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Abstract

Objective: To report the safety, tolerability, exploratory efficacy, and patient accept-
ability of INP104 for the acute treatment of migraine from the Phase 3 STOP 301 trial.
Background: Dihydroergotamine (DHE) has long been used to treat migraine, but in-
travenous administration is invasive, frequently associated with adverse events (AEs),
and not suitable for at-home administration. INP104 is an investigational drug de-
vice that delivers DHE mesylate to the upper nasal space using a Precision Olfactory
Delivery technology and was developed to overcome the shortcomings of available
DHE products.

Methods: STOP 301 was an open-label, 24-week safety study, with a 28-week ex-
tension period. After a 28-day screening period where patients used their “best
usual care” to treat migraine attacks, patients were given INP104 (1.45 mg) to self-
administer nasally with self-recognized attacks. The primary objective of this study
was to assess safety and tolerability, with a specific focus on nasal mucosa and ol-
factory function. Exploratory objectives included efficacy assessments of migraine
measures and a patient acceptability questionnaire.

Results: A total of 360 patients entered the 24-week treatment period, with 354 pa-
tients dosing at least once. INP104-related treatment-emergent AEs were reported
by 36.7% (130/354) of patients, and 6.8% (24/354) discontinued treatment due to AEs
over 24 weeks. No new safety signals were observed following delivery to the upper
nasal space. Pain freedom, the most bothersome symptom freedom, and pain relief at
2 h post-INP104 were self-reported by 38.0% (126/332), 52.1% (173/332), and 66.3%

(167/252) of patients, respectively. A low recurrence rate at 24 and 48 h was observed
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INTRODUCTION

While intravenous (IV) dihydroergotamine (DHE) mesylate has a long,
established history as an effective migraine therapy, its use as an acute
treatment can be limited by the high rate of nausea and vomiting re-
ported by patients, which often requires pretreatment with antiemet-
ics.™ Furthermore, IV DHE mesylate needs to be administered in
emergency room settings or by headache specialists, limiting conve-
nience.2® There have been attempts to develop alternative delivery sys-
tems of DHE mesylate, including nasal and orally inhaled, to overcome
the limitations of IV administration, but these products have variable
clinical response, presence of adverse events (AEs), or insurmountable
manufacturing challenges. INP104 is an investigational, novel drug de-
vice from Impel NeuroPharma that targets delivery of DHE mesylate
to the upper nasal cavity using Precision Olfactory Delivery (POD®)
technology.4 Targeting drug delivery to the upper nasal space may
achieve greater, more consistent drug absorption, which can reduce re-
sponse variability and provide reliable, noninvasive relief.*”~? Although
conventional nasal sprays deliver drugs to the nasal vestibule, INP104
was designed to deliver a liquid DHE mesylate formulation adminis-
tered by the 1123 POD device to the upper nasal space.® This delivery
system aims to prevent any drug spillage out of the nose or into the
nasopharynx to both increase systemic availability and possibly reduce
the rate of adverse taste, which may be shortcomings of the older nasal
product, MIGRANAL® (Bausch Health Companies, Inc. or its affiliates,
Bridgewater, NJ, USA).2410 Importantly, the POD system eliminates
the need for patients to coordinate breathing or orient their head in
a specific position by using metered, propellant-powered delivery,
which allows for easy administration by the patients and/or caregiv-
ers.”™ Whereas previous attempts to develop aerosolized versions of
DHE mesylate failed because of manufacturing issues, the POD tech-
nology keeps the drug and propellant separated until the point of use,
thereby avoiding concerns about stability and consistent dosing when
suspended in the propellant.c”'iz'13

INP104 was found to reach efficacious blood levels and was
well tolerated in healthy volunteers in a Phase 1 study (STOP 101),
with a favorable safety profile making it suitable for at-home use.t
Pharmacokinetic parameters of 1.45 mg of INP104 were compared
with 1.0 mg of IV DHE mesylate and 2.0 mg of MIGRANAL. DHE
plasma levels following INP104 administration reached 93% of maxi-

mum observed plasma concentration (C__ ) by 20 min and were com-

max

parable with IV DHE mesylate by 30 min and up to 48 h. Compared

(7.1% [9/126] and 14.3% [18/126], respectively). Most patients found INP104 easy to
use and preferred it over their current therapy.

Conclusions: INP104 has the potential to deliver rapid symptom relief, without injec-
tion, that is well tolerated and suitable for outpatient use. Results suggest INP104 may

be a promising treatment for patients with migraine.

dihydroergotamine, efficacy, migraine, Precision Olfactory Delivery, safety/tolerability, upper

with MIGRANAL, INP104 delivered DHE mesylate more consistently
and had improved bioavailability—absolute bioavailability was 58.9%
for INP104 versus 15.2% for MIGRANAL.* The incidence of nausea
and vomiting was lower with INP104 (3.2% and 0%, respectively) than
with IV DHE mesylate (9.4% and 6.3%, respectively), both after pre-
treatment with an antiemetic, likely attributable to the lower (~1/10)
peak concentration of DHE mesylate from INP104.%

Epidemiologic studies demonstrate underutilization of prescription-
abortive therapies, high levels of unmet need, and significant patient
dissatisfaction with current treatments.**"*¢ Most migraine therapies
do not address the full spectrum of migraine symptoms, and patients
often discontinue treatment because of lack of efficacy, headache re-
currence, and accompanying AEs such as nausea.'”*® DHE has uniquely
shown sustainable benefit for migraine symptoms when administered
during multiple phases of migraine, and furthermore provides benefits
even in difficult-to-treat migraine.2’3'19’24 DHE slowly dissociates from
5-HT,g/4p receptors, which may explain its sustained antimigraine ef-
fects.?> In the pivotal STOP 301 study, long-term safety data on the
use of INP104 for the acute treatment of migraine were collected. The
primary focus was upper nasal space safety and tolerability, but it also
included exploratory efficacy using patients’ best usual care at baseline
compared to INP104-treated attacks over 24 and 52 weeks.

METHODS
Study design

This was a pivotal Phase 3, interventional, open-label, single-group
assignment study, assessing the safety, tolerability, and exploratory
efficacy of INP104 over long-term use (NCT03557333). The study
protocol was reviewed by an appropriately constituted Institutional
Review Board and the Food and Drug Administration (FDA) and was
initiated on July 13, 2018, and completed on March 17, 2020, at 38
centers across the United States (US). All patients signed an informed
consent form prior to study-related procedures being performed. The
study included a 28-day screening period, during which patients were
on current best “standard of care acute reliever” as a nonblinded “active
control,” henceforth referred to as “best usual care.” Following the base-
line period, eligible patients were equipped with a POD device for train-
ing purposes. All patients self-administered INP104 through 24 weeks,
with a 28-week treatment continuation (52-week period) for a subset of
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patients, followed by a 2-week posttreatment follow-up. Patients were
required to reconsent after the 24-week treatment period if continuing
to the 52-week period (Figure 1). Per FDA guidance, we were required
to generate data in 2150 patients using INP104 at least twice/month for
6 months, and in an optional 50 patients (using INP104 twice/month for
12 months) for the 28-week extension. Patients in the 52-week period
completed the study around the same time as the last of the enrolled
patients completed 24 weeks, and therefore only one database lock oc-
curred for both groups. The overall study duration was a maximum of
58 weeks, with the majority of patients completing 30 weeks. All pa-
tients were required to complete 9 visits during the 24-week treatment
period, and 12 visits if continuing through the 52-week period.

Study outcome measures

Primary endpoints included the number of patients reporting
treatment-emergent AEs (TEAEs, serious or nonserious), change in
nasal mucosa as detected by nasal endoscopy, and change in olfac-
tory function, as measured by the University of Pennsylvania Smell
Identification Test (UPSIT) during, and at the end of, 24 and 52 weeks.
The UPSIT is a validated tool for olfactory function assessment.?
Change in nasal mucosa was evaluated with the novel Quantitative
Scoring Scale for Evaluation of the Nasal Mucosa (QSS-NM), which
was adapted from the Modified Lund-Kennedy Scoring (MLKS) sys-
tem that is familiar to otolaryngologists.?” Migraine attacks (unless
of unusual severity or frequency) were not included within the defi-
nition of an AE. The investigator determined the severity, serious-
ness, and relatedness of an AE to treatment. Secondary endpoints
included vital signs, physical examinations, electrocardiograms, and
laboratory evaluations. All nasal endoscopies were performed by a
board-certified/eligible otolaryngologist. Exploratory endpoints in-
cluded a patient acceptability questionnaire (PAQ), which included
nine questions assessing the patient's impression of INP104 usability
and effectiveness, administered to those who completed the study

Study Start
Start Treatment

at Weeks 24 and 52, or completed an early termination visit from the
study. The PAQ was summarized for the frequency of response to
each question (strongly agree, agree, neutral, disagree, strongly disa-
gree). Additional exploratory endpoints included self-reported effi-
cacy outcomes, such as pain and most bothersome symptom (MBS)
freedom at 2, >2-4, and >4 h, pain relief at 2 h, and recurrence of mi-
graine pain through 24 and 48 h. Pain relief was defined as a decrease
from severe or moderate pain to mild or no pain, or a decrease from
mild pain to no pain. Recurrence was defined as a migraine that was
pain free at 2 h post-INP104 administration, followed by the onset of
a new headache prior to 24 or 48 h.

Study patients

Eligible patients were adult (18-65 years) males or females with a
documented diagnosis of migraine (by International Classification of
Headache Disorders [ICHD] 3 criteria) with or without aura, with 22
attacks per month (maximum of 14 headache days/month) for the
previous 6 months and also during the 28-day screening prior to
Visit 2. All attacks experienced during screening were recorded in
an eDiary, and daily entries were completed on 223 of 28 days prior
to Visit 2 for eligibility. Patients were generally in good health, with
no clinical abnormalities at baseline, provided a written informed
consent and negative urine drug screen, and were willing to attend
necessary study visits. Patients of childbearing potential were will-
ing to use adequate contraception during the study and for 30 days

after completion. Exclusion criteria are listed in Table 1.

Study treatment

This was a single-arm, open-label study, with INP104 dispensed
every 4 weeks in the 24-week treatment period, and at Weeks 24,
36, and 42 for patients enrolled in the 52-week period. Patients

Consent for STUDY
extension END

+28 wks
Extension Period

Stop Treatment Stop treatment
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: i END | { Follow-up
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FIGURE 1 Study design. HIT-6, Headache Impact Test-6; MIDAS, Migraine Disability Assessment; UPSIT, University of Pennsylvania

Smell Identification Test; wk, week
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TABLE 1 Exclusion criteria

Patients with trigeminal autonomic cephalalgias (including cluster headache, hemicrania syndromes, and short-lasting, unilateral, neuralgiform
headache attacks with conjunctival injection and tearing), migraine aura without headache, hemiplegic migraine, or migraine with brainstem

aura (previously referred to as basilar migraine), per ICHD-3 criteria

Patients with chronic migraine, medication overuse headache, or other chronic headache syndromes (and/or patients with >15 headache days per

28 days in screening), per ICHD-38 criteria

Patients with status migrainosus in the 3 months prior to screening or during the screening period

Positive test for human immunodeficiency virus, hepatitis B surface antigen, or hepatitis C antibodies

Patients with ischemic heart disease or patients who have clinical symptoms or findings consistent with coronary artery vasospasm, including

Prinzmetal variant angina

Patients with significant risk factors for coronary artery disease, current use of tobacco products, smoking history (of at least 10 or more
cigarettes per day within the last 12 months prior to screening), or history of diabetes, known peripheral arterial disease, Raynaud
phenomenon, sepsis or vascular surgery (within 3 months prior to study start), or severely impaired hepatic or renal function

Patients with a history of hypertension may be enrolled if the hypertension is stable and well controlled on current therapies for >6 months,

provided no other risk factors for coronary artery disease are present

Patients with potentially unrecognized coronary arterial disease as demonstrated by history, physical examination, or screening ECG

Abnormal, clinically significant laboratory tests at screening, including but not limited to alanine aminotransferase (ALT) or aspartate
aminotransferase (AST) >2x upper limit of normal or serum creatinine >1.5x upper limit of normal

Any acute illness or uncontrolled infection within 28 days prior to Day 1; however, potential patients who have experienced a mild, self-limiting

iliness that has resolved at least 7 days prior to Day 1 may be included

Patients with recurrent sinusitis or epistaxis, or chronic rhinosinusitis with nasal polyp (unless surgically resolved >3 months prior to screening)

Significant nasal congestion, physical blockage in either nostril, significantly deviated nasal septum, septal perforation, or any preexisting upper
nasal mucosal abnormality on endoscopy scoring 1 or more (except score 1 is allowed for mucosal edema)

Patients who have previously shown hypersensitivity to ergot alkaloids or any of the ingredients in the drug product

Patients who have previous documented failure of response to IV DHE mesylate for the treatment of migraine

Use of any triptan or ergot-based medication or medication strongly or moderately affecting CYP3A4 cytochrome P450 metabolic pathway
within 2 days prior to the baseline visit (Visit 2). This exclusion criterion does not apply to prescription contraceptives

Use of any medications prohibited by protocol

Use of triptan or ergot-based medication >12 days per month in the 2 months prior to screening or during the screening period

Use of barbiturates/barbiturate-containing compounds or opioids (including tramadol or tapentadol) greater than 7 days per month (cumulative)
or unstable usage pattern in the 2 months prior to screening or during screening

History or presence of alcoholism or drug abuse within the 2 years prior to the first study drug administration or a positive result on the urine
drug test at the screening visit (positive urine drug screens with a medical explanation may be discussed with the Medical Monitor for

potential inclusion)

Females who are pregnant, or planning to get pregnant, or are lactating while participating in this clinical study

Treatment with another investigational drug, investigational device, or approved therapy for investigational use within 28 days or five half-lives

(whichever is longer) prior to screening is prohibited

Patients with any underlying physical, psychological, or medical condition that, in the opinion of the investigator, would make it unlikely that they

would comply with the study

Failure to satisfy the investigator of fitness to participate for any other reason

Abbreviations: DHE, dihydroergotamine; ECG, electrocardiogram; ICHD, International Classification of Headache Disorders; IV, intravenous.

were instructed to self-administer INP104 1.45 mg when they ex-
perienced a recognizable migraine (even if pain was still mild) as one
spray in each nostril. Dosing was limited to <2 doses per 24 h and <3
doses per 7 days. INP104 was the first acute treatment administered
unless dosage limits had been reached. INP104 was not used as a
second-line acute therapy. During the treatment period, only non-
ergot, non-triptan acute treatment for migraine was allowed and
only after 2 h from INP104 administration had elapsed as a rescue
medication for patients who still had headache pain, or, alternatively,
a single additional dose of INP104 may have been taken after 2 h.
Such use was recorded in the eDiary.

Data collection

eDiaries were completed daily to capture headache and migraine
details, headache medication usage, and MBS severity from
screening through the 24-week visit and, if applicable, the 52-
week visit. An entry for each headache, whether treated or not,
was completed. Patients completed headache eDiary entries on
an episodic basis, to capture information about any headache that
did occur; the time it occurred and, if applicable, the acute treat-
ment (INP104 or non-INP104) administered. If acute treatment
was used, patients completed a postdose eDiary at 15, 30 min,
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1, and 2 h after taking acute treatment, and up to 8, 24, and 48 h
if the headache was still ongoing at those respective time points.
Patients were asked to rate symptom severity at each postdose
time point. Patients completed an evening eDiary each evening to
encourage daily interaction with the eDiary regardless of whether
they experienced a headache.

Statistical analyses

The sample size calculation was not based on statistical inference
(Type | error or power considerations), as this was an open-label
safety study. The first version of the study protocol called for an
enrollment of ~200 patients with the goal of having 2150 patients
complete 24 weeks of treatment, each having an average of 22 at-
tacks per 28-day period (the primary safety set [PSS]). The study
protocol was then amended to enroll ~240 patients, with the final
version amended to enroll ~340 patients to ensure the PSS was met,
since it was observed as the study progressed that treatment with
INP104 was associated with decreased migraine frequency while
patients remained in the study, which threatened the original goal.
Additionally, 280 patients were expected to be enrolled into an ad-
ditional 28 weeks of treatment with the goal of 250 patients com-
pleting a total of 52 weeks of treatment, with each patient having an
average of 22 attacks per 28-day period.

All patients who were enrolled and received 21 dose of INP104
were defined as the 24-week full safety set (FSS), whereas the 52-
week FSS comprised all patients who qualified, consented, enrolled
into, and received 21 dose of INP104 in the additional 28-week
treatment period. The FSS was inclusive of the PSS. The 24-week
PSS included all patients who had an average of 22 treatments with
INP104 per 28-day period during the 24-week treatment period, re-
mained in the study, attended the Week 24 visit, and received 212
INP104 treatments by the Week 24 visit. The 52-week PSS included
all patients who signed the extension informed consent form at
24 weeks and had an average of 22 INP104 treatments per 28-day
period during the full 52-week treatment period, remained in the
study, attended the Week 52 visit, received 226 INP104 treatments
during the full 52-week treatment period, and received 27 INP104
treatments between Weeks 24 and 52.

This is a primary analysis of data, with a post hoc analysis
of exploratory efficacy data collected via the eDiary. Safety and
exploratory efficacy endpoints were analyzed using descriptive
statistics, including number, mean, standard deviation, standard
error, median, minimum, and maximum using SAS software ver-
sion 9.4. Baseline for non-diary-based endpoints was the last ob-
servation prior to, or on the day of, enroliment into the study on
Day 0. If no measurement of a parameter was collected before
patient enrollment on Day O, the baseline measurement was set
to “missing.” For eDiary-based endpoints, baseline was calculated
for each patient by averaging the results recorded within 28 days
prior to patient enrollment in the study on Day 0. For endpoints
that incorporated the timing after INP104 administration, their

baseline data were based on the assessments that followed the
“best usual care” treatment the patient used for their migraine
within the baseline period. The 24-week treatment period began
on Day O. If the patient did not continue into the additional 28-
week treatment period, all data after Day O were included in the
24-week treatment period. If the patient continued into the ad-
ditional 28-week treatment period, then the 24-week treatment
period ended on the date of the Week 24 visit. The 28-week ex-
tension period began upon the signing of the consent form at
the Week 24 visit and included all data thereafter. For explor-
atory efficacy endpoints, analyses were based on responses to
the treatment of individual attacks, specifically, the last “best
usual care’-treated attack of the baseline period and the first
INP104-treated attack of the open-label study period. As these
analyses only count one migraine per patient, the number of
attacks and the number of patients included in these analyses
will be the same (i.e., these can be considered both patient-level
and migraine-level analyses). Comparisons with best usual care
during baseline were not included for all measures in this analysis
set because patients were permitted to administer acute ther-
apies (sometimes more than one) of their choice to treat their
attacks during baseline. Continuous safety data were summa-
rized with descriptive statistics and categorical safety data by
frequency counts and percentages.

RESULTS
Patient disposition and demographics

A total of 893 patients consented and screened for the 24-week
treatment period, of whom 533 (59.7%) were screen failures
due to failed entry criteria, of which the most common (210%
of patients) were failure to complete the eDiary on 25/28 days
(39.2%; 209/533), and even after this criterion was relaxed to
23/28 days, a further 5.1% (27/533) failed; willingness to at-
tend visits (13.9%; 74/533); and significant nasal abnormalities
meeting exclusion criteria (11.8%; 63/533). Thus, 360 patients
were enrolled, with 354 patients comprising the 24-week FSS.
Furthermore, 73 patients continued into the 52-week treatment
period, with 73 patients forming the 52-week FSS (Figure 2).
Demographic characteristics for patients are shown in Table 2.
The majority of patients in the 24-week treatment period were
female (86%), had an average age of 41 years, and 31% of their
migraine attacks occurred with aura. The average number of
migraine headaches during the screening period was 4.60, and
the maximum severity of headache pain was severe for 65.3%
of attacks. The most frequently reported MBSs at the screening
visit were photophobia (49.4%), nausea (16.4%), and phonopho-
bia (14.1%), and the maximum severity was “severe” in 37.3%,
19.5%, and 31.4% of attacks, respectively. Medications used be-
fore treatment initiation included acetaminophen (43.8%), non-
steroidal anti-inflammatory drugs (37.6%), triptans (28.2%), and
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Patients who signed IFC for 24-week
treatment period
(N=893)

Screen failures
533 (59.7%)

Did not meet inclusion criteria: 378?

Met exclusion criteria: 2142

Enrolled®
360 (40.3%)

24-week Full Safety Set®
354 (39.6%)

Enrolled 52-week treatment period?
N=73 73 (100%)

52-week Full Safety Set®

Completed 24-week treatment periodf
262 (74.0%)

Discontinued 24-week treatment period
92 (26.0%)

Reason for Treatment Discontinuation, n (%)
Other 26(7.3)

Lack of efficacy 21(5.9)
Adverse event 24 (6.8)
Withdrawal by subject 25(7.1)

Lost to follow-up 11(3.1)
Non-compliance/protocol 5(1.4)
Physician decision 1(0.3)
Sponsor decision 0
Death 0

Completed 52-week treatment periodf
66 (90.4%)

Discontinued 52-week treatment period
7(9.6%)

Reason for Treatment Discontinuation, n (%)
Other 3(4.1)

Lack of efficacy 1(1.4)
Adverse event 1(1.4)
Non-compliance/protocol 1(1.4)

Lost to follow-up 1(1.4)
Withdrawal by subject 1(1.4)
Sponsor decision o]
Physician decision 0
Death 0

FIGURE 2 Patient disposition. ?A patient is counted multiple times if multiple inclusion/exclusion criteria failed. PIncluded all patients
who signed the ICF and were provided INP104. “Included all patients who were enrolled and received at least one dose of INP104. Yncluded
all patients who signed the extension ICF at the Week 24 visit to continue into the extension and were provided with INP104. ¢Included all
patients who were enrolled, received at least one dose of INP104 in the additional 28-week treatment period, and signed the extension ICF.
fincluded patients who continued INP104 treatment throughout the study period. ICF, informed consent form

combination analgesics (16.1%). Combination analgesics could
include various assortments of medications such as acetylsali-
cylic acid, paracetamol, caffeine, butalbital, hydrocodone bitar-
trate, dichloralphenazone, and others. Thirteen patients in total
used nonoral acute migraine treatments (triptans) at baseline, of
whom five patients used a nasal triptan.

Safety outcomes

INP104 was well tolerated, with a total of 68.1% of patients re-
porting TEAEs in the 24-week FSS. INP104-related TEAEs were
experienced by 36.7% of patients, the most common being nasal
congestion (15%), nausea (6.8%), nasal discomfort (5.1%), and
abnormal taste (5.1%) (>3% of patients; Table 3). In the 52-week
FSS, 45.2% of patients reported INP104-related TEAEs. Of the
360 enrolled patients, 74% completed the 24-week treatment

period, with reasons for treatment discontinuation including
withdrawal by patient (7.1%), AEs (6.8%), lack of efficacy (5.9%),
lost to follow-up (3.1%), noncompliance/protocol violation
(1.4%), and physician's decision (0.3%). The most frequent nasal
and gastrointestinal (GI) TEAEs that led to treatment discontinu-
ation included nasal congestion (1.4%), nasal discomfort (1.1%),
nausea (1.1%), and sinus congestion (0.6%). Of the 73 patients
who entered the 28-week extension period, 90.4% of patients
completed the 52-week treatment period (FSS), with reasons
for treatment discontinuation including withdrawal by patient
(1.4%), AEs (1.4%; asymptomatic olfactory test abnormal), lack
of efficacy (1.4%), lost to follow-up (1.4%), and noncompliance/
protocol violation (1.4%) (Figure 2). No serious treatment-related
TEAEs were reported in either the 24-week or the 52-week
treatment period.

Collectively, nasal-related TEAEs, upper nasal endoscopy
(QSS-NM), and UPSIT scores suggested no significant change in



1220 HEADACHE

TABLE 2 Baseline characteristics and demographics for the 24- and 52-week treatment periods

24-week treatment period (Weeks 52-week treatment period (Weeks
1-24; FSS, N = 354) 1-52; FSS, N =73)

Age, years

Mean (SD) 41.3(11.1) 44.6(10.2)
Sex, n (%)

Female 304 (85.9) 60 (82.2)

Male 50 (14.1) 13(17.8)
Race, n (%)

White 266(75.1) 57(78.1)

Black/African American 79 (22.3) 15 (20.5)

Asian 3(0.8) 1(1.4)

American Indian or Alaska Native 3(0.8) 0

Native Hawaiian or Other Pacific Islander 1(0.3) 0

Multiple 2(0.6) 0

Other 0 0
BMI (kg/m?)?

Mean (SD) 30.4 (7.5) 29.1(6.3)
Duration of migraine history, years®

Mean (SD) 19.5(12.1) 22.0(11.6)
Migraine headaches during baseline, n

Mean (SD) 4.6 (2.3) 4.9(2.6)
MIDAS n=351" n=72"

Mean (SD) 25.3(22.3) 24.9 (20.1)
HIT-6

Mean (SD) 63.9 (5.4) 64.6 (5.2)
Percentage pain-free 2 h postmigraine medication (non-IP)"

Mean (SD) 24.9 (32.2) 20.2(31.5)
Percentage MBS-free 2 h postmigraine medication (non-1P)*

Mean (SD) 38.9(38.0) 35.9 (37.3)
Percentage of migraine attacks with aura

Mean (SD) 31.0 (40.5) 32.0 (41.6)
Maximum severity of headache pain, n (%)¢ n=352"

Moderate 114 (32.2) 18 (24.7)

Severe 231 (65.3) 52(71.2)
Maximum severity of MBS category, n (%)*¢ n=352"

Moderate 150 (42.4) 29(39.7)

Severe 142 (40.1) 33(45.2)
Maximum severity of nausea, n (%)¢ n=352"

Moderate 146 (41.2) 32(43.8)

Severe 69 (19.5) 16 (21.9)
Maximum severity of photophobia, n (%)¢ n=352"

Moderate 131 (37.0) 25(34.2)

Severe 132 (37.3) 33 (45.2)
Maximum severity of phonophobia, n (%)d n=352"

Moderate 131 (37.0) 31 (42.5)

Severe 111 (31.4) 24 (32.9)

(Continues)
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TABLE 2—Continued

52-week treatment period (Weeks
1-52; FSS, N = 73)

24-week treatment period (Weeks
1-24; FSS, N = 354)

MBS subcategories, n (%)¢

Nausea 58 (16.4) 16 (21.9)
Vomiting 9(2.5) 0

Light sensitivity 175 (49.4) 42 (57.5)
Sound sensitivity 50 (14.1) 7 (9.6)
Visual change 9(2.5) 2(2.7)
Dizziness/vertigo 4(1.1) 1(1.4)
Fatigue 6(1.7) 2(2.7)
Slowed/foggy thinking 19 (5.4) 1(1.4)
Sensitivity to touch 2(0.6) 1(1.4)
Other 22(6.2) 1(1.4)

Migraine medication usage, n (%)f

Ergot other than IP 2(0.6) 0
Triptans 100 (28.2) 21(28.8)
Acetaminophen 155 (43.8) 38(52.1)
NSAIDs 133 (37.6) 23 (31.5)
Opioid 9(2.5) 4 (5.5)
Barbiturate 6(1.7) 1(1.4)
Combination analgesic® 57 (16.1) 14 (19.2)
Other 106 (29.9) 25 (34.2)
None 25(7.1) 3(4.1)

Abbreviations: BMI, body mass index; FSS, full safety set; HIT-6, Headache Impact Test-6; IP, investigational product; MBS, most bothersome
symptom; MIDAS, Migraine Disability Assessment; NSAID, nonsteroidal anti-inflammatory drug; SD, standard deviation.

2BMI = (weight in kg)/(height in cm/100)>.

PDuration of migraine history is calculated as (age at informed consent - age at diagnosis of migraine).

‘Percentages are based on all treated migraine attacks.

dMaximum severity of a symptom (headache pain, MBS, nausea, photophobia, phonophobia) is the worst severity score among all migraine attacks
within 28 days prior to patient's enrollment to the study on Day 0. For each migraine, the worst severity score is identified at any point during the
course of a migraine event (i.e., event onset, medication administration, postdose time points at 15, 30 min, 1, 2, 8, 24, 48 h(s)). For the numeric value
of each severity level, 0 = None, 1 = Mild, 2 = Moderate, 3 = Severe.

®MBS is a patient-level assessment identified at screening.

fOnly counted once if a patient took multiple medications within the same type.

8Combination analgesics could include various assortments of medications such as acetylsalicylic acid, paracetamol, caffeine, butalbital, hydrocodone
bitartrate, dichloralphenazone, and others.

"Only 351 patients provided baseline MIDAS for the 24-week period, and 72 for the 52-week period; otherwise, baseline data were provided by all 354/73
patients. A total of 352 patients provided data on migraine symptom severity in the 24-week period, whereas all 73 provided it for the 52-week period.

olfactory mucosal integrity or functional disturbance over 24 weeks

of treatment in the FSS. The majority of patients had scores indicat-
ing no upper mucosal irritation, epistaxis, or nasal discharge (>95%
of patients) as assessed by the QSS-NM scoring system. UPSIT
scores revealed no significant olfactory changes (defined as a de-
crease of 5 points or more) and remained in the normal range (~35-
40) for the average age of the study population.?® A Nasal Safety
Review Committee consisting of three independent otolaryngolo-
gists reviewed the nasal safety data and suggested INP104 was safe
and tolerable on the nasal mucosa. In their opinion, no further nasal
toxicology studies would be required in future clinical trials with
this product and monitoring of TEAEs was sufficient for monitoring
upper nasal safety.?®

Exploratory efficacy outcomes

A total of 5099 doses of INP104 were self-administered by 354
patients over the first 24 weeks of the study to treat 4515 mi-
graine attacks and 90 headaches (nonmigraine) based on the evi-
dence collected in the eDiaries. Two hours after a single dose of
INP104, 38% and 52.1% of patients self-reported pain and MBS
freedom with their first INP104-treated attack, whereas 30.1%
and 46.4% who treated their last migraine in the screening period
self-reported pain and MBS freedom at 2 h on best usual care
(baseline; Figure 3). For patients who administered a single dose of
INP104 for their first treated attack greater than 2 h from migraine
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TABLE 3 Safety summary for the 24- and 52-week treatment periods

24-week treatment period (Weeks 1-24;

Treatment-related TEAEs FSS, N = 354)
Any INP104-related TEAE, n (%) 130(36.7)
Nasal congestion 53(15.0)
Nausea 24 (6.8)
Nasal discomfort 18 (5.1)
INP104 taste abnormal 18(5.1)
Vomiting 9(2.5)
Olfactory test abnormal 8(2.3)
Sinus congestion 7(2.0)
Package-associated injury 6(1.7)
Dizziness 5(1.4)
Nasal mucosal disorder 5(1.4)
Epistaxis 5(1.4)
Dysgeusia 4(1.1)
Rhinorrhea 4(1.1)

52-week treatment period (Weeks 1-52;
FSS,N =73)

33(45.2)
13(17.8)

i
BEERERE RO
22220

Note: Treatment-related TEAEs reported in 21% of patients in the 24-week treatment period (FSS).

Abbreviations: FSS, full safety set; TEAE, treatment-emergent adverse event.
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FIGURE 3 Two-hour pain and most bothersome symptom (MBS) freedom from the first migraine attack treated with INP104 and the last
migraine attack treated with best usual care at baseline (full safety set). “Twenty-one patients did not provide data and were excluded from
the analysis. bFifteen patients did not provide data and were excluded from the analysis

initiation, pain freedom was self-reported in 39.4% and 30.9% of
patients and MBS freedom in 57.6% and 40.0% at >2-4 hand >4 h
from migraine initiation, respectively (Figure 4). The percentage of
patients who self-reported pain relief for their first INP104-treated
attack at 2 h was 66.3% (Figure 5). Of the 38% of patients who
self-reported 2-h pain freedom for their first INP104-treated at-
tack, only 7.1% and 14.3% of patients self-reported recurrence of
migraine at 24 and 48 h post-INP104 administration, respectively
(Figure 6).

Patient acceptability

The PAQ at Week 24 for the FSS demonstrated that the majority of
patients agreed or strongly agreed that INP104 was easy to use (~84%).
Compared with their previous treatment, the majority of patients found
that INP104 kept their migraine from coming back for a longer time
and allowed them to return to normal activities of daily living faster.
Furthermore, patients reported faster and more consistent onset of ef-

fect with INP104 than with their previous best usual care treatment.
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FIGURE 5 Painrelief for the first INP104-treated migraine attack (full safety set). Only patients with Time O pain assessments and pain
assessments at the posttreatment time points are included in the analysis

DISCUSSION

The results of this Phase 3 study support the long-term safety
of INP104, DHE mesylate delivered through the POD device.
Throughout the initial 24-week treatment period and the full 52-
week treatment period, INP104 was well tolerated, with no seri-
ous AEs related to study treatment reported. Furthermore, nasal
endoscopy did not reveal clinically significant changes to the nasal
mucosa, and olfactory function assessment did not reveal any ab-
normalities. In addition to the long-term safety and tolerability
of INP104, patient-reported exploratory efficacy outcomes were
assessed. The use of INP104 was associated with improvements

in migraine measures for the first INP104-treated attack, and the

PAQ indicated that patients generally had a positive perception of
INP104 over the long-term study. Furthermore, there was a high
rate of treatment completion, with 74% of patients completing the
24-week period. Of those who completed 24 weeks, 73 entered the
28-week extension, and of those, 90.4% completed. Interestingly,
this is the first study to report a reduction in migraine frequency
when treating repeated migraine attacks with DHE mesylate, per-
haps suggesting sustained pain relief may lead to a reduction in
frequency of those attacks and is worthy of further exploration.
Collectively, these results support the long-term safety and patient
acceptability of INP104.

There are perceived safety concerns with DHE use; how-

ever, when using recommended doses and in patients without



1224 | HEADACHE
100 -
wv
= 80 A
Q9
©
o 60 A
[T
(o)
()
20 40 -
o
o
bod 20 - 14.3
: B @
oL NN
n/N=9/126 n/N=18/126
24 Hours 48 Hours

FIGURE 6 Recurrence rates for the first INP104-treated migraine attack (full safety set). The eDiary did not capture 24- and 48-h pain
measurements if a patient was pain free at 2 h. Hence, a migraine is considered as having recurred if it was pain free at 2 h after INP104
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contraindications, IV or nasal DHE (currently approved options
available in the US) have proven to be safe with over 70 years of
clinical use.?>?? INP104 was developed not only to improve conve-
nience in use but also to improve the tolerability of DHE mesylate
in currently marketed products. In addition, the STOP 101 study
demonstrated a fourfold increase in C,_ . and a threefold increase
in exposure over time (based on area under the curve) using the
same formulation, but less than 75% of the dose, as in MIGRANAL
(1.43 mg vs 2.0 mg), both self-administered by nasal delivery in the
same naive, healthy adult volunteers.* AE severity and frequency as-
sociated with DHE depend on the administration route and duration
of exposure.>>?%3 Nausea is C,.ax related and is typically observed

1529 with minimal nausea observed with other

with IV formulations,
administration routes.>?%5! Therapeutic levels of DHE mesylate are
quickly achieved with INP104 without the C_ . spike seen with IV
DHE mesylate,*>3! and only 6.8% of patients reported nausea with
INP104 in this study. An AE of abnormal taste was low for INP104
in this study, 5.1% (n = 18). This is most likely attributable to INP104
targeting the upper nasal space, which reduces the degree of nasal
drip. These incidences are lower than the 10% and 8% of patients
who experienced nausea and altered sense of taste, respectively,
with MIGRANAL use.*

A significant number of patients are unsatisfied with current
treatment options, or do not achieve optimal relief despite the use
of triptans, which have been considered the standard of care for
acute treatment of migraine.’1>%2-3% Additionally, there is an in-
creasing understanding that oral delivery may not always be op-
timal, and new (noninjected and nonoral) options for improving
migraine symptoms remain an unmet need. DHE products can
serve as an alternative to current treatments, yet existing formu-
lations have elicited patient concerns regarding reliable, consistent
effects, in addition to tolerability concerns.>* The POD technol-
ogy delivers DHE mesylate to the upper nasal space in a consistent

and predictable manner.*”~? Here we report the exploratory effi-
cacy for the first INP104-treated attack, which was associated with
38%, 52.1%, and 66.3% of patients self-reporting pain freedom,
MBS freedom, and pain relief 2 h after a single dose of INP104,
respectively. Unlike some triptans, and more recently ubrogepant,
for which rates of efficacy are highest when used early in an attack
or when the attack is still mild, DHE has been shown to effectively
treat attacks irrespective of time of dosing.?2%°"% The efficacy of
INP104 was not very different if patients administered within 2 h of
migraine initiation or beyond.

INP104 may provide greater convenience than IV DHE mesylate
and be more efficacious for patients who do not respond well to oral
acute therapies for migraine. In this study, most patients reported
that INP104 was easy to use, which suggests that on-demand avail-
ability of DHE may be important to patients and may have important
implications during the COVID-19 pandemic.®® GI symptoms may
present with migraine, possibly arising from autonomic dysfunction,
and include nausea, vomiting, diarrhea, reflux, and constipation. In
addition, various Gl conditions are frequently observed as comor-
bid conditions in patients with migraine.”’48 Gastric motility issues,
nausea, and vomiting associated with some comorbid Gl conditions
may affect not only the absorption of oral migraine drugs but also a
patient's willingness to take an oral medication.*>*° In this study, a
comorbid history of Gl disorders was reported by 38.4% of patients
in the 24-week FSS. Patients with migraine and Gl comorbidities
may not obtain relief from migraine symptoms using an oral therapy;
INP104 is a well-tolerated, nonoral alternative treatment that may
benefit these patients.

This study has limitations that may influence the interpretation
of the results. First, this was an open-label trial with no placebo con-
trol group for comparison of safety and exploratory efficacy mea-
sures. However, comparing INP104 to a patient's best usual care
at baseline is reflective of a real-world setting. Second, this study
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was limited to one geographic location, which may affect the gen-
eralizability of the results. Third, on average, patients in this study
had a long history of migraine; therefore, patients with new-onset
migraine were not assessed. Lastly, patients with chronic migraine

were excluded.

CONCLUSION

INP104 has the promise to deliver speed and potency in providing
acute relief of migraine symptoms without an injection. No major
safety concerns were identified during this long-term safety study,
including those relating to AEs of the upper nasal space. Patients
were generally enthusiastic and satisfied with the long-term use of
INP104. These data suggest that INP104 may be a well-tolerated

acute treatment option for migraine.

ACKNOWLEDGMENTS

Writing and editorial assistance was provided by IMPRINT Science,
New York, NY, and supported by Impel NeuroPharma. The authors
are fully responsible for the content, editorial decisions, and opin-
ions expressed in the current article.

CONFLICT OF INTEREST

Timothy R. Smith has supported clinical trial research for Lundbeck,
Allergan/AbbVie Inc.,
Boehringer Ingelheim, Charleston Laboratories, Inc., electroCore,

Amgen, Biohaven  Pharmaceuticals,
Inc., Impel NeuroPharma, Eli Lilly and Company, Pfizer Inc., Novartis,
Novo Nordisk, Satsuma Pharmaceuticals, Inc., Teva Pharmaceutical
Industries Ltd., Theranica Bio-Electronics Ltd., and Vorso Corp. He
has participated in speaker bureaus for Amgen, Allergan/AbbVie
Inc., Biohaven Pharmaceuticals, and Eli Lilly and Company and
is an advisor/consultant for Lundbeck, Amgen, Allergan/AbbVie
Inc., Biohaven Pharmaceuticals, Impel NeuroPharma, Eli Lilly and
Company, Theranica Bio-Electronics Ltd., and Vorso Corp. He is
also a stockholder in the UnitedHealth Group and is an officer and
Board of Directors member (unpaid volunteer work for a nonprofit
organization) for the National Headache Foundation. Paul Winner is
a consultant for Allergan/AbbVie Inc., Amgen, Lundbeck, Novartis,
and Teva Pharmaceutical Industries Ltd. He is also a speaker for
Allergan/AbbVie Inc., Amgen, Eli Lilly and Company, Lundbeck,
Novartis, and Teva Pharmaceutical Industries Ltd. and is involved in
research with Allergan/AbbVie Inc., Amgen, Avanir Pharmaceuticals,
A&Z Pharmaceutical Inc., Biogen, Impel NeuroPharma, Genentech,
Eli Lilly and Company, Lundbeck, Novartis, Samus Therapeutics Inc.,
Supernus Pharmaceuticals Inc., and Teva Pharmaceutical Industries
Ltd. Sheena K. Aurora, Stephen B. Shrewsbury, Jasna Hocevar-
Trnka, and Maria Jeleva are full-time employees of, and stockhold-
ers in, Impel NeuroPharma. Maria Jeleva is also an options holder in
Impel NeuroPharma. Stephen B. Shrewsbury is an officer of Impel
NeuroPharma.

INSTITUTIONAL REVIEW BOARD APPROVAL
IRB approval was granted by Advarra.

AUTHOR CONTRIBUTIONS

Study concept and design: Timothy R. Smith, Paul Winner, Sheena K.
Aurora, Maria Jeleva, Jasna Hocevar-Trnka, Stephen B. Shrewsbury.
Acquisition of data: Timothy R. Smith, Paul Winner, Sheena K. Aurora,
Maria Jeleva, Jasna Hocevar-Trnka, Stephen B. Shrewsbury. Analysis
and interpretation of data: Timothy R. Smith, Paul Winner, Sheena K.
Aurora, Maria Jeleva, Jasna Hocevar-Trnka, Stephen B. Shrewsbury.
Drafting of the manuscript: Timothy R. Smith, Paul Winner, Sheena K.
Aurora, Maria Jeleva, Jasna Hocevar-Trnka, Stephen B. Shrewsbury.
Revising it for intellectual content: Timothy R. Smith, Paul Winner,
Sheena K. Aurora, Maria Jeleva, Jasna Hocevar-Trnka, Stephen B.
Shrewsbury. Final approval of the completed manuscript: Timothy R.
Smith, Paul Winner, Sheena K. Aurora, Maria Jeleva, Jasna Hocevar-
Trnka, Stephen B. Shrewsbury.

CLINICAL TRIALS REGISTRATION NUMBER
NCTO03557333 (clinicaltrials.gov).

ORCID

Sheena K. Aurora " https://orcid.org/0000-0002-4534-4937

REFERENCES

1. Shrewsbury SB, Cook RO, Taylor G, Edwards C, Ramadan
NM. Safety and pharmacokinetics of dihydroergotamine
mesylate administered via a novel (Tempo™) inhaler. Headache.
2008;48:355-367.

2. Silberstein SD, Shrewsbury SB, Hoekman J. Dihydroergotamine
(DHE)—then and now: a narrative review. Headache. 2020;60:40-57.

3. Baron EP, Tepper SJ. Orally inhaled dihydroergotamine: reviving
and improving a classic. Future Neurol. 2011;6:327-333.

4. Shrewsbury SB, Jeleva M, Satterly KH, Lickliter J, Hoekman J. STOP
101: a phase 1, randomized, open-label, comparative bioavailability
study of INP104, dihydroergotamine mesylate (DHE) administered
intranasally by a 1123 Precision Olfactory Delivery (POD) device, in
healthy adult subjects. Headache. 2019;59:394-409.

5. Silberstein SD, Kori SH. Dihydroergotamine: a review of formula-
tion approaches for the acute treatment of migraine. CNS Drugs.
2013;27:385-394.

6. Nagy AJ, Gandhi S, Bhola R, Goadsby PJ. Intravenous dihydroergot-
amine for inpatient management of refractory primary headaches.
Neurology. 2011;77:1827-1832.

7. Hoekman JD, Ho RJ. Enhanced analgesic responses after preferen-
tial delivery of morphine and fentanyl to the olfactory epithelium in
rats. Anesth Analg. 2011;113:641-651.

8. Hoekman J, Brunelle A, Hite M, Fuller C. SPECT imaging of di-
rect nose-to-brain transfer of MAG-3 in man. Presented at
the American Association of Pharmaceutical Scientists Annual
Meeting, November 10-14, 2013, San Antonio, TX.

9. Hoekman J, Ray S, Aurora SK, Shrewsbury SB. The upper nasal
space—a novel delivery route ideal for central nervous system
drugs. US Neurol. 2020;16:25-31.

10. MIGRANAL® [package insert]. Bausch Health Companies, Inc;
2019.

11. Hoekman J, Brunelle A, Hite M, Kim P, Fuller C. Usability and tol-
erability study in human subjects with a novel Precision Olfactory
Delivery. Presented at the American Association of Pharmaceutical


https://orcid.org/0000-0002-4534-4937
https://orcid.org/0000-0002-4534-4937

1226

HEADACHE

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31

32.

Scientists Annual Meeting, November 10-14, 2013, San Antonio,
TX.

Aurora SK, Silberstein SD, Kori SH, et al. MAP0O0O04, orally inhaled
DHE: a randomized, controlled study in the acute treatment of mi-
graine. Headache. 2011;51:507-517.

Allergan Receives FDA Complete Response Letter for Migraine Drug
Semprana. 2014. https://www.dcatvci.org/pharmanews/%201837-
allergan-receives-fda-complete-responseletter-for-migraine-drug-
semprana. Accessed August 18, 2020.

Lipton RB, Munjal S, Buse DC, et al. Unmet acute treatment needs
from the 2017 Migraine in America Symptoms and Treatment
Study. Headache. 2019;59:1310-1323.

Hutchinson S, Lipton RB, Ailani J, et al. Characterization of acute
prescription migraine medication use: results from the CaMEO
study. Mayo Clin Proc. 2020;95:709-718.

Leonardi M, Raggi A. A narrative review on the burden of migraine:
when the burden is the impact on people's life. J Headache Pain.
2019;20:41.

Lipton RB, Hutchinson S, Ailani J, et al. Discontinuation of acute
prescription medication for migraine: results from the Chronic
Migraine Epidemiology and Outcomes (CaMEO) study. Headache.
2019;59:1762-1772.

Charles A. The evolution of a migraine attack—a review of recent
evidence. Headache. 2013;53:413-419.

Bartleson JD. Treatment of migraine headaches. Mayo Clin Proc.
1999;74:702-708.

Kori S, Tepper SJ, Saper J, et al. LEVADEX™ efficacy in treating
resistant migraine. Ann Neurol. 2010;68:M-48.

Tepper SJ, Kori SH, Goadsby PJ, et al. MAP0O0O04, orally inhaled di-
hydroergotamine for acute treatment of migraine: efficacy of early
and late treatments. Mayo Clin Proc. 2011;86:948-955.

Tepper SJ, Kori SH, Borland SW, et al. Efficacy and safety of
MAPOO0O04, orally inhaled DHE in treating migraines with and with-
out allodynia. Headache. 2012;52:37-47.

Saper JR, Silberstein S, Dodick D, Rapoport A. DHE in the phar-
macotherapy of migraine: potential for a larger role. Headache.
2006;46(suppl. 4):5212-5220.

Aurora S, Lu B, Connors E, Li X, Kellerman D, Kori S. Analysis of sub-
jects with menstrually related migraine vs. non-menstrually related
migraine treated with MAPOOO4. J Headache Pain. 2013;14(suppl.
1):P143.

Kori S, Zhang J, Kellerman D, Armer T, Goadsby P. Sustained pain
relief with dihydroergotamine in migraine is potentially due to per-
sistent binding to 5-HT1B and 5-HT1D receptors. J Headache Pain.
2013;14(suppl. 1):P75.

Doty RL, Shaman P, Kimmelman CP, Dann MS. University of
Pennsylvania Smell Identification Test: a rapid quantitative olfac-
tory function test for the clinic. Laryngoscope. 1984;94:176-178.
Psaltis AJ, Li G, Vaezeafshar R, Cho K-S, Hwang PH. Modification
of the Lund-Kennedy endoscopic scoring system improves its re-
liability and correlation with patient-reported outcome measures.
Laryngoscope. 2014;124:2216-2223.

Data on File. Impel NeuroPharma, Seattle, WA, USA.

Rapoport A, Strom S, Kollins J, Albrecht D. Safety of dihydroer-
gotamine for the acute treatment of migraine: reality vs percep-
tion. American Headache Society 2020 Virtual Annual Scientific
Meeting; June 2020.

Cook RO, Shrewsbury SB, Ramadan NM. Reduced adverse event
profile of orally inhaled DHE (MAPOO0O4) vs IV DHE: potential
mechanism. Headache. 2009;49:1423-1434.

Kellerman DJ, Forst A, Combs DL, Borland S, Kori S. Assessment of
the consistency of absorption of dihydroergotamine following oral
inhalation: pooled results from four clinical studies. J Aerosol Med
Pulm Drug Deliv. 2013;26:297-306.

Holland S, Fanning KM, Serrano D, Buse DC, Reed ML, Lipton RB.
Rates and reasons for discontinuation of triptans and opioids in

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

episodic migraine: results from the American Migraine Prevalence
and Prevention (AMPP) study. J Neurol Sci. 2013;326:10-17.

Leroux E, Buchanan A, Lombard L, et al. Evaluation of patients with
insufficient efficacy and/or tolerability to triptans for the acute
treatment of migraine: a systematic literature review. Adv Ther.
2020;37:4765-4796.

Marmura MJ, Silberstein SD, Schwedt TJ. The acute treatment of
migraine in adults: the American Headache Society evidence as-
sessment of migraine pharmacotherapies. Headache. 2015;55:3-20.
Cady R, Elkind A, Goldstein J, Keywood C. Randomized, placebo-
controlled comparison of early use of frovatriptan in a migraine
attack versus dosing after the headache has become moderate or
severe. Curr Med Res Opin. 2004;20:1465-1472.

Cady R, Martin V, Mauskop A, et al. Efficacy of Rizatriptan 10 mg ad-
ministered early in a migraine attack. Headache. 2006;46:914-924.
Lipton RB, Dodick DW, Goadsby PJ, et al. Ubrogepant is effective
in the acute treatment of migraine with mild pain. Presented at the
Migraine Trust Virtual Symposium 2020. MTV20-OR-016.
Robblee J, Starling AJ, Halker Singh RB, Riggins N. Teleneurology
for primary headache disorders. Pract Neurol. 2020:31-39.

Aamodt AH, Stovner LJ, Hagen K, Zwart JA. Comorbidity of head-
ache and gastrointestinal complaints. The Head-HUNT Study.
Cephalalgia. 2008;28:144-151.

Moisset X, Bommelaer G, Boube M, et al. Migraine prevalence in
inflammatory bowel disease patients: a tertiary-care centre cross-
sectional study. Eur J Pain. 2017;21:1550-1560.

Su J, Zhou XY, Zhang GX. Association between Helicobacter py-
lori infection and migraine: a meta-analysis. World J Gastroenterol.
2014;20:14965-14972.

Di Stefano M, Pucci E, Miceli E, et al. Prevalence and pathophysiol-
ogy of post-prandial migraine in patients with functional dyspepsia.
Cephalalgia. 2019;39:1560-1568.

Aurora SK, Kori SH, Barrodale P, McDonald SA, Haseley D. Gastric
stasis in migraine: more than just a paroxysmal abnormality during
a migraine attack. Headache. 2006;46:57-63.

Fleisher DR, Gornowicz B, Adams K, Burch R, Feldman EJ. Cyclic
vomiting syndrome in 41 adults: the illness, the patients, and prob-
lems of management. BMC Med. 2005;3:20.

Serratrice J, Disdier P, de Roux C, Christides C, Weiller PJ. Migraine
and coeliac disease. Headache. 1998;38:627-628.

Georgescu D, Reisz D, Gurban CV, et al. Migraine in young females
with irritable bowel syndrome: still a challenge. Neuropsychiatr Dis
Treat. 2018;14:21-28.

Lipton RB, Stewart WF, Diamond S, Diamond ML, Reed M.
Prevalence and burden of migraine in the United States: data from
the American Migraine Study Il. Headache. 2001;41:646-657.
Aurora SK, Papapetropoulos S, Kori SH, Kedar A, Abell TL. Gastric
stasis in migraineurs: etiology, characteristics, and clinical and ther-
apeutic implications. Cephalalgia. 2013;33:408-415.

Rapoport AM, Freitag F, Pearlman SH. Innovative delivery systems
for migraine: the clinical utility of a transdermal patch for the acute
treatment of migraine. CNS Drugs. 2010;24:929-940.

Silberstein SD. Migraine symptoms: results of a survey of self-
reported migraineurs. Headache. 1995;35:387-396.

How to cite this article: Smith TR, Winner P, Aurora SK, Jeleva
M, Hocevar-Trnka J, Shrewsbury SB. STOP 301: A Phase 3,
open-label study of safety, tolerability, and exploratory
efficacy of INP104, Precision Olfactory Delivery (POD®) of
dihydroergotamine mesylate, over 24/52 weeks in acute
treatment of migraine attacks in adult patients. Headache.
2021;61:1214-1226. https://doi.org/10.1111/head.14184



https://www.dcatvci.org/pharmanews/ 1837-allergan-receives-fda-complete-responseletter-for-migraine-drug-semprana
https://www.dcatvci.org/pharmanews/ 1837-allergan-receives-fda-complete-responseletter-for-migraine-drug-semprana
https://www.dcatvci.org/pharmanews/ 1837-allergan-receives-fda-complete-responseletter-for-migraine-drug-semprana
https://doi.org/10.1111/head.14184

