scope of history and physical such as blood work,
neuroimaging, lumbar puncture, or electroencephalogra-
phy are not typically required for the diagnosis of migraine.
However, these additional diagnostic tests may be required
to distinguish between migraine as a primary headache or
a secondary headache with migraine-like presentation or
when the diagnosis unclear.8

The clinical diagnosis of migraine is important for the
proper management of this disorder. A study by Diamond
et al. showed that of all the participants with migraine,
56.2% had ever had an established medical diagnosis of mi-
graine.4? As seen in a study by Viana et al., the diagnos-
tic delay may lead to prolonged suffering and inadequate
treatment when symptoms are attributed to an incorrect di-
agnosis. Delay in the proper diagnosis of migraine may be
due to either by improper self- or physician diagnosis.>%

PATHOPHYSIOLOGY

The pathophysiology of migraines characterizes the dis-
ability as a neurological disorder. It involves multifactorial
contributions (environmental and genetic) disrupting the
control of sensory inputs in the brain.! Migraine affects
over one billion people a year and is ranked the sixth most
common cause of disability in the world. The outline of
the disorder follows a somewhat predictable pattern: pro-
drome, aura, migraine headache, and postdrome. All of the
phases vary from person and incident. The severity of the
phases can wax and wane and are sometimes not present at
all. Forty to sixty percent of migraine patients experience a
prodromal phase initially. This first phase is characterized
by subtle changes one to two days preceding the headache.
The prodrome has been described in research as the “pre-
headache” and marks the beginning of the migraine
process. This phase can cause a wide range of symptoms
including problems concentrating, irritability, depression,
difficulty speaking and reading, trouble sleeping, yawning,
nausea, fatigue, photosensitivity, phonophobia, food crav-
ings, increased urination, or muscle stiffness. The phase
following the prodrome is called the aura phase. Fewer mi-
graine patients experience an aura phase with the rate be-
ing only about 20%. The 20% of patients that do experience
this phase describe it as being a more distinct warning sign
than the prodrome. Auras can be sensory, motor or ver-
bal disturbances, but are most commonly visual. The aura
can be noticed by migraine patients up to an hour before
the pain begins. The aura can include seeing bright flash-
ing dots, sparkles, or lights; blind spots in vision; numbness
or tingling of skin; speech changes; tinnitus; temporary vi-
sion loss or alterations; and changes in taste and smell.
The following phase is the migraine headache. This phase
is characterized by pain. This pain can vary in both per-
son and incident and can last from hours to days. The lo-
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Table 2. Diagnostic criteria for migraine with and without aura.*1

Migraine with aura
A. Two (2) or more episodes satisfying criteria B and C

B. One (1) or more of the following aura symptoms:
e Visual

e Sensory

e Speechorlanguage

e Motor

e Brainstem

e Retinal

C. Three (3) or more of the following episode characteristics:

e One (1) or more of criteria B aura symptoms that spreads over 5 min-
utes

e Two (2) or more of criteria B aura symptoms occurring in series

e Each criteria B aura symptom lasting five (5) to sixty (60) minutes

e One or more criteria B aura symptom is unilateral

e One or more criteria B aura symptom is positive

e Aurais followed or accompanied by headache within sixty (60) min-
utes

D. Not due to another International Classification of Headache
Disorders (ICHD-3) diagnosis

Migraine without aura
A. Five (5) or more episodes satisfying criteria B-D

B. Untreated or insufficiently treated headache lasting 4 to 72
hours

C. Two (2) or more of the following episode characteristics:
e Unilateral

e Pulsating

e Headache pain of moderate to severe intensity

e Routine physical activities aggravate or cause avoidance

D. One (1) or more symptoms during headache:
o Nausea and/or vomiting

e Photophobia

e Phonophobia

E. Not due to another International Classification of Headache
Disorders (ICHD-3) diagnosis

Adopted from the International Headache Society.

cation of the pain also varies and most commonly radiates
as the headache progresses. Aside from the pain, patients
can also experience symptoms of photophobia, phonopho-
bia, sensitivity to smell, nausea, vomiting, abdominal pain,
loss of appetite, sweating, chills, pallor, fatigue, dizziness,
diplopia, speech changes, diarrhea, scalp tenderness, and
fever. The final phase of the migraine process is the post-
drome. The postdrome can last for up to 2 days following
the headache phase and like the other phases varies from
person to person. The postdrome can have symptoms such
as: inability to concentrate, depressed mood, fatigue, con-
fusion, or euphoria.>!

Migraines are able to penetrate through the afferent
pathways of the trigeminal vasculature.! The afferents
largely consist of thinly myelinated and unmyelinated AS-
and C-fibers synapsing centrally on second-order
trigeminopthalamic relay neurons in the dorsal horn of the
trigeminal nucleus caudalis.>! Trigeminal afferents from
the trigeminal ganglion innervate most cranial tissues and
many areas of the head and face. The innervation from all
three divisions— ophthalmic, maxillary, and mandibular, is
important in the pathophysiology of migraines, however,
the ophthalmic division is considered the most relevant,
as pain is often initially localized to the periorbital region.
These trigeminal afferents express certain biomarkers such
as calcitonin gene-related peptide (CGRP), substance P,
neurokinin A, and pituitary adenylate cyclase-activating
polypeptide that are important to the pain and sensory as-
pect of migraines.>! Studies have indicated that substances
such as CGRP are also elevated extracranially during a mi-
graine headache, especially in classic migraine cases.>2 It
has also been found extracranially in the CSF of chronic

migraine patients, that glutamate and nerve growth factor
(NGF) is increased, and B-endorphin (B-EP) is decreased.>3
The brainstem has been linked to the induction and ter-
mination of migraine headaches. There are significant ac-
tivations in the midbrain, pons, and hypothalamus. Studies
have shown that there is the involvement of the hypothala-
mus in the prodrome and aura phases.>4

As previously mentioned, migraines are shown to be
multifactorial in origin. There has been data shown that
links migraines to certain genetic predispositions. Through
twin studies, it was able to be determined that one of the
biggest links has been to a methylenetetrahydrofolate re-
ductase gene mutation, C677T, which has shown in mi-
graines with auras. Another genetic anomaly is the
CACNAIA gene on chromosome 19p13 in association with
familial hemiplegic migraines.>! The environmental as-
pects of migraines are not supported with as much concrete
data, but the main factor to consider is diet. Several dietary
triggers for migraine have been identified, thus leading to
strategies such as elimination diets to help in migraine pro-
phylaxis. In some circumstances, there seems to be some
benefit from dietary interventions in attempts to manipu-
late the gut-brain axis.>>

TRADITIONAL TREATMENT OPTIONS

Traditional treatment of migraines depends on the severity
and frequency of the migraine headaches. Migraine therapy
is aiming to target the central and peripheral nervous sys-
tem. Treatment is often divided into prophylactic and
abortive therapies based on the frequency and severity of
migraine headaches.
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Acute treatment aims to manage the symptoms of a cur-
rent migraine. The goal of these treatments is to treat the
attacks rapidly so there is no recurrence of headache; the
patient is able to restore function as quickly as possible
and to minimize the use of backup/rescue medications.
Abortive treatments can be migraine-specific or non-spe-
cific. Non-specific abortive treatments include analgesics
such as NSAIDs or acetaminophen +/- caffeine supplemen-
tations. This is often used in patients with infrequent, mild
to moderate migraine headaches. For moderate to severe
migraine patients, abortive therapies include triptans, er-
got alkaloids, and calcitonin gene-related peptide (CGRP)
receptor antagonists along with supplemental caffeine and
antiemetics. Triptans are the first-line treatment for acute
migraines, they act by targeting 5-HT 5 and 5-HT;p, sero-
tonin receptors.3! They are often very effective in many pa-
tients, but they have limitations due to their adverse effects
such as dizziness, dry mouth, sedation, flushing, nausea,
muscle weakness, and numbness in the throat and skin.>®
Ergot alkaloids are particularly helpful in treating throb-
bing headache pain, but side effects include gangrene, vi-
sion problems, and confusion. Because of these side ef-
fects, new medications have become more popular for the
treatment of acute migraines. These novel medications in-
clude CGRP receptor antagonists, CGRP monoclonal anti-
bodies, and titans. CGRP receptors are expressed centrally
and peripherally throughout the nervous system and act
as cerebral vasodilators. Antagonists to these receptors in-
crease inhibitory mechanisms to desensitize neuronal cir-
cuits.>® Ditans are used to target serotonin receptors with-
out vasoconstrictive effects.5” These new medications can
be used in patients with co-morbities of hypertension and
heart disease.

Prophylactic treatments aim to prevent migraines from
beginning at all. These treatments are often given in con-
cordance with abortive therapies and aim to reduce the fre-
quency and severity of headaches, reduce disability, and
improve the quality of life of the patient. Preventative
treatments should be considered if headaches are more fre-
quent than twice weekly. Preventative treatments include
Amitriptyline, Valproic acid, Propranolol/Timolol, and Top-
iramate often in combination with antiemetics. Amitripty-
line is a TCA and is often used in migraine patients that also
experience fragmented sleep. Propranolol and Timolol are
beta-blockers and can also be used in patients with hyper-
tension.>8 These beta-blockers often have to be discontin-
ued because of their side effects of nausea and diarrhea.>?
Topiramate is an anti-convulsant and aids in preventing the
progression from high-frequency episodic migraines into
chronic migraines.

Topiramate is the most controversial because of the ad-
verse effects of bothersome taste perversion, paresthesia,
and fatigue leading to withdrawal.®? Valproic acid is also
an anticonvulsant and has shown great relief of symptoms
in the ED for many patients, side effects included nausea,
vomiting, diarrhea, and teratogenicity.?! All approved
drugs were better than placebo in reducing monthly mi-
graine frequency by more than 50% in individual pa-
tients.>® Antiemetics are used to diminish signals to the

chemoreceptor trigger zone in the brain that is often ac-
tivated during migraine headaches and causes nausea and
vomiting.

INTRODUCTION TO AB TREATMENT FOR
MIGRAINES

Antibiotics are not considered a traditional treatment for
migraine headaches currently. There have been reports
linking migraines secondary to H. pylori infections. Like
migraines, H. pylori infections are believed to cause chronic
inflammation and are associated with vasoconstriction of
vasculature throughout the body. In these specific journals,
it is reported that patients infected with H. pylori commonly
have migraine headaches as a symptom of the infection.
When these patients were treated with the appropriate an-
tibiotics for the H.pylori infection, the infection and sub-
sequent migraine dissipated and eventually resolved. This
journal shows evidence that migraine headaches are multi-
factorial in nature and that bacteria such as H. pylori can be
a cause of this neurological disorder and therefore treated
with antibiotics.62

ZAVEGEPANT

Zavegepant (BHV-3500) is a novel pharmaceutical being
studied for the purpose of treating migraine headaches. It
works through its mechanism as a calcitonin gene-related
peptide (CGRP) receptor antagonist.

Calcitonin gene-related peptide (CGRP) is a 37 amino
acid neuropeptide that has two forms (ot and B). It acts on
receptors that contain a calcitonin receptor-like receptor
(CLR) linked to an activity modifying protein (RAMP).
CGRP is released from sensory nerves and naturally acts
as a strong vasodilator. This neuropeptide is important for
wound healing and cardiovascular physiology due to its va-
sodilatory properties. Because of these properties, CGRP is
involved in pain pathways.%3 In regard to migraines, CGRP
specifically innervates pain-producing meningeal blood
vessels and is released by trigeminal nerve stimulation.®*
CGRP receptors are expressed centrally and peripherally
throughout the nervous system.56 Studies have shown that
this peptide is unable to cross the blood-brain barrier and
therefore acts peripherally on the nervous system.®4 This
characteristic of CGRP indicates to researchers that some
of the pain produced by a migraine headache is peripheral.
Antagonist to these receptors increases inhibitory mecha-
nisms to desensitize neuronal circuits.>® These discoveries
led to the development of a peripherally acting drug that
could modulate CGRP to act abortively and prophylacti-
cally.64

CGRP antagonists have been used in studies with mice
to show pain relief during migraine induced headaches.
The trial began with dural application of capsaicin along
with a mixture of inflammatory mediators (IScap). This ap-
plication simulated the induction of a migraine headache
episode. This application caused pain to the mice that was
seen through intermittent head directed wiping and
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scratching as well as the phosphorylation of c-Jun N-ter-
minal kinase in trigeminal ganglion neurons. Dural appli-
cation of CGRP(8-37), the calcitonin gene-related peptide
(CGRP) receptor antagonist, was applied and proved to
block the inflammatory mediators (IScap). This animal trial
discovered that, “the release of endogenous CGRP in the
dura is necessary for IScap-induced nociception” and corre-
lated the behavior in mice to be related to headaches in hu-
mans.%> This is one of the multiple studies that have linked
CGRP and migraines.

Due to the mechanisms mentioned, CGRP antagonists
have begun to be used in therapy for migraine headaches.®3
Compared with traditional treatment for acute migraines,
CGRP antagonists have shown in trials to have better out-
comes with pain. Multiple studies have shown that com-
pared to the placebo, there has been significant improve-
ment in patients being pain free within 2 hours of the initial
attack. These same patients have remained free of pain for
24 hours following the attack. It has also been shown to
eliminate the symptoms of photophobia, phonophobia, and
nausea at 2 hours following CGRP antagonism dosage com-
pared with the placebo. However, CGRP antagonists were
shown to be no more superior than serotonin agonists.66
Using serum markers such as CGRP is helpful in discovering
new pathways to diagnosing and treating migraines. There
are other markers that change during migraine headaches
and are being used to describe and diagnose types of mi-
graine, tension-type headache, cluster headache, trigem-
inal neuralgia, and medication-overuse headache. These
tests are helping us uncover some of the mysteries of the
pathways of headaches.t7

As previously stated, Zavegepant is a calcitonin gene-
related peptide (CGRP) receptor, antagonist. It is admin-
istered through various routes depending on the need of
the patient; these routes include nasal (rapid onset of ac-
tion), subcutaneous, inhalation, or oral. It is a third-gen-
eration drug that is small in size and highly soluble. It is
the first CGRP receptor antagonist that can be administered
intranasally. There have been no systemic toxicity or car-
diovascular implications in preclinical testing. According
to Biohaven (the pharmaceutical producer of Zavegepant),
“it’s achieved targeted therapeutic exposures with signifi-
cantly earlier time to maximal concentration (T,,,) than
those observed with other small molecule CGRP receptor
antagonists. The efficacy and safety of Zavegepant for the
acute treatment of migraine, as compared to placebo, was
demonstrated in a Phase 2/3 dose-ranging trial with a total
of over 1000 patients who received Zavegepant. Zavegepant
10 and 20 mg was statistically superior to placebo on the
co-primary endpoints of pain freedom and freedom from
the MBS at two hours post-dose”.6® This drug was FDA ap-
proved in February 2020 for the acute treatment of mi-
graine in adult patients and is the only drug that offers an
intranasal route of administration. It was recently found as
successful at the end of Phase 2 and is now advancing to
Phase 3 trials. Studies have shown that Zavegepant was sta-
tistically better than the placebo at terminating migraine
pain within two hours of an attack. It also relieved the
symptoms of nausea, photophobia, and phonophobia.®8

Aside from it being the only drug used intranasally, it also
has an improved oral bioavailability. It achieves this im-
proved oral bioavailability through its mechanism of de-
creasing the number of rotatable bonds via a series of
azepinones. Through this research, compound 21 was dis-
covered which according to studies, “maintain high affinity
binding and in vivo efficacy in ... facial blood flow assay,
while greatly improving oral bioavailability”.6?

Another form of CGRP therapy is also being studied cur-
rently. Monoclonal antibodies (mAbs) targeting the calci-
tonin-gene-related peptide (CGRP) pathway have also be-
gun to be developed for episodic and chronic migraine
prevention. These therapy work either through binding the
CGRP ligand (eptinezumab, fremanezumab, galcanezumab)
or the CGRP receptor (erenumab).”’? This is used subcuta-
neously to neutralize circulating CGRP or block CGRP re-
ceptors. This type of patient-based medicine could be the
way of migraine treatment in the future as they are not cur-
rently approved for clinical use. These may be given addi-
tional therapeutic options for migraine patients in the in
time to come.%*

Aside from the work with acute migraine headaches, the
FDA recently approved Biohaven to initiate a Phase 2 study
of Zavegepant for the treatment of COVID-19 infection-as-
sociated pulmonary complications. According to Biohaven
pharmaceuticals, “the Phase 2 study, will assess the poten-
tial benefits of CGRP receptor-blockade in mitigating an ex-
cessive immune response which in some cases can be fatal
in COVID-19”.68

CGRP AS A TARGET: MECHANISM OF ACTION

Calcitonin gene-related peptide (CGRP) as previously
stated is a 37 amino acid neuropeptide that has two forms,
a, and B.93 The alpha form predominates in the trigeminal
ganglion. It contains both a N-terminal disulfide bond and
an amidated C-terminus, both moieties are necessary for
receptor-substrate interaction. The CGRP receptor is a G
protein-coupled receptor. The receptor has three parts: cal-
citonin-like receptor, receptor activity modifying protein 1,
and receptor component protein.”! The calcitonin-like re-
ceptor is a seven-transmembrane receptor that is linked to
an activity modifying protein (RAMP).53 The receptor ac-
tivity modifying protein 1 is essential for coupling the cal-
citonin-like receptor with CGRP and for transporting the
calcitonin-like receptor to the plasma membrane. The re-
ceptor component protein is responsible for the interaction
between the receptor and the G protein. Once the G protein
is activated, it is able to start the secondary messenger sys-
tem cascade. It works through activating adenylate cyclase
causing a cAMP dependent signaling pathway. When cAMP
is activated, gene expression is enabled. CGRP is expressed
within the trigeminal ganglia and alters the plasma mem-
brane receptor and ion channel activity.”! The trigeminal
ganglia are central to headache pathophysiology. Initially
it was thought that migraines were strictly due to vasocon-
striction, which was the reason for therapy such as trip-
tans and ergotamines. Through extensive research, there is
now evidence to support that claim that migraines are vas-
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cular, but also have a component within the core circuits
of the brain. The most prominent parts of the brain in mi-
graine pathophysiology are the trigeminal ganglia, trigemi-
nal nucleus, medulla, pons, periaqueductal gray matter, hy-
pothalamus, and thalamus. A disturbance to any of these
circuits can result in modulation to sensory activity and
therefore cause a migraine headache.l9 CGRP that is re-
leased from trigeminal ganglia forms C-fibers and CGRP
receptors form A-fibers. CGRP is released into cranial ve-
nous flow during headaches. This has been proven because
CGRP given intravenously can cause migraine symptoms.’2
CGRP is released from sensory nerves and naturally acts as
a strong vasodilator.3 In regard to migraines, CGRP specif-
ically innervates pain-producing meningeal blood vessels
and is released by trigeminal nerve stimulation.®4 CGRP re-
ceptors are expressed centrally and peripherally through-
out the nervous system.>® CGRP levels have been shown to
be increased during migraine attacks extracranially, specif-
ically in the jugular venous blood. These levels often re-
main elevated through the postdrome period in episodic
and chronic migraine patients.”! In regards to how to target
treatment for migraine headaches, therapy now aims at
neutralizing CGRP. CGRP antagonists, “... site of action in
migraine prevention is most likely peripheral due to large
molecule size, which prevents the penetration through the
blood-brain barrier and thereby shows that peripheral com-
ponents play a pivotal role in the pathophysiology of a CNS
disease”.”3

Due to these characteristics, CGRP antagonists and
CGRP monoclonal antibodies have begun to be used in the
treatment of acute migraines in adults. Through different
trials and comparative measures, CGRP antagonists were
shown to be more effective compared to placebos for re-
ducing pain in acute migraines. They were, however, not
more efficient than first line treatment, triptans. CGRP an-
tagonists should be considered in cases when patients have
failed first line treatments or when the patients have co-
morbities that include cardiovascular disease.”# CGRP an-
tagonists have improved solubility, oxidative stability, and
toxicological profile compared with other migraine thera-
pies. Recent discovery of products such as Zavegepant have
opened the door for different routes of administration such
as intranasally, which allows for a more rapid onset of ac-
tion.”>

The first FDA approved calcitonin gene-related peptide
antagonist monoclonal antibody, used in the treatment of
acute migraine headaches in adults is erenumab. Erenumab
is a human monoclonal antibody that selectively binds to
the CGRP receptor. It’s mechanism of action is through
competitive, reversible inhibition of the receptor. It targets
the receptor at high affinities, not the ligand. It has shown
complete inhibition of cCAMP and therefore, halts gene ex-
pression at the level of the trigeminal ganglia. Continued
studies have also looked at monoclonal antibodies
eptinezumab, galcanezumab, and frestanezumab. These
antibodies have proven to neutralize and essentially deac-
tivate both a-CGRP and B-CGRP and the mAb anti-CGRP
receptor (erenumab). Since the discovery and success of
this mAb, three other monoclonal antibodies have recently

undergone clinical trials for the treatment of acute mi-
graine headaches in adults. Eptinezumab is a fully human-
ized IgG antibody that is used as prophylactic therapy in
episodic migraines patients. It uses yeast (Pichia pastoris)
and therefore has side effects that can include upper respi-
ratory infections, urinary tract infections, fatigue and back
pain. Galcanezumab is a fully humanized monoclonal anti-
body against CGRP also used in treatment for episodic mi-
graine headaches. Galcanezumab has the added advantage
of having less frequent adverse side effects. Frestanezumab
is a genetically engineered humanized monoclonal anti-
body used in high frequency, episodic migraine headache
treatment. Most of its adverse side effects include upper
respiratory infections and bronchitis.”® Monoclonal anti-
bodies have the increased risk of hepatotoxicity and drug-
drug interactions due to their elimination via proteolytic
degradation, not hepatic, biliary or through renal mecha-
nisms.”! Another downfall of these therapies are their high
cost because of the high cost of biologics.”” According to
research, these four types of monoclonal antibodies, “the
mean decrease in migraine days per month was between
3.4 and 6.3 days/month after 8 to 12 weeks of treatment,
and the placebo subtracted benefit ranged from 1 to 2.18
days. Notably, up to 32% of subjects experienced total mi-
graine freedom after drug administration”.”3 A 2019 study
also showed that none of these antibodies had adverse im-
pacts cardiovascularly or immunologically. Currently, mi-
graine therapy indicates the use of monoclonal antibodies
after the failure of two standard oral treatments, but the
data emerging from these studies indicates the effective-
ness of these treatments and believes they should be con-
sidered for first-line therapies in the future. They have not
shown improved efficacy in comparison to traditional treat-
ments, but they have shown increased safety and tolerabil-
ity.”® These medications have also been approved to be ef-
fective in patients with comorbid anxiety and depression.”’

PHARMACOKINETICS & PHARMACODYNAMICS

Pharmacokinetic and pharmacodynamic data for intranasal
Zavegepant is limited at this time. The compound is a full
competitive antagonist of the CGRP receptor, and binded
to the human CGRP receptor endogenously expressed in
SK-N-MC cell membranes with a mean Ki of 23+/- 2pM
and displayed over 10,000 fold selectivity for CGRP com-
pared to adrenomedullin receptors 1 and 2, calcitonin, and
amylin receptors 1 and 3. It demonstrated potent, full re-
versal of CGRP-induced dilation of ex vivo human intracra-
nial arteries (EC50 = 880 +/- 50 pM). It didn’t show con-
striction of ex vivo human coronary artery up to 10uM,
compared to sumatriptan which does show concentration
dependent constriction. In marmoset facial blood flow test-
ing, 0.03mg/kg SC produced strong inhibition of CGRP-in-
duced increases in facial blood flow at 15 (48%), 60 (80%),
and 105 (75%) minutes. In vitro rat models were well tol-
erated and showed low potential for hepatic, cardiovascu-
lar, or genotoxic adverse effect. Zavegepant showed low
oral bioavailability in monkey (F=0.3%), mouse (F=1.4%),
and rat (F=1.7%) models, but showed rapid intranasal ab-
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sorption in a rabbit model with Tmax 15-20 minutes at all
doses. It also had a low probability of CYP-related drug in-
teractions based on IC50 compared to several CYPs.6975,79

The preliminary pharmacokinetic profile from the Za-
vegepant Phase 1 clinical trial indicated that Zavegepant
achieved targeted therapeutic exposures with significantly
earlier Tmax than observed with other small molecule
CGRP receptor antagonists.68

SAFETY & EFFICACY

In the randomized, dose ranging, placebo-controlled Phase
2/3 clinical trial, the efficacy and tolerability of intranasal
Zavegepant in 5, 10, and 20 mg doses compared to placebo
was evaluated in 1,673 patients. The coprimary endpoints
were 2-hour freedom from pain and freedom from the most
bothersome symptom (MBS) of the migraine, which were
either nausea, photophobia, or phonophobia, using a single
dose. The 5mg dose was not statistically significant [n =
387, pain freedom 19.6%, p: 0.1214; freedom from MBS
39%, p: 0.1162]. The 10mg dose [n = 391, pain freedom
22.5%, p: 0.0113; freedom from MBS 41.9%, p: 0.0155] and
the 20mg dose [n = 402, pain freedom 23.1%, p: 0.0055;
freedom from MBS 42.5%, p: 0.0094] were both statistically
superior compared to placebo [n =401, pain freedom 15.5%;
freedom from MBS 33.7%]. These benefits were sustained
without the rescue medication requirement for 48 hours
(nominal p>0.05). This included sustained pain freedom 2
to 24 hours (5, 10, 20mg doses), sustained pain relief 2 to
48 hours (5, 10, and 20mg doses), and sustained pain relief
2 to 24 hours (5, 10, 20mg), and sustained pain relief 2 to
48 hours (5, 10mg). There was evidence of the rapid onset
of pain relief as early as 15 minutes and return to normal
function at 30 minutes. Adverse events included dysgeusia
(13.5 to 16.1% in treatment arms and 3.5% in placebo), and
nasal discomfort (1.3 to 5.2% in treatment arms and 0.2%
in placebo arm). Over 80% of adverse events were mild in
intensity. No study participants had hepatotoxicity, defined
as aspartate aminotransferase or alanine aminotransferase
greater than three times the upper limit of normal or to-
tal bilirubin greater than two times the upper limit of nor-
mal.80,81

A long-term Phase 2/3 safety study of Zavegepant for the
acute treatment of migraine using 10mg intranasal up to 8
times per month, for up to 1 year is currently in progress
with an actual enrollment of 608 participants and an es-
timated study completion date in January 2022. Inclusion
criteria include adults with 2-8 moderate to severe mi-
graines per month within the last three months lasting on
average 4-72 hours if untreated, migraine attacks present
for more than 1 year with the age of onset prior to 50
years of age, less than 15 days with headaches per month
in each of the three months prior to the screening visit,
and ability to distinguish migraine attacks from tension/
cluster headaches. Exclusion criteria include history of HIV
disease, basilar or hemiplegic migraine, nasal surgery in 6
months preceding the screening visit, gallstones of chole-
cystectomy, gastric or small intestinal surgery, BMI >33,

HgAlc 26.5%, and current diagnosis of certain psychiatric
conditions.82

CONCLUSION

Migraine headaches are a complex neurobiological disorder
causing significant detriment to quality of life to approx-
imately 15% of adults each year. Many migraine sufferers
have decreased functionality during episodes, missing work
and school, and ultimately leading to greater financial bur-
den to the patient and the healthcare system.83 Traditional
treatment options for migraines include non-specific anal-
gesics such as NSAIDs or acetaminophen +/- caffeine sup-
plementation for mild to moderate migraines. For moderate
to severe migraines, traditional herapies include triptans
and ergot alkaloids, as well as ditans as a newer drug class.
Prophylactic medications include amitriptyline, valproate,
topiramate, and propranolol.84

A new class of medications for the treatment of mi-
graines acts on the CGRP receptor. CGRP is released from
sensory nerves and is a potent vasodilator, giving it a key
role in wound healing and cardiovascular physiology. CGRP
cannot cross the blood-brain barrier, and when its release
is induced by trigeminal nerve stimulation, it causes
meningeal blood vessels vasodilation, which can lead to
pain. CGRP receptor antagonists inhibit this peripherally
acting pathway and cause neuronal circuit desensitization,
improving symptoms of migraine headaches.485 Mono-
clonal antibodies targeting the CGRP receptor, including
erenumab, fremanezumab, and galcanezumab, have al-
ready received FDA approval for the prevention of episodic
migraines.8¢

Zavegepant is a novel third-generation, high affinity, se-
lective small molecule CGRP receptor antagonist that
makes it potentially a candidate for nasal, subcutaneous,
inhalational, or oral routes of delivery.®® Recently released
Phase 2/3 clinical trial data on the safety and efficacy of
one time intranasal 5mg, 10mg, and 20mg Zavegapant dos-
ing indicate that the 10mg and 20mg doses are significantly
more efficacious than placebo in the coprimary endpoints
of 2-hour freedom from pain and freedom from most both-
ersome symptom. The time of onset was as early as 15 min-
utes. The safety profile included no hepatotoxicity and rel-
atively mild adverse events including dysgeusia and nasal
discomfort. A Phase 2/3 trial studying the long-term safety
of 10mg intranasal doses of Zavegepant up to 8 times per
month, up to 1 year, is currently in progress.80,82

CGRP-receptor antagonists are a new and promising
drug class that has shown efficacy in treating migraine pain
and has great potential to improve the quality of life for
patients. Trials are still pending to analyze the safety and
efficacy of Zavegepant, a novel intranasal third-generation
CGRP receptor antagonist. Afterward, further studies
should be conducted to establish the efficacy and adverse
effects of Zavegepant’s intranasal application in compari-
son to the oral route of delivery of earlier generation direct
CGRP receptor antagonists, to the anti-CGRP monoclonal
antibody drug class, and to traditional treatment options
for migraine headaches.
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