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Learning Objectives

= |dentify migraine prevalence and disease burden
=Describe the challenges and unmet needs in migraine

=Examine the new insights in migraine pathophysiology and the impact on new
treatments
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=Migraine is more than a headache, it is a distinct neurological disease that
changes brain biology and function’

=Migraine is characterized by moderate to severe headache, often
accompanied by nausea, vomiting, phonophobia, and photophobia?

=Migraine is a long-term disabling disease that can profoundly impair patients’
abilities to carry out everyday activities such as managing a family and going
to work, and can also be a burden on family members3®
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Migraine is a Global Problem

Affects >10% of population
30-39 years*
Prevalence peaks in
middle fife during
prime years

(959 million giobally)’

>44 million individuals
affected in the US?

~3.5 million US patients with
2-3 X more common in
4+ migraine days per month o
s women vs men!
currently use migraine prophylaxis

~21% of

people with migraine
have 24 attacks

per month*
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Global Burden of Disease Study:
Top causes of global YLD* in 2015!
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https://rd.springer.com/referenceworkentry/10.1007/978-1-4020-5614-7_3817
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Using data from the AMPP study of patients with <15 headache
days/month (n=11,249) or =15 headache days/month (n=655),’
the prevalence of comorbidity was found to be:

Condition <15 headache daysimonth, % =15 headache daysimonth, %
Arthrits 22 336
Chronic pain 15 315
Anxiety 188 302
Depression 172 302
Obesity 210 255
Hear disease 3 96
Hypertension 278 337
Asthma 172 244
Chronic bronchits 45 92
corp 26 45

Some comorbid conditions, including chronic pain, anxiety, and depression, were significantly
more prevalent in patients with 215 headache days/month than in those with <15 headache
days/month, after adjusting for patient demographics (age, gender, income)'

PaIN\V\V/oeK | 0.

Migraine-related impairment was common in the
AMPP study of >18,000 individuals with migraine’

Severe

impairment Some.

or bed rest impairment
required 39%
54%

- Function
normally

7%

o romaly o 9 aciiy sevrely pared: and bed rest required 2
PaIN\\/eeK - Liplon R, e . Netrology. 2007:63:343-349. 2 Buse DC. ef a. Headache. 2013531276 1266

Disability Increases Progressively with Increasing Number of International
Burden of Migraine Study (N=8,281) Headache Days
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Migraine: AMPP Study of Social Activities

5/23/19
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Schoollwork/social impact on 21 day in previous 3 months

US insurance claims database analysis:

84,245 migraine patients vs matched controls’

Indrectsts

Costs per person per year (2014 $US)

Healthcare resource utilization and costs increase in proportion with an
in the frequency and severity of migraine attacks per monthl

1. Bonafede MM, et al. Value Health. 2016;19:A430.
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Challenges and Unmet Needs in Migraine
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Challenges and Unmet Needs with Current Migraine
Management

HCP-Patient
o ath

Prophylactic
Medication Acute Medication

Underuse Overuse
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Challenges and Unmet Needs with Current Migraine

Management
HCP-Patient
. tien
Prophylactic
Medication Acute Medication
Underuse Overuse
NVVeeK

AMPP Study (N=18,968) Underdiagnosed

No medical| ™
diagnosis of| \
migraine

44%

A substantial proportion of people who meet ICHD criteria for migraine
report never having received a medical diagnosis

ICHD, i c i ion of Disorders.

rr
PaIN\NeeK Diamond S, et al. Headache. 2007;47:355-363.




Frequency of Headache Days in Migraine (N=8,281)"

Chronic

Episodic

215 headache days
per month for >3
months can be
classified as chronic
migraine?

<I5 headache days
per month can be

* Migraine frequency can increase

© classified as episodic over time, and may transition

migraine?

from episodic to chronic:a

.
:
H
H
: process termed ‘chronification’?

' « Migraine can also transition
m from chronic to episodicl
» ;
237 e
De-chronific&
»

Patients
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Headache days per month

PaiNV\/ e eK J‘Ieﬂlr\"l‘rgm!afﬁlcﬁ‘a .c acllae/ i, éoppa? g’éﬂﬁﬂ 35;33833%\& Classification Committee of

5/23/19

Pharmacological Treatment Options for Migraine
Include Both Acute and Prophylactic Therapies

Acute Therapy ‘ Used to abort a migraine attack!2

Prophylactic Used to reduce the frequency, duration, or severity of
Therapy attacks'®

Short term: Used when patients are undergoing a time-limited

Pre-emptive: Used when a known trigger exists (eg, exercise)3 J
exposure to a provoking factor (eg, menstruation)3 J

2000:55:754-762. p ’ !
2 Marmura M, ot a (eg. those with risk of chronic migraine [CM])®
Headache. 2015;55:3-20.

3. Silberstin SD. Continuum.

1. Silberstein SD. Neurology. Maintenance: Used when patients need ongoing treatment }

pically using ic migraine therapies
for patients who have 24 migraine attacks per month, are overusing acute medication,
or experience significant disability from migraine
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The AAN and the AHS provide the following goals for
acute and prophylactic therapy:

Acute’? Prophylactic’?
1. Treat attacks rapidly and consistently 1. Reduce frequency, duration, or
without recurrence severity of attacks
2. Restore the patient's ability to function | |2. Enhance responsiveness to acute
3. Minimize the use of backup and rescue therapy
medications 3. Improve the patient's ability to

4. Optimize self-care and reduce function
subsequent use of resources Reduce disability

5. Be cost-effective for overall Reduce healthcare costs
management

EES

6. Have minimal or no adverse events

Despite the availability of effective acute and prophylactic therapies, patients may still have unmet
needs due to several barriers; including lack of consultation, incomplece awareness of diagnosis,
equate treatment, and treatment optimization & follow-up.*
rican Headache Sodiey.
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Misalignment Between HCPs and

American Migraine
Patients (Assessed Post-Visit)

Communication Study w0
= Analyzed 60 patient-HCP | | ]

interactions 0

= Patients and HCPs were not w0
aligned regarding frequency and S

impairment following >50% of visits g0
>

20

Frequeny Immima

HCPs should evaluate parameters beyond headache frequency to
fully assess the impact migraines have on patients’ lives

PAIN\V\/EEK| i B, vt Gon Moo 2000:251145-1181
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Entire Migraine (<15 ) and lated disability*
cohort N=775
(%)

Consulting

Undiagnosed
consulters
n=47 (13.3%)

Diagnosed
“| consulters
n=306 (86.7%)

acute treatment

Inadequately treated,
undiagnosed consulters
=102 (33.3%)

Treated, diagnosed

consulters
n=204 (66.7%)

*MIDAS grade =2Il. Lipton RB, et al. Headache. 2013;53:81-92.

HCP-Patient
c s

Prophylactic
Medication Acute Medication
Overuse

Underuse

NVVeeK




Patient diaries can

be used to record

Frequency
of migraine! disability, and use of
acute medications?

Frequency
of acute
medication
use!

Functional
O disabilicy!

Patient-reported
outcome (PRO) tools
can help to quantify the
degree of impairment’

= 1. Silberstein SD. Neurology. 2000,55:754-762. 2. Diener HC, et al. Gin Med. 2015;15:334-350.
3. Buse DC, etal. Mayo Ciin Aroc. 2000.84(5):422-435.
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Challenges and Unmet Needs with Current Migraine
Management

HCP-Patient
c P

Prophylactic
Medication Acute Medication

Underuse Overuse
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=Based on available evidence, some acute medications established as effective’

= Guidelines recommend limiting the use of acute medication, as overuse can lead to
medication overuse headache?
= Despite recommendations to avoid opioid treatment of migraine,®*
they are prescribed in >50% of migraine emergency department visits®
—Use of opioids in migraine is associated with more severe headache-related disability,
symptomology, and greater healthcare resource utilization'
= Opioids are only a temporary solution for migraine and risk of dependence is high”
—Opioid abuse is associated with significsant economic burden to society
(estimated at $55B annually in the US)
= Up to 13% of patients with migraine receiving acute and/or prophylactic therapy still
have at least 1 emergency department visit/year, suggesting that available treatments
are not optimally addressing patient symptoms and needs®
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http://www.icsi.org/

Challenges and Unmet Needs with Current Migraine
Management

HCP-Patient
o ath

Prophylactic

Acute Medication
Overuse

Medication
Underuse
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AMPP Study of 18,968:
Migraine Prophylaxis is Underused

were candidates for or should be considered for prophylactic
treatment!

had received prophylactic medication for migraine in the
past but discontinued treatment?

were current users of prophylactic medication for the
treatment of migraine?

Data from the AMPP study suggest that approximately 2/3s of
individuals with migraine who qualify for prophylaxis do ngtreceive it2

1. Lipton RB, et al. Neurology. 2007;63:343-349.

Pai"v\/eeK 2. Diamond S, et al. Headache. 2007;47:355-363

Retrospective claims database analysis: insured patients
with migraine and =15 headache days/month (N=8,688)*

32333328

26

Patients adherent to oral
prophylaxis (%)
3

6 months 12months

“oral
‘specific antdepressants, f-blockers, and anticonvuisants.

o
PAIN\\/EcK Hopp Z. ot a. Cephalaiga 201535478468




International Burden of Migraine Study-Il assessed
prophylactic therapy patterns in patients with migraine
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Patient-reported reasons for i of
b O Antdepressants (n=205)
o O Antepileptics (n=125)
2 s O pblockers (n=120)
z 2 [ Calcium channel blockers (n=59)
§
g >
5
)
s {Lﬂ_
3

Satisfactory  Lack of efficacy  Side effects Cost Other
resolution

Lack of efficacy and/or medication side effects are the most common reasons for
: inuation of : e

PAIN\\/ecK | Blumenfeld AM, et al. Headache. 2013;53:644-655.

=The burden of migraine is substantial, complex, variable, and multifaceted
—Migraine imposes a personal, family, and economic burden

=Unmet needs arise from challenges with current migraine management:
—Many migraine patients have not received a medical diagnosis
—Effective migraine management requires that physicians and patients consider the

scope of migraine induced disability in addition to migraine symptoms

—Excessive use of acute medications commonly occurs in patients with migraine
—Preventive treatment is underutilized

=Healthcare providers should consider opportunities to enhance migraine

management
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The Vascular
Theory
Vasodilation of
meningeal blood vessels
activates trigeminal

sensory nerves

surrounding the blood
vessels, which leads to
the experience of pain

The Neural
Theory
Changes in neuronal
excitabilty and
sensitivity resultin the
activation of the
trigeminal system,
leading to the

The Neurovascular
Theory
Migraine headache is
caused by a complex
neurovascular event that
involves meningeal
blood vessels and the
pain fibers that innervate
them?®

experience of pain’?

1. Gasparini CF, et al. Curr Genomics. 2013;14:300-315. 2. Reddy DS. Expert Rev Clin Pharmacol. 2013;6:271-288.

NWeeK 3. Bernstein C, Burstein R. J Clin Neurol. 2012;8:89-99.
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Central and Peripheral Brain Structures Are Involved in
Migraine Pathophysiology

Meningeal blood vessels Cerebral cortex

Thalamus

Hypothalamus.

Trigeminovascular
[ system
Trigeminal ganglion (TG) igemi

complex (TCC)

3 Burstein ot al, J Neurosc 2015,35:6619-6620. 2 Russo AF. Annu lev Pharmacol ool 201555509552
3. Charles A. Headache. 2013:53:413-419. 4. Gasparini CF, et al. Curr Genomics. 2013;1
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Peripheral components:'~+ Central components:!35
Trigeminal ganglion: Trigeminocervical complex:
- Contains neurons with

sensory fibers thac

+ Consists of neurons in
the dorsal horn (C1-C2)

and trigeminal nucleus
- Innervate cerebral vessels &

in the dura (middie \ Y < caudalis (TNC)
meningeal artery) > + Relays pain signal from the

. periphery (C1-C2 and TG)
o he halamus and then
the cortex

Relay pain signaling
o the central nervous
system (CNS)

Trigeminovascular

system
Trigeminal ganglion (TG)

complex (TCC)
Feedback from a sensitized brain may further

signaling in t

The trigeminal system has components on both sides of the blood-brain barrier’

1. Russo AF. Annu Rev Pharmacol Toxicol, 2015;55:533-552. 2. Eftekhari S, Egvinsson L, Ther Adv Neurol Disord. 2010;3:369-378,
3. Raddant AC, Russo AF. Expert Rev Mol Med. 2011:13:636. 4. Edvinsson L. Brit J Clin Pharmacol, 2015:80:193-199.
5. Karsan N, Goadsby PJ. Curr Neurol Neurosci Rep. 2015;15:25. 6. Bigal ME, et al. Headache. 2013;53:1230-1244.

NVVeeK 7. Gasparini CF, et al. Curr Genomics. 2013;14:300-315. 8. Burstein R, et al. J Neurosci. 2015:35:6619-6629,
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CGRP =CGRP is a neuropeptide
thought to play a role in
migraine pathophysiology '

—There are 2 isoforms of
CGRP' 5

+CGRPa is the principal form
found in the peripheral and
central nervous systems#

+ CGRPB is mainly found in the
enteric nervous system®
37 amino acid neuropeptide’

11



Plasma CGRP (pmol/L)

Control  Migraine' Migraine? Post-triptan?
subjects’
Plasma CGRP levels (measured from external jugular blood) increase significantly during migraine

attacks and return to normal following relief of migraine pain with triptan therapy'

* 1. Goadsty Py, ot al, Ang Neurol, 1980:26:183-187. 2 Goagsby PJ, Ecvinsson L. Ann Neurol. 1993:33:48-56.
L TNNISISI ™ § RO2SSRE At iy Prreseol Toxiaor Do 15,0 o gy P Edinsson L. Ann Neur
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Immediate Delayed headache (n=9/9)
headache o migraine (n-319) = CGRP caused moderate

(n=819) to severe headaches in
all subjects

Headache
intensity score

>

Z,

Time (in) Time (h)

Infusion of CGRP can induce migraine attacks in patients who have migraine

* Lines represent individual headache scores following CGRP infusion.
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Ligand ‘ CGRP ‘ Adrenomedullin ‘ Amy

Receptor CLR+ CLR+ CLR+ CTR+ CTR+ CTR+
composition'? RAMPI  RAMP2  RAMP3  RAMPI  RAMP2 _ RAMP3
Receptor CGRP ADMI ADM2 AMYI AMY2 AMY3
[name]'

g 7
J% W T &

= The CGRP receptor is a complex that requires both RAMP1 and CLR!

* RAMP1 and CLR are also components of other calcitonin receptors™2

= Ligands cross-interact with other receptors in the family’2

* Only the CGRP receptor has been implicated in migraine pathophysiology?

+ ADM, acrenomeduli; AMY, amyli; CLR, calctonin receptor-like receptor; CTR, calcioninreceplor; RAMP, receptor acivty-modifying prolen
[ NWAVSISRd - - valker CS, Hay DL BrJ Pharmacol 2013;170:1203-1307. 2. Russo AF. Annu Rev Pharmacol Toxicol 2015:55:533-552.
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The role of CGRP in migraine pathophysiology may involve
multiple central and peripheral processes, including:1:2

5/23/19

Neuropeptide =3
release
entral activation and
Vasodilation sensitization of the

brainstem and
brain3

Nociceptor

Research has yet to determine which of these processes play a causal role,
or if they occur as a result of, or in parallel with, migraine'?
1. Russo AF. Annu Rev Pharmacol Toxicol. 2015:55:533-552.
2. Raddant AC, Russo AF. Expert Rev Mol Med. 2011:13:¢36.

3 Edvinsson L. BritJ Ciin Pharmacol, 2015,80:133-199

=CGRP is widely distributed
in the central and peripheral
nervous systems'

= CGRP-containing nerve
fibers innervate organ
systems?

CGRP s expressed ihin

CGRP i contained in
perivascular nerves, and
‘CGRP receptors are found
on vascular smooth muscle
el

=The clinical relevance of
CGRP beyond migraine
and the nervous system3+4
has not been clearly
demonstrated’

o Coraiis 025555

CGRP receptors are located on both sides of the
blood-brain barrier*12

CGRP receptors are found

in multiple areas:23
- Trigeminal ganglion
- Dura vasculature

- Brainstem, eg, TNC

~ Brain, eg, thalamus
CGRP receptors

are expressed on
numerous cell types:23
+ Vascular smooth muscle cells
+ Neurons
- Glial cells
- Mast cells

CGRP receptors are localized at several sites within the trigeminal pathway and brain?

“CGRP receptor localzation ¢

receptor antagonists.2 CGRP xpressed in addiional ‘CGRP receptor Y ‘established 4
- e oo o Pt v s 8 EAeon S et o s e s 2010 378
PaiN\\cc) R e o R SR
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| CGRP receptor

1 :’?;RP

| s

Peripherally:

* Release of CGRP from trigeminal nerve endings is
thought to trigger multiple responses induced by
CGRP receptor binding, which eventually lead to the
sensitization of nociceptor trigeminal neurons?2

« The stimulation of nociceptive trigeminal neurons
is hypothesized to relay the migraine pain signal
through the brainstem into the brain, ultimately
leading to the experience of migraine pain®

Centrally:

= CGRP binding to its receptor at sites within the CNS
might have numerous effects, including central
sensitization and activation!

« Other central processes (eg, feedback from a
sensitized brain) may also contribute to the
experience of migraine pain'

The interaction of CGRP with the CGRP receptor plays an important role in migraine's

1AG, Pusso A7

201113008 3 Sberen', ot
R R S T AT
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Migraine Treatment Targets
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o
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rovascular
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CGRP Receptor Antagonists in Migraine

= Potent vasodilator

= Widely expressed in CNS and PNS

= Trigeminal system activated and CGRP
released during migraine and cluster
headaches

= CGRP receptor antagonists:

—Block CGRP at multiple sites in CNS and
inhibit pain transmission

- Not direct vasoconstrictors.
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4 Injectable MABs to CGRP or Its Receptor:
3 Now FDA Approved and Available
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n = neurologic; umab = fully human; zumab = humanized;
Human = 100%; humanized = 90%-95%

Erenumab-acoe  Fremanezumabvirm  Galcanezumab-gnim

AIMOVIG EMGALITY Eptinezumab
(fully human) (fully humanized) (humanized) (humanized)
Studid for M EM.CM, oCH B, QM eCH Bam
Monthly or quarterly subcu; Monthly subcu; 240 mg.
Routeand Monthy sbcu o quaner ol o
e an o e Ty or S g | kg o Gon 0TS oV
Targec CGRP recepor CORPpepeideorligand | CGRPpepide or igand | CGRP pepide or gand
Tia (days) 31 21 40-48 28
Reglatory FDA approved FDA approved FDA approved In development;
Taws | SIH7I18 formigraine |  ON4/I8for migraine | 9726[18 for migraine | Presenced (1) pruse
prevention i prevention JEMACHACT:
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Phase 3 Studies of CGRP mAbs in EM
50% Responder Rates
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Studies of CGRP mAbs in CM
50% Responder Rates
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Studies of CGRP mAbs in EM
75% Responder Rates
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Galcanezumab. Galcanezumab. Fremanezumab. Eptinezumab
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Small Molecules vs mAbs

Small Molecules mAbs

PaIN\\/eeK [ ———

Preventive Trials (EM)

Dropout Rates Due to AEs

Yoo ms
Dropoutfor AE, 20% 6% % 12%
10mg 40 ms  Tome 140 mE 100 mg,200mg 125 mpimo, 475 mg

*mAbs
—No serious treatment related AEs in phase 2 or phase 3 trials
—Generally, tolerability comparable to placebo

16



CGRP mAbs and Current
Oral Preventive Medications

mAbs for EM and CM Currently Available
Oral Medications

Specificiey .
Formuiation scllV Solution OralTablet
Dose titration No Yes
Frequency of intake: Monthiy/Quarterly Daily
Onset of action Fast.(hours-days) Slow (weeks-months)
Effect in "refractory” patients . -
Side effects*
Effect on weight - .
Mood change - .
Drowsiness / fatigue - .
Cognitive impairment . :
Dizziness - .
Teratogenicity ? +
Adherencellong-term patient .

outcomes

PaiN\eok ) [P ——
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Summary

= CGRP is abundantly expressed in the trigeminal system

= CGRP binds to multiple receptors, but only the CGRP receptor has been implicated in
migraine pathophysiology

= CGRP receptors are found both centrally and peripherally, including several sites in
the trigeminal pathway

= CGRP signaling is critically positioned at the intersection of peripheral migraine

events and central pain modulation
—CGRP signaling in the periphery regulates key events that underlie migraine pathophysiology,
including nociceptor sensitization, neuropeptide release, vasodilation, and neurogenic
inflammation
= Research continues to reveal a complex pathophysiology underlying migraine that
may involve CGRP and its functional interactions between the CNS and the periphery
= New treatments have emerged and are in development as a result of these new
insights

INVVEeeK
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