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Table 1 ICHD-3 diagnostic criteria of migraine without aura.

A. At least five attacks 1 fulfilling criteria B-D

B. Headache attacks lasting 4-72 hours (when untreated or
unsuccessfully treated)

C. Headache has at least two of the following four characteristics:
1. unilateral location
2. pulsating quality
3. moderate or severe pain intensity

4. aggravation by or causing avoidance of routine physical
activity (e.g. walking or climbing stairs)

D. During headache at least one of the following:
1. nausea and/or vomiting
2. photophobia and phonophobia
E. Not better accounted for by another ICHD-3 diagnosis
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Fig. 1 Intracellular events downstream of calcitonin gene-related peptide (CGRP)

receptor activation.

Upon the ligand stimulation of the CGRP receptor, comprised of calcitonin receptor-like

receptor (CLR) and receptor activity-modifying protein 1 (RAMP1), the adenylate cyclase-

protein kinase A (PKA) axis is activated, which leads to activation of nitric oxide synthase

(NOS), cAMP response element-bhinding protein (CREB) and extracellular signal-regulated
kinase (ERK). Furthermore, PKA modifies the functions of NMDA and AMPA glutamate
receptors and K*-ATP channels. The receptor component protein (RCP) is required for the

signal transduction downstream of CGRP receptor stimulation.
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Fig. 2 Schematic representation of migraine pathophysiology.

Migraine attacks consist of three distinct phases. During the prodrome, migraine patients exhibit vague

symptoms, such as yawning and fatigue. Hypothalamic activation has been demonstrated during this phase.

Migraine aura is characterized by transient neurological manifestations, such as fortification spectrum and

unilateral sensory disturbance. Cortical spreading depression is considered as the underlying phenomenon

of migraine aura. During headache attacks, peripheral and central sensitization is induced. Moreover, the

limbic system and the hypothalamus are activated, which contributes to the emergence of affective and

autonomic symptoms.
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EM B %2051 L7z o0 % 3 HEERRERD T S,
ARSI 4B 1 RG-S e EEEHEEE (X 12 A

Table 2 Comparison between small-molecule compounds and monoclonal antibodies®”.

Small-molecules

Monoclonal antobodies

Target specificity Lower Higher

Site of metabolism Liver, kindney Reticuloendothelial system
Molecular size <1kDa Approximately 150 kDa
Administration route Oral Parenteral

BBB permeability + -

Half-life Minutes to hours 3-6 weeks
Immunogenicity No Yes

Table 3 Properties of CGRP-related monoclonal antibodies.

Generic name Galcanezumab Erenumab Fremanezumab Eptinezumab
Former appellations LY2951742 Amg 334 LBR-101, TEV-48125 ALD403
Trade name Emgality™ Aimovig™ Ajovy™ Vyepti™
Vendor Eli Lilly Amgen TEVA Lundbeck
Epitope CGRP CGRP receptor CGRP CGRP
Antibody isotype Humanized IgG4 Human IgG2 Humanized IgG2a Humanized IgG1
Doses 120, 240 mg 70, 140 mg 225, 675 mg 100, 300 mg
Administration intervals 4 weeks 4 weeks 4, 12 weeks 12 weeks
Administration route Subcutaneous Subcutaneous Subcutaneous Intravenous
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BB AL E S, Erenumab 70 mg B & 0V 140mg % A 1
5L, 772 REDLEPTh. FEFHIEE I,
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52 R DIFRIZ BT B R RFERME DR SN T 5. $72
Erenumab O %% MOH A BHERITH EFE SN T W5 ®
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Abstract
Novel migraine treatment with CGRP-related monoclonal antibodies

Mamoru Shibata, M.D., Ph.D.V

D Department of Neurology, Tokyo Dental College Ichikawa General Hospital

Migraine is a common and debilitating neurological disorder characterized by recurrent attacks of moderate to
severe throbbing headache accompanied by nausea, vomiting and photophobia/phonophobia. Because of its high
prevalence, migraine causes a considerable financial burden on the society as well as impaired quality of life in individual
patients. Scientific evidence shows that migraine is a quite complex neurological disorder that involves not only the
trigeminovascular and autonomic systems but also the hypothalamus and cerebral cortex. Calcitonin gene-related
peptide (CGRP) was originally discovered as a 37-amino acid neuropeptide derived from a calcitonin gene splicing
variant. CGRP is found to be expressed in trigeminal ganglion neurons. Much attention has been attracted to this
molecule since CGRP was found to be released from trigeminal terminals in animal migraine models. Subsequent
studies demonstrated that CGRP administration induced migraine-like headache attacks specifically in migraineurs, thus
highlighting a pivotal role of CGRP in the development of migraine attacks. Several CGRP receptor antagonists were
shown to be efficacious for the treatment of acute migraine. Among them, telcagepant, was shown to exert a significant
migraine prophylactic action as well. Nevertheless, the development of most of these agents were discontinued due to
hepatotoxicity. Currently, newer CGRP receptor antagonists are being developed. On the other hand, monoclonal
antibodies targeting CGRP and its receptor showed consistent efficacy for migraine prophylaxis with excellent safety
profiles in Phase III clinical trials. Furthermore, emerging data support the long-term safety and efficacy of these
antibodies. In this review article, the development and perspective of anti-migraine therapeutic strategies using CGRP-
related antibodies are discussed.

(Rinsho Shinkeigaku (Clin Neurol) 2020;60:668-676)
Key words: migraine, calcitonin gene-related peptide (CGRP), antibody therapy, trigeminal system, intractable headache




