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Abstract

acute treatment of migraine.

ABBREVIATIONS

AE: Adverse Event; AUC: Area Under the Concentration-
Time Curve; Cmax Maximum Plasma Concentration; DHE:
Dihydroergotamine; GI: Gastrointestinal; IV: Intravenous; FDA:
Food and Drug Administration; FSS: Full Safety Set; MedDRA:
Medical Dictionary for Regulatory Activities; NSRC: Nasal Safety
Review Committee; POD: Precision Olfactory Delivery; QSS-NM:
Quantitative Scoring Scale for Evaluation of the Nasal Mucosa;
TEAE: Treatment-emergent Adverse Events; UPSIT: University of
Pennsylvania Smell Identification Test.

INTRODUCTION

Nasal delivery has long been viewed as an attractive route
of drug administration because of its non-invasiveness and
rapid onset of effect [1-3]. Drugs administered nasally can be
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Objective: To report the nasal safety of INP104, a drug-device that delivers dihydroergotamine mesylate to the upper nasal space using Precision Olfactory Delivery, for the

Methods: STOP 301 was a Phase 3 open-label study that assessed the safety, tolerability, and exploratory efficacy of INP104 (1.45 mg) in adult migraine patients over
24 and 52 weeks. Primary endpoints were the number of patients reporting Treatment-emergent Adverse Event (TEAEs), change in nasal mucosa as detected by nasal endoscopy
(Quantitative Scoring Scale for Evaluation of the Nasal Mucosa [QSS-NM]), and change in olfactory function (University of Pennsylvania Smell Identification Test [UPSIT]) over 24 and
52 weeks of treatment. Further, whether nasal endoscopy was necessary to monitor INP104 safety or whether monitoring patient-reported TEAEs was adequate was investigated.
This involved an independent Nasal Safety Review Committee (NSRC) comprised of 3 otolaryngology experts who reviewed blinded data.

Results: Overall, 354 patients received >1 dose of INP104 over 24 weeks and 73 patients continued into extension period. Over 24 and 52 weeks, 45.8% and 58.9% of
patients reported a nasal TEAE, respectively, of which none was serious. Minimal mean decreases (<0.5), over 24 weeks, and mean increases/decreases (<1.0), over 52 weeks,
from baseline were observed in the UPSIT score and at all time points. The UPSIT detected 17 cases of subclinical olfactory reduction in patients with nasal TEAEs of “olfactory test
abnormal,” most of which resolved (14 cases). Mean increases from baseline in QSS-NM total score were minimal (<0.2) at each visit up to 52 weeks.

Conclusion: The NSRC concluded that patient-reported TEAEs were sufficient to monitor INP104 nasal safety, and that nasal endoscopies and the UPSIT added no clinical value.
There were no significant safety concerns, including no reports of persistent olfaction decrease, and all TEAEs were minor.

utilized in a wide range of care settings, can be self- or caregiver-
administered, and are beneficial for patients with needle
phobia or where needlestick injuries present risks to staff and
patients [2-4]. Moreover, because nasally delivered drugs are
absorbed through the nasal mucosa, they bypass first-pass
hepatic metabolism and gastrointestinal (GI) absorption, which
can enhance onset of action and bioavailability [3, 5-8]. Because
of these advantages, nasal drug delivery is increasingly being
considered for disease management, especially for conditions in
which rapid effective drug levels are required.

However, there are differences in drug delivery to different
parts of the nose that have not been fully explored. A better
appreciation of the anatomical and physiological diversity of the
human nasal cavity would improve drug delivery methodology,
drug formulation strategies, and ultimately, clinical outcomes.
The human nose can arbitrarily be divided into the lower and
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upper nasal spaces [9]. The lower nasal space can include the
nasal vestibule, which is lined with non-ciliated squamous
epithelium that is poorly suited for drug absorption, and the
nasal turbinates, which are lined with often prolific mucus
and motile cilia that function to rapidly clear deposited drug
(i.e., mucociliary clearance) [9-11]. These features may lead
to variable drug absorption in the lower nasal space that
are compounded by changes in mucociliary transport due to
allergies or infectious response, swallowing, or expectoration
of drug [5, 9, 11-13]. Anatomical abnormalities such as septal
deviation and following sino-nasal surgery may also contribute
to variable drug absorption from the lower nasal space [14, 15].
The upper nasal space, which is where the olfactory epithelium
is located, can include the superior nasal septum, medial surface
of the superior turbinate, and sectors of the medial surface of
the middle turbinate. Olfactory epithelium contains olfactory
sensory neurons that provide the sense of smell and is better
suited for drug absorption because it is lined with mostly non-
motile cilia, with correspondingly slower mucociliary clearance,
and is highly vascularized [9, 11, 16-21]. Although drugs that are
deposited into the upper nasal space may be more consistently
absorbed compared to the lower nasal space, the major challenge
of drug delivery to the upper nasal space is that it is difficult to
access because of complex anatomical features, including passing
through the narrow nasal valve and the orientation of the
turbinates (Figure 1) [9, 22].

The safety of nasal drug delivery must take into account
both active ingredients and excipients and includes local,
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Figure 1 Cross-section of the frontal portion of the human head, representing
the posterior third of the nasal cavity, with outlined region highlighting areas
commonly enriched with olfactory epithelium.

Adapted from Salazar I, Sanchez-Quinteiro P, Barrios AW, Lopez Amado M, Vega
JA. Handb Clin Neurol. 2019; 164: 47-65, with original adaptation from Schiinke
M, Schulte E, Schumacher U, et al. Prometheus: Texto y Atlas de Anatomia. 32
edicién, vol. 3. Madrid: Panamericana; 2014 [19].

systemic, and (for any fraction inhaled into the lower respiratory
tract) pulmonary side effects [1]. Safety factors that should be
considered when developing nasally delivered drugs include
minimizing impairment of nasal blood flow, enzymatic activity in
the nasal mucosa, olfactory function, and the nasal mucociliary
system, all of which perform crucial physiological functions [1,
23]. Depending on the frequency and duration of use, nasally
delivered drugs can potentially cause irritation, congestion,
epistaxis, numbness, nasal crusting, and altered sense or loss of
smell or taste, some of which can have debilitating consequences
for the patient[1, 23-30]. Such adverse events (AEs) can be caused
by using preservatives, which are often necessary to prevent
contamination and degradation, and penetration enhancers,
which facilitate drug absorption across the nasal mucosa, in
drug formulations [1]. Benzalkonium chloride, a commonly used
preservative in cosmetics and several over-the-counter nasal
formulations, has been shown to have multiple toxic effects on
the nasal mucosa, ranging from ciliostasis to a variety of nasal
lesions, including epithelial desquamation, degeneration, and
edema [31, 32]. The surfactant laureth-9 and the bile salts
sodium deoxycholate and sodium taurodeoxycholate can cause
severe, irreversible changes to nasal epithelium, including gross
deformations of mucosal surface integrity and ciliary morphology
[33, 34]. Despite these concerns, the nasal safety of nasally
administered drugs has not been consistently or rigorously
scrutinized prior to approval, a process which could be aided by
having more simple and reliable tests for intranasal cytotoxicity
readily available [35].

Precision Olfactory Delivery (POD®) is a manually actuated,
dose-metered, propellant-powered device used to deliver liquid
or powder drug formulations to the upper nasal space and
thus to regions that contain olfactory epithelium [22,36,37].
INP104 (TRUDHESA®, Impel Pharmaceuticals, Seattle, WA)
is a drug-device combination product of POD and liquid
dihydroergotamine (DHE) mesylate that was approved by the
Food and Drug Administration (FDA) for the acute treatment
of migraine in September 2021 [38,39]. DHE mesylate has long
been used for the acute treatment of migraine and is commonly
administered by intravenous (IV) injection (D.H.E. 45®; Bausch
Health Companies Inc, Bridgewater, NJ [40]); however, this route
of administration is frequently associated with systemic AEs that
can limit its use [41,42]. A nasal preparation of DHE mesylate
(Migranal®; Bausch Health Companies, Inc. or its affiliates,
Bridgewater, NJ) delivered to the lower nasal space has been
available since 1997, but inconsistent response, spillage, and AEs
(altered taste and nausea) have limited its use [37, 41, 43]. Phase
1 pharmacokinetic data from the STOP 101 study demonstrated
that INP104 was rapidly absorbed, with peak plasma levels
of DHE similar to IV DHE mesylate by 30 minutes and up to 48
hours, and had a better tolerability profile than IV DHE mesylate
likely due to a lower maximum plasma concentration (C__ ).
Importantly, the C__with INP104 was 4-fold higher, and the area
under the concentration-time curve (AUC) was 3-fold higher with
reduced variability compared with Migranal, with the exact same
formulation but at a lower dose in these healthy volunteers [37].
Exploratory efficacy results from the Phase 3 STOP 301 study
showed that pain freedom, most bothersome symptom freedom,
and pain relief at 2 hours were self-reported by 38.0%, 52.1%,
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and 66.3% of patients, respectively, for the first INP104-treated
migraine attack. Safety and tolerability data showed that INP104
was well tolerated over 24 and 52 weeks of treatment [38].

There are currently no standardized safety assessments for
drugs delivered to the olfactory epithelium of the upper nasal
space, as thisregion cannot be visualized by a standard nasal exam
(i-e., using a nasal speculum and head light or, more commonly in
recent years, an otoscope). As such, methods for clinical safety
assessment need to be reconsidered to account for changes that
may occur in the upper nasal space because of acute or repetitive
drug administration to the olfactory mucosa. To address this,
assessments specific for upper nasal space delivery were
developed in collaboration with otolaryngology experts during
clinical trials of INP104 per the FDA’s request. These included the
University of Pennsylvania Smell Identification Test (UPSIT)—a
validated tool for the assessment of olfactory function—and
the novel Quantitative Scoring Scale for Evaluation of the Nasal
Mucosa (QSS-NM), which was adapted from the familiar Modified
Lund-Kennedy Scoring system to evaluate changes in the nasal
mucosa post-drug delivery based on endoscopic assessment [44,
45]. Here, the results of these nasal safety assessments with long-
term INP104 use are reported from the Phase 3 STOP 301 safety
trial in patients with migraine.

MATERIALS AND METHODS

STOP 301 was a Phase 3, interventional, open-label, single-
group assignment study that evaluated the safety, tolerability,
and exploratory efficacy of long-term use of INP104 in patients
with migraine (NCT03557333). The detailed methodology of
this study has been published previously [38]. In brief, eligible
patients were adult males or females (aged 18-65) with a
confirmed diagnosis of migraine (by International Classification
of Headache Disorders [ICHD]-3f criteria) with or without aura,
and with 22 migraine attacks per month (maximum 14 migraine
attacks per month) in the previous 6 months and during the 28-
day screening period. Patients were excluded if they had the
following nasal conditions or symptoms: recurrent sinusitis or
epistaxis, or chronic rhinosinusitis with nasal polyps (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 was allowed for mucosal edema) for any
parameter on the QSS-NM. Patients used their best usual care to
treat migraine attacks during a 28-day screening period, which
was followed by a 24-week treatment period during which
patients were provided with up to 3 doses per week of INP104
(1.45 mg in a dose of 2 sprays) for use with self-recognized
migraine attacks. For a subset of patients, treatment was
extended to provide data on 250 patients completing 52 weeks
of treatment. Primary endpoints were the number of patients
reporting treatment-emergent adverse events (TEAEs), change
in nasal mucosa as detected by nasal endoscopy using a flexible
or rigid endoscope up to 3 mm in diameter and assessed by the
QSS-NM, and change in olfactory function using the UPSIT over 24
and 52 weeks of treatment, and determination if nasal endoscopy
is a necessary screening tool to determine the safety of INP104.

To better assess nasal safety outcomes for drug delivery to
the upper nasal space, a Nasal Safety Review Committee (NSRC)
consisting of a panel of 3 independent, experienced rhinologists
participated in the development and evaluation of nasal safety
monitoring tools. In addition, some sites recorded video or still
images of the upper nasal space mucosa during endoscopy. These
anonymized images were then reviewed by the NSRC, who were
blinded to the image sequence and any corresponding reported
TEAEs; their conclusions were then compared with the unblinded
endoscopic evaluations and any reported nasal TEAEs. As part of
the NSRC review process, each member of the NSRC completed
a questionnaire about the STOP 301 data and returned it to the
Independent Safety Physician prior to the NSRC review meeting.
During the review meeting, the 3 NSRC members discussed the
questionnaire responses and reached a preliminary opinion.
After the initial discussion, the committee was unblinded to the
order of the scrambled images and held a further discussion to
determine if their preliminary opinion had changed.

The UPSIT was performed at screening and baseline (the
baseline result was taken as the mean of the 2 results), and
then every subsequent 12 weeks. The full test consisted of 4
booklets of 10 odorants each for a total of 40 scratch-and-sniff
odorants, which appeared as multiple-choice questions on the
test (maximum score of 40). The booklets contained different
combinations of odorants [46]. The UPSIT has been used to detect
Parkinson’s disease, in which disturbed olfaction is often an early
sign [47, 48]. A monthly, manual medical review was performed
to identify any temporally related TEAEs as potentially causative
factors of an UPSIT score decrease of 25, such as seasonal
allergies, so that an assessment of relationship to INP104
treatment could be made. If the UPSIT score decrease of 25 was
asymptomatic, the site was instructed to enter the test result as
an AE, which was then coded to the preferred term “olfactory test
abnormal.” If a decrease of 25 points remained unresolved at a
repeat UPSIT 4 weeks later, INP104 was discontinued. Changes
in nasal mucosa were assessed using the QSS-NM, a grading
scale developed specifically for this study (Table 1). Nasal
endoscopies were performed by experienced otolaryngologist
endoscopists during screening and at 4, 8, 12, and 24 weeks, as
well as at 36 and 52 weeks for the extension subset. For each side
of the nose (left and right), a score was calculated by summing
the individual scores for 5 categories: mucosal irritation (0-5),
epistaxis (0-3), mucosal edema (0-3), nasal discharge (0-3), and
mucosal crusting (0-3); both side scores were then summed to
attain a total upper nasal score (maximum of 34). In the same
endoscopy session, a similar process was followed to score the
lower nasal space. TEAE reporting and repeat endoscopy was
triggered by the following criteria: Total upper QSS-NM score
>7; an individual upper QSS-NM score of =2 for any of the 5
categories; and abnormal, clinically significant findings on upper
or lower endoscopy. TEAEs were classified or coded using the
Medical Dictionary for Regulatory Activities (MedDRA) version
21.0.Because nasal-related events, defined as AEs associated with
the nose in any way, could be coded under >1 major category or
system organ class, they were identified using a custom MedDRA
query list that included UPSIT score decreases of 25 points and
QSS-NM findings meeting shift criteria, even if asymptomatic. All
enrolled patients who received 21 dose of INP104 were included
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Table 1: Quantitative Scoring Scale for the Evaluation of the Nasal Mucosa (QSS-NM).
Finding Grading Criteria Score
0 =None 0
Grade 1A = focal irritation 1
e Grade 1B = superficial mucosal erosion 2°
Mucosal irritation )
Grade 2 = moderate mucosal erosion 3b
Grade 3 = ulceration 4b
Grade 4 = septal perforation 5b
None 0
Epistaxis (frank bleeding or dried blood clot) Mild = self—lerute.c.l . . !
Moderate = significant, prevents daily activity 2b
Severe = emergency room visit or hospitalization 3v
None 0
Mild 1
Mucosal edema Moderate 20
Severe 3b
None 0
. Mild 1
Nasal discharge Moderate 2b
Severe 3b
None 0
Mucosal crusting Mild !
Moderate 2b
Severe 3b
2For future studies of other drugs delivered to the upper nasal space and where endoscopy is to be implemented, consideration should be given to
more stringent criteria for adverse event reporting, such as a total QSS-NM score of more than 7 and a mucosal edema score of 3 or more. Consensus
was reached that a mucosal edema score of 2 or less should not be considered an adverse event.
Individual score triggering adverse event reporting and follow-up nasal endoscopy.

in the 24-week full safety set (FSS). The 52-week FSS comprised
all patients who qualified, consented, enrolled into, and received
>1 dose of INP104 during the 28-week extension period. Safety
endpoints were analyzed using descriptive statistics; the baseline
for investigator-evaluated endpoints was the last observation
prior to or on the day of enrollment. Continuous safety data were
summarized with descriptive statistics, while categorical safety
data were summarized by frequency counts and percentages.

RESULTS
STOP 301 Demographics and Patient Disposition

Detailed patient disposition and demographics have been
published previously [38]. A total of 360 patients were enrolled
in the study: 354 comprised the 24-week FSS, and 262 completed
24 weeks of treatment. A total of 73 patients entered the 28-
week extension (52-week FSS), with 66 completing 52 weeks
of treatment. Over 24 weeks, 5,099 doses of INP104 were
self-administered [38]. Regarding relevant medical history at
baseline, 104 patients reported seasonal allergies, 18 reported
allergic rhinitis, 2 reported rhinitis, and 1 reported allergic
sinusitis.

Nasal TEAEs

Nasal TEAEs were reported at some point during the trial by
45.8% of patients in the 24-week FSS and by 58.9% of patients in
the 52-week FSS, of which none was considered serious. In the
24-week FSS, the most reported nasal TEAEs (25%) were nasal
congestion (16.7%), upper respiratory tract infection (10.7%),
nasopharyngitis (8.5%), and nasal discomfort (5.4%; Table 2).
Most TEAEs were mild or moderate, with a single case of severe

congestion. Nasal TEAEs related to INP104 were reported by
26.3% (93/354) of patients in the 24-week FSS and by 35.6%
(26/73) of patients in the 52-week FSS, with the most commonly
reported (22%) being nasal congestion (n=53, 15.0%), nasal
discomfort (n=18, 5.1%), abnormal olfactory test (n=8, 2.3%),
and sinus congestion (n=7, 2.0%) in the 24-week FSS. No increase
in TEAE frequency was observed with more frequent or longer
duration of INP104 dosing.

Of those nasal TEAEs at least possibly related to INP104,
they led to withdrawal of INP104 in 4.0% (14/354) of patients.
Among patients with a nasal-related TEAE that was at least
possibly related to INP104 and that led to withdrawal of INP104,
35.7% (5/14) patients reported the TEAE after the first INP104
dose, 64.3% (9/14) after the first or second INP104 dose, and
71.4% (10/14) after the first, second, or third INP104 dose. Nasal
TEAEs related to INP104 leading to INP104 discontinuation
over the course of the study included nasal congestion (n=5),
nasal discomfort (n=4), sinus congestion (n=2), and 1 each of
abnormal olfactory test, nasal edema, and parosmia. In the case
of the withdrawal due to an abnormal olfactory test, UPSIT scores
for this patient demonstrated mild fluctuation over the course of
study.

Changes in olfactory function (UPSIT) and nasal
endoscopy findings (QSS-NM)

For the 24-week FSS, the mean UPSIT score was 35.3 at
baseline (of a maximum 40), 34.8 at Week 12, and 35.0 at Week
24, while for the 52-week FSS, the mean UPSIT score was 35.1 at
baseline, 34.9 at Week 12, 35.0 at Week 24, 34.9 at Week 36, and
34.1 at Week 52 (Table 3 and Figure 2). For the 24-week FSS, the
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Table 2: Summary of Nasal-related TEAEs over 24 and 52 Weeks of INP104 Treatment.

24-week FSS 52-week FSS
(N=354) (N=73)

Patients with any nasal-related TEAE, n (%) 162 (45.8) 43 (58.9)
Nasal congestion 59 (16.7) 18 (24.7)
Upper respiratory tract infection 38 (10.7) 15 (20.5)
Nasopharyngitis 30 (8.5) 10 (13.7)
Nasal discomfort 19 (5.4) 5(6.8)
Sinusitis 13 (3.7) 4 (5.5)
Sinus congestion 11 (3.1) 0
Epistaxis 10 (2.8) 1(1.4)
Olfactory test abnormal® 9(2.5) 7 (9.6)
Viral upper respiratory tract infection 7 (2.0) 2(2.7)
Nasal mucosal disorder 6(1.7) 2(2.7)
Rhinitis 5(1.4) 0
Rhinorrhea 4(1.1) 1(1.4)
Seasonal allergy 3(0.8) 0
Rhinalgia 3(0.8) 0
Rhinitis allergic 3(0.8) 1(1.4)
Acute sinusitis 2 (0.6) 2(2.7)
Nasal dryness 2 (0.6) 1(1.4)
Nasal injury 2 (0.6) 0

Nasal edema 2 (0.6) 1(1.4)
Anosmia 1(0.3) 0
Hyposmia 1(0.3) 1(1.4)
Parosmia 1(0.3) 0
Respiratory tract infection viral 1(0.3) 0
Intranasal hypoesthesia 1(0.3) 0

Nasal septum perforation® 1(0.3) 0

Nasal varices 1(0.3) 0

Note: Nasal-related TEAEs were defined as any TEAE that appears on the MedDRA query list of nasal-related adverse events. If a TEAE occurred more
than once during the period being summarized, each patient was only counted once per level of summarization. Adverse events were coded into
system organ class and preferred term using MedDRA Version 21.0.

2The TEAE with the preferred term “olfactory test abnormal” was used for asymptomatic events that were detected per protocol-specified shifts in
University of Pennsylvania Smell Identification Test scores.

bSeptum perforation was found to be well healed and likely stemmed from a previous nasal septal and sinus surgery. It was missed upon screening
but otherwise would have met study exclusion criteria.

FSS = full safety set; MedDRA = Medical Dictionary for Regulatory Activities; TEAE = treatment-emergent adverse event.

Table 3: Change From Baseline in UPSIT Score Following INP104 Administration.

24-week FSS 52-week FSS
(N=354) (N=73)
Baseline?® n 354 3
Mean (SD) 35.25 (2.998) 35.08 (2.915)
n 280 72
Week 12° Mean (SD) 34.82 (3.854) 34.88 (3.642)
Change from baseline, mean (SD) -0.48 (2.690) -0.18 (2.573)
n 206 55
Week 24" Mean (SD) 35.03 (3.182) 34.95 (2.599)
Change from baseline,* mean (SD) -0.22 (2.270) 0.03 (2.373)
n 70
Week 36° Mean (SD) — 34.89 (3.618)
Change from baseline,* mean (SD) -0.13 (2.930)

Ann Otolaryngol Rhinol 9(5): 1303 (2022) 5/] 1
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Week 52°

n

Mean (SD)
Change from baseline,” mean (SD)

65
34.12 (4.106)
-0.80 (2.710)

2Baseline was defined as the average of UPSIT scores at screening and baseline; hence, if one of these results was missing, baseline was the result
from the other time point.
"Post-baseline only included data from patients who started the first INP104 dose on/before the visit evaluated.

‘For change from baseline summaries, only patients with a value at both baseline and a post-baseline visit were included.
FSS = full safety set; SD = standard deviation; UPSIT = University of Pennsylvania Smell Identification Test.

UPSIT Score, Mean (SD)

39
38
37
36
35
34
33
32
31
30
29

—e—24-week FSS

-{}+-52-week FSS

rn

Baseline

Figure 2 UPSIT Scores over Time

Week 12

Week 24

Week 36

Week 52

Note: Baseline was defined as the average of UPSIT scores at screening and baseline; hence, if one of these results was missing, baseline was the result from the other

time point. Post-baseline only included data from patients who started the first INP104 dose on/before the visit evaluated.

FSS = full safety set; SD = standard deviation; UPSIT = University of Pennsylvania Smell Identification Test.

Table 4: Change From Baseline in Upper Nasal Endoscopy by QSS-NM Total Score Following INP104 Administration.

24-week FSS 52-week FSS
(N=354) (N=73)

Baseline® 1 354 73
Mean (SD) 0.1 (0.39) 0.2 (0.53)
n 308 71

Week 4 Mean (SD) 0.3 (1.31) 0.2 (0.62)
Change from baseline,* mean (SD) 0.2 (1.26) 0.0 (0.62)
n 291 69

Week 8" Mean (SD) 0.3 (1.39) 0.3 (0.81)
Change from baseline,* mean (SD) 0.2 (1.43) 0.1 (0.91)
n 287 73

Week 12" Mean (SD) 0.2 (0.89) 0.2 (0.90)
Change from baseline, mean (SD) 0.1 (0.93) 0.1 (0.78)
n 261 70

Week 24" Mean (SD) 0.2 (0.75) 1.1 (0.55)
Change from baseline,* mean (SD) 0.1 (0.88) 0.0 (0.79)
n 69

Week 36 Mean (SD) — 1.1 (0.56)
Change from baseline,* mean (SD) -0.1 (0.68)
n 68

Week 52° Mean (SD) — 0.0 (0.24)
Change from baseline,* mean (SD) -0.1 (0.61)

2Baseline was defined as the last non-missing observation prior to the date of the patient’s enrollment in the study on Day 0.
"Post-baseline only included data from patients who started the first investigational product on/before the visit evaluated.
‘For change from baseline summaries, only patients with a value at both baseline and a post-baseline visit were included.
FSS = full safety set; QSS-NM = Quantitative Scoring Scale for Evaluation of the Nasal Mucosa; SD = standard deviation.

Ann Otolaryngol Rhinol 9(5): 1303 (2022)

6/11




@SCiMedCentral

Davis G, et al. (2022)

mean * standard deviation (SD) of the total upper QSS-NM score
was 0.1 + 0.39 at baseline, 0.3 + 1.31 at Week 4, and 0.2 + 0.75 at
Week 24. For the 52-week FSS, corresponding values were 0.2 *
0.53 at baseline, 0.3 + 0.81 at Week 8, and 0.0 + 0.24 at Week 52
(Table 4). Only 4 patients in the 24-week FSS had a total QSS-NM
change of >7 points, one of which was related to a “well-healed
septal perforation” likely from a previous documented nasal
septal and sinus surgery that was missed at screening and if noted
would have led to patient exclusion. In addition, 12 patients had
a change of 22 on any 1 of the 5 individual QSS-NM scales. Over
90% of patients had normal endoscopies over 24 weeks with
abnormal, clinically significant changes occurring in 4 patients at
Week 4 and in 3 patients at Weeks 8 and 12 (Table 5). Mild-to-
moderate mucosal edema was observed in 13 patients (5.0%) on
endoscopy, but this was not considered a concerning finding.

Nasal TEAEs associated with nasal endoscopy and
UPSIT findings

Out of the 354 patients who received 21 dose of INP104, 305
(86.2%) did not have any nasal endoscopy findings or UPSIT
scores meeting the protocol-specified criteria for reporting of a
TEAE, including 185 (52.3%) without any nasal TEAEs and 120
(33.9%) with nasal TEAEs. The remaining 49 patients (13.8%)
had either QSS-NM or UPSIT scores meeting shift criteria, but
none had both.

Over the course of the study, 24 (6.8%) patients had upper
or lower nasal endoscopy findings meeting shift criteria for
TEAE reporting and repeat endoscopy; 23 patients experienced
26 TEAEs associated with nasal endoscopy findings meeting
QSS-NM shift criteria, although 22 of these TEAEs were deemed
unlikely to be INP104-related. Of these, 16 (4.5%) patients had
upper nasal endoscopy findings meeting =1 upper shift criteria
on 21 occasion during the study: 4 had a total upper QSS-NM
score >7; 12 had an individual upper QSS-NM score of 22; and
10 had an overall impression of abnormal clinically significant on
upper nasal endoscopy. An additional 8 patients (2.3%) had an
abnormal, clinically significant overall impression on only lower
nasal endoscopy. Associated TEAEs included sinusitis, nasal
septum perforation (revealed to be preexisting and should have
led to study exclusion), nasopharyngitis, allergic rhinitis, nasal
edema, upper respiratory tract infection, seasonal allergy, and
nasal injury.

Over the course of the study, 25 (7.1%) patients had an UPSIT
score decrease of 25 points on 28 occasions. Eleven patients had
UPSIT score decreases of 25 points associated with symptomatic
AEs, including nasopharyngitis (n=4), hyposmia (n=2), sinus
congestion (n=2), and 1 each of nasal congestion, sinusitis, and
viral upper respiratory tract infection. The remaining 14 patients
had asymptomatic (i.e., an AE was not reported) UPSIT score
decreases of =5 points on 17 occasions that were recorded as

Table 5: Overall Interpretation of Upper Nasal Endoscopy Following INP104 Administration.

24-week FSS 52-week FSS
(N=354) (N=73)
n 354 73
. Normal 328 (92.7) 68 (93.2)
0, a
Baseline, n (%) Abnormal, NCS 26 (7.3) 5 (6.8)
Abnormal, CS 0 0
n 308 71
Normal 283 (91.9) 65 (91.5)
0, b
Weelk 4, n (%) Abnormal, NCS 21 (6.8) 6 (8.5)
Abnormal, CS 4(1.3) 0
n 291 69
Normal 275 (94.5) 65 (94.2)
0, b
Weelk 8, n (%) Abnormal, NCS 13 (4.5) 3 (4.3)
Abnormal, CS 3(1.0) 1(1.4)
n 287 73
Normal 268 (93.4) 68 (93.2)
0/,)P
Weelk 12, n (%) Abnormal, NCS 16 (5.6) 4(5.5)
Abnormal, CS 3(1.0) 1(1.4)
n 261 70
Normal 248 (95.0) 68 (97.1)
0/.)b
Week 24, n (%) Abnormal, NCS 13 (5.0) 2(2.9)
Abnormal, CS 0 0
n 69
Normal 65 (94.2)
0/,)b —_
Week 36,n (%) Abnormal, NCS 4(5.8)
Abnormal, CS 0
n 68
Normal 64 (94.1)
0/,)b —
Week 52, n (%) Abnormal, NCS 4(5.9)
Abnormal, CS 0

“Baseline was defined as the last non-missing observation prior to the date of the patient’s enrollment in the study on Day O.
PPost-baseline only included data from participants who started the first INP104 dose on/before the visit evaluated.
CS = clinically significant; FSS = full safety set; NCS = not clinically significant.
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“abnormal olfactory test.” Nasal TEAEs associated with UPSIT
score decreases of =5 points that were considered at least
possibly related to INP104 included “abnormal olfactory test”
(n=11) and hyposmia (n=1). Sixteen out of 25 patients had
resolution of the UPSIT score decrease from baseline at the first
repeat test performed, with 5 events ongoing as of last patient
contact. Four events had not resolved at follow-up and for 1 event
the patient was lost to follow-up. Of these 4 unresolved events, no
patients complained of persistent loss of smell. The remainder of
events resolved, recurred, and then resolved again; in one case a
patient discontinued treatment. Three patients had UPSIT scores
that declined from baseline by 5.5 (baseline: 33.5; Week 24: 28),
6 (baseline: 36; follow-up visit: 30), and 6 (baseline: 34; follow-
up visit: 28) units at their last study visit, which were slightly
greater than the 5 units chosen as the threshold for reporting
“olfactory function abnormal.”

NSRC Consensus

The NSRC concluded that there is no need for routine
nasal endoscopy in future studies of INP104 or during chronic
intermittent use of INP104 in clinical practice, and that routine
AE monitoring and lower nasal space inspection (e.g., anterior)
when clinically indicated would be sufficient for nasal safety
monitoring. Nasal endoscopy was recommended only if a patient
developed significant nasal bleeding, pain, or subjective smell
loss in the absence of an alternative, clinically appropriate
explanation such as an upper respiratory infection. In addition,
the committee reached consensus that a mucosal edema score
of <2 on the QSS-NM should not be considered an AE, and
moreover, that for future studies of other drugs delivered to the
upper nasal space and where endoscopy is to be implemented,
consideration should be given to less stringent criteria for AE
reporting, such as a total QSS-NM score >7 and a mucosal edema
score of 23. Regarding olfactory function assessment, the NSRC
agreed that the UPSIT worked well to assess the potential impact
of INP104. A decrease of =5 points in UPSIT score was deemed
a reasonable threshold for reporting of an AE, as a subjective
decrease in olfaction from normosmia to mild microsmia might
not be apparent to the patient. Finally, no additional safety
concerns were identified through nasal endoscopy or UPSIT
administration. Monitoring of nasal-related TEAEs was deemed
sufficient for assessing the safety of INP104, whereas serial
administration of the UPSIT and nasal endoscopy with QSS-NM
scoring was deemed unnecessary for INP104 safety assessment;
randomly sequenced images of nasal endoscopies reviewed by
the panel were generally congruent with their corresponding
QSS-NM scores after unblinding.

DISCUSSION

Nasal delivery of drugs has the potential to overcome the
limitations of other delivery modalities: orally administered
drugs (the most widely used route of administration) must pass
through and be metabolized in the GI tract during absorption;
injectables require a skin puncture and thus face potential
needle-related issues; and pulmonary delivery requires complex
formulation and manufacturing to deliver a consistent “respirable
fraction” of drug [2, 4, 5, 9, 49-51]. Although there are now many
over-the-counter medications utilizing nasal administration,
after the recall of particular nasal sprays due to unanticipated

olfactory side effects, there has been increased attention focused
on the potential for undesirable effects, especially on the
olfactory mucosa [52]. The nasal safety of INP104 is reported
from a Phase 3, open-label safety study in patients with migraine.
Because of the novelty of drug deposition in this part of the nose,
assessments of nasal safety were developed in collaboration
with an independent NSRC and implemented in the STOP 301
study [38]. Changes in olfactory function as detected by the
UPSIT were minimal over 24 weeks (mean decreases of <0.5
from baseline) and 52 weeks (mean increases/decreases <1.0
from baseline) of treatment at all time points, as were changes
to the upper nasal mucosa as graded by the QSS-NM (<0.2 at each
post-baseline visit up to 52 weeks of INP104 treatment). Nasal
AE monitoring revealed that a small percentage (4%) of patients
experienced nasal TEAEs at least possibly related to INP104
that led to treatment discontinuation over the course of the
study. Further, nasal TEAEs at least possibly related to INP104
that led to INP104 withdrawal occurred after the first 3 doses
in most patients (71.4%), suggesting that nasal TEAEs leading to
INP104 discontinuation arose early in the treatment process. In
the independent opinion of the NSRC, patient-reported AEs were
sufficient to monitor the safety of intermittent use of INP104.
Although no safety concerns arose based on this review of the
data and no patient reported persistent subjective olfactory loss,
there were 3 patients whose UPSIT scores declined from baseline
by 26 units, which was slightly greater than the 5 units chosen
as the threshold for reporting “olfactory function abnormal.”
Similar results were obtained for INP105, an investigational
drug-device combination that uses POD to deliver a spray-dried
powder formulation of olanzapine to the olfactory epithelium of
the upper nasal space to treat acute agitation. A Phase 1 study
in healthy participants reported no concerning findings in nasal
examinations in any of the treatment groups, albeit after only a
single administration [36]. Overall, the nasal safety of INP104
and INP105, which both utilize POD, was assessed in clinical
trials, and results from 3 separate studies support that upper
nasal space drug deposition using POD is safe and well tolerated
on the nasal mucosa [36-38].

To the best of the authors’ knowledge, INP104 has been
the only successful development program delivering drug to
the olfactory epithelium of the upper nasal space that was
required to undergo specific nasal safety testing for regulatory
approval, which led to it being approved for the acute treatment
of migraine. The only other available nasal spray for the acute
treatment of migraine that reports delivering some drug to the
upper nasal space is ONZETRA® Xsail® (Currax Pharmaceuticals
LLC, Morristown, NJ; approved in 2016), which is a disposable,
single-use nosepiece containing 11 mg of sumatriptan powder
to be used in each nostril for a total dose of 22 mg [5, 53]. No
data on the nasal safety of ONZETRA Xsail on olfactory mucosa
structure and/or function are currently available, and to the
best of our knowledge, no nasal safety testing was required by
the FDA for this product [9]. ST266 (Noveome Biotherapeutics,
Inc, Pittsburgh, PA) is an investigational cell-free biologic that
is composed of proteins and other factors important for cellular
healing, neuroprotection, and modulation of inflammation and is
reported to be delivered to the upper nasal space with a target of
reaching the olfactory nerve and brain using SipNose technology
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[54]. Noveome submitted an investigational new drug application
to the FDA in August 2019 and obtained a “safe to proceed”
evaluation, with patient dosing now underway. ST266 is currently
in Phase 1 trials for optic neuritis and glaucoma, but it is not
known if the FDA will require nasal safety testing for approval
[55]. The only other study the authors found that assessed nasal
safety during clinical trials examined the impact on olfactory
function and nasal tolerability of long-term treatment with
esketamine nasal spray (SPRAVATO®; Janssen Pharmaceuticals,
Beerse, Belgium) taken with an oral antidepressant in patients
with treatment-resistant depression [56]. This study consisted
of an analysis of 1,142 patients from 4 multicenter, randomized,
double-blind, Phase 3 studies: 3 short-term studies and 1 long-
term maintenance study. Although esketamine nasal spray
delivers drug mainly to the respiratory epithelium, the authors
emphasized the importance of assessing the nasal safety of
nasally delivered agents. Nasal safety assessments included the
40-item UPSIT; the single-staircase Snap & Sniff Odor Detection
Threshold Test; and nasal tolerability measures, including
nasal examinations and a quantitative, self-administered nasal
symptom questionnaire. Repeated intermittent administration
of esketamine nasal spray at any dose with both short- and long-
term use did not show evidence of adverse effects on olfactory or
nasal health measures; it is not known if the nasal safety testing
reported here was required by the FDA [56].

Nasal AEs have been reported during clinical trials for several
nasal products indicated for the acute treatment of migraine.
These include several triptans (serotonin [S'HTm/m] receptor
agonists), which are considered first-line therapies to acutely
manage migraine [57, 58]. ONZETRA Xsail was associated with
nasal AEs (22%) of abnormal taste (20%), nasal discomfort (11%),
rhinorrhea (5%), and rhinitis (2%) [53]. Imitrex® (sumatriptan
nasal spray; GlaxoSmithKline, Research Triangle Park, NC) was
associated with nasal AEs (21% and greater frequency than
placebo) of burning sensation (1.4%, 20 mg; 0.6%, 10 mg; 0.4%,
5 mg), disorder/discomfort of nasal cavity/sinuses (3.8%, 20 mg;
2.5%, 10 mg; 2.8%, 5 mg), and bad/unusual taste (24.5%, 20 mg;
19.3%, 10 mg; 13.5%, 5 mg) [59]. Zomig® (zolmitriptan nasal
spray; Amneal Pharmaceuticals, Bridgewater, NJ) was associated
with nasal AEs of disorder/discomfort of nasal cavity (1% and 3%
in those who received 2.5 mg and 5 mg, respectively) and unusual
taste (17% and 21% in those who received 2.5 mg and 5 mg,
respectively) [60]. Tosymra® (sumatriptan nasal spray; Upsher-
Smith Laboratories, Maple Grove, MN) was associated with nasal
AEs (22%) of dysgeusia (21%), application site pain (30.5%),
application site reaction (5.4%), application site irritation (4.2%),
nasopharyngitis (7.2%), sinusitis (6.6%), and upper respiratory
tract infection (10.8%) based on an open-label trial. It contains
a permeation-enhancing excipient (0.2% 1-O-n-Dodecyl-f-D-
Maltopyranoside [DDM; Intravail®]) [61]. The first approved
DHE mesylate nasal spray, Migranal® (Bausch Health Companies,
Inc. or its affiliates, Bridgewater, NJ), is associated with nasal
AEs (21%) of rhinitis (26%), altered sense of taste (8%), and
application site reactions (6%) [43]. The associated nasal AEs for
these nasal products could plausibly affect consistency of dosing
because most have been shown to deliver drug to the lower nasal
space, where there is rapid mucociliary clearance and increased
probability of drug being swallowed or spilled from the nostrils

[5,9, 12, 22]. For instance, Migranal is associated with variable
clinical response because of poor (~15%) bioavailability, which
is possibly a result of drug spillage from lower nasal space
deposition; and disturbed taste in some patients, [37, 41, 43]
potentially leading to noncompliance. In contrast, by targeting
the olfactory epithelium of the upper nasal space, INP104 exhibits
superior bioavailability with less taste perversion, and its ease of
use compared to Migranal poses fewer compliance concerns [37,
43]. Based on a patient acceptability questionnaire administered
at Week 24 of the STOP 301 study, ~84% of patients agreed or
strongly agreed that INP104 was easy to use and most patients
found that INP104 kept their migraine from coming back for a
longer time, allowed them to return to normal activities of daily
living faster, and reported faster and more consistent onset of
effect with INP104 compared to their previous treatment [38].
Further, nasal congestion; sinus pain, pressure, or headache;
and rhinorrhea are symptoms of migraine [62-65], making the
attribution of these symptoms to the underlying disease or to the
nasally delivered medication difficult.

CONCLUSION

INP104 utilizes POD technology to deliver DHE mesylate
to the olfactory epithelium of the upper nasal space to acutely
treat migraine. A committee consisting of 3 independent
otolaryngologists participated in the development and
evaluation of monitoring tools to assess the nasal safety of long-
term INP104 use from a Phase 3 clinical trial. The consensus was
that nasal endoscopies and associated QSS-NM scoring along
with serial UPSIT testing did not provide additional clinical
value, and no safety concerns were raised based on a review of
all data. Nasal safety results from this study reflects favorably on
drug deposition to the olfactory epithelium of the upper nasal
space; therefore, this route of administration has the potential to
address unmet treatment needs across a variety of disease states.
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