UNIVERSITY OF COPENHAGEN DEPARTMENT OF NEUROLOGY & DANISH HEADACHE CENTER

Faculty of Health and Medical Sciences

PACAP In Migraine and Cluster Headache

Messoud Ashina, MD, PhD, DMSc, FEAN

.
Nordic ..

Professor of Neurology Migraine *6!

Symposnum

THE 6™ NORDIC MIGRAINE SYMPOSIUM

. . e\ ) | -”‘ > Breaking Boundaries
Rigshospitalet Glostrup - S Y in Migraine Management:

From Controversies to Innovations

AJO-DK-NP-00078



UNIVERSITY OF COPENHAGEN DANISH HEADACHE CENTER

®

Advisory Boards AbbVie, Amgen, Astra Zeneca, Eli Lilly, GlaxoSmithKline, Lundbeck,
Novartis and Teva.

Speaker / Speakers AbbVie, Amgen, Astra Zeneca, Eli Lilly, GlaxoSmithKline, Lundbeck,
Boards Novartis and Teva.
Consultant AbbVie, Amgen, Astra Zeneca, Eli Lilly, Incyte Corporation, GlaxoSmithKline,

Lundbeck, Novartis and Teva.

Grant support for research Lundbeck Foundation, Novo Nordisk Foundation, Lundbeck and Novartis
or education

Editorial Board Associate editor of the Journal of Headache and Pain
Associate editor of Brain

Other None



UNIVERSITY OF COPENHAGEN DANISH HEADACHE CENTER

)

\/
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Prevalence Prevalence
Genetics Age of onset Genetics Age of onset
Of four loci o Of 123 loci
associated with RS associated with >
CH, one overlaps 20-30 years migraine, one 23-25 years
with a known overlaps with a
migraine locus CH locus
- Verapamil ’
Preventive - 2 . Preventive B-blockers
SPG stimulation, 1 woman: 3 men Gender ratio A 3 woman: 1 men Gender ratio
treatment CGRP-mAb (eCH) treatment CGRP-mAb

Triptans, oxygen, .
Acute P Y9 Acute Triptans,

SPG stimulation, . .
treatment | 0 i Ulation e 15-180 min  Attack duration  reatment nVNS stimulation

4-72 hours Attack duration

? ~100% P, ~00%
~100% | -75%
0 Unilateral pain Triggers (median A% Unilateral pain

Triggers (median
time to onset)

time to onset)

Cranial autonomic symptoms Cranial autonomic symptoms

Modified from Al-Karagholi et al., JHP 2022
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. Innervation of intracranial circulation

Trigeminal !
ganglion |

. Parasympathetic ganglia:
. Otic ganglion @

. ® Sphenopalatine ganglion
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7N Dilation of dural
blood vessels
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Ashina M, et al. Nat Rev Neurol 2017;
ACh, acetylcholine; CGRP, calcitonin gene-related peptide; NO, nitric oxide; Ashina M, et al. Lancet Neurol 2019;

PACAP, pituitary adenylate cyclase-activating polypeptide; VIP, vasoactive intestinal peptide. Ashina M. N Engl J Med 2020
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PACAP38 PACAP27 VIP

- Pituitary adenylate cyclase-activating polypeptide (PACAP)

Vasoactive intestinal peptide (VIP)
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PACAP induces migraine

m PACAP38 Placebo m PACAP27 Placebo

58 % 55 o,

10 %

0 %
Migraine Migraine

Schytz et al, Brain 2009 Ghanizada et al, Cephalalgia 2019
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Can we block PACAP in migraine?

Lu AG09222
— ?
VIP PACAP J/ LY3451838

o A|v|c3301;

Lu AG09222 is under development; LY3451838 and ([ AC ) Courtesy of Ashina M, 2022
AMG301 are not under development
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Pre-treatment with Lu AG09222 binds and
neutralizes exogenously administered PACAP38 and
prevents PACAP38-induced vasodilatory responses
and headache

Lu AG09222 is under development Rasmussen NB et al. J Headache Pain 2023
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Results: Lu AG09222 prevented PACAP38-induced physiological

responses
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METHODS

Eligible participants:

= Diagnosed with migraine
(episodic or chronic)

» Had documented failure of
2—4 previous preventive
\ migraine treatments

= Aged 18-65 years (inclusive)

This proof-of-concept trial of Lu AG09222 (HOPE) was designed to assess the
efficacy, safety, and tolerability of a single intravenous infusion of
Lu AG09222 for migraine prevention in adults with migraine who had
2—4 unsuccessful prior preventive treatments.

Multi-national, multi-site, randomized, double-blind, parallel-group, placebo-controlled Phase 2 trial

IV infusion over 30
minutes (+15 minutes)

v
55 Lu AG09222 high dose (n=97)
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28-30 days =)
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ClinicalTrials.gov identifier: NCT05133323.
IV, intravenous.

Lu AG09222 is under development

Primary efficacy endpoint: mean change from baseline in
the number of monthly migraine days (MMDs) over weeks
1-4 for the Lu AG09222 high dose

Ashina M et al. N Engl J Med 2024
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The NEW ENGLAND JOURNAL of MEDICINE

‘ ORIGINAL ARTICLE

A Monoclonal Antibody to PACAP
for Migraine Prevention

Messoud Ashina, M.D., Ravinder Phul, Ph.D., Melanie Khodaie, Ph.D.,
Elin Lof, Ph.D., and loana Florea, M.D.

Lu AG09222 Lu AG09222 Placebo
100 mg 750 mg

46 Participants 97 Participants 94 Participants

Lu AG09222 is under development
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Ashina M et al. N Engl J Med 2024
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Can cluster headache attacks be triggered?

Vollesen ALH, Ashina M. Headache. 2017
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Adults with cluster headache (CH)
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The study included:
e 14 participants with active
episodic CH.
¢ 15 participants with
remission CH.
e 15 participants with chronic
CH.

o
INTERVENTION FINDINGS C')

41 participants with.CH were randomized to Active episodic CH Active episodic
receive intravenous infusion of PACAP-38 or after PACAP-38 CH after VIP

VIP over 20 minutes.

c
2
et
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-g Remission episodic CH Remission episodic
% after PACAP-38 CH after VIP
o
& 0% 0%
PACAP-38
PRI_MARY OUTCOME Chronic CH after Chronic CH after
Incidence of CH attacks PACAP-38 VIP

The primary endpoint is the difference in the
incidence of CH attacks between PACAP-38 and
VIP infusion.

CONCLUSION

PACAP-38 and VIP induces cluster attacks in participants with active episodic CH and chronic CH.
Participants with remission episodic CH did not experience CH attacks following PACAP-38 or VIP infusion.

Vollesen et al. Cephalalgia. 2020
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Key points

" PACAP is involved in the genesis of both migraine and cluster headache
attacks.

" The Phase 2 trial provides proof-of-concept for Lu AG09222 (mAbs targeting
PACAP) in migraine prevention.

" Insights from human models of migraine and cluster headache, along with

supporting preclinical data, have established a foundation for developing
targeted therapies.

Lu AG09222 is under development Courtesy of Ashina M, 2024
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