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Abstract Migraine is a highly prevalent headache disease

that typically affects patients during their most productive

years. Despite significant progress in understanding the

underlying pathophysiology of this disorder, its treatment

so far continues to depend on drugs that, in their majority,

were not specifically designed for this purpose. The neu-

ropeptide calcitonin gene-related peptide (CGRP) has been

indicated as playing a critical role in the central and

peripheral pathways leading to a migraine attack. It is not

surprising that drugs designed to specifically block its

action are gaining remarkable attention from researchers in

the field with, at least so far, a safe risk profile. In this

article, we highlight the evolution from older traditional

treatments to the innovative CGRP target drugs that are

revolutionizing the way to approach this debilitating neu-

rological disease. We provide a brief introduction on

pathophysiology of migraine and details on the character-

istic, function, and localization of CGRP to then focus on

CGRP receptor antagonists (CGRP-RAs) and CGRP

monoclonal antibodies (CGRP mAbs).

Key Points

The neuropeptide calcitonin gene-related peptide

(CGRP) has been indicated as playing a critical role

in the central and peripheral pathways leading to a

migraine attack.

Targeting CGRP as a specific therapeutic tool for

migraine may offer similar or even better efficacy

than currently available treatments without the

vasoconstrictive risk factors.

Further studies are necessary to determine the exact

role of CGRP receptor antagonists and CGRP

monoclonal antibodies in migraine with aura,

allodynia, and photophobia.

1 Introduction

In the Global Burden of Disease Survey 2010, migraine

was ranked as the third most prevalent disorder and

seventh-highest specific cause of disability worldwide [1].

In the US population, approximately 8.7 million females

and 2.6 million males experience migraine headache with

moderate to severe disability [2]. Attacks are described as

moderate to severe, usually with unilateral pulsatile pain,

lasting 4–72 h and accompanied by nausea and/or vom-

iting, photophobia, and phonophobia [3]. The ergots,

consisting of ergotamine and dihydroergotamine, are the

oldest specific abortive anti-migraine drugs available, with

ergotamine used less extensively because of its adverse

effects [4].
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The treatment of this neurological condition had a major

turning point in the early 1990s with the advance of sero-

tonin 5-HT1B/1D receptor agonists, referred to as ‘trip-

tans’, a class of medication to abort pain and many of the

associated migraine symptoms [5]. Despite the significant

contribution in the past quarter of a century, the overall

associated cardiovascular risks continue to limit their use,

and a significant amount of patients still may not respond to

this approach [6]. Most especially, only about a third of

patients treated with oral triptans will obtain sustained pain

freedom (freedom from pain at 2 h with no rescue medi-

cation and with no recurrence of headache within 24 h),

which supports the urgent need for novel therapy options

[7].

When the frequency of attacks per month is significant,

a variable range of drugs, such as beta-blockers, anticon-

vulsants, tricyclic antidepressants, and calcium channel

blockers, have been studied for the purpose of prevention

[8, 9]. The majority of preventive medications currently

available was not designed for the treatment of migraine,

and their use is often limited by an arsenal of side effects or

inadequate relief [10–12]. In a study of 370 patients

attending a headache clinic in a tertiary center, 5.1 % were

found to have refractory migraine defined by failure of at

least two of the four drug classes previously mentioned

[13]. Although it is difficult to determine the exact number

of patients who are refractory to conventional treatment,

such patients are not rare and represent a wake-up call for

the development of new compounds in migraine therapy

[14].

Targeting of calcitonin-gene-related peptide (CGRP) as

a specific therapeutic tool has emerged due to the urgent

need to provide pain relief and to assimilate migraine

sufferers back into society.

This review aims to familiarize the reader with current

literature regarding CGRP and how it has been targeted to

improve the treatment of migraine headaches. We hope to

point out the advantages of this approach, address unan-

swered questions about this subject, and highlight future

directions.

2 Pathophysiology

Migraine is not a primary vascular but rather a neurovas-

cular disorder in which neural events lead to pain and

further nerve activation [7]. The trigeminal nerve, mostly

its first division (ophthalmic nerve V1), is responsible for

the majority of afferent pain information from structures

above the tentorium cerebelli. Unmyelinated C fibers that

innervate those pain-sensitive structures store several

neuropeptides, including substance P, CGRP, and neu-

rokinin A, passing through the trigeminal ganglion to enter

the pons and reach the trigeminal nucleus caudalis (TNC)

[15]. The TNC extends caudally to connect with the first

three cervical segments of the spinal cord and rostrally

sends fibers to the thalamus, autonomic nucleus in the pons

(superior salivatory nucleus [SSN]), and hypothalamus.

The SSN, in turn, activates postganglionic parasympathetic

neurons in the sphenopalatine ganglion, resulting in

vasodilation and local release of inflammatory molecules

that activate meningeal nociceptors [16]. This pathway,

often referred to as trigeminocervical complex, has been

studied extensively in animal models by Goadsby and

colleagues [17–19].

The exact mechanism by which a migraine attack is

initiated is still poorly understood, but it is now well

accepted that brain dysfunction involving peripheral and

central components of the trigeminovascular system leads

to the release of inflammatory mediators that ultimately

result in propagation and perpetuation of pain [20].

Attention to the peripheral component is important to

understand that an anti-migraine drug may not need to

penetrate the blood–brain barrier (BBB) or reach the cen-

tral nervous system (CNS) to be effective [21]. Elevated

levels of CGRP, but not of other neuropeptides, were found

in the external jugular vein during the headache phase of

migraine and normalized in parallel with headache

improvement [22, 23]. Furthermore, infusion of human

CGRP was found to trigger a migraine attack in susceptible

individuals, while normalization of CGRP levels were

obtained after migraine treatment with triptans [24–26].

These findings provided new insight into a putative role of

CGRP in the pathophysiology of migraine, opening new

pathways for therapeutic intervention.

2.1 The Molecule

CGRP, a potent vasodilator, is a 37-amino acid neu-

ropeptide member of the calcitonin family of peptides first

identified in 1983 [27]. The calcitonin family of peptides

comprises calcitonin, amylin, two CGRPs, and adrenome-

dullin [28]. The original function of CGRP was thought to

be the maintenance of vascular homeostasis, although it has

been speculated that throughout evolution it acquired a new

and more important role of nociceptive transmission [29].

CGRP exists in two forms, a-CGRP and b-CGRP. a-
CGRP is the main form expressed in trigeminal ganglia

neurons resulting from the alternative splicing of the cal-

citonin/CGRP gene located on chromosome 11 [30]. It

contains an N-terminal disulfide bridge, an a-helix, either a
b or a c-turn and a phenylalanyl amide C-terminus [31].

The less-studied and understood b-CGRP differs in three

amino acids in humans; is encoded in a separate gene; and

is primarily found in intrinsic enteric neurons and the

pituitary gland [20, 32, 33]. It is possibly involved in
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gastroparesis and other gastrointestinal problems often

associated with migraine [34]. The focus of this paper will

be on a-CGRP, here referred to simply as CGRP.

2.2 Localization

Predominately expressed in C and A delta nociceptive

nerve fibers, CGRP is widely distributed in the central

and peripheral nervous system as described by van Ros-

sum et al. [33] and it does not readily cross the BBB [35].

CGRP may work at the intersection between the periph-

eral and central components of migraine [36]. In the

periphery, CGRP is abundantly present in dorsal horn

cells co-stored with substance P in primary sensory gan-

glia, and with acetylcholine in motor neurons [37, 38]. In

the CNS, CGRP is involved in modulating pain trans-

mission [39]. Kawai et al. [40] and Skofitsch and

Jacobowitz [41] demonstrated the presence of CGRP-

positive cell bodies in the preoptic area and hypothala-

mus, ventromedial thalamus, medial amygdala, hip-

pocampus, superior colliculus, lateral lemniscus, and

dentate gyrus and in Purkinje cells of the cerebellum [42].

The highest densities of neurons expressing the CGRP

messenger RNA (mRNA) have been observed in all cra-

nial nuclei with the exception of the dorsal motor nucleus

of the vagus nerve (X) [33].

The localization of CGRP and its receptor, particularly

related to migraine pathophysiology, has been substan-

tially investigated by Eftekhari et al. [43]. CGRP and

CGRP receptor components showed immunoreactivity in

different neurons and separate fibers in rhesus monkey

trigeminal ganglion [43] and in dura mater of rats [44].

CGRP was expressed in thin, unmyelinated branched

nerve fibers while receptor components were found in

thicker myelinated fibers and vessel walls. CGRP and its

receptor components were also found in different loca-

tions, respectively, within the TNC and C1-level of the

spinal cord of man and rat [45]. This suggests that the

CGRP production site is different than where the peptide

normally acts. Furthermore, once released from C- and

A-delta fibers, CGRP most likely acts post-junctionally to

modulate activity in separate fibers where the receptors

are located.

CGRP seems to be the most prominent peptide in animal

dura mater and trigeminal ganglia when compared with

other nerve markers such as substance P, vasoactive

intestinal peptide (VIP), neuronal nitric oxide synthase

(nNOS), and pituitary adenylate cyclase-activating

polypeptide (PACAP). Receptor components have also

been found in the dural mast cells of rats, suggesting a

putative role in mast cell degranulation and inflammation,

although these findings have not yet been reproduced in

humans [44, 45].

2.3 Function

The exact functional role of CGRP in various systems in

the body is still under investigation. It is known that this

peptide exerts a wide variety of biological effects on var-

ious tissues, including the cardiovascular, smooth, and

skeletal muscles, and endocrine and gastrointestinal sys-

tems through activation of specific plasma membrane

receptor sites [38, 46, 47]. It is extremely important to be

aware of these systemic contributions, since the adminis-

tration of antagonists can affect CGRP function outside the

nervous system.

In the CNS, CGRP is involved in pain modulation,

perception, and central sensitization [48]. It potentiates the

release of substance P from primary afferent terminals and

promotes nociceptive information transmission induced by

noxious stimuli [49]. CGRP is also implicated in modu-

lating synaptic transmission of glutamate and acetylcholine

[50–52]. In the periphery, release of CGRP from trigeminal

fibers is believed to cause vasodilation and mast cell

degranulation, ultimately resulting in a persistent pro-in-

flammatory sensitization of trigeminal nociceptors [53–55].

Studies have suggested that CGRP release works in a

paracrine manner, causing excitation of nearby neuronal

and satellite glial cells and stimulating its own synthesis

[56]. This cascade of events supports the role of CGRP in

the development and maintenance of peripheral and central

sensitization in migraine pathogenesis [20]. Furthermore,

animal studies demonstrated that CGRP plays a key role in

light-aversive behavior, a common and often debilitating

feature of migraine. Transgenic mice overexpressing

CGRP receptors spent significantly less time in the light

than did controls [57].

2.4 The Receptor

CGRP receptors belong to the G protein-coupled receptor

superfamily and were initially classified into two major

subtypes, namely the CGRP1 and the CGRP2. A third

subtype with different pharmacological properties has also

been proposed [33]. Recent data suggest that CGRP2

functions as amylin and adrenomedullin receptors and for

this purpose should not be referred to as a ‘CGRP’ receptor

[58].

First cloned in 1991, the CGRP receptor is composed of

a G protein-coupled receptor known as the calcitonin-like

receptor (CLR), a receptor component protein (RCP) that

defines the G protein to which the receptor couples, and a

single transmembrane domain protein called receptor

activity-modifying protein 1 type (RAMP1) [28, 59].

CGRP receptor stimulation results in activation of the

cyclic adenosine monophosphate (cAMP)-signaling path-

way [60]. The neuropeptide C-terminal residues bind to a
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cleft at the interface of CLR and RAMP1, followed by the

binding of N-terminal CGRP residues to the juxtamem-

brane domain, leading to receptor activation [28]. Small-

molecule antagonists discussed below act by blocking the

binding to the peptide-binding cleft [61]. RAMP1 is

involved in processing and presenting the CGRP receptor

to the cell surface and helps determine the relative affinity

and sensitivity of the receptor [62, 63]. Zhang et al. [64]

showed that RAMP1 is functionally rate limiting for CGRP

receptor activity in the trigeminal ganglion, suggesting that

elevated RAMP1 could sensitize migraine sufferers to

CGRP actions [64]. RAMP2 and -3 enable adrenomedullin

receptor function, while the amylin receptor is formed by

the calcitonin receptor (CTR) and RAMP1 [28]. Despite

the distribution of adrenomedullin and amylin receptors

within the trigeminovascular system, they are not thought

to play a major role in the pathophysiology of migraine.

Injection of adrenomedullin, unlike CGRP, failed to induce

a migraine attack [65, 66].

Using immunostaining technique, Walker et al. [67]

were able to isolate different receptor components from rat

TG neurons and consequently differentiate the CGRP

receptor, formed by a CLR/RAMP1 combination, from an

amylin receptor (AMY1), formed by CTR/RAMP1 [67].

The complex CTR/RAMP1 is classified as an amylin

receptor, which explains the name AMY1, but has also a

high affinity for CGRP and consequently is considered a

dual CGRP/amylin receptor [68, 69]. Both receptors,

CGRP and AMY1, are strongly and equally represented in

rat TG neurons since equipotent results are found when

antagonizing each of them separately. Data also suggest the

presence of AMY1 receptors in human TG and brainstem,

more specifically in the TNC. The exact role of AMY1 in

migraine has yet to be defined, but the distribution of this

newly identified receptor within areas of the brain linked to

migraine pathophysiology may offer a viable target for the

treatment of this disorder. More importantly, dual CGRP/

AMY1 antagonists may have greater efficacy than isolated

CGRP and AMY1 antagonists [70].

2.4.1 CGRP Receptor Antagonists

Doods et al. [71] described the first potent and selective

non-peptide human CGRP-receptor antagonist (RA):

BIBN4096BS, later renamed olcegepant. Prior to that,

N-terminal-truncated CGRP fragments have been descri-

bed as antagonists, but with limited use in vivo because of

their short half-life, lower affinity, and non-selectiveness

[20, 72]. Intravenous doses of olcegepant of between 1 and

30 lg/kg inhibited increase in facial skin blood flow

induced by CGRP in marmoset monkeys. According to the

authors, no intrinsic cardiovascular effects were reported.

The affinity of olcegepant for the CGRP receptor was

RAMP1 related, directly competing with CGRP for its

binding site [73]. In 2004, Olesen et al. [74] reported the

positive outcomes of CGRP-RA as a migraine-abortive

therapy with similar effectiveness to that of oral suma-

triptan. A dose of 2.5 mg was considered to be ideal, with a

response rate of 66 % as compared with 27 % for placebo

(p = 0.001). The lack of cardiovascular side effects, such

as changes in basal blood pressure or heart rate, was

thought to be promising, but its intravenous administration

and difficulties with developing an oral formulation limited

routine use [74, 75].

In 2006, Merck Research Laboratories formulated MK-

0974, a highly selective oral antagonist of the human

CGRP receptor, later renamed telcagepant [76, 77]. In a

randomized, double-blind clinical trial, doses of telcage-

pant ranging from 300 to 600 mg were found to be as

effective as oral rizatriptan 10 mg and superior to placebo

in the treatment of a moderate or severe migraine attack.

Based on both the primary endpoint of pain relief at 2 h

and secondary endpoints of pain freedom at 2 h and sus-

tained pain relief at 24 h, the oral CGRP antagonist was

more efficacious than placebo. The study was also helpful

to guide dose selection for future clinical trials, since lower

doses of telcagepant at 25, 50, 100, and 200 mg were found

to have insufficient efficacy. Further studies indicated that

triptan non-responders would still benefit from the CGRP-

RA [78]. Telcagepant was well tolerated, with the most

common adverse effects being nausea, dizziness, and

somnolence, similar among treatment groups and placebo

[79]. In a randomized controlled trial, therapeutic effects of

telcagepant 300 mg were identical to those of zolmitriptan

5 mg in the acute treatment of migraine, with fewer asso-

ciated adverse effects. Treatment of photophobia, phono-

phobia, and nausea was also found to be superior to

placebo [80]. Cardiovascular safety has also been demon-

strated with adequate tolerability in patients with comorbid

stable coronary artery disease [81]. The blocking of CGRP

effects is believed to restore vascular tone rather than

causing vasoconstriction [82].

Ho et al. [83] investigated the role of telcagepant in

migraine prevention. Patients experiencing fewer than 15

migraine days per month were randomized to receive tel-

cagepant 140 mg, telcagepant 280 mg, or placebo twice

daily for 12 weeks. Authors found that daily doses of tel-

cagepant reduced headache days by 1.4 days per month

compared with placebo. Unfortunately, the study was ter-

minated after findings of liver toxicity among the treated

group, with 2 % of patients showing elevated alanine

aminotransferase (ALT) and 1 % showing abnormal levels

of both ALT and aspartate aminotransferase (AST) [83].

At least eight distinct CGRP-RAs have been identified,

six of them being clinically tested: olcegepant

(BIBN4096BS), telcagepant (MK-0974), MK-3207, BI
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44370 TA, BMS-927711, MK-1602 [34]. Despite evidence

of therapeutic effects and tolerability of these small

molecules in phase I, II, and—for telcagepant—phase III

clinical trials, findings of elevated transaminases in a small

number of patients taking daily telcagepant precluded its

use [84, 85]. At this point, only one CGRP-RA, BI 44370

TA, is under investigation. Results from the phase II trial

showed that BI 44370 TA 400 mg was similar to eletriptan

40 mg and superior to placebo in the acute treatment of

migraine. Studied patients included those who experienced

episodic migraine with and without aura and excluded

those overusing other abortive medications [86].

CGRP-RAs were initially formulated for the acute man-

agement of a migraine attack. Although signs of liver toxi-

city were only observed with chronic continuous

administration, it could not be disregarded, especially since

migraine patients often overuse abortive treatments, taking

them daily instead of sporadically. These findings generated

interest in compounds that would bypass the liver metabo-

lism. Monoclonal antibodies (mAbs) against the CGRP

ligand and CGRP receptor became an alternative approach,

avoiding many of the issues seen with CGRP-RAs [75].

2.4.2 CGRP Monoclonal Antibodies (mAbs)

mAbs are macromolecules made of proteins that are inca-

pable of crossing the BBB unless engineered to do so [87].

Preferably, they are delivered through intravenous, subcu-

taneous, or intramuscular routes since their large size and

hydrophilicity make oral absorption difficult [88].

Antibody therapy dates back to the nineteenth century,

when immunized animal sera were used to treat diseases

such as diphtheria and tetanus [89]. The first mAb, mur-

omonab-CD3, was approved in 1986 and since then our

knowledge of immunogenicity has significantly expanded

with a broad range of clinical applicability [90]. Four fully

humanized mAbs are in different stages of phase I and II

clinical trial investigation for the treatment of migraine.

Three are targeting the CGRP ligand: LY2951742 (devel-

oped by Eli Lilly and Co.); ALD-403 (developed by Alder

Biopharmaceuticals); and TEV-48125 (LBR-101) (devel-

oped by Teva Pharmaceuticals); and one against its

receptor, AMG 334 (in development by Amgen). The two

main administration routes are intravenous or subcuta-

neous. Both episodic and chronic migraine patients are

being targeted in all four studies. The mAbs against the

ligand are thought to remove excessive CGRP that is

released at perivascular trigeminal sensory nerve fibers,

while the receptor mAbs block CGRP signaling [10].

Preliminary data showed positive results for all four

mAbs. Subcutaneous LY2951742 150 mg for patients with

episodic migraine was superior to placebo and generally

well tolerated for migraine prevention [91]. Intravenous

ALD403 1000 mg was also found to be safe, well tolerated,

and more efficacious than placebo in the prevention of

migraine in patients with episodic migraine. ALD403 has a

rapid onset of action, and 26 % of patients had no

migraines in the first month following a single intravenous

dose of 1000 mg, which also provided lasting efficacy to

6 months [92]. Most adverse events, including upper res-

piratory and urinary tract infection, fatigue, back pain,

nausea/vomiting, and arthralgia were transient and deemed

to be unrelated to study drug [93].

Results from a multi-dose study comparing the efficacy

and safety of subcutaneous TEV-48125 with that of pla-

cebo for the preventive treatment of chronic migraine

support continued clinical development in a phase III trial.

TEV-48125 was associated with significant decrease in the

use of acute migraine medication, and no safety concerns

have emerged [94].

AMG 334was evaluated in 242 subjects in a phase I study

at subcutaneous doses up to 280 mg and intravenous doses of

140 mg. A statistically significant reduction in monthly

headache days and migraine-specific medication use days

were observed at week 12 with doses of 70 mg [95].

Small molecules, such as CGRP-RAs, have the advan-

tage of formulation flexibility, including oral delivery,

which is crucial in terms of access, patient preference,

healthcare costs, and therapeutic safety margin [79]. On the

other hand, mAbs are target specific, which limits off-tar-

get toxicities common to all small molecules. Its longevity

allows less frequent administration of once a month or even

less compared with the usual daily dosing of small mole-

cules, though once discontinued, the clearance is not

immediate [10]. Their long half-life also explains why

these molecules are under investigation for migraine pre-

vention rather than as abortives.

CGRP is a vasodilator peptide. Thus, antagonizing its

effects raises concerns with possible cardiovascular risks

such as medication-induced hypertension and inhibition of

cardio-protective mechanisms during ischemia [96]. Two

independent studies in monkeys found no electrocardio-

gram or hemodynamic changes from long-term inhibition

of CGRP with LBR-101 [97, 98]. The drug was well tol-

erated and, thus far, no relevant cardiovascular effects have

been reported [10]. CGRP antibodies inhibited skin

vasodilatation in rats, still evident 1 week after dosing. No

effects on animal heart rate or blood pressure were detec-

ted; this is consistent with CGRP primarily being a com-

pensatory peptide with modulatory roles in the body [34,

99]. Side effects from a broad range of dosages

(0.2–2000 mg) of intravenous LBR-101 were reported to

be mostly mild, with one serious adverse event of ‘thoracic

aortic aneurysm’ in a participant who was later diagnosed

with Ehlers-Danlos syndrome. No laboratory abnormalities

were reported, including liver toxicity. A case of glaucoma
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in a 64-year-old patient almost 3 months after a single

exposure was considered non-related [100]. Concerns

regarding the consequences on various tissues other than

the nervous system of antagonizing or inhibiting CGRP

effects have not emerged, and, so far, studies have shown

an overall reassuring safety profile [101].

Immune response against the therapeutic protein is

common and even expected with the production of neu-

tralizing antibodies that may unfortunately lead to drug

ineffectiveness. Immune incompatibility usually associated

with major systemic consequences are concerning,

although rare, given the development of fully humanized

antibodies that minimize the immunologic liability [100].

3 Blood–Brain Barrier

Controversy exists about whether CGRP-RAs penetrate the

BBB and whether that would be relevant to their mode of

action [75, 93]. Measures of CGRP-RA cerebrospinal fluid

(CSF) levels in rhesus monkeys demonstrate that these

molecules can penetrate the brain even in small quantities.

The CSF/plasma ratio in primates for telcagepant, for

example, was found to be about 1.4 % [102]. Despite these

findings, low central receptor occupancy after efficacious

dose (140 mg orally) of telcagepant suggests that this is not

the responsible mechanism for its clinical efficacy [103]. A

recent study found high-binding densities of the CGRP-RA

MK-3207 in the trigeminal ganglion of rhesus monkeys,

which is located outside of the BBB. [43]. Positron emis-

sion tomography (PET) imaging studies in healthy subjects

and migraineurs demonstrated that CGRP-RAs do not act

centrally [104]. Similarly, intravenous administration of

CGRP can induce migraine in susceptible individuals

without crossing the BBB [24]. Antibodies consist of larger

size molecules that are even less likely to cross the BBB.

Recent positive clinical trials with two CGRP mAbs,

LY2951742 and ALD403, indicate that efficacy can be

achieved via actions at the periphery alone [91, 93]. Thus,

modulation of CGRP and migraine management may

happen outside of the CNS, with the meninges and

trigeminal ganglion described as potential sites of action

[105]. Overall, this subject still requires continuous

investigation, as some may suggest that the BBB is dis-

rupted during a migraine attack [106] and following cor-

tical spreading depression [107].

4 Migraine and Aura

Aura is defined as the complex of neurological symptoms

that occurs, usually but not always, before the pain phase of

migraine [3]. Cortical spreading depression is the

electrophysiological manifestation of aura in the cerebral

cortex thought to activate the trigeminovascular system and

ultimately provoke headache. Controversy exists as to

whether this process happens through CGRP release from

peripheral trigeminal terminals [34, 108, 109]. Studies in

rats showed endogenous release of CGRP during extra-

cellular hyperkalemia-induced cortical spreading depres-

sion and inhibition of this phenomena by CGRP-RAs

[110]. Meanwhile, cortical spreading depression did not

increase CGRP levels in the external jugular veins of cats

[111].

The fact that CGRP can induce an attack in both

migraine phenotype spectrum, i.e. without aura (MO) and

with aura (MA), suggests a common basic pathophysiology

mechanism between them [25]. Further studies are neces-

sary to clarify whether individuals affected by migraine

with aura respond differently to CGRP target treatments

when compared with those without.

5 Migraine and Allodynia

Overuse of abortive medications such as opioids and trip-

tans induces neural adaptations that result in a state of

permanent sensitization, even after the drug is discontinued

[112]. This persistent state of excitability is clinically

perceived as hyperalgesia and allodynia. CGRP is thought

to play an important role in these neuroadaptive changes,

including increase in its expression at the trigeminal pri-

mary afferent neurons [113]. Olcegepant significantly

reduced mechanical allodynia induced by infraorbital nerve

ligation in animal models [114]. Similarly, another CGRP-

RA (a-CGRP8–37) produced reversal of periorbital and hind
paw sensitivity to light tactile stimuli [112].

6 Migraine and Photophobia

About seven out of ten migraineurs with intact eyesight

have abnormal sensitivity to light and exacerbation of

migraine headache by light, termed photophobia and

photo-oculodynia, respectively [115, 116]. This subject has

been extensively studied by Noseda, Maleki and Burstein,

who proposed a non-imaging pathway involving mela-

nopsin-containing photosensitive retinal ganglion cells and

the posterior thalamus [117, 118]. As previously men-

tioned, the role of CGRP in light-aversive behavior has

been demonstrated by animal models, and photophobia has

been shown to improve with CGRP target treatment. Fur-

ther studies are necessary, and data should be carefully

interpreted since CGRP is unlikely to be the single culprit

in this phenomenon.
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7 Conclusions

We have entered a new era for the treatment of migraine that

marks the evolution from ergotamines and triptans to new

compounds that may offer similar or even better efficacy

without the vasoconstrictive risk factors caused by previous

ones. Acknowledging the complexity of migraine as a

neurological disorder, CGRP cannot be indicated as

uniquely responsible for its genesis. That being said, studies

continue to point to this peptide as a major contributor. The

development of CGRP-RAs and mAbs represent the power

of translational research, when years spent in understanding

the pathophysiology of migraine can now be applied in the

development of a target-specific medication for such a

debilitating condition. Many questions are still to be

answered: Is there a subset of migraineurs who will respond

better to this treatment and, if yes, how can we identify

them? Can aura be treated separately? Given the important

role of CGRP in nociceptive transmission and modulation,

will we be able to treat other painful conditions when

antagonizing its action? If mAbs prove to be well tolerated

and efficacious in human models, will we be able to offer an

oral formulation to facilitate self-administration and com-

pliance? As with everything in science, the unanswered

questions will continue to move us forward with at least one

certainty: that we seem to be heading in the right direction.
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