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MONOCLONAL ANTIBODIES
 BLOCKING CGRP TRANSMISSION




Lancet Neurol 2014; 13: 885-92
Safety and efficacy of LY2951742, a monoclonal antibody to
calcitonin gene-related peptide, for the prevention of
migraine: a phase 2, randomised, double-blind,
placebo-controlled study

David W Dodick, Peter| Goadsby, Egilius L H Spierings, Joel C Scherer, Steven P Sweeney, David S Grayzel

THE LANCET, JUNE 11, 1988

Preliminary Communication

POSSIBLE BENEFIT OF GR43175, A NOVEL
5-HT,-LIKE RECEPTOR AGONIST, FOR THE
ACUTE TREATMENT OF SEVERE MIGRAINE
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Nature 304, 129 - 135 (14 July 1983); doi:10.1038/304129a0

Production of a novel neuropeptide encoded by the calcitonin gene via tissue-specific RNA processing

MICHAEL G. ROSENFELD', JEAN-JACQUES MERMOD', SUSAN G. AMARA, LARRY W. SWANSON', PAUL E. SAWCHENKO!, JEAN RIVIER?, WYLIE W. VALE? & RONALD M. EVANSS

"Eukaryotic Aeguiatory Biology Program, School of Medicine, University of California, San Dieqo, La Jolla, California 52093, USA
tDcchopmcnlal Neurablology Labaratary, iPnptldc Biology Laboratory and Shiclecular Blology and Virglogy Laboratory, The Salk Institute, San Diego, Callomia 92138, USA

Alternative processing of the RNA transcribed from the calcitonin gene appears to result in the production of a messenger RNA in neural tissue distinct from that in
thyroidal ‘C’ cells. The thyroid mRNA encodes a precursor to the hormone calcitonin whereas that in neural tissues generates a novel neuropeptide, referred to as calcitonin
gene-related peptide (CGRP). The distribution of CGRP-producing cells and pathways in the brain and other tissues suggests functions for the peptide in nociception,
ingestive behaviour and modulation of the autonomic and endocrine sysiems. The approach described here permits the application of recombinant DNA technology to
analyses of complex neurobiological systems in the absence of prior structural or biological information.
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Vasoactive Peptide Release
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C lrculatlon Of Humans Classic Migraine (with Aura) Headache
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P. J. Goadsby, MD, PhD,* L. Edvinsson, MD, PhD,} Cubital fossa <6 l40+6 |53 140 = 13
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2 All values are pmoVliter.

bTwo patients were outliers and had higher levels; see text.
<CGRP level is significantly elevated in the external jugular blood of
classic migraineurs (t30 = 6.9, p < 0.001).

VIP = vasoactive intestinal polypeptide; CGRP = calcitonin gene-
related peptide; SP = substance P; NPY = neuropeptide Y.
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Table 1 Number of patients who developed headache or
migraine fulfilling the IHS criteria for migraine without aura
after CGRP and placebo during the infusion and the following
40 min (immediate headache) or in the period from 1 to 12 h
after the infusion (delayed headache/migraine)

Immediate Delayed Delayed

headache headache migraine
CGRP 8(9) 909) 3(9)
Placebo 1(9) 1(9) 0(9)
P<0.05 y y

“Increased CGRP in external jugular venous blood is
probably not an epiphenomenon but reflects direct
participation of CGRP in migraine”

Cephalalgia 2002;22(1):54-61
Cephalalgia 2010;30(10):1179-86



Efficacy and tolerability of MK-0974 (telcagepant), a new
oral antagonist of calcitonin gene-related peptide receptor,
compared with zolmitriptan for acute migraine:

a randomised, placebo-controlled, parallel-treatment trial

TonyWHao, Michel D Ferrari, David W Dodick, Vince Galet, James Kost, Xiaoyin Fan, Heat her Leibensperger, Samar Froman, Christopher Assaid,
Christopher Lines, Hille Koppen, Paul K Winner

Summary

Background Calcitonin gene-related peptide (CGRP) probably has a role in migraine pathophysiology, and antagonism
of its receptors might provide treatment without the vasoconstrictor effects of triptans. We aimed to assess the clinical
profile of MK-0974 (telcagepant), an orally bioavailable antagonist of CGRP receptor.

Methods In a randomised, parallel-treatment, placebo-controlled, double-blind, trial at 81 sites in the Europe and the
USA, adults with migraine diagnosed by International Headache Society criteria treated moderate or severe attacks
with either oral telcagepant 150 mg or 300 mg, zolmitriptan 5 mg, or placebo. The five co-primary endpoints were
pain freedom, pain relief, or absence of photophobia, phonophobia, or nausea at 2 h after treatment. Analysis was by
the full analysis set and multiplicity was controlled for with a step-down closed-testing procedure. This trial is
registered with ClinicalTrials.gov, number NCT00442936.

Findings 1380 patients were randomly assigned to receive telcagepant 150 mg (n=333) or 300 mg (354), zolmitriptan (345),
or placebo (348). Telcagepant 300 mg was more effective than placebo for pain freedom (95 [27%] of 353 patients vs
33 [10%] of 343 [p<0-0001]), pain relief (194 [55%] of 353 vs 95 [28%] of 343 [p<0-0001]), and absences of phono-
phobia (204 [58%] of 353 vs 126 [37%] of 342 [p<0-0001]), photophobia (180 [51%] of 353 vs 99 [29%] of 342 [p<0-0001]),
and nausea (229 [65%] of 352 vs 189 [55%] of 342 [p=0-0061]). Efficacy of telcagepant 300 mg and zolmitriptan 5 mg were
much the same, and both were more eftective than telcagepant 150 mg. Adverse events were recorded for 319 taking
telcagepant 150 mg, 37% taking telcagepant 300 mg, 51% taking zolmitriptan 5 mg, and 32% taking placebo.

Interpretation Telcagepant 300 mg is effective as an acute treatment for migraine with efficacy comparable to that of
zolmitriptan 5 mg, but with fewer associated adverse effects.
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Small molecule
chemical entity
500 Da

IgG1 antibody
iImmunoglobulin
150,000 Da

Target?!

Specificity!

Metabolism?

Drug—drug Interactions?!
Crossing the BBB!
Administration?
Half-life?

Dosing?

Production?3

Intracellular or extracellular

Low(er); more likely to have
off-target activity

Hepatic/renal

More likely

Possible*

Usually oral

~ Hours

Usually daily

Chemical synthesis;
relatively straightforward to

make and reproduce
reliably

Extracellular

High; less likely to have off-
target activity

RES, target-mediated
disposition

Less likely

Minimal

IM, SC, or IV
Days to weeks
Typically less frequent

Produced inside unique
lines of modified living cells;
difficult to make

and reproduce precisely

Adapted from Foltz |, et al. Circulation. 2013;127:2222-2230 and Zhao L, et al. Acta Pharmacologica Sinica. 2012;33:1339-1347

*Dependent on the degree of lipid solubility.
1. Foltz |, et al. Circulation. 2013;127:2222-2230
2. Silberstein S, et al. Headache. 2015;1171-1182

3. Kleinberg M, et al. Am J Health Syst Pharm. 2004;61:695—-708
4. Zhao L, et al. Acta Pharmacologica Sinica. 2012;33:1339-1347
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Eptinezumab® [98] Erenumab [27. 28, 97] Fremanezumab [99, 100] Galcanezumab [29, 30]
Antibody type Humanised IgG, \ Human IgG, Humanised I1gG, Humanised [gG,
Antibody target CGRP CLE/RAMPI receptor CGRP CGRP
ICs, \ No data 2.3nM No data 0.35 nM
Route of administration Intravenous Subcutaneous Subcutaneous Subcutaneous
Frequency of administration 3-Monthly Monthly Monthly or 3-monthly Monthly
Production cell line Yeast Chinese hamster ovary Chinese hamster ovary Chinese hamster ovary
Bioavailability Administered IV Up to 74% No data No data
T . 25-28h 4-11 days 511 days T-14 days
Clearance 0.146-0.1536 L/day 0.214 L/day 0.055-0.0625 L/day 0.452 L/day
T, 23-33 days ~ 21 days 31-39 days 25-32 days
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The NEW ENGLAND JOUBRNAL of MEDICINE

ORIGINAL ARTICLE

A Controlled Trial of Erenumab
for Episodic Migraine

Peter |. Goadsby, M.D., Ph.D., Uwe Reuter, M.D., Yngve Hallstrém, M.D.,
Gregor Broessner, M.D., Jo H. Bonner, M.D., Feng Zhang, M.S.,
Sandhya Sapra, Ph.D., Hernan Picard, M.D., Ph.D., Daniel D. Mikol, M.D., Ph.D.,
and Robert A. Lenz, M.D., Ph.D.

N Engl ] Med 2017;377:2123-32.
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Figure 1. Primary End Point.
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Vandervorst et al. The Journal of Headache and Pain (2021) 22:128
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CGRP monoclonal antibodies in migraine: ")
an efficacy and tolerability comparison with
standard prophylactic drugs

Fenne Vandervorst', Laura Van Deun', Annelies Van Dycke?, Koen Paemeleire’®, Uwe Reuter*, Jean Schoenen” and
Jan Versijpt'



Dropouts due to AEs (verum minus placebo, %)
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Fig. 1 dropouts due to AEs and change in MMD versus placebo in episodic migraine patients. The size of the circle corresponds to the number
of patients that were treated with the prophylactic agent across all RCTs. can: candesaran; ami: amitriptyline; top: topiramate: val: valproate;

CGRP: CGRP mAb; [ beta-blockers; RCT: randomised controlled trial; MMD: monthly migraine days
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Fig. 2 dropouts due to AEs and change in MMD versus placebo in chronic migraine patients. The size of the circle corresponds to the number of
patients that were treated with the prophylactic agent across all RCTs. top: topirmmate; onabot: onabotulinumtoxinA; CGRP: CGRP MAL; RCT:
randomised controlled trial; MMD: monthly migraine days




Ray JC et al. / Neurol Neurosurg Psychiatry 2021;0:1-10. doi: 10.1136/jnnp-2020-324674
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European headache federation guideline @
on the use of monoclonal antibodies acting

on the calcitonin gene related peptide or
its receptor for migraine prevention
Possible systemic effects of calcitonin gene-related peptide inhibition.
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We suggest avoiding monoclonal antibodies targeting the CGRP pathway in pregnant or nursing
women. We suggest caution and decision on a case-by-case basis in the presence of vascular

disease or risk factors and Raynaud phenomenon. We suggest caution in erenumab use in

individuals with migraine and history of severe constipation.
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Cﬂé\%evl\%(a Y A Treatment for Migraines

L]VE E ) Aimovig
000

Millions of Americans suffer debilitating migraines, affecting their performance

at work or school and contributing to anxiety and other mental-health issues.
But few treatment options exist. Pharmaceutical firms Amgen and Novartis are
seeking to change that with Aimovig, which in May became the first Food and
Drug Administration-approved drug designed to prevent migraines.
Administered by monthly injection, the drug works by blocking a protein
receptor in the brain, preventing a peptide that may trigger migraines from
attaching to its target. During trials, it halved the number of recipients’
migraine days. Cen Xu, Amgen’s scientific director for neuroscience, says she
has been overwhelmed by positive feedback from the more than 52,000 people

using Aimovig so far. “Seeing the handwritten letters, [ get very emotional,”

she says. Aimovig costs $575 per dose before insurance, but Amgen helps some
patients, whose private health plans don’t cover the drug, get it at no cost for
up to a year. —Jamie Ducharme




BIJLAGE A

Aanvraagformulier voor de vergoeding van de initiatiebehandeling met de betrokken specialiteit (§ 10740100 van hoofdstuk
IV van de lijst gevoegd bij het K.B. van 01 februari 2018)

[] Bij de rechthebbende faalden ten minste de volgende profylactische behandelingen wegens een tolerantieprobleem of wegens
onvoldoende respons (zijnde een reductie kleiner dan 50% van het aantal migrainedagen per maand tijdens de behandeling in
vergelijking met de 4 weken voor de start van de behandeling) ondanks toediening van een volledige en adequate behandelingskuur.

Profylactische behandelingen:

[l
[l
[l
[

en

]

ten minste een bétablokker (propranolol, metoprolol, atenolol, bisoprolol of timolol)

niet van toepassing wegens contra-indicatie

ten minste topiramaat,

niet van toepassing wegens contra-indicatie

en ten minste één van volgende behandelingen: (alle voorgaande preventieve migraine-behandelingen aankruisen):
] valproinezuurivalproaat
[] amitriptyline

venlafaxine

flunarizine

candesartan

OO0

onabotulinetoxine A voor chronische migraine



[ ] De rechthebbende vertoonde een minimaal aantal van gemiddeld 8 migrainedagen per maand voorafgaand aan de start van de
behandeling met de betrokken specialiteit, gemeten gedurende een minimale periode van 4 weken op basis van een door de patiént
zorgvuldig bijgehouden migrainedagboek.

Hiermee bevestig ik dat deze rechthebbende de vergoeding van de specialiteit de betrokken specialiteit voor een periode van 3
maanden dient te krijgen aan een maximale dosis van 675 mg per 3 maanden [225 mg eenmaal per maand (maandelijkse dosering)
of 675 mg eenmaal per drie maanden (driemaandelijkse dosering)].

Ik verbind mij ertoe de behandeling met de betrokken specialiteit stop te zetten indien onvoldoende respons wordt waargenomen na
3 toedieningen, gedefinieerd als een afname die kleiner is dan 50%, in het gemiddeld aantal migrainedagen per maand, gemeten
gedurende een minimale periode van 4 weken op basis van een door de rechthebbende zorgvuldig bijgehouden migrainedagboek,
in vergelijking met het gemiddeld aantal migrainedagen per maand, gemeten in de periode voorafgaand aan de start van de behan-
deling met de betrokken specialiteit en gedocumenteerd in het medisch dossier van de rechthebbende.

Ik verbind mij ertoe de bewijsstukken die aantonen dat de rechthebbende zich in de geattesteerde situatie bevindt ter beschikking te
houden van de adviserend arts.



BIJLAGE A

Aanvraagformulier voor de vergoeding van de verlenging van de behandeling met de betrokken specialiteit (§ 10740200
van hoofdstuk |V van de lijst bijgevoegd bij het K.B. van 01 februari 2018)

Ik attesteer de medische noodzaak tot voortzetten van de behandeling met de betrokken specialiteit.

[ ] aangetoond door het opnieuw toenemen van het gemiddeld aantal migrainedagen per maand tot een minimum van 8

migrainedagen per maand, gemeten tijdens een toegepaste “treatment holiday” op basis van een door de rechthebbende
zorgvuldig bijgehouden migrainedagboek en gedocumenteerd in het medisch dessier van de rechthebbende.

[ ] niet van toepassing wegens de eerste aanvraag tot verlenging
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