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I t d t‘  DHE plasma exposure in the first 2 hours after drug delivery is critical to migraine pain relief (FDA Migraine guidance, 2018), justifying Figure 2. Mean Plasma DHE Concentration from 0-4 Hours (Safety Population) » Research from a Phase 2 trial with 1 mg MAPOOO4 reports onset of pain relief in migraineurs as early as 10 minutes and only 1 incidence
n ro uc Ion an emphasis on AUC__ and Cmax when assessing novel DHE products. of nausea (Aurora et al, 2009; Figure 3).
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* Further, while Crax is likely important for efficacy, research suggests that a high Cmax may also predict a high rate of adverse events * Ahigher rate of adverse events was reported following 2 mg MAPOOO4 and pain relief was inferior to 1 mg. The 2 mg nominal dose was

* Acute treatment of migraine remains a clinical challenge despite the availability of multiple treatment options. Approximately 40% (Shrewsbury et al, 2008; Jividen, 2011; Silberstein, et al, 2014). = —e— INP104 1.45 mg (n=31) suggested to have no additional benefit to the T mg nominal dose (Aurora et al, 2009; Table 3; Figure 3).

of respon.dents In asurvey of patients VYlth acute migraine re.ported f:llssat|sfact|on with current treatment options, suggesting the E 10000 % ..m |V DHE 1mg (n=32) « A pooled analysis of 5 studies in 163 healthy subjects administered inhaled DHE by MAPOOO04 found that the incidence of nausea was

opportunity for outcome improvement in acute migraine patients (Lipton, 2013). E . Migranal 2 mg (n=34) related to peak DHE concentrations (Silberstein et al, 2014). The probability of nausea with inhaled DHE was <2% at Cmax less than

L o . .
* Dihydroergotamine (DHE) is a semi-synthetic, hydrogenated ergot alkaloid derivative that has been extensively used in the treatment of I N P1 04 a Novel Nasal DH E Product é % 5,000 pg/mL but greater than 50% at a Cmax that exceeds 13,400 pg/mL (Silberstein et al, 2014).
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migraine pain, beginning in 1946 (Horton, 1945; Silberstein, 2003). r £ 10004 = A —W—g—g Figure 3. Percent of Patients Achieving Pain Relief With MAP0O0O4 and Placebo
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Currently marketed DHE products in the US include injectable DHE (D.H.E. 45 for |V, SC or IM delivery) and nasal DHE (Migranal). » INP104, a novel drug-device combination product in Phase 3 clinical development, targets delivery of a liquid DHE formulation to the ;2 —— == — =L 1 _ ] 100 w Placebo (n=16) B MAP0004 1 mg (n=26) B MAPO0O4 2 mg (n=21)
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 DHE delivered nasally to the lower nasal cavity (Migranal) using a traditional nasal spray applicator results in low and variable upper nasal cavity using the Precision Olfactory Delivery (POD®) device. § 100 - & 20 -

bioavailability (32%, US PI 2017; 13% to 101% Migranal SBA 20148) and inconsistent efficacy. Further, patients and physicians report . The POD device technology targets consistent and efficient delivery of drugs to the vascular rich upper nasal space (Figure 1). o . 30 -

issues of “spillage” after administration, likely contributing to variability in absorption and efficacy (Humbert, 1996). = / *

| o | * This region of the nasal cavity has many advantages for drug delivery including reduced overall variability and improved bioavailability 2 10 — ..2 70 -

* IV, IM, and SC DHE are used most often in the emergency room or by headache specialists after other treatments have failed; however, by minimizing the amount of drug that drips out of the nose or runs into the posterior pharynx after nasal administration. é 2 60 -

injection is typically not a favored route of administration by patients experiencing migraine. Further, [V DHE, because of its high peak S

plasma concentration (Crnax), has more side effects than other formulations. With INP104, the POD system maintains DHE and HFA propellant separate until actuation. : = 50 A *
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* An orally inhaled DHE product (MAPOO04) was developed to provide an alternative to nasal delivery or injection that would result in * Actuation propels d f.ocused stream containing DHE to the olfactory epithelium of the upper nasal space where rapid absorption into 0 1 . f 2 h 3 4 g 40 4 .

rapid and consistent absorption of DHE. MAPO0O04 was clinically developed but never marketed due to CMC challenges. DHE was the systemic circulation occurs. Time After Dose (h) = 30 -

contained within the hydrofluoroalkane (HFA) canister in the MAPOOO4 product. * No product has previously utilized the upper nasal space for systemic drug delivery. From Shrewsbury et al, 2019 20 -
* For migraine treatments, it is critical to address migraine pain in the first two hours, where changes at the molecular level in neurons * AUC__, following administration of INP104 (1.45 mg), Migranal (2 mg), and D.H.E. 45 (1 mg IV) was 1595, 387.5, and 3022 h*pg/mL, 10 -

located in the trigeminal ganglion and spinal trigeminal nucleus cause hypersensitivity to internal and external factors (Burstein, 2011) respectively, in the STOP 101 trial (Table 2, PK Population).

i Figure 1. lllustration of the Target Delivery Area of the POD Device (left) and the To-Be-Marketed 1123 POD Device (right O

and so delayed treatment may impact outcome. & & y (left) (right) * Aliterature report describing the PK of orally inhaled DHE 1 mg states an AUC __, value of 1447 h*pg/mL (Kellerman et al, 2013), similar 10 60
» For DHE, it has been reported that rapid plasma exposure in the first two hours following administration may predict success of to that reported for INP104. o 9005 520,05 ve. olacel Minutes After Dose

treatment (Kellerman, 2013). \ *  Cmax values were highest following D.H.E. 45 (1V) at 14190 pg/mL followed by INP104 at 1281 pg/mL and Migranal at 299.6 pg/mL O AHIRIE S S PR I PR

| | | | | o | o | o | (Table 2, PK Population). * The authors concluded that:

* Impelis deve.lo.plng INP104, an innovative c(l@rug—dgwce combination product that consists of a |'qu'd DHE f.o.rm.ulatlon adm|r1|§tereq by . . . - Atthe IV DHE Cma, more extensive binding activity is observed for multiple adrenergic, dopaminergic and serotonergic receptors

the 1123 Precision Olfactory Delivery (POD®) device that addresses the low bioavailability and high variability in nasal administration Table 2. Comparison of Mean PK Parameters for Different Formulations of DHE compared to a Cax following inhalation (or other routes of administration) (Cook et al, 2009).

observed with traditional nasal sprays. - Peak plasma DHE concentrations that are predicted to result in migraine relief following administration of orally inhaled DHE are not

reported to be associated with clinically meaningful rates of nausea.
Subject Population PK Safety? PK PK - Based on the results of the MAPOOO4 study (Aurora, 2009), it was proposed that the optimal dose for treating acute migraine
appeared to be a systemic equivalent of 1 mg nominal dose, achieving approximately 1/3 of the AUCo-int 1 mg IV DHE dose and a Crax

Parameter INP104 INP104 Migranal IM/SC Orally Inhaled (MAPO004)

®
N 3 3 8
Nasal Delive ry of DHE Pose (nominal, mg) 1 145 145 2 1 1 2 1 of 1/30th of the IV dose.
S —— Trmax (h) (median) 0.083 0.5 0.5 0.783 0.37-0.40 0.2 0.1 0.15 o
* Comparison of DHE 2-hour pain relief and pain-free rates for nasal and orally inhaled administration for treatment of acute migraine Conae (pg/mL) 14190 1301 1281 299 6 2900-3200 1145 2921 2720 CO“CI“S'O“S
(Table 1). ——— R T e e
N AUCo.int (h*pg/mL) 7490 6275 6153 2199 9210-9360 3129 7668 4472

* A goal for acute migraine products to enable potential pain relief is to achieve high plasma exposure within the first 2 hours after a dose.

. . . . AUC _ (h*pg/mL) 3022 1603 1595 387.5 Not available === === 1447
Table 1. Rates of Pain Relief, Pain Freedom, and Treatment Effect at 2 Hours With Nasal or Orally Inhaled DHE for b * INP104 improves bioavailability approximately 4-fold of nasal DHE compared to delivery by a typical nasal spray and after 20 mins of
[ ] [ ] 0 —— —— - - ——— . . .
Acute Migraine F (%) 100 8.9 15.2 dosing, plasma levels observed are similar to IV DHE.
IV, INP104, Migranal - Shrewsbury 2019; IM/5C - Schran 1994; Orally inhaled = Shrewsbury, 2008, Kellerman, 2013 * |n particular, delivery of DHE by the POD device results in high plasma exposure to DHE in the first 2 hours after administration similar
Pain Relief Treatment Effect Pain Freedom Treatment Effect aSafety population includes all subjects randomized. PK population includes only those subjects that completed all three arms of the STOP 101 study. . ] ) ) ) ) )
®Bioavailability was calculated relative to IV in the STOP 101 clinical study. to inhaled DHE (MAPOQOO04), a product with reported migraine pain relief as early as 10 minutes (Aurora, 2009; Kellerman, 2013).
Drug (Reference) (% (0 (% () A ' 10-fold reduction in the Cnax following INP104 admini ' d with [V DHE Iso lead f bl
. . or e . . . . . e -
Ob’ective & MethOdS * Theincidence of nausea and vomiting was at least 2-fold higher with IV DHE than with INP104 (Table 3), despite pretreatment with an t T apg.rlc.)txmatfe.l olkare dUCt‘Ifhn|l\r/] JI[DSE max f)l o:[/wr;\iAPOOOZLa(]mlnl)stratlon compared wit may also lead to a more favorable
. j antiemetic (Shrewsbury, 20—]9) olerapbllity proftiie compared wi , Stmilar 1o mg).
MAPOOO4 1 mg [Orally inhaled] 75 39 44 37 Ref
ererences
(Aurora, 2009) . .
. USing data obtained from the STOP 101 StUdy (ShreWSbury et aI, 2019) and other literature reports, the ObjeCtive of this analysis was to Table 3- |I1CIC|el1ce Of MOSt Common TEAES (Safety POp“Iat|on) 1. ﬁu;g:altsplz,tizztinw'li't%nK}ci?r:iI:éSljgigslco;eryzsoBdergr.wgzog?;z;d, double blind, placebo-controlled study of MAPOOO4 ::) mrgrana:z IS\IasaI SpraBy 2.mgfllrescribir|1gInformation. US (Valeant Pharmaceuticals) Prescribing Information.
. . . . . : : i : . igranal® Summary Basis of Approva
ARG 2 “Orally inhaled] compare PK parameters, plasma exposure in the first 2 hours, and adverse events following administration of: Number (%) of Subjects 2. Aur;)ri SKJ;SiIbirs;ceirrSD., Kor_il SHd, et al.zi\é\ﬁPS?(gg;L,1c37rallyinhaled DHE: arandomized, controlled study inthe 12, Manzoni GC, Stovner L. Epidemiology of headache. Handb Clin Neurol, 2010:97:3-22.
mg rally innaie . . acute treatment ot migraine. Feadacne. RV 13. Schran HF, Tse FS, Chang C-T, et al. Bioequivalence and safety of subcutaneously and intramuscularly
(Aurora 2009) 65 32 35 28 - DHE by INP104 (PreC|S|0n OlfaCtOry Dellvery [POD®]>, 1.45 meg INP104 1V DHE DHE Nasal Spl‘ay MAPO004 MAPO00O4 1V DHE 3. Cook. RO, Shrewsbury SB, Ramadan NM. Red.ucc?d adverse event profile of orally inhaled DHE (MAPO0Q04) vs IV administered dihydroergotamine in healthy volunteers. Curr Ther Res. 1994:55:1501-8.
’ - Migranal® Nasal Sprav. 2 m 1.45 mg 1 mg 2 mg 1 11]4 2 11]4 | 11]4 bHE: po.tentlal mechanism. He.*ada.che. 2009’4?'1423_34' 14. Shrewsbury SB, Cook RO, Taylor G, Edwards C, Ramadan NM. Safety and pharmacokinetics of dihydroergotamine
g pray, g 4. FDA Guidance for Industry. Migraine: Developing Drugs for Acute Treatment, Feb 2018. mesylate administered via a novel (Tempo) inhaler. Headache. 2008;48:355-67.
- D.H.E.45® (IV), 1 mg GEEIS (n=32)? (n=34) (n=6)" (n=12)" (n=16)" 5. Horton BT, Peters GA, Blumenthal LS. A new product in the treatment of migraine: a preliminary report. Mayo Clin - 15, Shrewsbury SB, Jeleva M, Satterly KH, Lickliter J, Hoekman J. STOP 101: A phase 1, randomized, open-label,
. R ! Proc. 1945;20:241-8. comparative bioavailability study of INP104, dihydroergotamine mesylate (DHE) administered intranasally by a
MAPOOO4 1 mg [Ora | ly Inhaled] — i 1 1 N ven 15 (484) 21 (656) 14 (41 2) 5 (833) 8 (667) 16 (1 OO) 6. Humbert H, Cabiac MD, Dubray C, Lavene D: Human pharmacokinetics of dihydroergotamine administered by 1123 Precision Olfactory Delivery (POD(®) ) device, in healthy adult subjects. Headache. 2019;59:394-4009.
59 24 28 18 MAPOOO4 (oral inhalation), 1T mg or 2 mg nominal y eve . ven
: - ;0U:£00=/0. . Silberstein SD, McCrory DC. Ergotamine and dihydroergotamine: history, pharmacology, and efficacy. Headache.
(Aurora, 20’”) nasal spray. Clin Pharmacol Ther. 1996;60:265-75 16. Silb inSD McC DC.E ; d dihvd ine: hi h | d eff; Headach
4 (12.9) O (28.1) 504.7) O O - 7. Jividen H. Nausea associated with DHE is a function of maximum concentration and not route of administration. 2003;43:144-66.
. , , , Somnolence : - - d | . | .
* |n addition, trends in the literature of DHE PK, efficacy, and adverse events related to Cnax Were reported. ) i3;| Annua&/\ietmi ofcthe bAm;['c;aneZdSaclfe Sgc/ftv, Washmg:o: DC, June 2-5, 2f01b1 | 1. SiIZerhsteinSD, BasiIefAS, KeIIerrnan D, Davar G. Rhelatic|>|nshihp r)e;vgeﬁg [;Igsn;\a dihy&;‘oergotan;n;e cAc\Jncentrations
. ellerman DJ, Forst A, Combs DL, Borland S, Kori S. Assessment of the consistency of absorption o and the occurrence of nausea after treatment with orally inhale . 56" Annual Meeting of the American
Ml ranal Nasal S ra 2 O m [StUd 1] HeadaChe 2 (65) 6 (188) 3 (88) 1 (167) 2 (167) 3 (188) dihydroergotamine following oral inhalation: pooled results from four clinical studies. J Aerosol Med Pulm Drug Headache Society, Los Angeles, June 26-29, 2014,
(Ug o 2017) pray <. 8 y 61 38 Not reported Not reported Dizzi 0 5 (15.6) 1(2.9) 1016.7) 2 (16.7) 7 (43.8) Deliv. 2013;26:297-306. 18. Silberstein SD, Kori SH. Dihydroergotamine: a review of formulation approaches for the acute treatment of
, |ZZINESS . . . - - 9. Lipton RB, Buse DC, Saiers J, Fanning KM, Serrano D, Reed ML. Frequency and burden of headache-related nausea: migraine. CNS Drugs. 2013;27:385-94.

results from the American Migraine Prevalence and Prevention (AMPP) study. Headache. 2013;53:93-103.

Resu Its Nausea 1(3.2) 3(9.4) 1(2.9) 0 0 10 (62.5)
Migranal Nasal Spray 2.0 mg [Study 3] o Vomitin 0 2 (6.3) 1(2.9) 0 0 2 (12.5) ..
(US Pl, 2017) = 2 Not reported Not reported Diarrh © 0 0 7 (5.9) 0 0 1(6.3) T To obtain a PDF of this poster: m P e]
larrnea : : = * Scan the QR code
N

* Mean plasma DHE concentrations with INP104 and IV DHE were generally comparable from 20 minutes to 4 hours following a single Charges may apply
dose (Figure 2). 2V, INP104, Migranal - Shrewsbury 2019; IV, Orally inhaled - Shrewsbury, 2008. No personal inform.ation is stored. FUROPHARM A®

* Treatment effect = active treatment minus placebo
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