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ABSTRACT

Nasal drug delivery presents a potential opportunity for achieving
rapid, extensive drug absorption via a nonoral route by 1) avoiding
degradation within the gastrointestinal tract and first-pass
metabolism in the liver and 2) facilitating faster onset via rapid
absorption into the bloodstream. However, the site of drug
deposition  within  the nasal cavity may impact drug
pharmacokinetics. Precision Olfactory Delivery (POD®) by Impel
Pharmaceuticals Inc. is a new technology that provides handheld,
manually actuated, propellant-powered drug delivery to the upper
nasal space for rapid and efficient absorption. Rapid onset of
effect can be a major advantage in many clinical applications
where quick and effective administration is needed (eg, alleviating
agitation in emergency settings or reducing debilitating migraine
symptoms). Here, we review the pharmacokinetic profile of INP105,
which is being developed to deliver olanzapine (OLZ) by POD to
treat agitation in patients with autism. Because formulation can play
a large role in the pharmacokinetic profile of a nasally
administered drug, we provide a comprehensive review of both
published and previously unpublished preclinical data outlining how
the INP105 formulation was developed and optimized for study in
humans. Multiple formulation carriers and excipients were tested to
find a stable INP105 formulation with a desirable nasal absorption
profile. Because the nasal architecture in nonhuman primates (NHPs)
is similar to humans, the pharmacokinetics and tolerability of an
INP105 combination product (NHP-INP105) using a clinical
formulation combined with a device specifically designed for NHPs
has been investigated in preclinical NHP studies, providing
translational data for human studies and the pathway for testing
novel products and formulations. The pharmacokinetics and
tolerability of INP105 were then evaluated in an early clinical study
in humans, demonstrating favorable pharmacokinetic and
pharmacodynamic profiles. In this review, we aim to illustrate how
delivery of therapeutics to the upper nasal space using POD, such
as with agents like INP105, has the potential to optimize nasal
delivery and unlock the potential of delivery-limited drugs to
provide patients with rapid onset of effect, ease of use, and
convenience.

Keywords/Phrases: Precision Olfactory Delivery, upper nasal
space, pharmacokinetics, translational research, nasal delivery,
INP105
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Abbreviations: ADME = absorption, distribution,
metabolism, and elimination; AUC = area under the
concentration-time curve; AUCO-last = area under
the concentration-time curve from time O to the last
measurable concentration; AUCinf = area under the
concentration-time curve from time O to infinity; AE
= adverse event; Cmax = maximum plasma
concentration; DSPC = 1,2-distearoyl-sn-glycero-3-

phosphocholine; Exp = experiment; Gl =
gastrointestinal; HPMC = hydroxypropyl
methylcellulose; IM = intramuscular; IV =

intravenous; NHP = nonhuman primate; ODT = oral
disintegrating tablet; OLZ = olanzapine; PET =
positron emission tomography; POD® = Precision
Olfactory Delivery; PF68 = Pluronic F-68; SC =
subcutaneous; SD = standard deviation; TEAE =
treatment-emergent adverse event; Tmax = time to
reach the maximum plasma concentration

1. INTRODUCTION

Within early stages of drug development, clinical
research is preceded by preclinical animal studies
that attempt to predict how a drug will behave
within  humans by evaluating  absorption,
distribution, metabolism, and elimination (ADME).1-3
Understanding the  pharmacokinetics of «a
therapeutic, such as Cmax (maximum plasma
concentration) or AUC (area under the
concentration—time curve), is one of the first clinical
steps for successful drug development and
translation to humans.'24 Pharmacokinetic data
provide key information on the concentrations that
can be achieved by a drug with respect to the
intensity and duration of that drug’s effect in
humans.3 Importantly, these data not only provide
information on the effective plasma concentrations
of a drug or the rate of metabolism and elimination,
but they also shed light on drug properties
associated with the emergence of potential side
effects.34

The pharmacokinetics of an agent can be influenced
by many factors, one of which is the method of
delivery, whether it is oral, buccal, rectal,
transdermal, injection (eg, intravenous [IV],
intramuscular [IM], subcutaneous [SC]), inhaled, or
nasal.5>7 However, the full profile of a therapeutic
and its mode of delivery goes well beyond Cmax
and  Tmax values, encompassing ease of
administration and patient-oriented parameters.3
Despite the popularity of oral drugs in this regard,
their utility can be limited by several factors,
including their solubility, degradation within the
gastrointestinal (Gl) tract or first-pass metabolism
through the liver, and potential impaired processing
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in disease states where Gl motility and function may
be compromised or where patient cooperation may
be suboptimal and oral products may be spat out,
such as with agitation.”-9 Furthermore, certain
clinical situations may necessitate faster drug
absorption than oral agents can provide. Such is the
case in disabling migraine attacks, with agitation in
mental health care settings, or in disabling “off”
episodes in Parkinson’s disease.”.10-14 Therefore,
there is a great unmet need in a variety of clinical
settings for nonoral, noninjectable delivery methods
that offer fast, efficient absorption of drug with
ease of administration suitable for use in the
community.

Despite a long history of nasal therapeutics in
medicine, the marked differences in the speed and
extent of absorption of certain drugs when
delivered to different parts of the nasal mucosa is
still not appreciated or well understood.815-17
Achieving fast absorption through a nonoral route
requires a drug to be delivered directly onto an
absorptive surface, which generates early and high
Cmax and an adequate AUC.37.18 Such parameters
are seen with IV administration but may come with
systemic side effects from anticipated higher Cmax
and can also come with potential needle-related
issues.”:18.19 This clinical challenge extends beyond
a need for ease of administration—many clinical
settings require effective, systemic levels of a given
drug to be reached rapidly.®8 Nasal drug delivery
offers many benefits for these applications,
including its noninvasiveness, absence of potential
needlestick injury, rapid delivery of drug without
requiring sterile technique, and a nonoral option
that carries a lower risk for systemic side
effects.”811.2021 Nasal delivery of drugs can be
especially advantageous in many challenging
clinical scenarios. For example, these drugs can be
self-administered or given by a caregiver in
multiple settings, including less controlled situations,
such as emergency departments, acute crisis, or
urgent psychiatric situations where it may be
difficult or unsafe to administer an injection.”.11.22
Importantly, nasal delivery is typically associated
with a low risk for Gl side effects and these
medications do not need to be taken separate from,
or with, meals (as is the case with some oral

medications).1620.23  Nasal delivery results in
absorption across the nasal mucosa into the
bloodstream and avoids first-pass  hepatic
metabolism, which can result in  higher

bioavailability than most oral methods, facilitating
rapid absorption and onset of action.82!
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An important feature of nasal drug delivery is the
site of drug deposition within the nose, which can
differ in epithelia type, mucociliary function, and
vascular  supply, and can affect drug
pharmacokinetics.8:2023-27 The nose can be divided
into the upper and lower nasal space. The lower
nasal space includes structures such as the vestibule,
which is lined with a nonciliated squamous
epithelium that is not well suited for effective drug
absorption and includes a narrow, constricted
region called the nasal valve. The nasal turbinates
within the lower nasal space are covered by
ciliated pseudostratified cuboidal-columnar
respiratory epithelium and are coated with mucus
that along with the motile cilia, can lead to rapid
drug clearance.8.16.20.27.28 The upper nasal space is
partially lined with olfactory epithelium, which may
be more permeable than the respiratory epithelium
in the lower nasal space, and nonmotile cilia that
greatly reduce mucociliary clearance. These allow
drugs to enter the bloodstream more effectively via
the rich vascular supply to this part of the
nose.20.23,24,27,29-31 Although these attributes make
the upper nasal space an attractive target for drug
delivery, reaching the upper nasal space is
challenging because of its complex architecture,23
which includes navigating the narrow nasal valve.

The unique anatomy and physiology of the upper
nasal space, including the olfactory mucosa, can be
strategically employed to formulate drugs that
maximize absorption and bioavailability while
reducing mucociliary clearance. These strategies
include the addition of mucoadhesive excipients
(eg, chitosan, Carbopol®, carboxymethylcellulose,
polyacrylic acid), absorption enhancers (eg,
cyclodextrins, bile salts, fatty acids), and
preservatives that inhibit mucociliary clearance, thus
prolonging the opportunity for absorption.24
Moreover, semisolid drug formulations containing
thickening agents, such as hydroxypropyl
methylcellulose (HPMC), have proved particularly
well suited for nasal administration. Their high
viscosity makes them less susceptible to the rapid
mucociliary clearance of the lower nasal space and
gravitational effects than liquid formulations.24 By
targeting both the upper nasal space with its
reduced mucociliary clearance and optimizing drug
formulation, nasally administered drugs possess the
capability of producing injection-like
pharmacokinetic and pharmacodynamic profiles.32

2. AIM, SCOPE, AND METHODOLOGY OF THIS
REVIEW

Here we provide a comprehensive review of the
considerations that must be made during the
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formulation development and optimization of upper
nasal-targeted drugs, specifically in the context of
INP105 for Precision Olfactory Delivery (POD®)-
mediated delivery of olanzapine (OLZ). While a
comprehensive review of how the POD device
technology specifically deposits drug within the
upper nasal space has been provided elsewhere
(Cooper W. et al, 2022 in press),33 this review
illustrates how the formulation of POD-delivered
agents can also be optimized to maximize upper
nasal drug delivery and achieve injection-like
pharmacokinetic profiles. We aim to review the
rationale for upper nasal drug delivery and the
issues POD technology was developed to address,
as well as the rationale behind applying POD
technology to the delivery of OLZ for agitation. In
order to provide further context on how the INP105
formulation was optimized for upper nasal drug
delivery, we review the clinical formulation
development process of INP105, including
previously unreported preclinical data evaluated in
nonhuman primates (NHPs). We further review the
pharmacokinetics of INP105, including previously
unpublished pharmacokinetic data from these
preclinical NHP studies and a published phase 1
clinical study.

3. UPPER NASAL DRUG DELIVERY

3.1. Rationale and goal of POD technology for
upper nasal drug delivery

Nasal delivery of drugs by traditional nasal sprays
creates a diffuse cloud of drug particles (powder
formulations) or droplets (liquid formulations) and
mostly delivers drug to the lower nasal space, which
may result in variable drug absorption due to rapid
mucociliary clearance, swallowing, or
expectoration.815:20,23,24,31,34,35 This delivery method
facilitates ~5% of drug particles to pass through
the nasal valve and enter the upper nasal space.36
Industry has developed robust solutions for
alternative drug delivery, employing pulmonary
delivery and various platforms for nasal delivery,
but it is now well established that nasal delivery is
more complicated than previously thought and that
the efficiency of absorption through different
compartments of the nasal cavity may
vary.7:8151720 Fyrther, pulmonary delivery may
require a forced inspiratory maneuver (thus
requiring a conscious patient) and complex
manufacturing of a propellant suspension, or
several steps may be needed to ensure powder
particles are of the correct aerodynamic size to be
entrained into the air stream and carried to the
alveolae to be deposited.2437.38 For example, the
upper nasal-targeting drug delivery platform
ONZETRA® (sumatriptan, Currax Pharmaceuticals
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LLC, Morristown, NJ, USA) for the acute treatment
of migraine is a breath-powered device requiring
coordinated breathing from a
conscious/cooperative patient for proper drug
delivery.38:39

Impel Pharmacedticals Inc. (Seattle, WA, USA) has
developed devices and methods to enable
differential delivery of drugs to the previously
unexplored upper nasal space — for instance, the
POD nasal drug platform was developed to
improve drug bioavailability by effectively and
consistently delivering drugs through the nasal valve
and into the upper nasal space. Devices that utilize
POD technology are handheld, manually actuated,
propellant powered, and designed to gently
deliver a narrow, focused stream-like plume of
liquid droplets or powder particles to the upper
nasal space.23:3240 POD is compatible with a variety
of propellants, including hydrofluoroalkane and
more environmentally friendly options such as
nitrogen. In all cases, the drug formulation and
propellant are stored separately in the POD device
and only make contact with each other at the time
of administration, thus eliminating the need for the
drug product to be formulated in the
propellant.23.38.39

3.2. Application of POD technology to the
delivery of olanzapine

POD was combined with OLZ, a well-characterized,
second-generation  antipsychotic  with  known
efficacy and safety, to explore the potentially
significant benefits of upper nasal space drug
delivery for acute agitation episodes.32 Agitation
episodes are characterized by heightened states of
motor activity and irritability and often pose a
physical risk to patients and care providers alike,
and they may result in visits to hospital emergency
departments.41-43 Since it was first approved by the
FDA in 1996,44 OLZ has often been used to treat
acute agitation associated with illnesses such as
schizophrenia or bipolar disorder, but it is also used
off-label to treat patients with underlying autism
and is commonly administered by IM injection to
obtain rapid onset of effect.414445 The
administration of OLZ via IM or oral routes is long-
standing in clinical practice.3246 However, both
routes of administration have significant drawbacks.
Although IM OLZ has a rapid onset time of 15 to 45
minutes,4¢ the injection of a patient experiencing
agitation requires physical restraint or patient
cooperation and carries several risks, including
patient or caregiver injury, mental trauma, and
short- and long-term damage to patient-physician
relationships.3247  OLZ delivered as an oral
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disintegrating tablet (ODT) provides an alternative
delivery opftion but is associated with a slow onset
time and erratic absorption. Thus, it often requires
extended patient observation time.3241 Therefore,
there is a need for fast-acting, safer, noninjectable
alternatives of OLZ.

The availability of upper nasal administration of
OLZ would present an opportunity to simultaneously
address the shortcomings of existing delivery
methods. INP105—OLZ delivered by POD—uses
an optimized, spray-dried powder formulation of
OLZ to produce an injection-like pharmacokinetic
profile while remaining noninvasive, demonstrating
the promise of upper nasal space delivery.32

4. PRECLINICAL DEVELOPMENT OF INP105

4.1. Translational considerations for upper nasal
drug delivery: Preclinical POD technology

New drugs and new formulations of existing drugs,
like INP105, must pass through numerous stages of
development and testing to establish preliminary
safety before human testing.2-41547 Therefore, it is
critical to select the proper animal model (eg,
mouse, rat, rabbit, canine, large mammal, or even
primate) to ensure that data are clinically relevant
and translatable to humans.2447 However, selecting
the appropriate animal model to investigate drugs
delivered to the upper nasal space is a
challenge.484? Adaptations to the POD delivery
system have been specifically developed for
preclinical evaluation in multiple animal models to
assess general ADME.3:5051  Although preclinical
animal studies are typically conducted in rodents,
rabbits, or canines, results with nasally delivered
products may be less readily translatable to humans
from these species because of significant
differences in nasal anatomy and the macrosmatic
nature of these animal models.#84? Microsmatic
humans have a relatively unsophisticated sense of
smell and a small surface area of olfactory
epithelium compared with the more complex
architecture of other more macrosmatic animals,
such as rodents and canines, who have more
discriminating olfactory function.484° NHPs are
similar to humans in this regard, having a more
limited olfactory epithelium.52 NHPs also possess a
complex nasal architecture that more closely
resembles humans’ than other mammals’, produces
mucus in  an increasing anterior-to-posterior
gradient like humans’, and—in some NHPs—is
adapted for both oral and nasal breathing
(compared with other mammals, such as rodents,
which are obligate nose breathers).52 Therefore,
given the shared nasal characteristics and
architecture between humans and NHPs, in order to
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understand and optimize nasal drug delivery in
humans, preliminary preclinical studies were
conducted in NHPs using a specially developed
NHP-INP105 drug-device combination,4850-52

The NHP POD device is based on the same mode of
action as the human device; using a propellant to
deliver drug into the upper nasal space, but scaled
to the anatomy of the NHP nose. As part of the
preclinical development process, the pattern of
INP105 deposition within the nasal space of NHPs
was evaluated, with the intention of generating key
relevant data for translation to humans. A
radiolabeled tracer was nasally administered in
NHPs using the NHP POD device and was detected
in the upper nasal space using positron emission
tomography (PET) imaging (Figure 1). Histological
evaluation indicated that no damage or irritation
was sustained through repeated POD dosing in
NHPs, demonstrating that POD delivery was well
tolerated. Overall, no major safety concerns were
identified in preclinical studies of POD in NHPs, and
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drug absorption was rapid when delivered to the
upper nasal space (detailed below)—emphasizing
that proper selection of animal models before
clinical testing is critical fo translate results fo human
studies.32 Limitations of this preclinical work included
a lack of data of any impact of the POD device on
olfaction in NHPs; however, clinical data in humans
(a 52-week study) assessing olfactory function (with
a liquid POD-delivered formulation) suggest little
impact of POD-mediated drug delivery on
olfaction.53 This product, INP104, or TRUDHESA®,
received regulatory approval in the United States
for the acute treatment of migraine in September
2021.54 Collectively, these data indicate that upper
nasal drug deposition can be safely achieved with
the POD device. The early NHP-INP105 preclinical
studies were a crucial step along the development
of an agent for upper nasal drug delivery and
allowed for the testing of multiple iterations of OLZ
powder formulations over a highly accelerated time
frame.

Figure 1: Model of the Nonhuman Primate Nasal-Sinus Cavity and Nonhuman Primate POD
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/R\/ Region

Primate POD

l

Primate Nasal Cavity
Model (sagittal view)

Olfactory

“4 - «— Region
P~ 4
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green fluorescent dye

Caption: Using cadaver nasal casts from nonhuman primates, a species-specific model was developed for
deposition testing of the nonhuman primate POD®. Left panel: Aqueous fluorescein loaded into POD. Right
panel: Tracer delivered to olfactory region (upper nasal space) of NHP. POD = Precision Olfactory Delivery.

4.2. Optimizing agents for upper nasal drug
delivery: Formulation development of INP105

The formulation of INP105 was optimized for upper
nasal delivery over the course of a rigorous
development program, including pharmacokinetic
analysis in NHPs across formulations that allowed
for rapid transition to clinical testing. OLZ is a
crystalline solid with poor solubility yet high
permeability. Various initial formulations
investigated preparations of OLZ combined with 1)
different surfactants to increase OLZ “wettability”
and solubility or 2) a heated-solution approach to
create a homogenous solution, which can then be
spray dried into an amorphous drug product with
improved solubility (amorphous solid dispersion). All
formulations were spray dried with a GEA PSD1
spray dryer and included HPMC as a vehicle and
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stabilizer, which is commonly used in powder
formulations. Powder formulations reduce drippage
and gravitational effects, and as noted above, the
mucoadhesive properties of HPMC make it well
suited for nasal drug delivery, as it is less prone to
the rapid mucociliary clearance seen during lower
nasal space delivery.24 Each tested formulation
therefore was aimed at optimizing the properties
affecting drug absorption within the upper nasal
space.

With the surfactant approach, 2 nonionic
surfactants were tested: n-dodecyl B-D-maltoside
and poloxamer 188 (Pluronic PFé8). The
formulation containing n-dodecyl B-D-maltoside
was discontinued because it was sticking within the
drying chamber of the spray dryer, while the PF68
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formulation (OLZ:HPMC:PF68) was tested further.
For the amorphous solid dispersion method, the
spray dryer included an in-line heat exchanger to
test 2 formulations, 1 with the permeation enhancer
1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC,
a phospholipid) and 1 without. OLZ:HPMC:DSPC
was further developed by screening numerous
solvent systems to improve the solubility profile,
increase the particle size, and minimize the residual
solvent, among other parameters. After screening
with n-propanol, isopropanol, methanol, ethanol,
dichloromethane, and acetone, a mixture of
isopropanol and water was selected as the solvent.
Further studies optimized solvents for increasing the
solid content of the formulation for spray drying,
resulting in an increased particle size. This process
therefore sought to optimize both particle size and
solubility for upper nasal drug delivery.

Based on this formulation development program, in
a subsequent preclinical study, the NHP-POD device
(NHP-INP105) was used to examine
pharmacokinetic parameters of the powdered OLZ
formulations described above (with nonionic
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surfactant, OLZ:HPMC:PF68; and with permeation
enhancer, OLZ:HPMC:DSPC) compared with IM OLZ
in NHPs. Doses of 2 mg OLZ administered as
commercial crystalline OLZ (not reformulated),
OLZ:HPMC:PF68, and OLZ:HPMC:DSPC were
tested using NHP-INP105. Blood samples were
obtained at suitable intervals for pharmacokinetic
assessment. The Tmax (ie, time to reach Cnax, the
maximum concentration) of OLZ from the DSPC
formulation was comparable with that of IM OLZ.
However, the Tmax Was over twice as long for the
PF68 formulation as well as for crystalline OLZ
compared with that of IM OLZ delivery (Table 1).
Notably, NHPs were heavily sedated at Tmax for IM
OLZ. Moreover, although the Cnax of IM OLZ was
over 5-fold higher compared with the DSPC
formulation for NHP-INP105, the total exposure
during plasma sampling (as measured by area
under the concentration-time curve [AUC]) for the
DSPC formulation was nearly identical to that of IM
OLZ (Table 1; 352 * 89 ng*hr/mL and 371 * 55
ng*hr/mL, respectively). Based on this optimal
pharmacokinetic profile, the OLZ:HPMC:DSPC
formulation was pursued further.

Table 1. Mean Pharmacokinetic Parameters of Olanzapine in the Cynomolgus Monkey

Formulation AUCiast Crnax Median Trmox hyz
(ng*hr/ml) (ng/mlL) (hr) (hr)
Commercial OLZ for IM injection | 371 + 55 338 £ 121 031 £0.13 37405
gg;';g?cv‘f/'iﬁz) 285 + 65 35.0 + 4.9 0.81 £ 0.83 43+0.4
(ost)zzﬂf’é“f}af/‘:)‘:h"" 352 + 89 64.6+18.8 0.31 £0.13 50+ 1.0
o428 wiwo) e 257 + 62 77 + 41 0.26 +0.18 40+ 0.4
g'g;gg“if;’;c 268 + 34 60 £ 12 0.31 £0.13 3.7 +03
a'ﬁjf’s":"é‘_:;?fg ‘3{312)‘ Acid 184+ 13 47 + 6.2 0.81 * 0.24 3.7 +03
ot o oy oside 276 + 75 89 + 63 0.34%0.19 3.9%0.2

Abbreviations: AUCi«st = area under the concentration time curve to the last measurable time point; Crnax =
maximum plasma concentration; DSPC = 1,2-distearoyl-sn-glycero-3-phosphocholine; Exp = experiment;
HPMC = hydroxypropyl methylcellulose; hr = hour; IM = intramuscular; OLZ = olanzapine; PF68 = Pluronic
F-68; SD = standard deviation; t, = terminal half-life; Tmax = time to reach the maximum plasma

concentration.

A subsequent preclinical study in NHPs examined
pharmacokinetic parameters of 2 constitutions of
OLZ:HPMC:DSPC with varying ratios of drug
content (50:42:8 w/w and 30:62:8 w/w), a third
formulation with the addition of citric acid to
improve solubility (OLZ:HPMC:DSPC:Citric acid;
41:34.5:6.5:18), and a fourth formulation with
maltoside added as a permeation enhancer

(OLZ:HPMC:DSPC:Maltoside), all delivered by
NHP-POD. Of the 4 formulations tested, the
OLZ:HPMC:DSPC (50:42:8 w/w) formulation had
the lowest (shortest) median Tmax (0.26 hr + 0.18)
and a comparable maximum concentration and
total exposure to the other formulations (full
pharmacokinetic profile summarized in Table 1).
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This preclinical work in NHPs provided crucial
pharmacokinetic data on multiple formulations of
OLZ delivered via POD, with the OLZ:HPMC:DSPC
(50:42:8 w/w) spray-dried powder formulation
providing improved absorption compared with
other formulations, while producing comparable
exposure to IM OLZ. This formulation was also found
to be stable for up to 6 months as well as having
the strongest reproducibility across preclinical
studies. Because this formulation, containing HPMC
and DSPC, achieved the desired pharmacokinetic
profile (similar to that of OLZ IM administration, see
Table 1) without the need for further mucoadhesive
or absorption-enhancing additives, it was selected
for testing in a phase 1 human trial as INP105.

5. INP105 CLINICAL PHARMACOKINETICS AND
PHARMACODYNAMICS IN HUMANS: REVIEW
OF THE SNAP 101 TRIAL

INP105 is a drug-device combination product that
delivers an OLZ powder formulation (optimized
through the process described above) to the upper
nasal space using POD and has been investigated

in a phase 1 clinical trial. SNAP 101
(NCT03624322) was a phase 1, 2-period,
incomplete-block, placebo- and comparator-

controlled 1-way crossover study that assessed the
safety, pharmacokinetics, and pharmacodynamics
of INP105 in healthy adult participants. Blood
samples for pharmacokinetic analysis were
collected at regular intervals before dosing and
during the 120 hours after dosing in each period.
Plasma OLZ concentrations were determined using
a validated liquid chromatography-tandem mass
spectrometry (LC-MS/MS), and pharmacokinetic
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measurements were obtained for Cmax, Tmax, t1/2
(terminal half-life), CL/F (apparent clearance),
AUCo.1est (area under the concentration-time curve
from O to the last measurable time point), AUCo.inf
(area under the concentration-time curve from O to
infinity), Vz/F (apparent volume of distribution at
the terminal phase), and ke (apparent terminal
elimination rate constant). All  randomized
participants who received any study drug
comprised the safety population, which included
INP105 5 mg (n=10),INP105 10 mg (n=9), INP105
15 mg (n=8), and placebo POD (n=10), IM OLZ 5
mg (n=20), IM OLZ 10 mg (n=2) and ODT OLZ 10
mg (n=18).32

Pharmacokinetic data from the SNAP 101 trial
identified that the absorption of OLZ was faster
following administration of INP105 compared with
OLZ IM or OLZ ODT. For INP105, the median Tmax
was 9.5 to 15 minutes for all doses, compared with
15 to 20 minutes for all OLZ IM doses and 120
minutes for OLZ ODT. For all doses of INP105,
>40% of participants had Tmax /Cmax by the first
time point of 5 minutes, suggesting that maximal
concentrations can be achieved within 5 minutes of
administration of INP105. The mean Cnax for
INP105 5 mg was comparable with OLZ IM 5 mg
and approximately 1.6-fold greater than OLZ ODT
10 mg; the mean Cuax for INP105 10 mg was 2.6-
fold higher than INP105 5 mg, and for INP105 15
mg, the mean Cmax was 3-fold higher than INP105
5 mg. Exposure (AUCo.iest and AUCo.inf) was similar
for INP105 5 mg and OLZ IM 5 mg, suggesting
comparable levels of systemic OLZ exposure (Table
2).32

Table 2. SNAP 101 — Comparative Pharmacokinetic Parameters (PK Population)32

Parameter, Mean Osl.:‘ 1M INP105 OLZ IM INP105 OLZ ODT 10 | INP105
+ SD (CV%) (n=2%) 5 mg (n=10) 10 mg (n=2) | 10 mg (n=9) mg (n=18) 15 mg (n=8)
C ng/mL 248 *+ 117|287 £ 164731 * 122|745 = 430|175 + 70| 888 =+ 328
maxs (47.3) (57.3) (16.6) (57.8) (40.2) (37.0)
AUCo.inf, 314 = 111 [ 328 £ 1611470 = 04 |720 =+ 340 ]| 563 =+ 241 | 811 =+ 263
ng*h/mlL (35.4) (49.0) (0.09) (47.2) (42.7) (32.4)
Tm&.:x median 120.0 (45,
(min,  max), | 20.0 (10, 360) | 15.0 (5, 360) 15.0(15,15) | 10.0 (5, 15) 361) 9.5 (4, 15)
min
' h 412 *+ 971405 += 121|332 + 31368 =+ 64371 = 92385 £ 11.8
1/2, hours (23.4) (29.8) (9.5) (17.4) (24.7) (30.8)
ke L/hour 0.020 + 0.004 | 0.019 * 0.006 | 0.021 £0.002 | 0.019 = 0.004 | 0.020 *+ 0.005 | 0.019 + 0.005
ol (22.0) (30.2) (9.5) (18.5) (23.4) (25.4)
CL/F L/hour 178 + 59 (180 + 72]121.3 £ 002 17.1 + 82211 *+* 89200 £ 546
' (33.2) (39.9) (0.09) (48.3) (42.0) (28.0)
Vz/F L 1044 + 446 | 979 £ 307 ] 1020 *+ 95| 862 =+ 3225|1077 * 425 | 1059 *+ 257
' (427) (31.4) (9.4) (37.7) (39.5) (24.3)

AUCo.it = area under the concentration-time curve from time O to infinity; CL/F = apparent clearance; Cmax
= maximum observed plasma concentration; CV = coefficient of variation; h = hour; Kei = apparent terminal

elimination rate constant; max =
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maximum; min

= minimum; ODT, orally disintegrating tablet;

esmed.org/MRA /index.php /mra/article /view /2971 7



https://esmed.org/MRA/index.php/mra/article/view/2971
https://esmed.org/MRA/mra

Medical
Research
Archives

The Pharmacokinetics of Drug Delivery to the Upper Nasal Space: A Review of INP105

Development

OLZ = olanzapine; PK = pharmacokinetic; SD = standard deviation; t1/2 = apparent elimination half-life;
Tmax = time to maximum plasma concentration; Vz/F = apparent volume of distribution at the terminal phase.

Treatment-emergent adverse events (TEAEs) were
mostly mild and were reported for 100% of
participants for OLZ IM 10 mg, 90% for OLZ IM 5
mg, and 83.3% for OLZ ODT, compared with 80%
for INP105 5 mg, 66.7% for INP105 10 mg, 75%
for INP105 15 mg, and 10% for placebo. There
were no severe or serious TEAEs or drug-related
discontinuations with any of the INP105 doses, and
nasal adverse events (AEs) were minimal. No
clinically significant changes were observed in
electrocardiogram or vital sign assessments after
dosing. Two of the 4 participants who had been
dosed in the double-blind Period 2 before dosing
in the open-label Period 1 (some subjects were
dosed in Period 2 and then returned to Period 1
after 214 days) developed postural dizziness, and
1 developed orthostatic tachycardia after INP105
5 mg administration. One of the 2 participants first
dosed with INP105 10 mg developed hypotension
and bradycardia (see further below).32

Pharmacodynamic effects were assessed on 3
scales designed to measure sedation and attention:
the visual analog scale (VAS), the
agitation/calmness evaluation scale (ACES), and
the digit symbol substitution test (DSST). VAS is a
self-reported scale, ACES is investigator evaluated,
and DSST is an objective psychomotor assessment.
Compared with placebo, INP105 produced
significantly reduced scores on all 3 assessments
that were comparable in magnitude to OLZ IM,
indicating a similar pharmacodynamic profile to
injected OLZ. Moreover, changes from placebo
were evident at the first 15-minute time point for all
doses of INP105 and for OLZ IM 5 mg but not for
OLZ ODT, which was consistent  with
pharmacokinetic data showing rapid absorption
and drug action for INP105 and OLZ IM
administration. Of note, the 2 participants who
received OLZ IM 10 mg had significant hypotension,
which prevented pharmacodynamic assessments to
be made, and the treatment arm was subsequently
discontinued.32 There was a notable delay in peak
pharmacodynamic effects compared with Tmax
(~15-30 minutes), but this delay was evident in all
treatment groups and is believed to be drug
specific. Finally, the pharmacokinetic-
pharmacodynamic relationship obtained with OLZ
IM and INP105 was similar at matching doses, and
the observed pharmacodynamic effects were
adequately explained by measured plasma
concentrations. The similarity of the
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pharmacokinetic-pharmacodynamic relationship
between the IM and nasal routes suggest that
pharmacodynamic effects were likely driven by
distribution of drug through plasma, as opposed to
direct transport from the nasal cavity to the brain
along olfactory pathways.

The results of SNAP 101 indicate that INP105 is a
viable alternative to IM- or ODT-administered OLZ,
producing a similar pharmacodynamic profile with
rapid pharmacokinetic onset and exposure while
displaying neither of the primary drawbacks of IM
and ODT administration: invasiveness and slow
onset, respectively. These data support that in
healthy participants, at equivalent doses of 5 mg,
INP105 had similar AUCo.last, AUCo.inf, and Cmax as
OLZ IM, but with a faster median Tmax and lower
incidence of AEs (80% vs 90%, respectively).
Moreover, 3 different pharmacodynamic
assessments indicated that all doses of INP105
produced injection-like changes in
pharmacodynamic profile within 15 minutes,
consistent with the rapid pharmacokinetic onset time
(ie, Tmax). These results suggest that the
pharmacokinetic and pharmacodynamic profile of
INP105 may allow for a more rapid onset of effect,
which would be beneficial in the context of acute
agitation, using a noninvasive delivery method of
OLZ to the upper nasal space via POD. A phase 2,
proof-of-concept study (CALM 201,
NCT05163717) is now investigating the efficacy
and safety of a further optimized formulation of
INP105 in adolescent patients with autism spectrum
disorder who have been hospitalized for
management of repeated bouts of acute
agitation.>3

6. CONCLUSION

Although nasal delivery of drugs is not a new
concept, the site of drug deposition in the nose is
underappreciated and undervalued. The ability to
reach the upper, deeper cavities of the nasal space
is challenging and requires careful selection of
preclinical animal models to appropriately modify
delivery technology and facilitate translation to
humans. As described here, use of the NHP model
enabled optimization of the formulation ultimately
used in the initial clinical trial of INP105. Delivery
of drug to the upper nasal space can allow for
rapid, extensive absorption that is injection-free
and easy to administer by patients, clinicians, and
caregivers. POD technology allows for the delivery
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of clinically relevant doses of OLZ (INP105) to the
upper nasal space and is supported by a phase 1
study that indicated INP105 exhibits a favorable
pharmacokinetic profile, including rapid and
consistent absorption of drug into the blood. These
phase 1 data followed preclinical formulation
development, optimization, and pharmacokinetic
characterization in NHP models. Collectively, these
data have demonstrated the potential for the
broad applicability of POD to treat a number of
disease states exhibiting agitation.
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