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What's new in diagnosis and treatment: Headache
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What's new in diagnosis and treatment: Headache

X =

1) 2019.12.02 OtA|OtE| X2 T 0f| Al ZCGRPZHA| QI
galcanezumab (Emgality®) AL A| £t

2) 2020.05 st=0j| A galcanezumab2]
Mt EFS A0 37t

3) =K EO| Gle S-HTIEX 2HEX 2
2fAO|C|Et O=2FDAZ Q! (2019.10, Revyvow®)

4) A+ CGRP 9 X| X €l Remegepant 2} Ubrogepant

0| 2FDAZ Q!
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Role of CGRP in migraine pathophysiology

CGRP may contribute to migraine by

affecting:
-Neurogenic inflammation

-Blood flow in cerebral vessels

-Pain transmission

(Headache, 2005

small Molecule
-0.2-1kDa

Therapeutic monoclonal antibodies

Comparison of small-molecule CGRP receptor antagonists and CGRP monoclonal antibody

| Small molecules Monoclonal antibodies

1261 Manocional
=150 kDa

| Target specificity lower Target specificity high

l Clearance (liver, kidney) Clearance RES

| Sze<1kDa Size ~150 kDa

: Oral Parenteral

Many enter cells and cross BEB Do not enter cells or cross BEB

CGRP monoclonal antibody

-have long half-lives

Half-life minutes to hours

Immuncgenicity (No)

| Half-life 3-6 weeks

| iImmunogenicity (yes)

-degraded and eliminated via RES rather through metabolic pathway

-bind to a target with high specificity & affinity -> low-risk of off-target related adverse effects,
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What's new in diagnosis and treatment: Headache

CGRP monoclonal antibodies

Erenumab Epitenezuma Galcanezumab Fremanezumab
(Aimovig) (Vyepti) (Emgality) (Ajovy)
Target CGRP receptor CGRP CGRP CGRP
o e o Episodic n—
Migraine types Episodic Episodic ; Episodic
. . N Chronic N
studied Chronic Chronic Chronic
Cluster headache
Route of SC (monthly or qua
= drsiniciration SC (monthly) IV (quartly) SC (monthly) rtly)
Half-life (days) 21 31 28 45
g:::elgt EhiE FDA approval FDA approval FDA approval FDA approval
phase P 2018.05 2020.01 2018.09 2018.09

HeHHSES0M 2CerP EM[2] 50% S E

0

Placebo ™ Dose-1 wmDose-2

*50

Epti
Dose: 1

4. Stauffer ef &l JAMA Neurol 2018in press
Saper ef al, Cephalalgia 2017,47(15)377 5 Skljarevskl ef al, Cephatalgia 201838 in press
- Goadshy et af, New Eng J Med 2017.377:2123 6. Dodick ef al, JAMA Neurol 2018,319:1599
Dadick et al.. Cephalalgia 2018:38:1028
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1

2:

Erenumab
140mg, sc

Silberstein ef al, Neurology 2018:80{15 Suppl} 520 001
Brossner et &, Cephalalgia 2017,37(15):PO-01-1024

Fremanezumab

3. Skijarevski et &, Cephalalgia 2017,37(18):339-340
4. Bigal et al., Lancet Neurol 2015;14:1081

placebo ® active

ptinezumab Erenumab

140mg, sc

1. Smith et al , Headache 204757130
3. Silberstein et al, New Eng J Med 2017;377,2113
5. Aurora et al., Headache 2011.51:1358

BTX-A
PREEMPT (

ezumab Topiramate

100mg daily (6)

2 Tepper ef al, Lancet Neurol 2017,16:425
4. Detke ef al, Headache 2017;57:1336-1337
6. Silberstein et al, Headache 2006,45:838
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What's new in diagnosis and treatment: Headache

S FS 0| M SCGRP FH[2] 75% HISE

placebo m active

32

= *
33
21 21
16
: .

Eptinezumab Erenumab mab Galcanezumab

Dose- 300mg, IV (1) 140mag, s

1. Smith et al, Headache 2017,57.130
2 Brandes ef al, Headache 2017;57:197
3 Bigal et al , Lancet Neurol 2015;14:1091

4 Detke st ol Cephalalgia 2017-37(15) 338

A of = o 2xto M 2] =}

Post-Hoc analyses
« Erenumab’- EpidqQdic Migraine (baseline 8 days)
- All patients: Plc-=%Q7% (316)/140mg 50% (318)
- Two classes failed™@lc- 11% (54)/140mg 36% (56)

= Galcanezumab?- Episodic W ¥aine (baseline 9 days)
- All patients: Plc- 37% vs 24
- Two classes failed: Plc- 26%

» Galcanezumab?- Chronic migraine (ba
- All patients: Plc- 15% vs 120mg 28%
- Two classes failed: Plc- 10% vs 120mg

>.
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tistildtsts| 20209 =4 22 B

89



oX

e

90

oF x4

e

C.

Table 4. Treatment-emergent adverse events = 2% Galcanezumab rotal,

Placebo Galcanezumab Galcanezumab

n=4&| 120 mg 240 mg
Category n (%) n=226 n (%) p-value n=228n (%) p-value The most common AE(S%)
Subjects with =1 TEAE 287 (62.3) 147 (65.0) 501 163 (71.5) o7 - Nasophar\mgitis/URl
Injection site pain 39 (8.5) 21 (9.3) T74 20 (8.8) BB6 = Injection site reaction
Injection site reaction 0 (0.0} 7(3.1) =.001 18(7.9 =001
Injection site erythema 4 (0.9) & (2.7 089 7 (3.1) 048
Injection site prurities 0 (0o 62T ool T (31} ool
Injection site swelling 0{0) 5(2.2) 004 | {0.4) 331 ” y
Nasopharyngitis 41 (8.9) 19 (8.4) BB6 16 (7.0) Abd * Constipation
Upper respiratory tract infection 16 (3.5) 13 (5.8) 164 12 (5.3) 1306 esp. Erenumab (1-3%)
Dizziness 10 (2.2) 8 (3.5) A4 7(3.0) 448 esp. longterm use
Influenza 14 (3.0) 3(13) 203 10 (4.4) 381 - Direct inhibition or
Fatigue 12 (2.6) 6 (17) 1.000 5(22) 1.000 3
Diarrhea I 24) 730 615 3013) 407 down-regulation of

CGRP receptors on

Pevalues vs. placeba,
n: the safary papulation for each dosing regimen; TEAE: treatment-amargent adverse avent, gUt smooth muscle

FAF2| 22 020 = 1-

3% EEO|A BiH| 7 2 0=

(Modified slide from Hee-Soo

Good Safety Profiles in Clinical Trials Moon)

Dropout rate due

to AEs 20% 8% 22% 12%
Erenumab Galcanezumab | Fremanezumab | Eptinezumab
70mg, 140mg | 120mg, 240mg | 225mg, 625mg | 100mg, 300mg
Dropout rate due 2.2% in each 4.2%, 2.3% 1.7% in each 39T sachgrotip

to AEs group group

24 hour -1week
Demonstrated
clinical benefit
often within 1

month

O Placebo W Galcanezumab

. D 11, ot ol Aol JOOA251:803.050, b Freitag 14, ot ol Newrnlogy. 20022 ;sm. 1659; ¢ |un¢e- L
o1, N FO04:20L 36597, o Couch . o1 ol Wepclorhe I01LLSE335: . Stauthe VI, ot

038751080 108 | Goadby FL ik N Engl [ M J09T. 3727 11321005, wnmiﬂ d umnu
bt P01 h Dondich DW, ot MAMA. T0183 191909 2008

Goadshy PI, et al. | Neral Neurosurg Paychiatry 2019,90:830-844

tiehigaiets] 20204 =4 Mz BHus




What's new in diagnosis and treatment: Headache

CGRP CHE2 E TN|o| HEE AMAIJO|A 2| T2 D} **+*

1. MetEHES, MEHES0|M 25 21017 QUL
1EH0| 19_1 ~3EH0)| 13] AR E10H7F K| & EICH
OF 15.20%9] BHA}= 75%0| At THEE0| ZHABH= super-

responderO|C}.10% = F=£0| 100%2 & EIC}

w

4. 82 £0| 2 2915 O|LHo| LiEtCH B EHO| BRI
5. 50%0|4 HEE Y47t Z4sHe BT} O 50%0|Ch.
6. 25%+= CGRP&A| X| 20| Br-S35IX| L =Ct. -> 75%7} HFS 50}
7. HEAE TET 7|EQ| 20| BB e BRI E HES
Ok 2E K ARt At RALE I*EC’I 2888 7
8. HA8L SOR9 B35, 029 YT, BH|, Y2 (Erenumab) S0|Ct.
o, B\l ol che Bote Bwolc

o4 .
b =N=1
SN mAb 0
UHEEHEE: 7[EL og s S F XISt =150
- CHEYEARE MEE = 8l=8F dEFS
sdrEs -'-E-()%-Z’Ié @I?J"“’—I & EH2 CGRP mAbOf CHTH
H L=
2ag =
HE2TEE
+ OUSEX BRI SEEX
%2 24P @7 £ 1ol o
of =)
No data: Botulinum Toxin + anti-CGRP mAbs

1 Headache Pain. 2012 Jan 16;20(1):6

ek IZners] 20208 &4 TRl Blus 91
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S HEESHS| 70| E2H21-2019

HetHESN HEHES YUE, =/, 222 L YESSSA
6-127H 7t X| = FA| HE FHAUEER
S, | RS A

=270 gHE5HX| = ekt

VHFL KN BRE /X HSS =OTCL S gl
=c

St Binding Ab, Neutralizing antibody 2| 2} A4
eV Fiacis A EE T2 AEUE0E

(371 SESILNEUFBNRUSO S E |y soirol of 1015%01A] LAl

(=]
=)
YuH ool = Gl

SRS
CGRP mAb AFR /20| 4248 & FCHSICE

1 Headache Pain. 2012 Jan 16;20(1):6

Of

F2| 7t0| E2t21-2019

CGRPP mAb

0| 2ES

CGRPP mAb2| A| %}

]

HHHEE

7| CIYAEX| B 65 0| &F 2| K| 20| M 22kX] O] f
=0l 0P} gl L/EE 8o 2 il

ABIHES 17Y E5£/9) HEAE 423 (670 F) 0|4 7|7Ho| A =2t Bl A

L EEtg o2 A =]
11| 2} 04| 0| £/ IX 2 04| O] £ /1| EFXFEER| /TCA/SNRI/ 7| S L

18M O] & d¢l

Et & 635 0| AH0| k| 20| A{ 27}X] O &0l M =ah7} gl CGRPP mAl S 50| = 371 Elotct

L/FEtgoz A

e hm— 1. CGRP mAbAME 0| H|S| &5 &0| 250%0(|& &4
Ee

ASIHE S (8142 £ E/2) 2. MIDAS: 11-20% Ol A= 2 5% S, 2 200]| A &= = 30%

AF7| Of|HEOFS X| 2 635 O|ALO| X| 20| M 27} K| O] Aboj 2| M/ HIT-6 2 57 2| EF & /Migraine Physical Function

N B} QLS AR 0 2 ATy Impact Diary: = 57 9| BkAt

Headache. 2019; 59:1-8

5] 2020 &/ 22| HHw=
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What's new in diagnosis and treatment: Headache

JESES)
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ZCHSL T AlSE 2 QIK|?

2. 2FCGRPEA|O| 2} & 1F2| X}O| 7 R =X]|?

3. 3t SHCGRPEHH|Off BHSBFX| 94 © B Ch2 SHCGRPEHH| O]
FIL US4 YER|?

4. 170 O| A Z 7} K| &&=, SCGRPEHE H 281 A
£ 0{8}j0f BH=X|?

1L O¥X =2 S 7|EL oKX= f=25 7 AIZ AAX], OFL|H

Mean Change from Baseline in Weekly Cluster Headache Attacks
Frequ :ncy across Weeks 1-3 - Primary Endpoint

2o A =
taRge
S 2IX}0] A
Aol

ts

Change frem BL (SE)

Menn

p=0.036

LS

15
Abbreviations: BL = baseline, LS = least square; SE = slandard ermor.

Cfehildnrets] 2020 &4 el Bdus
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CGRP+E&

A A A

b Pain freedom at 2h
£ oatlents

IV administrated Olcegepent (2
Response rate: 60% vs 27% for placebo
Discontinued: difficulties creating oral formulation

2 Telcagepant
ME-0974

MK-3207

4 Bl44370TA

5 Rimegepant f
BMS-927711 el

g Ubrogepant

First orally administrated gepant
Clear acute efficacy in phase 2 and 3 trials
Discontinued: concern about liver toxicity

A

Telcage

t

y 5 Short-term
e prophylaxis
Mlgra":f in menstrual
Acute REEVentian migraine
treatment Mo difference

Discontinuation due
1o Hepatotoxicity

Better than placebo,
similar to triptan

MK-1602

Discontinued: concern about li

CHBHAIZNS

o=

004)

pan
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What's new in diagnosis and treatment: Headache

Rimegepant aborts 20% of migraine attacks in RCT

1,072 patients, median 4.6 attacks/M, 1:1

Table 1 Comparison of gepants phase Il trials for EM acute treatment

Key inclusion Pain freedom  Absence of MBS
Name exclusion criterla Dosing at 2 hours (%) at 2 hours (%) Adverse effects
R»megepan'[.” Age > 18, 2-8 15 mg 18.2 36.6 Nausea, dizziness. One case
NCT03235479 migraine atlacks (N=1543) LFT =3 x ULN

per month, < 15

Placebo 14.2 7
headache days per (N=541)

5 month, stable - -
Rimegepant preventive. Exclude T5mg 196 316 Nausea, urinary tract infection.
NCT03237845 uncontrolled (N =53T) One case LFT > 3 x ULN

hypertansion, Placebo 120 252
cardiovascular (N=5385)
disease

EM, episodic migraine; G, gastraintestinl; LFT, (iver function test; MBS, most bathersome symptoms; ULN, upper limit of normal.

2020.02.27 O] = FDAZ Ql: Revyvow®, SHZO|AM = QAA|H 0N

Ubrogepant Aborts 20% of Attacks
at Two Doses (ACHIEVE |, 1)

Table 1 Comparison of gepants phase |ll trials for EM acute treatment

Key inclusion Pain freedom Absence of MBS

Name exclusion criteria Dosing at 2 hours (%) at 2 hours (%} Adverse effects
Ubrogepant " Ages 18-75, 2-8 100 mg 2.2 any Nausea, somnolence, dry mouth. <59,
{ACHIEVE 1) migraine attacks (N =448) Six cases LFT > 3 x ULN
e lusdn oy omeer 50 mg (N = 423) 19.2 38.6
1327 patient: . uf ici

15‘-:;“ s madicaticn Placebo 18 278 No hetapotoxicity

o OVEeruse, previous (N = 458)

Ubrogepant ™ Gl "D“d‘_“f’"“- 50 mg 21.8 3sa Nausea, dizziness. Four cases <2 5%
(ACHIEVE 1)) hepatitis (N = 464) LFT >3 x ULN
NGRa2BETION 25 mg (N = 435) 207 aa1
1636 pationts Placebo 143 214

1:1:1 (N = 4586)

2019.12.23 O|= FDAZ Ql: Ubrelvy®

1515] 20202 EA M| Blus 95
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CGRP receptor antagonists (gepants)

Not vasoconstrictor and show similar efficacy, fewer ADR, possibly a longer action than triptans.

Therapeutic gain for gepants ( 5-7%)
-- Seems to be low, compared to sumatriptan (16-21%) and lasmiditan (7-17.5%)

Previous trials of gepants caused concerns regarding the hepatic toxicity
-- No hepatotoxicity with single treatments of rimegepants and ubrogepants

I Not constrict cranial arteries I

Clinical implication

1. NEHEY £ ™HAXTE A0 EREE AIBY F 2l
SHXto| YKXLA| = H|

2. EZE0| 207t gIAL, #E8 o2 ALEE = gle BHAL0IA
O| XX 2 M 2 ALE

5-HTf =8H| & & Xl

thehlgaiets] 20208 A Tzl Bdus




What's new in diagnosis and treatment: Headache

Selective 5-HT,¢ receptor agonists: Ditan

1. Located in Trigeminal ggl, TNC,
cephalic vessel

2. Not constrict vessels

3. Sumatriptan, naratriptan has
high affinity to to the 5-HT,.R

Sumatriptan

_ Zolmitriptan
Rizatiiptn Almotriptan Lasmidita Eii|Lilly submitted to FDA in Nov. 2018
Frovatriptan
Eletriptan n totoxicity : discard
Naratriptan LY 334370

LY 344864

et

=l

MEYH 5-HT . +=8 % ZHEX: 2A0|C|t

Lasmiditan oral tablet
Key phase 3 trials 2015 2016 2017 2018

SAMURAI (Us) ﬁ Neurology 2018:91 elell

1 pivotal trial

SPARTAN (Global) —_—

27 pivotal trial

GLADIATOR = Neurology 2019:92 el-ell

Long term open label

Apell 08, 2015, 52 (15 Supplement)  MAY 5, 2019

Long-term Safety and Efficacy of Lasmiditan for Acute Treatment of Migraine Over a One-Year
Period: Interim Results of an Open-Label Phase 3 Study (GLADIATOR) (P1.10-021)

Jan Brandes. Pavid Kudrow, Suzanne Kilse, john H. Krege, Micharl Cake, joef Raskin, Rasine Khanna Saghavencda Vasudeva

3] 2020 & 2o Hus
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El'_ﬁ D | El EI- % ’é)l- g -?— Newrolagy® 2018;91:e1-e11,

* Adults (N= 1545 SAMURAI,
N= 2156 SPARTAN)
* Inclusion
MIDAS score > 11
History of migraine > 1y
3 to 8 migraine attacks/ month
Migraine onset < 50y of age
Exclusion
SAMURAI but not SPARTAN(75% CVD):
CAD, arrhythmia, uncontrolled HT

SAMURAI (N= 1545)

* Study design Dosing
First: <4h: 100/200/placebo (SAMURAI)
50/100/200/placebo (SPARTAN)
Second : >2 to 24 h after first dose

* Definitions
Rescue: did not achieve pain free
status at 2h and redosed
Recurrence: achieved pain free status
at 2h but migraine recurred

SPARTAN (N=2156 )

Lasmiditan 200mg Placebo Lasmiditan 200mg Placebo
Outcome at 2h (%) N= 2156
Pain free 32.2 i5.3 38.8 213
MBS free 40.7 29.5 48.7 335
AE (%)
=1 42.2 16.0 39.0 11.6
MC: dizziness 16.3 34 | 18 2.5

Lasmiditan : Phase 3 study results

- SAMURAI (N= 1545) S SPARTAN (N=2156 )
. E e
T o
E g‘ 12.5%
o 2
] £
B g
5 £ .
fl: e l§ L2
" - Vomg  vamg “woms g 2w
S e P

Lasmiditan Lasmiditan

Most frequent AEs: dizziness(10-15%), paresthesia(5%), somnolence, fatigue, nausea
Cardiovascular AEs: all mild ( less than 1%)

« oA S EREO S7(0|ALEL 2H7F fAL, BEE0| A=
F20f| A+ &

« BEE:10%0|M O X|H, RO ZE

CHERI A eS| 20208 &=A4) T2o| Bdus




What's new in diagnosis and treatment: Headache
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