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Disclaimer / disclosures

Contacten met, onderzoek gedaan voor of vergoedingen ontvangen van

* Astra Zeneca MSD

« Bayer Schering Novartis

* Biogen ldec Pfizer

« Celgene Roche

« GSK Sanofi Genzyme
* MerckSerono TEVA Aventis

In het kader van Migraine onderwijs, presentaties en advies gegeven via NVHP
en OOR Utrecht

Lid van de NHV, NVHC, Fellow IHS

Geen aandelen of opties Farma.

http://transparantieregister.nl/nl-NL/Zoeken-in-het-register/2016/99020213101
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Klinische gegevens
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Hoofdpijn & Migraine en werk

VS: totale kosten hoofdpijn 12 mrd USD, waarvan de helft door
arbeidsongeschiktheid

Prevalentie voor hoofdpijn bedraagt 46%, waarvan een kwart voor migraine.
Spanningshoofdpijn tot 78%

Meeste migraine tussen 25 en 55 jaar, meeste spanningshoofdpijn tussen 30 en
40 jaar

Arbeidsverlies bedraagt meer dan tien dagen, terwijl 29% migaineurs met
hoofdpijn doorwerkt (in NL)

Doorwerken met migraine vermindert effectiviteit en productiviteit met 50%

Hawkins K, et al. J Occup Environ Med 2007; 49: 368—374
Pop PH, Gierveld CM, Karis HA, et al. Eur J Neurol 2002; 9: 171—-174 . :
Lardon A, et al. Cephalalgia 2017, Vol. 37(1) 64—73 TergOOI ZOI'gt vooruit.




Wat is het probleem?

5.1 Prevalenties chronische ziektes, 2001/2008

Hartinfarct [ ]
Beroerte | |
Kanker ||
Enstige hartaandoening [ ]
Psoriasis [ ]
Vermmauwing bloedvaten [ ]
Duizeligheid |
Darmstoornissen
Suikerziekte
Incontinentie
Chr gewrichtsontsteking

Chronisch eczeem
Elleboog, pols, hand
Astma, chr br, cara
Overige aandoening
Nekaandoening
Rugaandoening
Gewrichtsslijtage
Hoge bloeddruk
Migraine

%

Bron: CBS.
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Migraine in Nederland

De nederlandse situatie:
Voorkomen: vrouwen 17%, mannen 8%

Behandellng Werfk;'Eschmlpmduct'r'.rileit

afgenomen met = 50%

- 1/3 ].S nOO].t door arts geZIen Miet in staat om huishowdelijke

taken te verrichten

- 1/3 gaat nlet meer naar arts Huishoudelijke werkzaamheden

afgenomen met = 50%

— 1/3 wordt behandeld door arts e

activiteiten en vrije tijd

¢ b

Treatment gap 0% 20%, 40% 600 0% 'II:I::J%

— Ongeveer 50% gebruikt adequate aanvalsbehandeling
— Ongeveer 50% heeft indicatie voor onderhoudsbehandeling
— Hiervan krijgt 13% daadwerkelijk medicatie

Dus: meer dan voldoende ruimte voor verbetering!

Dekker J, ea; Cephalalgia 2013;33:1070 . .
Tergoo1 zorgt vooruit.



Hootdpijnclassificatie

Headache Classification Committee of the International Headache Society (IHS)
The International Classification of Headache Disorders, 3rd edition (beta version)

2. Tension-type headache (TTH)
2.1 Infrequent episodic tension-type headache
2.1.1 Infrequent episodic tension-type headache
associated with pericranial tenderness
2.1.2 Infrequent episodic tension-type headache
not associated with pericranial tenderness
2.2 Frequent episodic tension-type headache
2.2.1 Frequent episodic tension-type headache
associated with pericranial tenderness
2.2.2 Frequent episodic tension-type headache not
associated with pericranial tenderness
2.3 Chronic tension-type headache
2.3.1 Chronic tension-type headache associated
with pericranial tenderness
2.3.2 Chronic tension-type headache not associated
with pericranial tenderness

Headache Classification Committee of the International Headache Society (IHS)

3. Trigeminal autonomic cephalalgias (TACs)
3.1 Cluster headache
3.1.1 Episodic cluster headache
3.1.2 Chronic cluster headache
3.2 Paroxysmal hemicrania
3.2.1 Episodic paroxysmal hemicrania
3.2.2 Chronic paroxysmal hemicrania
3.3 Short-lasting unilateral neuralgiform headache attacks
3.3.1 Short-lasting unilateral neuralgiform headache
attacks with conjunctival injection and
tearing (SUNCT)
3.3.1.1 Episodic SUNCT
3.3.1.2 Chronic SUNCT
3.3.2 Short-lasting unilateral neuralgiform headache
attacks with cranial autonomic symptoms (SUNA)
3.3.2.1 Episodic SUNA
3.3.2.2 Chronic SUNA
3.4 Hemicrania continua

The International Classification of Headache Disorders,

3rd edition (beta version). Cephalalgia 33(9) 629-808 TergOOI zorgt vooruit.




Hootdpijnclassificatie

Headache Classification Committee of the International Headache Society (IHS)
The International Classification of Headache Disorders, 3rd edition (beta version)

Headache Classification Committee of the

International Headache Society (IHS)

The International Classification of Headache Disorders,
3rd edition (beta version). Cephalalgia 33(9) 629-808

1. Migraine
1.1 Migraine without aura
1.2 Migraine with aura
1.2.1 Migraine with typical aura
1.2.1.1 Typical aura with headache
1.2.1.2 Typical aura without headache
1.2.2 Migraine with brainstem aura
1.2.3 Hemiplegic migraine
1.2.3.1 Familial hemiplegic migraine (FHM)
1.2.3.1.1 Familial hemiplegic migraine type 1
1.2.3.1.2 Familial hemiplegic migraine type 2
1.2.3.1.3 Familial hemiplegic migraine type 3
1.2.3.1.4 Familial hemiplegic migraine, other loci
1.2.3.2 Sporadic hemiplegic migraine

1.3 Chronic migraine
1.4 Complications of migraine
1.4.1 Status migrainosus
1.4.2 Persistent aura without infarction
1.4.3 Migrainous infarction
1.4.4 Migraine aura-triggered seizure

1.6 Episodic syndromes that may be associated with
migraine
1.6.1 Recurrent gastrointestinal disturbance
1.6.1.1 Cyclical vomiting syndrome
1.6.1.2 Abdominal migraine
1.6.2 Benign paroxysmal vertigo
1.6.3 Benign paroxysmal torticollis

Tergooi zorgt vooruit.



Migraine is geen hoofdpijn!

Headache

\ \212\E\%\2)
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Kenmerken van migraine
auraverschijnselen

Tergooi zorgt vooruit.




Migraine is geen hoofdpijn!
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oofdpijnbehandelcentrum

Hoofdpijncentra in Nederland

-

- Overzicht hoofdpijncentra

» Alkmaar: DC Alkmaar
> Amersfoort: Meander Medisch Centrum

» Amsterdam: Medisch Centrum Boerhave

> Assen: Wilhelmina Ziekenhuis

» Blaricum: Tergooiziekenhuizen locatie Blaricum
» Breda: Amphia Ziekenhuis
» Delden: ZBC rugpoli

» Den Bosch: Jeroen Bosch Ziekenhuis

» Den Haag: Hagaziekenhuis

» Dordrecht: Albert Schweitzer Ziekenhuis
» Ede: Ziekenhuis Gelderse Vallei

» Enschede: Medisch Spectrum Twente

> Gouda: Groene Hart Ziekenhuis

» Groningen: Martini Ziekenhuis

> Haarem: Kennemer Gasthuis, locatie Zuid

» Heeren: Atrium Medisch Cantrum

» Hengelo: ZGT hoofdpiincentrum

» Hilversum: Tergooiziekenhuizen locatie Hilversum

» Leiden: Leids Universitair Medisch Centrum

» Leiderdorp: Rijnland Ziekenhuis

> Nijmegen: Canisius-Wilhelmina Ziekenhuis

> Roermond: Laurentius Ziekenhuis

» Roosendaal: Franciscus Ziekenhuis

> Rotterdam: Maasstadziekenhuis

» Schiedam: Viietland Ziekenhuis

> Sittard-Geleen: Orbis Medisch Centrum
> Sneek: Antonius Ziekenhuis

» Utrecht: PraktijkVoorNeurclogie

Klik op de stad om meer » Terneuzen: Zorgzaam Zeeuws-Viaanderen, loc de Honte

informatie te krijzen
oy 'Wetenschappelijke
gl =amenwerking

» Velp: Rugpoli Veluwe

» VMenray: Viecuri Medisch Centrum

» Waalwijk: TweeSteden Ziekenhuis, locatie Waalwijk

» Zutphen: Gelre ziekenhuizen, locatie Zutphen

» Zwolle: Isala Klinieken locatie Weezenlanden

Home | Online vragenuur | Misuwsbrief | Centra | Links | Contact

@ Hoofdpijimcantra.nl
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Pathofysiologie
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Drietal vormen van hoofdpijn

ot

Cluster Spierspanning
korte aanval  vanuit de nek naar
rondom oog  voren of boven de
is wanhopig ogen (band-gevoel)

Migraine
Aanvallen
Misselijkheid
Foto & fonofobie
bed/rust
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Drietal vormen van hoofdpijn

Gedachtebepaling

« Pijn in het hoofd
— TTH, chronisch dagelijkse hoofdpijn

 Trigeminovasculaire hoofdpijn
— Clusterhoofdpijn, TACs

« Neurovasculaire hoofdpijn
— Migraine met/zonder aura

e (Trigeminus pijn)
— Trigeminusneuralgie, secundaire hoofdpijnen

Tergooi zorgt vooruit.




“Ieder hoofd zijn eigen hoofdpijn”

Wilder Penfield: hersenen pijnloos tijdens ingrepen (1935)

Pijn gevoelige structuren:

* Basale dura, veneuze sinus, arterien, cirkel van Willis
* Nn. Glossopharyngeus, trigeminus, bovenste cervicale spinale zenuwen (ansa cervicalis)

Trigeminovasculaire systeem

* Primaire afferente neuronen van de cervicale ganglia
* (C-vezels, A delta nociceptieve vezels, “silent nociceptors” vanuit perivasculair naar TNC

Pijntransmissie
* (C-vezels: glutamaat, substance-P, CGRP, neurokinine-A, andere transmitters en modulators
* Glutamaatreceptors: ionotroop: Ca- en Na-kanalen: postsynaptische excitatie (NMDA, kainaat)
* Glutamaatreceptors: metabotroop: glutamaat en substance-P: proteine kinase C activatie

* Projecties ventrobasale thalamus-cortex: aard en localisatie van pijn
* Projecties mediale thalamus-cingulum-cortex: affectieve pijncomponent

Trad.: Arabisch spreekwoord
Tergooi zorgt vooruit.



Trigeminovasculaire systeem
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(3. Hypothalamus h
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Annu Rev Pharmacol Toxicol 2015. 55:533-52 Tergooi zorgt vooruit.
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Neurovasculaire hoofdpijn
vasculaire hypothese obsoleet

Preventive medication target

5-HTg Receptors
Vasoconstriction

Trigeminal
Ganglion

5-HTp Receptors
Trigeminal Inhibition

Hargreaves RJ, Shepheard SL. Can J Neurol Sci. 1999;26(suppl 3):S12-S19.

The vascular theory of migraine- a great story wrecked by the facts. Goadsby PJ, Brain 2008;132:6

Tergooi zorgt vooruit.



Kenmerken van migraine
auraverschijnselen




doi:10.1093/brain/awn321 Brain 2009: 132;6-7 | 6

BRAIN

A JOURNAL OF NEUROLOGY

Scientific Commentary

The vascular theory of migraine—a great story
wrecked by the facts

doi:10.1093/brainfawn094 Brain (2008), 131, 2192-2200
Migraine headache is not associated with cerebral

or meningeal vasodilatation—a 3T magnetic
resonance angiography study

G.G. Schoonman,']. van der Grond,? C. Kortmann,' R. J. van der Geest,? G. M. Terwindt' and M. D. Ferrari'

'Department of Neurology and “Department of Radiology, Leiden University Medical Centre, Leiden, The Netherlands

Correspondence to: G. G. Schoonman, MD, Department of Neurology (K5-Q), Leiden University Medical Centre,
PO Box 9600, 2300 RC Leiden, The Netherlands
E-mail: g.g.schoonman@Ilumc.nl
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Kenmerken van migraine
genetica o
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Spinocerebellar ataxia type 6: \D’\.G |
N EAZ/Progressive ataxia: [_| G293R

Familial hemiplegic migraine (FHM): ()
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© Weizmann Institute

Haan J, ea, Curr Pain headache Reports 2005;9:213 Tergooi zorgt vooruit.



Pathofysiologie van migraine
genetica

Cases (n)* Controls Associated allele with
Gene Migraine (MA/MQ) (n) phenotype (p value)® Reference . . .
MTHFR 652 (465/187) 320 677T: NS (p=0017/—) Lea et al. 2004 (18) Genetische associaties
413 (187/226) 1212 677T: — (p<0.006/NS) Scher et al. 2006 (19)
2961 (2170/791) 3844 §77T: NS (p =0.0005/NS) Rubino et al. 2009 (20)
477 (124/353) 1402 677T: NS (p=0.02/—) Samaan et al. 2011 (21)
DBH 830 (5881242) 500 —1021T: p=0.004 (p=0.011/NS) Fernandez et al. 2009 (22) . . .
650 (650/-) 650 rs2097629: — (p=0.01/-) Todt et al. 2009 (23)
DRDI 543 (318/225) 561 rs251937: p=0.0261 (—/-) Corominas et al. 2009 (24) M Ig ral n e e n d e p reSS I e
DRDZ 650 (650/-) 650 rs7131056: — (p = 0.006/—) Todt et al. 2009 (23) . . .
543 (318/225) 561 r$2283265: p=0.0030 (p=0.037/p=0.0081)  Corominas et al. 2009 (24) Mi g raine en h art- en vaatzie kte n
DRDI 543 (318/225) 561 rs3732790: p = 0.0033 (—/-) Corominas et al. 2009 (24)
SLC6A3 543 (318/225) 561 rs40184: — (p=0.03/—) Todt et al. 2009 (23) 1 1 1 1 1 1
™ 543 (318/225) 561 rs2070762: p = 0.0035 (NS/P=0.036) Corominas et al. 2009 (24) M I g raine en me d Icatie g evoe I I g h el d
EDNRA 850 (850/—) 890 rs2048894: — (p=0.015/-) Tikka-Kleemola et al. 2009 (25)
rs5334; — (p =0.046/-)
EDNRB 850 (850/-) 890 rs2329047: — (0.035/—) Tikka-Kleemola et al. 2009 (25)
STXIA 569 (407/129) 720 rs941298: p = 0.004(NS/p =0.008) Tropeano et al. 2012 (26)
TRPVI 1040 (490/650) 1037 rs222741: p=0.03 (NS/NS) Carreno et al. 2012 (27)
TRPV3 1040 (490/650) 1037 rs7217270: NS (p = 0.02/NS) Carreno et al. 2012 (27)
FSHR 356 (198/158) 374 Rs6166: NS (p=0.03/NS) - .
ESRI 484 (360/124) 484 594A: p=0.003 (p=0.01/p=0.02) Gene Relation to migraine Reference
898 (898/—) 900 rs6557170, rs2347867, rs6557171,
E;Wlo“f) ao'c'; "o'gg‘:)'“ CACNAIA (FHMI) A linkage study identified CACNAIA as the first FHM gene. Ophoff et al. 1996 (12)
values U —Ul . .
356 (198/158) 374 rs1801132: p=0.03 (p = 0.045/NS) CACNAIA encodes the ol PDFE'fOlel"lg subunit of CaVZ.I cal-
ESR2 356 (198/158) 374 2039G: NS (p =0.01/NS) cium channels.
PGR 509 (371/138) 454 PROGINS ins: p=0.02 (NS/p =0.008) . . .
™A 299 penel) 206 3062 p< 0,001 {NS/p <0001 ATPIAZ (FHM2) A linkage study identified f«TPn'AZ as the secon.'ld FHM gene. ATP/A2 De Fusco et al. 2003 (13)
SLC6A4 546 (257/289) 770 STin2: p —0.002 (NS/NS) encodes the o2 subunit of sodium-potassium pumps.
TPHZ 503 (214289) 515 Haplatype block with five SNPs: SCNIA (FHM3 A linkage study identified SCNIA as the third FHM gene. SCNIA Dichgans et al. 2005 (14
p=0.04 (p=0.4/p=0.006) Y 8 &2
LTA 49 (65327) 38 Z254C: p—0.0002 ( 0.0006/p — 0.0008) encodes the ol subunit of neuronal Nayl.l sodium channels.
INSR 827 (377/450) 765 €.2946-713A: NS (p=0.002/NS) SLCIA3/EAATI A mutation in a single case with SHM that was identified through Freilinger et al. 2010 (15
g B g
:;g;g: o ;:“ =r~;.s°é%’ig.)oo7n\15) sequencing of the coding exons of SLC/A3 and presented first
1278 (1278/-) 1337 2842+ 1451T: — (p=0.005/-) evidence for SLCIA3 as an SHM gene. SLCIA3 encodes the
MA: migraine with aura; MO: migraine without migraine; NS: not significant; —: not tested/not available; SNP: EAATI glutamat,e transporter.
Ins: insertion; Dek: deletion; VNTR: variable number of tandem repeats. *Number of cases and ®p values are giv . ) ) ) .
when specified between brackets, for migraine with aura cases only and/or migraine without aura cases only. SLC4A4/NBCel Homozygous mutations in SLC4A4 were reported in two sisters Suzuki et al. 2010 (16)

with reported hemiplegic migraine, in addition to proximal renal
tubular acidosis and ocular abnormalities, and presented first
evidence for SLC4A4 as a migraine gene. SLC4A4 encodes the
Na*-NCO;j cotransporter NBCel.
KCNK | 8/TRESK A mutation in KCNK |8 in a single family with familiar migraine was Lafreniére et al. 2010 (17)
identified in a candidate gene sequencing approach and pre-
sented first evidence for KCNK/8 as a migraine gene. KCNK/8
encodes for the ion channel TRESK.

FHM: familial hemiplegic migraine; SHM: sporadic hemiplegic migraine; MA: migraine with aura.
De Vries B, et al. On behalf of the International Headache : :
Genetics consortium. Cephalalgia 2016, Vol. 36(7) 604-614 TergOOI zorgt vooruit.




Genetic Models of Migraine

FHM1 FHM?2 FHM3
CACNATA Gene ATP1A2 Gene SCN1A Gene
o 1-Subunit a2-Subunit o 1-Subunit
Ca,2.1 Channel Na*,K* ATPase Pump Na,1.1 Channel
Gain-of-Function Loss-of-Function Gain-of-Function
Increased Neuronal Reduced Glial Cell Increased Neuronal
Release of Glu Reuptake of Glu and K* Release of Glu

\ Increased Synaptic [Glu] and [K*] /

|

Increased Susceptibility for CSD

Figure 2. Schematic representation of the mechanism by which familial hemiplegic migraine (FHM)
genes can cause increased neuronal excitability and susceptibility to cortical spreading depression (CSD).
All 3 genes are implicated in ion transport and consequences of the mutations can result in increased
extracellular glutamate (Glu) and potassium (K*) levels. The FHM1 mutation causes increased calcium
influx through presynaptic channels and enhanced neurotransmitter release; the FHM?2 mutation predicts
reduced removal of Glu and K* from the synaptic cleft; and the FHM3 mutation leads to enhanced
recovery from inactivation, thereby facilitating a high rate of neuronal firing. Na* ,K* ATPase indicates
sodium-potassium pump. Adapted from Curr Opin Neurol. 2006;19:294-298.

Arch Neurol. 2007;64:643-646 Tergooi zorgt vooruit.




Moleculaire hoofdpijnproductie

Centrale sensitisatie

TNC en C-vezels
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niet nociceptieve stimuli
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voor mechanische- en
chemische stimuli

Centrale inhibitie
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Thalamus — cortex
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OPEN G ACCESS Freely avallable online @ PLOS | one

Migraine Strikes as Neuronal Excitability Reaches a
Tipping Point
Marten Scheffer'®, Albert van den B-erg’, Michel D. Ferrari®

1 Department of Aquatic BEcology & Water Quality Management, Wageningen University, Wageningen, the Nethedands, 2 MESA+ Institute for Nanotechnology, University
of Twente, Enschede, the Metherlands, 3 Departmient of Neurology, Leiden University Medical Centre, Leiden, the Metherlands
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Figure 1. Causal structure that may lead to a tipping point for
autonomous firing, as illustrated by the minimal model.
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Kenmerken van migraine: triggers

90
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Triggers: gemeld; gemeten

Kelman L Cephalalgia 2007;27:394-402 Tergooi zorgt vooruit.




Farmacologie / ontwikkelingen

Tergooi zorgt vooruit.




Behandeling van migraine
Aanvalsbehandeling Onderhoudsbehandeling

couperen Profylaxe
S Alternatieven

. Agplrlne, ibuprofen Beta blokkers

* Diclofenac, ne.lproxen ) Atenolol valproaat infuus

« Metoclopramide, domperidon _
Metoprolol fenytoine

Triptanen Propranolol lamotrigi.ne

« Almotriptan _ \fere}pamll

. Eletriptan Anti epileptica lithium

. Sumatriptan Topiramaat steroiden

o Frovatriptan Valproaat

. Naratriptan Gabapentine

. Rizatriptan

. Zolmitriptan Overige: riboflavine (vitamine B2)
Flunarizine magnesium

- Ergotamines Pizotifeen groot hoefblad
Methysergide Teunisbloem

Combinaties:

- NSAID + triptan Lisinopril frovatriptan

- Kort + lang triptan candesartan

e . Tergooi zorgt vooruit.
Richtlijn hoofdpijn NVN 2017




Behandeling in de klinische praktijk

According to NHG standard
acute and prophylactic

treatment is also given by
the GP

diagnosed migraine
(+/- aura)
acute treatment prophylactic treatment

S . . additional 2nd
combination therapy monotherapy first line theran

triptan +

triptan +

paracetamol NSAIDs

aspirin

paracetamol

Source: NICE migraine pathway 2013; AAN/AHS 2012 Guidelines; EFNS 2009 Tergooi ZOI‘gt VOOI'Uit.




Effectiviteit triptanen = NNT =3; NNH =17

Volwassenen: 133 RCTs

Pijnvrij binnen 2 uur 42 tot 76%
Blijvend pijnvrij 18 tot 50%
Blijvende pijnafname 24 uur: 29 tot 50%
Blijvend pijnvrij na 24 uur: 18 tot 33%
Triptan plus NSAID 62 tot 80%
NSAIDs, ASA, PCM 46 tot 52%
Ergotaminepreparaten 38% =— PLACEBO
“rescue medications” 20 tot 34% 18 -32%
Kinderen: 27 RCTs
sumatriptan plus naproxen 50%
sumatriptan alleen 28%
Placebo 18% _,

Cochrane Database Syst Rev:,2016 Apr 19;4:CD005220, 2016 Apr 20;4:CD008541 Tergooi ZOI‘gt VOOI'Uit.
Headache 2015 Jul-Aug;55 Suppl 4:221-35




Effectiviteit profylaxe

Optreden van bijwerkingen

Stoppen met medicatie: na 6 mnd
* 73.4% - antidepressiva
*  70.2% - anti-epileptica
* 67.6% - beta-blokkers

Farmacofobie: angst voor medicatie

Nocebo: een negatief verwachtingseffect: reden staken

Dus: meer dan voldoende ruimte voor verbetering!

Gracia-Naya M Rev Neurol. 2011
Berger a. Pain Pract 2012,

Mitsikostas DD. Curr Neurol Neurosci Rep. 2012 TergOOI zorgt vooruit.




Hoofdpijntherapieen in ontwikkeling

Mechanismiindication Treatment Stage

CGRP mechanism antagonist
Aaite attack treatment

CGRP receptor antagonist (gepant) Olcegepant (Olesen et al, 2004) Phase Il
Telcagepant- acute (Ho et al, 2008) Phase I*
Telcagepant- preventive (Ho et dl, 2014) Phase Il
Rimasepant (Mareus et al. 2013) Phase Il

CGRP mechanism antagonist
revete ctnk roomene. VTS ORIOCK Lrectment

CGRP antibody

Epiodc migane CGRP receptor antagonist (pepant) Okegepant (Olesen et ol, 2004)

Chronie migraine

CGRP receptor antibody
CGRP receptor antagoni
Serotonin-related

Telcagepant. acute (Ho et ol, 2008)
Telagepant- preventive (Ho et d, 2014)
Rimagepant (Marcus et of, 2013)

Seratonin 5-HT ; receptor

BI44370TA (Diener et al, 2011)
:n:n;o?d. synthase (N MX.3207 M « ol, 20| |)
inductie NOS Ubrogepant (NCTO2867709) (Voss et o, 2016)

Neuronal NOS plus triptan ’m

Glutamataryk ergete attack treotment
NMDA receptor migraine v

AMPAfainace CGRP antibody

IGIURS (lainate) receptor

GRS (gurans) Episodic migraine
AMPA receptor antagonist

Neuroinflammatory targ

TRPY 1

Substance P/neurokinin-|

ALD403 (Dodick & d., 2014a)
Gakanezumab (Dodick et of, 20 14% Oakes et al, 2016)
TEV48125 Bigdl «¢ o, 20150)

TEV-48125 (Bigal & d., 20150)

ALD-403 (Smich et ol, 2016)

Erenumab (Sun e al, 2016)

Atogepant (AGN-241689; NCT02848326)

Chronic migraine
Neurogenic plasma protein ex

CGRP receptor antibody
Other targets m

Orexin | and 2 receptors (Fehunwy

U SAGIL (L1 L L Wy ST, R G U AV, M S U, £V ) +iase w oy

Angiotensin receptor Candesartan (Tronvik et al, 2003; Stowner et al, 2014) Off-license use
Telmisartan (Diener et dl, 2009) Phase Il (F)

Prevention of aura not headache Tonabersat (Goadsby et al, 200%; Hauge et al, 2009) Phase Il (F)

Phosphodiesterase inhibition Ibudilst (johnson et al, 2015) Phase Il (F)

Emerging targets

Acid sensing fon channel (ASICS) Amilorida (Holland et al, 2012)

Piuirary adenylate cychse activating PACAP receptor antagonists (Amin et al, 2014;
peptide (PACAP) Zagami et dl, 2014; Akerman and Goadsby, 2015)
Neuronal NOS Neuronal NOS inhibition (Akerman et al, 2002)
MNeuromodulation strategies

Transeranial magnetic stimulation (TMS) Single pulse TMS (Lipton et al, 2010; Bhola et al, 2015) Marketed
Occipiral nerve stimulation (ONS) Chronic migraine (Lipton et al, 2009 Saper et al, 201 I; Siberstein et al, 2012)  Phase Il (F)
T vagal nerve I device (Goadsby et dl, 2014; Sibersten et al, 2016) Phase Il (F)
Supraorbital nerve stimulation Cefaly (Schoenen et al, 2013) Marketed
Sphenapalatine ganglion stimulation ATl device (NCTOI540799) Phase Il

Tergooi zorgt vooruit.
Goadsby PJ. BRAIN 2016: 139; 2571-2577




CGRP: oligopeptide en receptor

a b

| |
Ala-Cys-Asp-Thr-Ala-Thr-Cys-Val-Thr-His-

Arg-Leu-Ala-Gly-Leu-Leu-Ser-Arg-Ser-Gly-
Gly-Val-Val-Lys-Asn-Asn-Phe-Val-Pro-Thr-
Asn-Val-Gly-Ser-Lys-Ala-Phe-NH,

CGRP

RCP

Figure 2

CGRP and its receptor. (#) Human a-CGRP sequence with an amidated C terminus and N-terminal
disulfide bond, indicated by the bracket. (/) The CGRP receptor complex, which contains three subunits:

CLR, RAMPI, and RCP. Abbreviations: CGRP, calcitonin gene-related peptide; CLR, calcitonin-like
receptor; RAMP1, receptor activity-modifying protein 1; RCP, receptor component protein.

Russo AF. Annu Rev Pharmacol Toxicol 2015. 55:533-52 Terg001 zorgt vooruit.



__ Osteoarthrosis, degenerative

disc disease & TMI* (12)

‘ G RP L == |mjury & dise hernlation (4)
¢ = Somatic pain (20) -
= Tendinopathy (2
b Other conditions [2)
—  Gynecological pain [4)
(' —{ Visceral pain (&) =1—  Gastrointestinal pain (3]
oc
V)
() - Cardiac pain (1}
-
—_— Experimental pain (4)
0
(a8 Inflammatory pain (&)
Burn scars & pruritus (4)
. Complex regional pain

syndrame (3}

Neuropathic pain (11] ==

Oral pain conditions (4)

Climical trials {3} —

Other conditions (4)

Schou WS, et al. The Journal of Headache and Pain (2017) 18:34

Experimental pain

Cancer

Maorton's neuroma

Post-herpetic neuralgla

Past fracture pain

Mixed group

Tergooi zorgt vooruit.



CGRP veroorzaakt overgevoeligheid voor
sensorische stimuli bij migraine

(Lars Edvinsson, Lund, 1990)

Somatosensory Somatosensory

Normal CGRP )  High CGRP

Annu Rev Pharmacol Toxicol 2015. 55:533—52 Tergooi zorgt vooruit.
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Ontwikkeling gepant compounds (2004-2011)

Table 1. Note all data in this table, comparing verum to placebo, were statistically significant (P< 0.05) in the individual trials

Pain free at 2h (%)

Drug Verum Placebo Side-effects reported Status in pharmacological trials Reference
Olcegepant 44; 2. 5mg 2 20% Reported adverse effects Discontinued development — poor [45]
oral bioavailability
Telcegepant 27; 300mg 10 Transaminitis Discontinued — hepatotoxic concerns [46-52]
MK3207 69; 200mg 39.1 Transaminitis Discontinued - hepatotoxic concerns [53]
BI44370 27.4; 400mg 8.6 1.4-9.4% Reported adverse Phase lla complete [54]
effects, dose dependant
BMS-927711 32.9; 150mg 15.3 1-8% Reported adverse Phase lla complete [55]

effects, dose dependcnl

Summary of the gepants class of calcitonin generelated peptide antagonists that have demonstrated clinical efficacy and the recent literature from
pharmacological studies regarding their effects and status in drug frials.

Curr Opin Neurol 2015;28(3):250-4 Tergooi zorgt vooruit.




Effectiviteit gepants

757 BIBN4096BS
50
2
25
O 1 1 1
Headache Pain free Recurrence
response rate
757 MK-0974
50
O\O
25
0 T T |
Headache Pain free Sustained
response pain free

B BBN409%BS [l MK0974 [ Placebo

Tergooi zorgt vooruit.

Doods H, et al. TIPS 2007;28:580-7



Biobusiness: intellectual property landscape

Teva b, Lilly
ate: IS documents: iments:
005 ; 1 pending J! :
CGRP | Target S Phase Il | Intravenous CGRP | Target P Phase Il | Intravenous
peptide | restricted Migraine trial administration peptide | restricted Migraine trial administration
Light Phase IlI CDR Phase Ill
sensitivity | trial restricted trial
o
< Alder Biopharmaceuticals
2 locuments:
| A
5 Target R Intravenous Target .. | Phasell|Intravenous
o] 5 )
< restricted | Migraine administration restricted | Mi9raine | yiay administration
g CGRP | CDR Phase Ill CDR Light Subcutaneous
& receptor | restricted trial restricted | sensitivity administration
| *®Rg
2
3
3 .
o
£ © Teva
-g @ Amgen
% @ Lilly
< © Alder
=4 Biopharmaceuticals
& © Merck/Allergan
] Boehringer Ingelheim
@ Bristol-Myers Squibb
© Other
1993 Priority date 2015

Nature Reviews | Drug Discovery

Nat Rev Drug Discov 2016;15:8-9 Tergooi zorgt vooruit.




4 compounds in klinische trials

ALD403 LY2951742 AMG 334 TEV-48125

Target CGRP with a humanized antibady CGRP with a humanized antibody CGRP receptor with a human CGRP with a fully humanized
antibody antibody

tin Around 32 days 25-30 days Not disclosed Around 45 days
Migraine state Episodic and chronic Episodic and chronic Episodic and chronic Episodic and chronic
Current development Finalized positive POC study with Finalized positive POC study with Dose-ranging (Phase 2b) Dose-ranging (Phase 2b)
phase a single dose level administered single dose level Currently

once (Phase 2a) Currently conducting dose-ranging

conducting dose-ranging (Phase 2b).

(Phase 2b).
Form of administration iv* s.C. 5.C. 5.C.
in phase 2
Phase 2 dosing Monthly for s.c. and every Twice per month (2a) and once Once per month Once per month
frequency 3 months fori.v.t per month (2b)

TEV-48125 (formerly known as LBR-101, RN-307)

Br J Clin Pharmacol 2015;79(6):886-895 Tergooi zorgt vooruit.




Resultaten fase IIB trials

0 —9-LY2951742
—&— Placebo
08 -0-5 |
E oo I ’3; 17
2 =
.ﬁ w -1-5 4
: 4 S £ > 23(:343%)
— £
s ! 25 21
5 4 e 29 (-41-4%)
1) 1 _2‘ —
: 838 -3:0 (-42:3%)
= 8- L [ E vE -
— ALD403 s 3
—— Placeho L g,
-10 I I I & 35
0 4 g 12 £ 43 (-627%)
Time (weeks) = 44 -4-2 (-62-5%)
a
=
-37 (53-7%)
_45 —
O -5 T T 1
-@- Placebo 0 1 2 3
05+ - AMG 3347 mg
—— AMG 33421 mg A
_1.04 —¥- AMG33470mg
£ -15-] £, 2
b 28
k= e
I N S N s £2 4
£ -254 e
& 3
5 _ %5
2 30 §2 6 p<0-0001
v —4— Placebo p<0-0001
3.5 & 225mg
35 1 . —— 675mg
40 p-0-029 p=0-021 ) ' '
B
_45 T T T 0-
Baseline Week 4 Week 8 Week 12 ]
Number of patients s, 5
Placebo 153 151 144 144 &=
AMG3347mg 107 107 106 104 =§ é: -3
AMG33421mg 102 99 97 93 %‘ k] 4
AMG33470mg 104 103 103 99 o §
1 5
g5 . p<0:0001
Dodick DW, et al. Lancet Neurol 2014; 13: 1100-07 . p<00001
Sun H, et al. Lancet Neurol 2016; 15: 382—90 77
Dodick DW, et al. Lancet Neurol 2014; 13: 885-92 -8 T T
Baseline Weeks 1-4 Weeks 5-8 Weeks 9-12

Bigal ME, et al. Lancet Neurol 2015; 14: 1081-90



Cardiovasculaire etfecten (?)

140 0
130 80
= 120 70
T z
E :
110 50
100
50
& & & ] A W & o -]
% F ST TP FIFTF LI
& * F MR
s & & ‘9&" PP PSP &
& & Yy
\(1\\\3 Placebo  -ssesauas LER-101 — PlErEhO  eeeseeee- LER-101
Systolic Blood Pressure Diastolic Blood Pressure

8

Heart Rate (Beats/minute)
8888388

Heart Rate

CNS Drugs (2014) 28:389—399 Tergooi zorgt vooruit.




Table 1. Phase 2 RCTs of cdlcitonin gene-related peptide mAbs for migraine prevention

Route and Study size Mean baseline Primary endpoint
Effactive frequency of population (total Key inclusion Key axclusion MHD /28 days (decrease
Antibody target dose (mg) administration active vs. placebo) criteria criteria |active vs. placebo)  from baseline)
ALDA03 |eptinezumab) 1000 i.v., once 163 |81 vs. 82) 5-14 MHD/28 days Preventive freatments and 67 vs. 7.0 MHD/28 days at |
CGRP ligand analgesic overuse 5-8 weeks
AMG 344 [erenumab) 70 s.c., monthly 483 (4 arms) 4-14 MHD/28 days Preventive treatments and B.b6vs BB MHD/28 days ot
CGRP receptor for 3 months (107 vs. 160) analgesic overuse 9-12 weeks
LY2951742 150 5.C., every 218 (10Bvs. 110)  4-14 MHD/28 days Preventive freatments 67 vs. 7.0 MHD/28 days at
fgalcanazumab]l CGRP 2 weeks for 9-12 weeks
igand 3 months
TEV-48125 CGRP ligand 235 (675)  s.c., monthly for 297 (96 vs. 104) 8-14 MHD/28 days  Use of opicids or 1N5w 115 MHD/28 days at
(fremanezumab) 3 months friptan overuse barbiturates for 9-12 waeks
allowed preventive >4 days/months
treatment allowed
Q00 (675/225) s.c., monthly for 264 (87 vs. 89 at Chronic migraine Use of opicids or 164 vs. 16.8 Headache hours at
3 months S00-mg arm) preventive treatment barbiturates for (200 mg) 9-12 weeks
allowed =4 days/months
Active vs. placebo 50% responder Dropout Patients (%) with any Antidrug antibodies
Antibody target primary endpoint ratio (NNT) ratio  AE (active vs. placebo) Common AEs (neutralizing) Reference
ALDA03 (eptinezumab) 5.6 vs. 4.6 FS5vs 54% (4.7) 12% 57 ws. 52 Dizziness; EGG changes; dry 14% Dodick af al. [22]
CGRP ligand month
1 day difference
P=0.03
AMG 344 [erenumab] 3.4 vs. 2.3 46vs 30% (6.2) 7% 54 [7Omg) vs. 54 Fatigue; headache 10% (3%] Sun et al. [24]
CGRP receptor
1.1 days difference
P=0.021
LY2951742 4.2 v 30 FOvs 45% (4.0) 12% 72w &7 Erythema; site pain; 18.7% Dodick af al. [21]
lgalcanezumab) infection; abdominal pain
CGRP ligand
1.2 days difference
P=0.003
TE‘lfadildEi CGRP 6.27 vs. 3.46 53vs. 28% (4.0) 03% 27 [225mg) vs. 237 Injection pain; erythema 1% Bigdl et al [23]
igo
ﬁgmmmazumb}
2.18 days difference
P=0.0001 (225mg] (225 mg)
30.41 h difference from A 1.1% 28 [?00mg) vs. 17° Injection pain; pruritus 1% Bigal et ol [25]

placebo P=0.0057
2.0 MHD difference from

placebo (P=0.041) (200 mg]

AE, adverse evert; CGRP, cakitonin generelated paptide; MHD, migraine headache days; NINT, number neaded to treat.

9Drugrelated adverse events.

Mitsikostas DD, Reuter U. Calcitonin gene-related peptide monoclonal antibodies for migraine prevention:
comparisons across randomized controlled studies. Curr Op Neurol 2017;30:272-280

Tergooi zorgt vooruit.



Table 2. Phase 3 RCTs of cdlcitonin gene-related peptide mAbs for migraine prevention

Study size Mean bassline Active vs.
Optimum Route and population MHD /28 days placebo Estimatad
Study ClinicalTrials.goy  dose frequency of (active Inclusion (adtive vs. Primary primary study com-
Antibody name identifier (mg) odministration  vs. placebo) criteria placeba) endpoint endpoint Comman AEs pletion
ALDAOSZ PROMISE |  MCTOZ559895 1 dose iv., once BOO Frequent episcdic oy Responder rafe ot NA Wy June 2017
[eptinezumak) migraine weeks 1-12
PROMISE 2 MNCTOZ2974153 2 dosas  iv., once 1050 Chronic migraine Pl Decrease of MHD,/  MA Pl June 2018
28 daysat 1-
12 weeks
AMG 344 ARISE MNCTO24B3585 70 s.c., monthly for 577 4-14 MHD /28 8 MHD /28 days ot 2.9 wvs. 1.8 Masopharyngitis;  Completed
(erenumotb) 3 months days 9-12 weeks respiraiory
infection;
injection site
pain
[34] 1.1 days
differance
STRIVE MNCTO2456740  70and  s.c., monthly for 955 4-14 MHD /28 8.3 Decrease of MHD/ [FOmg) 3.7 Masopharyngitis;  Completed
140 & months days 28 daysat 12- v, 1.B respiratory
24 weeks infection;
sinusitis
[35] 1.9 days
difference
LY2951742 EVOLVE 1 MCTO2414183 2 doses  s.c., monthly for B25 Episodic migraine M Decrease of MHD/  NA M June 2017
(galcanezumak) & manths 28 days at week
24
EVOLVE 2 MNCTO2614194 2 doses  s.c., monthly for B25 Episodic migraine A Decrease of MHD,/  MA A July 2017
& manths 28 days at week
24
REGAIM MCTO2614261 1 dose s.c., monthly for B25 Chronic migraine A Decrease of MHD,/  MA Wy May 2018
3 months 28 days at week
12
TEV-4B125 NCTO2638103  2doses  s.c, monthly for 1842 Episodic or chronic MNA % of Participants  NA MNA October
(fremanezumab) 18 months migraine with AEs 2018
NCTO2629861  2doses  s.c, monthly for 7B Episodic migraine MA Decrense of MHD,/  NA MA October
3 manths 28 days ot week 207
12 and % of
participants with
AEs
NCTO2621931  2doses  s.c, menthly for 1020 Chrenic migraine MA Decrease of MHD/  NA MNA October
3 months 28 days at week 207
12 and % of
participants with
AEs
AE, adverse event; MHD, migraine headache days; NA, not available.
Mitsikostas DD, Reuter U. Calcitonin gene-related peptide monoclonal antibodies for migraine prevention: TergOOi Zorgt VOOI'uit.

comparisons across randomized controlled studies. Curr Op Neurol 2017;30:272-280




CGRP en MIGRAINE

 Migraine is een primair neurale hoofdpijn

- Etiologie: kanalopathieen (Na, Ca, K): genetisch

» Behandeling tot dusverre incompleet (treatment gap)

- Effectiviteit huidige arsenaal beperkt (triptanen)

» Calcitonin Gene Related Peptide is biomarker voor pijn
* CGRP is aangrijpingspunt voor hoofdpijnbehandeling

* Nieuwe klasse CGRP antagonisten veelbelovend

* CAVE: P x Q! (“half a billion people are waiting”)

Tergooi zorgt vooruit.




Binnenkort in dit theater!

Study Number TV48125-CNS-30068

A Multicenter, Randomized, Double-Blind, Parallel-Group, Placebo-Controlled Study with
an Open-Label Period to Evaluate the Efficacy and Safetv of Fremanezumab for the
Prophylactic Treatment of Migraine in Patients with Inadequate Response to Prior
Preventive Treatments

A Randomized, Double-Blind, Placebo-Controlled Study with an Open-Label Period on
Efficacy and Safety of Fremanezumab in Adults with Migraine

A Study to Test if Fremanezumab is Effective in Preventing Migraine in Patients Who Did
Not Respond to Prior Preventive Migraine Treatments

Efficacy and Safety Study (Phase 3)
IND number: 106,533; NDA number: Not applicable; BLA number: Not applicable;
EudraCT number: 2017-002441-30
EMA Decision number of Pediatric Investigation Plan: Not applicable
Article 45 or 46 of 1901/2006 does not apply

Tergooi zorgt vooruit.




70, klaar. Vragen?
WY DO WHALES TP E-L TR WHY ARE THERE SLAVES IN THE BIBLE

WHY ARE. WITCHES GREENQW’E"”‘E mawmmwsmmmrrﬂmmmsng%mgﬁ ﬁ{ﬁf%s?}

WHY ARE THERE. MIBRORS ABDVE BEDS wm“%mswmﬁﬁﬁmmmmwmm HTTF'S
WHY DO I 5AY UH=X WHY ISTHERE A LINE” THROUG

\JHY 15 SER SALT BETIER TS SUHY 1S HTTPS IMPORTANT
T N R Dc A T £g
WIEHL%SLHJWIM NSO | 2 Hﬁﬁ%m g&
A e HW&%MWE‘ r_.,-. N L @ﬁ
e D BTy eenT EcoNomts 5 RICHE 3725 . 5
LHY ARE THERE. Tl 5 | LHY 15 THEFE PHLEGH e
MHPETFEFECEIEBEW \WHY ARE THERE S0 MANY CROMS I ROCHESTER, MM
\JHY 9 WHY DO ATERICANS CELL IT SOCER 5 47\ 5 'BeveHIC WEAK. TO BUG

DO SNAKES EKISI'Z WHY ARE MY EARS RINGING
A DS Ay BUCke S, MY ARE THERE. SO MANY HUENGERS%‘NLHYE%EDWHNWWH Wiﬂ

Ui 1o UOLVERNE NoT N THE AVENGERS 3 WHY 19 THERE. ICE. IN SPACE

L% et s IR\ JHY ARE THERE ANTS IN MY [APTOPZ %

LHY
WHY ARE THERE MUSTRGHES ON CARS L \ Ky I5 EARTH TﬂJED% \JHY ARE THERE ‘-JHYI&THERE AN OWL IN WEP.CRKHRD

r
5X

2
%
%;
™

HERE M FVERVIHERE
mﬁaﬁm&mﬁﬁaﬁﬁﬂ o WHY 15 IST?EREHHM.WTEIEWM
Ly HERE ”*"'WM"’-”““"“ WHY 1S THERE AN OWL ON THE DOLLAR BILL
".-JI-N

b6 B ot il 6 e WHY PRE. THERE. TINY SPIDERS IN MY HOUSE WHY ARE AK Y EXPENS D
7 A X LMY DO SPIDERS COME INGIDE T WHY ARE THERE rﬁm;‘?mgo ORCLING MY mh.g:é

WHY ARE THERE | 8 WHY ARE THERE. HUGE SPIDERS IN MY HOUSE WHY ARE THERE. GODS T_ WHY ARE I BOO0BS rmfz

5 WHY ARE. THERE. LOTS OF SPIDERS IN My HOUSE WHY ARE THERE. TO SPOXKS Wmﬁﬂﬁﬂﬂﬁﬂmﬁmm

k% WHY ARE THERE SPADERS N MY ROOM _ | JHY' 1S err:suwus THERE UMY 5 505 LMITE

GHOSTS
§
¢ ARE THERE. MALE. PND FEMALE. BIKES %} WHY DO OWLS ATTACK PEDPLE I

WHY ARE THERE S0 MANY SPDERS N 1Y RO

T\HY DO SPIDER BITES ITeH = WHY DO THEY SAY T Mmu&r““mm‘“”""“ %

AR
R Tt b S e
RWHY 19 ARWEN DYING 8| Vi

S s e oz 1S ISOLATION BAD < L
wmmqﬁémmmﬁm % S\ PRENT 1Y QUAL LAYNG ECGOR 7R rremy D

ﬁ
%
Lﬂsrg

\WHYARENT MY QUAIL BG5S HATCHING & i3 15 STEALING. IRONG
WHY AREN'T THERE. ANY FOREIGN MILITARY BRSES IN ﬁffiﬁm@




Pablo Diego José

Francisco de Paula

Juan Nepomuceno

Maria de os Remedios

Cipriano de la Santisima Trinidad
Ruiz y Picasso

1881-1973

Les demoiselles d’Avignon
1907

MOMA, New York, NY
Olie op doek,
244 X 234
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TV 48125-CNS-30068, site 37128

G735 mg 225 mg 235mg
Gryma PRO F 225 m 15mg 235

el 4 e ST
a PO P

vl Wi UE vd V5 Ve V7 V8 W5
I I I I | | | e {
| | | | | | | |
Week -4 Weak 0 Week 4 Week & Weak 12 Wk 16 Week 20 Week 14 Wesk 25
| A -
1 i ) s .
Baseling Dinuhbla-hlind Period Opan-label Pariod ECT Follewup pariod

EOT=end of treatment; PBO=placebo; V=nz1t.
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