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Question?

Why Calcitonin Gene Related Peptide is
essential in migraine?



Neurogenic Inflammation
William Bayliss, J Physiol, 1901

« ‘There are nerve-fibres in the posterior roots of the 51, 6™, and 7t [lumbar
and 1st sacral nerves, excitation of which, when cut away from the spinal
cord, gives rise to vascular dilatation in the hind-limb of the same side.’

 ‘They are, in fact, identical with the ordinary sensory afferent posterior
root-fibres; the name "antidromic" is suggested ...........

Vasodilatation
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Postulated :

1.

that one portion of a widely
branching sensory fiber responded
to the injury, and that

action potentials were carried,
antidromically to other branches of
the fiber where

they liberated a chemical substance
that

caused the flare and

enhanced sensitivity of other
sensory axons responsible for pain

Isaac Newton:

To brain

Sir Thomas Lewis (Clin Sci 1936)

Spinal cord

C, Ad fibres
(‘\
Free nerve endings_\ . Antidromic
containing TRPS/ Invasion

If | have seen further, it is by standing on the shoulders of giants.



Calcitonin Gene Related Peptide
and its Family of Peptides

Calcitonin Gene

Alternative Splicing Calcitonin

Calcitonin gene related peptide
Amylin

Adrenomedullin
Thyrod TG neurons

DRG Vagal neurons
Gastrointestinal Neurons

Calcitonin
CGRP

Structures CGRP, amylin, adrenomedullin, and calcitonin

haCGRP
raCGRP
hBCGRP
rBCGRP
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Disulfide bond a-helix

h, human; r, rat; s, salmon.
hAM is the structure of the 15-52 fragment; the N-terminal amino acids are YRQSMNNFQGLRSF. rAM shows the structure of the 13-50 fragment; the N-terminal amino
acids are YRQSMNQGSRST.



Primary Sensory Neuron

Spinal Trigeminal Nucleus

Central
Nerve ending

" \ Edvinsson et al.,
\ ) J Blood Flow Metab. 1987.

Polymodal Nociceptor

- C — A fibers CGRP Staining
bre-pro-Comp " Trigemin al in Human Tissues
Dorsal Root and
Vagal Ganglia
T 71~ Dural Artery Subcutaneous Artery
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Peripheral
Nerve ending

/ Miller et al, Neuroscience 2016



CGRP, but not Substance P, is released from
Human Trigeminal Neurons

Capsaicin releases calcitonin gene-related peptide
from the human iris and ciliary body in vitro

Trigemina| Innervation Regulatory Peprides, 41 (1992) 83-92
Pierangelo Geppetti, Elena Del Bianco?, Roberto Cecconi®,
Of the H uman Eye Manuela Tramontana®, Andrea Romani® and Elvar Theodorsson ©
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CGRP Mediates Neurogenic Vasodilatation

Table 3

Capsaicin-induced dermal blood flow following telcagepant or placebo (n=12)

Mean perfusion (volt)

Telcagepant dose, mg Capsaicin dose Geometric mean*
1h Placebo 300 ar 20 ul 1.19
Figure 1 ER Lo
Assessment of dermal blood flow using laser Doppler following applica- 800 0.47
tion of topical capsaicin to human forearm Placeho 1000 pg per 20 Ill 1.67
300 0.69
800 0.53
4 h Placebo 300 pg per 20wl 1.00
300 0.62
1009 elcagepan m n=.
Ta Tecagepant 300 m (v-359) 800 0.52
90— almitriptan 5 mg (n=
U S i Telcagepant Placebo 1000 ug per 20 ul 1.44
300 0.86
70 - |
s | 800 0.62
# 60 | + Ig}
& s0- | + I
B sl | L |+ I | *Geometic mean ratio (GMR), computed from least sgquares estimates from anova performed on the natura
. | +| | )/-—""'(1) TTransformed from mean perfusion GMR.
30+ > | | -'/‘(#)
20 4 | lt’y /’4)//,
10 | L/ I lf‘dj/
A,
0 = T T S N
1 2 3 4 6 8 24
Time after dose (h)

Sinclair et al., Br J Clin Pharmacol, 2009



CGRP Provokes Migraine-Like Attacks and
Periorbital Allodynia in Mice

Placebo
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CGRP evokes migraine-like attacks

0.8

Priorbital allodynia
in Mice
B -even

0.8 CGRP 0.15 nmol/site

-®-CGRP 1.5 nmol/site
-®-CGRP 15 nmol/site

De Logu et al,
J Head Pain 2019

Threshold (g)

0.0 —
BL 00.5 1 2 ?h)a
Time Veh
-@-Veh o .
-@- CGRP 1.5 nmol/site -@- CGRP 1.5 nmol/site
BIBN4096S 0.8- -®- mAb anti-CGRP
T (1 umol/kg, i.p.) : (60 pmol/site, s.c.)
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How do Anti-CGRP drugs act?

Trigeminal nerve Fremanezumab
- (Am;-ccap Galpanezumab
i Ry Eptinezumab
Erenumab receptor

Adenylate cyclase

antibody
Gepants

Gepants

receptor

Cerebrovascular
smooth muscle cell

Vasodilation



CGRP-R Antagonists are Effective in Migraine
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Figure 2. Rates of Response According to the Time after the Start of the Infusion.

Olesen J, Diener HC, Husstedt IW, Goadsby PJ, Hall D, Meier U,
Pollentier S, Lesko LM; BIBN 4096 BS Clinical Proof of Concept
Study Group. Calcitonin gene-related peptide receptor antagonist
BIBN 4096 BS for the acute treatment of migraine. N Engl J Med
2004, 350:1073-1075
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Ho TW, Ferrari MD, Dodick DW, Galet V, Kost J, Fan X, Leibensperger H,
Froman S, Assaid C, Lines C, Koppen H, Winner PK. 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. Lancet. 2008 Dec
20;372(9656):2115-23




Anti-CGRP/R mabs are Effective in Migraine

Change in Migraine Days per Month
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Placebo

Erenumab, 70 mg

Primary End Point

Change from baseline to months 4-6
Placebo, —1.8 days
Erenumab, 70 mg, —3.2 days
Erenumab, 140 mg, —3.7 days

The NEW ENGLAND JOURNAL Df MEDICINE
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.

NOVEMBER 30, 2017
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Fremanezumab for the Preventive Treatment
of Chronic Migraine

Stephen D. Silberstein, M.D., David W. Dodick, M.D., Marcelo E. Bigal, M.D., Ph.D., Paul P. Yeung, M.D., M.P.H.,
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Yuju Ma, M.S., and Ernesto Aycardi, M.D.

NOVEMBER 30, 2017



Efficacy of anti-CGRP/R mABs

Study Monthly migraine days from baseline *
D WMD (95% CI) Weight
1
Erenumab 1
Goadsby et al (2017} (0) . -1.40(-143,-137) 1343
Tapper et al (2017) (10) . : .2.40(-247,-233) 1332
Sun et al(2016) (11) . A110(110,-101) 3325
Subtotal (-squared = 89.7%, p= 0.000) -:‘.:‘_:F:» -163(-2.31,-006)  100.00
I
I
Eptinezumah :
Dodick et al[2014) (12) —_—— -1.00(2.20,020) 10000
Subtotal (-squared = %, p= ) _ -1.00(-220,020)  100.00
|
1
Galcanezumab
Skijarevski et al(2017} (13) . 110(1.18,-1.02) 0008
Dodick et al[2014) (14) e -120(2.01.-039) 092
Subtotal (-squared = 0.0%, p = 0.810) Y 110(1.18,-1.02)  100.00
|
|
I
Fremanezumab 1
Cohen at al{2017) (15) —_ -165(-1.80,-141) 8158
Bigal ot al(2015) (16) - 260 (-410,-110)  18.44
Subtotal (l-squarad = 33.7%, p=0.220) -:f__“;:- -1B3(-255-110)  100.00
I
- |
Overall (Lsquared = 89 1%, p = 0.000) {‘i} 152 (-1.82, -1.11)
|
NOTE: Weights ara from random effacts analysis :
T T
4.1 CGRP mAbs group 0O Placebo group 4.1

Zhu et al, Neurol Sci 2018



One Year Efficacy

Phase-3 Studies
Between 40% and 50% of the patients report >50% reduction from baseline

Erenumab (AMG 334) in episodic
migraine Ashina et al., Neurology® 2017;89:1-7  ONE year treatment

Interim analysis of an ongoing open-label study

Responder rate at week 64
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Responder rates from double-blind baseline and reflect weeks 61-64




Safety of anti-CGRP/R mABs

S %
udy Adverse events
D RR {95% CI) Waight
Erenumab
Goadsby ot al(2017) (1) —_— 0.01(080,103) 5142
Tepper 8t al(2017) (10) 142(000.139) 2533
Sun et al(Z016) (1) 1.00(0.80.126) 2324
Subtotal {l-squared = 28 5%. p = 0.247) o DOB(0E7. 141)  100.00
Eptinezumaby
Dodick ot al{2014) (12) 1.08(0.82,143)  100.00
Subtotal (Lsquared = %, p= ) —_ 108(082.143)  100.00
Galcanezumab
Skljarevski st al(2017) (13) - 101(076.133) 2875
Dodick ot al{2014) (14) — e 1.07(0.90.128) 7175
Subtotal (Lsquared = 0.0%, p=0.712) = — 105(001.122)  100.00
Fremanazumab
Cohen at al{2017) (15) . 126 (080, 178) 4682
Bigal et 2l(2015) (16) 0.82(0.62.1.08)  53.18
Subtotal {ksquared = 71.5%, p = 0.064) 1.00{0.66,152)  100.00
Overall (-squared= B.2%, p= 0.367) <] 1.00{0.92, 1.08)
NOTE: Weights are from random effects analysis
| |
sg2  CGRP mAbs group Placebo group s

Zhu et al, Neurol Sci 2018



Hemicrania (half-head)

Aelius Galenus
of Pergamon (129-216, AD)




Word cloud of the Gene Ontology, Kyoto Encyclopedia of Genes and
Genomes(KEGG )and Reactomepathways enriched in the 37 genes
implicated in migraine
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CGRP and Meningeal Arteries

Vasodilation
CGRP antibodies/antagonists

Meningeal
vessel

Dural mast cell
degranulation
leading to
neurogenic
inflammation

PAIN
PHOTOPHOBIA
PHONOPHOBIA

Dura mater

- Arachnoid
mater

+— Subarachnoid
space

— Pia mater

Vasodilation

Trigeminal

nerve caudalis CGRP antagonists

L CGRP antibodies/antagonists

Trigeminal ganglion

CGRP
antagonists? Russell FA et al. Physiol Rev 2014,94.1099



Conclusions

CGRP:
® belongs to a family of regulatory peptides

® is alocal vasodilator neuropeptide with local pro-algesic actions
® s released from human sensory nerves locally

® provokes migraine pain via a delayed mechanism, probably non-involving
vasodilatation

® is the main, but probably not the sole, mediator implicated in migraine pain
® acts at peripheral targets outside the blood brain barrier

¢ affecting proinflammatory, but not homeostatic functions, can be blocked without
causing severe side effects
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