
Yo
u 

ar
e 

pr
oh

ib
it

ed
 fr

om
 m

ak
in

g 
th

is
 P

D
F 

pu
bl

ic
ly

 a
va

ila
bl

e.

For reprints or permissions, contact permissions@psychiatrist.com. ♦ © 2020 Copyright Physicians Postgraduate Press, Inc.

It is illegal to post this copyrighted PDF on any website.

     e1J Clin Psychiatry 81:4, July/August 2020

Focus on Psychosis

The SNAP 101 Double-Blind, Placebo/Active-Controlled,  
Safety, Pharmacokinetic, and Pharmacodynamic Study  
of INP105 (Nasal Olanzapine) in Healthy Adults
Stephen B. Shrewsbury, MB, ChBa,*; Jasna Hocevar-Trnka, MDa; Kelsey H. Satterly, PhDa;  
Karen L. Craig, PhDa; Jason D. Lickliter, MBBSb; and John Hoekman, PhDa

ABSTRACT
Objective: INP105 is a drug-device combination of olanzapine 
and technology that delivers a powder formulation of olanzapine 
to the vascular-rich upper nasal space. This study evaluated the 
pharmacokinetics, pharmacodynamics, safety, and tolerability of 
single ascending doses of INP105, olanzapine intramuscular (OLZ IM), 
and olanzapine oral disintegrating tablet (OLZ ODT).

Methods: This was a phase 1, active and double-blind placebo 
comparator–controlled, ascending-dose, 2-period, incomplete-block, 
1-way crossover study in 40 healthy subjects, randomized to single 
doses of OLZ IM (5 or 10 mg) or OLZ ODT (10 mg) in Period 1 and 
then 1 of 3 doses (5 mg, 10 mg, or 15 mg) of INP105 or placebo in 
Period 2 between July and October 2018. Sedation and attention 
were evaluated by visual analog scale (VAS), the Agitation/Calmness 
Evaluation Scale (ACES), and the Digit Symbol Substitution Test (DSST).

Results: At equivalent doses, INP105 provided similar area under 
the drug concentration–time curve (AUC) from time 0 to the last 
measurable concentration, AUC from time 0 to infinity, and maximum 
observed concentration (Cmax) as OLZ IM and greater Cmax than but 
similar AUCs to OLZ ODT. Median time to maximum concentration 
was less for INP105 (15, 10, and 9.5 min for 5 mg, 10 mg, and 15 mg, 
respectively) than for OLZ IM (20 and 15 min for 5 mg and 10 mg, 
respectively) or OLZ ODT (120 min). Effects as measured with the VAS, 
ACES, and DSST with INP105 5 mg were comparable to those with OLZ 
IM 5 mg, with earlier onset for INP105 10 mg and 15 mg and greater 
effects than placebo and OLZ ODT. The incidence of treatment-
emergent adverse events with INP105 5 mg, 10 mg, and 15 mg was 
80%, 66.7%, and 75%, respectively, compared to 90% and 100% for 
OLZ IM 5 mg and 10 mg, respectively, and 83.3% for OLZ ODT; most 
common were dizziness, hypotension, and orthostatic symptoms.

Conclusions: INP105 has rapid absorption and pharmacodynamic 
effects and may represent an effective, convenient, noninvasive, and 
well-tolerated alternative for treating acutely agitated patients by 
self- or caregiver administration in the home, community, or hospital 
environments.
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Agitation is a behavior comprising aggressive and 
nonaggressive verbal and physical components 

marked by motor restlessness, heightened responsivity 
to internal and external stimuli, irritability, inappropriate 
or purposeless verbal or motor activity, and an unstable 
course1 and is recognized as a component of many 
psychiatric disorders.2 In a recent US survey,3 81% of 
caregivers of community-based treatment-resistant 
schizophrenia patients reported having observed 
agitation, hostility, and/or irritability in their care 
recipients. Schizophrenia underlies over 80% of treated 
emergencies for acute psychosis-related agitation or 
aggression.4

Agitation is usually seen in bipolar patients during 
acute manic states, which are associated with increased 
psychomotor activity and reduced sleep need, but also 
occurs during mixed and depressive states.5 Most of the 
30 million Americans diagnosed with schizophrenia or 
bipolar disorder experience at least 1 episode of acute 
agitation annually, up to a mean of 12 episodes.6 There are 
over 10 million annual hospital admissions in the United 
States, many (though not all) related to unmanageable 
agitation from any cause, each requiring 6–10 days for 
disease stabilization.7 Many patients attending emergency 
departments with agitation may be sedated,8 although this 
may no longer be the preferred outcome and can delay 
definitive treatment for the underlying cause.9 A European 
survey of patients with schizophrenia or bipolar disorder 
living in the community2 found they had an average of 
22.4 mild, 15.4 moderate, 6.8 moderate-intense, and 2.9 
severe episodes of agitation per year, of which 2.7 required 
hospital attendance.

Olanzapine intramuscular (OLZ IM) is often used 
to treat acute agitation because of a shorter time to 
peak concentration, leading to more rapid onset of 
efficacy than oral or orally disintegrating tablet (ODT) 
formulations, and a lower risk of extrapyramidal adverse 
effects than first-generation antipsychotics. However, IM 
administration requires either restraint or some level of 
patient cooperation, is invasive, and can be painful.4,10 
In less cooperative patients, it poses a risk for needle 
stick injury to health care workers11 or the patients 
themselves,12 making non-injectable drugs preferred 
when possible.13 However, currently approved oral 
products have slower onset of effect, often requiring 

https://clinicaltrials.gov/ct2/show/NCT03624322?term=NCT03624322&draw=2&rank=1
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observation of the medicated patient for a sustained period 
of time until the agitation resolves.14,15

Acute agitation may be managed by the misapplication (eg, 
covert administration16) or use of involuntary psychotropic 
medications,17 involuntary detention,18 physical restraints, 
and seclusion.4,19 This practice has become a focus of 
attention for mental health professionals, policy makers, and 
the lay public, the media, and patient advocacy organizations. 
In a survey for improving psychiatric emergency care,20 
patients repeatedly stressed the importance of having staff 
treat them with respect, talk to them, listen to them, and 
involve them in treatment decisions.

INP105 is a drug-device combination product consisting of 
a powder formulation of olanzapine and Precision Olfactory 
Delivery (POD) technology that delivers olanzapine to 
the vascular-rich upper nasal space.21 By consistently and 
predictably delivering therapeutics to the upper nasal 
cavity, the POD technology is designed to improve overall 
bioavailability of drugs without intravenous or IM injection. 
The I231 POD device is a handheld, manually actuated, gas-
propelled, investigational administration device intended to 
deliver a powder drug formulation specifically to the upper 
nasal cavity (ie, olanzapine or placebo) from a commercially 
available size 3 capsule (Figure 1A and 1B). Most nasally 
administered products deliver to the anterior, lower nasal 
space where absorption and hence effective plasma drug levels 
may vary.22,23 The INP105 is the first powder formulation 
combination product utilizing POD technology. INP105 is 
designed to propel a nasal formulation of olanzapine with a 
total target dose of 5 mg active pharmaceutical ingredient 
(API) with each actuation into the upper nasal space.

The objectives of this study were to evaluate the safety and 
tolerability of 3 single ascending doses of INP105; to compare 
the pharmacokinetic and pharmacodynamic effects of those 
3 doses with OLZ IM (5 and 10 mg), OLZ ODT 10 mg, and 
placebo; and to explore pharmacokinetic/pharmacodynamic 
and dose-response relationships for INP105.

METHODS

The study was conducted at Nucleus Network in 
Melbourne, Australia, in accordance with all appropriate 
regulations, after protocol approval and written informed 
consent had been obtained (ClinicalTrials.gov identifier: 
NCT03624322).

Study Design
This was a phase 1, randomized, active and double-

blind, placebo comparator–controlled, ascending-dose 
study in healthy subjects to evaluate the safety, tolerability, 
pharmacokinetics, and pharmacodynamics of INP105, OLZ 
IM, and OLZ ODT conducted between July and October 
2018. A randomization list containing the randomization 
number, treatment kit number, and treatment information 
was generated by an unblinded statistician and transferred 
to the good manufacturing practices facility that measured 
olanzapine and placebo into capsules and packaged and 
labeled kits for the study.

Period 1 was an open-label evaluation of 2 doses (5 mg 
and 10 mg) of OLZ IM and 1 dose (10 mg) of OLZ ODT 
(Supplementary Figure 1). Period 1 was to include 3 treatment 
arms of 12 subjects, each receiving either 5 mg OLZ IM, 10 
mg OLZ IM, or 10 mg OLZ ODT. After the first 2 subjects 
from Cohort 1 in Period 1 received OLZ IM 10 mg and 
suffered severe hypotension that prevented standing blood 
pressure recording and pharmacodynamic assessments, this 
treatment arm was dropped and Period 1 was subsequently 
modified, for safety reasons, to 2 treatment arms of either 5 
mg OLZ IM or 10 mg OLZ ODT. Period 2 was a double-blind 
phase to evaluate 3 single ascending doses of INP105 (5 mg, 
10 mg, and 15 mg) or matched placebo (9:3 active:placebo 
per cohort) and to compare effects of INP105 with OLZ in 
Period 1. Dose escalation was staggered in Period 2 to allow a 
monitoring committee to assess the safety and tolerability of 
the prior INP105 dose. Some subjects were dosed in Period 
2 first and then returned to dose in Period 1 a minimum of 
14 days later. The Safety Monitoring Committee comprised 
the investigator, Sponsor Medical Expert, and Local Medical 
Monitor and convened, at least 72 hours after the last subject 
was dosed in a Period 2 cohort, to review blinded safety data 
(specifically, adverse events and vital signs) to determine if 
any safety signal was present that would prevent planned 
escalation to the next higher Period 2 dosing cohort. During 
Period 2, INP105 or placebo was delivered nasally using the 
POD device. Doses were delivered as 1, 2 or 3 actuations of 5 
mg each. All subjects were observed as inpatients for at least 
72 hours post-dosing, with follow-up at 4, 5, and 14 days 
after dosing in each study period.

Subject Selection
Adult male or female subjects aged 18 to 55 years 

inclusive, with a body mass index of 18 to 32 kg/m2 
were eligible if they were in good general health with no 
significant medical history or clinically significant physical 
or laboratory abnormalities at screening and a negative urine 
drug screen and alcohol breath test at screening and prior to 
randomization. Adequate contraception was required during 
the study.

Subjects were excluded for hypersensitivity to, or 
use of, olanzapine within the past 3 months; for use of 
cytochrome P450 (CYP) 1A2 inducers or inhibitors, 
prescription medications, or over-the-counter medications 
or supplements that could interfere with the conduct of the 

Clinical Points
 ■ Acute agitation in patients with psychiatric illness is 

common, and current treatment options are suboptimal. 
Few, if any, rapidly acting pharmacotherapeutic options 
are available for acute agitation in the community or even 
in hospital without recourse to intramuscular injection.

 ■ A novel, nasally administered, fast-acting, well-tolerated 
olanzapine product showed rapid absorption and 
pharmacodynamic effects and may be a useful addition to 
the psychiatrist’s pharmacopoeia.

https://clinicaltrials.gov/ct2/show/NCT03624322?term=NCT03624322&draw=2&rank=1
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study; if they had a history of hypo- or hypertension or were 
current or recent smokers; if they had significant surgery in 
the previous 3 months or recent significant acute illness; or 
if they had nasal congestion or physical blockage of either 
nostril or sero-positivity for human immunodeficiency virus 
(HIV) or hepatitis B or C.

Study Assessments
Safety was assessed from adverse event reporting, physical 

examination including nasal passages, vital signs (supine and 
standing blood pressure [BP], heart rate, respiratory rate 
and body temperature), 12-lead electrocardiogram (ECG), 
and clinical laboratory tests (hematology, serum chemistry, 
urinalysis). A nasal examination using an otoscope was 
conducted coincident with directed and full physical 
examination at scheduled time points in both Period 1 and 
Period 2. Nasal examination was performed before and after 
dosing in both periods, and findings were rated based on the 
following: mucosal irritation (scored 0–5), epistaxis (0–3), 
mucosal edema (0–3), nasal discharge (0–3), and mucosal 
crusting (0–3).

Sedation and attention pre- and post-dose were assessed 
using the Agitation/Calmness Evaluation Scale (ACES) 
(Supplementary Appendix 1) ,24,25 a visual analog scale 
(VAS) (Supplementary Appendix 2),26 and the Digit Symbol 
Substitution Test (DSST).27 For the ACES, the investigator 
assessed the level of agitation or calmness on a 9-point 
scale. For the VAS, subjects were asked to mark their level 
of sedation on each of three 100-mm scales using the 
descriptive terms Alert⁄Drowsy, Clear/Foggy-Headed, and 
Energetic⁄Lethargic as the boundaries, yielding a maximum 
score of 300. For the DSST, subjects were assessed for 

response speed, sustained attention, visual-spatial skills, and 
set shifting when decoding a series of symbols outlined on 
a test paper. The number of symbols correctly substituted 
for the corresponding digits within 90 seconds was scored.

Blood samples for olanzapine levels were collected 
predose; at 5, 10, 15, 20, 30, and 45 minutes; at 1, 2, 4, 6, 8, 
12, 18, 24, 36, 48, 60, and 72 hours (domiciled); and at 96 
and 120 hours.

Plasma olanzapine concentrations were determined 
using a validated liquid chromatography–tandem mass 
spectrometry (LC-MS/MS) method. The following 
pharmacokinetic parameters for individual subjects were 
calculated using noncompartmental analysis (Phoenix 
WinNonlin v8.1; June 2018; Certara USA, Inc; Princeton, 
New Jersey): maximum observed concentration (Cmax), 
time to maximum observed concentration (Tmax), apparent 
elimination half-life (t1/2), area under the drug concentration–
time curve from time 0 to the last measurable concentration 
(AUC0–last), AUC from time 0 to infinity (AUC0–inf), terminal 
elimination rate constant (kel), apparent clearance (CL/F), 
and volume of distribution (Vz/F).

Statistical Analysis
All randomized subjects who received any study drug 

(safety population) in this exploratory study were included 
in the analyses. Data from all placebo recipients in Period 
2 were pooled. Pharmacokinetic and pharmacodynamic 
findings for each treatment were summarized using 
descriptive statistics. Pharmacodynamic effects were 
compared between olanzapine and placebo using paired t 
test and between INP105 doses and placebo using analysis 
of covariance (ANCOVA) with treatment group as a factor 

aIn this study, propellant was standard hydrofluoroalkane (HFA)-134. HFA flow through the device is indicated by 
blue arrows. HFA (1) is released from the propellant canister; (2) passes through the actuator; (3) enters the tip and 
doubles back into the capsule body, which contains the olanzapine powder formulation; and (4) exits through the 
tip (purple arrow).

Abbreviation: HPMC = hydroxypropyl methylcellulose, POD = Precision Olfactory Delivery.

Figure 1. (A) Image of Actual Assembled 1231 POD Device and (B) Schematic of the Research 
Version of the POD Device (1231 POD, Which Uses Dry Powder Formulations Prepared and 
Released in Commercially Available Size 3 HPMC Capsules)a

B.A.
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Figure 2. Mean Plasma Olanzapine Concentrations From 0 to 
2 Hours

Abbreviations: IM = intramuscular; INP105 = investigational product (OLZ 
delivered by POD [Precision Olfactory Delivery] device); ODT = oral 
disintegrating tablet; OLZ = olanzapine.

and baseline pharmacodynamic result as a covariate. 
Pharmacokinetic parameters were computed from the 
individual plasma concentration–time profiles using non-
compartmental analysis.

RESULTS

Subject Disposition
The severity of hypotension in the first 2 volunteers 

receiving OLZ IM 10 mg caused discontinuation of this 
dose. Their lowest supine systolic/diastolic BP recorded 
was 71/34 mm Hg and 78/34 mm Hg; however, both 
recovered and went on to receive medication in Period 2. It 
was not unexpected that OLZ IM 10 mg would cause some 
hypotension in a population of healthy volunteers, but, after 
an urgent meeting of the Safety Monitoring Committee, a 
decision was made that, due to the severity of the observed 
hypotension, this treatment arm was dropped for safety 
concerns. Subsequent subjects in Period 1 were randomized 
to OLZ IM 5 mg or OLZ ODT 10 mg. Forty subjects were 
randomized and treated in Period 1. Three subjects were 
withdrawn from Period 2 prior to dosing: 1 subject each 
in the INP105 5 mg and 10 mg groups for noncompliance/
protocol violation and withdrawal of consent, respectively, 
and 1 subject in the INP105 15 mg group for an unrelated 
adverse event of gastroenteritis (Supplementary Figure 2). 
All 40 subjects were included in the safety, pharmacokinetics, 
and pharmacodynamics populations.

Baseline Characteristics
Treatment groups appeared comparable for baseline 

characteristics (Supplementary Table 1), although subjects in 
the OLZ ODT 10 mg group were approximately 5 years older.

Pharmacokinetics
Absorption of olanzapine was fastest after administration 

of INP105, followed by IM administration. Peak plasma 
olanzapine concentrations were achieved within 30 minutes 
for all treatment groups (except OLZ ODT) and thereafter 
declined in a monoexponential manner by 60 minutes 
(Figure 2). Further, at least 40% of the individuals that 
received INP105 5 mg (4 of 10), 10 mg (4 of 9), or 15 mg 
(4 of 8) had the highest measured plasma concentration 
at the first blood draw time point (5 min), indicating that 
Tmax/Cmax may occur prior to 5 minutes for at least some 
subjects. Median Tmax was between 9.5 to 15 minutes for 
INP105 (depending on dose) versus 20 minutes for OLZ IM 
5 mg and 120 minutes with OLZ ODT (Table 1). Mean Cmax 
with INP105 5 mg was similar to that for OLZ IM 5 mg and 
approximately 1.6-fold greater than that for OLZ ODT 10 
mg. The Cmax for 10 mg INP105 was 2.6-fold higher than 
that for 5 mg INP105, and Cmax for 15 mg INP105 was 3-fold 
higher. Exposure (AUC0–last and AUC0–inf) was similar for 
INP105 5 mg and OLZ IM 5 mg (Table 1). Therefore, at 
equivalent doses, INP105 provided exposure similar to that 
of OLZ IM and OLZ ODT. An increase in exposure (AUC) 
for INP105 10 mg compared to INP105 5 mg was observed 

(2.4- and 2.2-fold for AUC0–last and AUC0–inf, respectively) 
and for INP105 15 mg compared to INP105 5 mg (2.7- and 
2.5-fold for AUC0–last and AUC0–inf, respectively) (Table 1).

Pharmacodynamics
A decrease (desired effect) was observed for mean 

change from baseline to 15 minutes for the VAS score with 
all 3 doses of INP105 and OLZ IM 5 mg (Figure 3A). No 
significant change occurred with OLZ ODT or placebo. 
The mean maximum change in VAS scores showed greater 
subjective central nervous system effects with all active 
groups than with placebo. For the ACES, INP105 10 mg 
showed calming by 15 minutes, and mean change from 
baseline score during 60 minutes increased by 1 to 2 
points with all doses of INP105 and OLZ IM 5 mg but was 
unchanged with OLZ ODT 10 mg and placebo (Figure 3B). 
Similarly, greater dose-related mean changes from baseline 
during 2 hours for the DSST were noted with INP105 and 
OLZ IM, but no change was observed with placebo and 
changes were observed with OLZ ODT 10 mg only at 
2 hours (Figure 3C).

Safety and Tolerability
The incidence of treatment-emergent adverse events 

(TEAEs) was 100% for OLZ IM 10 mg, 90.0% for OLZ IM 5 
mg, and 83.3% for OLZ ODT (Table 2) compared to 80% for 
INP105 5 mg, 66.7% for INP105 10 mg, 75.0% for INP105 
15 mg, and 10% for placebo. The most commonly reported 
TEAEs were postural dizziness/dizziness, headache, and 
orthostatic hypotension/hypotension, all occurring at 
higher frequency after reference treatment in Period 1 
compared to after INP105 dosing in Period 2 (Table 2). 
TEAEs were mostly mild in intensity, although 16 (40%) 
reported moderate-intensity TEAEs in Period 1 and 9 
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Figure 3. Mean Change From Baseline (and 95% CIs) for Pharmacodynamic Measures Across 2 Hours in 
Scores on the (A) VAS, (B) ACES, and (C) DSST

Abbreviations: ACES = Agitation/Calmness Evaluation Scale, DSST = Digit Symbol Substitution Test, IM = intramuscular, 
INP105 = investigational product (OLZ delivered by POD device), ODT = oral disintegrating tablet, OLZ = olanzapine; 
POD = Precision Olfactory Delivery, VAS = visual analog scale.
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aNo standing blood pressure or heart rate data were available for OLZ IM 10 mg from 15 minutes to 8 hours since subjects were unable to stand until 8 hours 
post-dosing with OLZ IM 10 mg.

Abbreviations: IM = intramuscular; INP105 = investigational product (OLZ delivered by POD device), ODT = oral disintegrating tablet, OLZ = olanzapine, 
POD = Precision Olfactory Delivery.

Figure 4. Change From Baseline (Prior to Dosing) in Mean Standing Systolic and Diastolic Blood Pressure (A = Period 1, 
B = Period 2) and Mean Standing Heart Rate (C = Period 1, D = Period 2) by Treatment Groupa
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Table 1. Summary of Pharmacokinetic Parameters (PK Population)a

Parameter
OLZ IM 5 mg

(n = 20)
OLZ IM 10 mg

(n = 2)
OLZ ODT 10 mg

(n = 18)
INP105 5 mg

(n = 10)
INP105 10 mg

(n = 9)
INP105 15 mg

(n = 8)
Cmax, ng/mL 24.8 ± 11.7 (47.3) 73.1 ± 12.2 (16.6) 17.5 ± 7.0 (40.2) 28.7 ± 16.4 (57.3) 74.5 ± 43.0 (57.8) 88.8 ± 32.8 (37.0)
AUC0 – last,  

h × ng/mL
275 ± 90 (32.7) 450 ± 12 (2.6) 499 ± 201 (40.2) 269 ± 84 (31.3) 649 ± 298 (46.0) 719 ± 180 (25.1)

AUC0 – inf,  
h × ng/mL

314 ± 111 (35.4) 470 ± 0.4 (0.09) 563 ± 241 (42.7) 328 ± 161 (49.0) 720 ± 340 (47.2) 811 ± 263 (32.4)

Tmax, mean (SD), 
min

35 (76.7) 15 (0) 169.4 (104.4) 46 (110.5) 9.2 (3.9) 8.5 (3.7)

Tmax, median 
(minimum, 
maximum), min

20.0 (10, 360) 15.0 (15, 15) 120.0 (45, 361) 15.0 (5, 360) 10.0 (5, 15) 9.5 (4, 15)

t1/2, h 41.2 ± 9.7 (23.4) 33.2 ± 3.1 (9.5) 37.1 ± 9.2 (24.7) 40.5 ± 12.1 (29.8) 36.8 ± 6.4 (17.4) 38.5 ± 11.8 (30.8)
kel, L/h 0.020 ± 0.004 (22.0) 0.021 ± 0.002 (9.5) 0.020 ± 0.005 (23.4) 0.019 ± 0.006 (30.2) 0.019 ± 0.004 (18.5) 0.019 ± 0.005 (25.4)
CL/F, L/h 17.8 ± 5.9 (33.2) 21.3 ± 0.02 (0.09) 21.1 ± 8.9 (42.0) 18.0 ± 7.2 (39.9) 17.1 ± 8.2 (48.3) 20.0 ± 5.6 (28.0)
Vz/F, L 1044 ± 446 (42.7) 1020 ± 95 (9.4) 1077 ± 425 (39.5) 979 ± 307 (31.4) 862 ± 325 (37.7) 1059 ± 257 (24.3)
aValues are shown as mean ± SD (CV, %) unless otherwise noted. 
Abbreviations: AUC0 – inf = area under curve (from time 0 to infinity),AUC0 – last = area under curve (from time 0 to last measurable concentration), 

Cmax = maximum plasma concentration, CL/F = apparent clearance, CV = coefficient of variation, IM = intramuscular, INP105 = investigational product (OLZ 
delivered by POD device, kel = terminal elimination rate constant, ODT = oral disintegrating tablet, OLZ = olanzapine, PK = pharmacokinetic, POD = Precision 
Olfactory Delivery, t1/2 = plasma half life, Tmax = time to Cmax, Vz/F = volume of distribution.
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Table 2. Incidence of Treatment-Emergent Adverse Events With at Least 2 Events in 
any Group (Safety Population)a

Adverse Event

OLZ IM
5 mg

(n = 20)

OLZ IM
10 mg
(n = 2)

OLZ ODT
10 mg
(n = 18)

INP105
5 mg

(n = 10)

INP105
10 mg
(n = 9)

INP105
15 mg
(n = 8)

Placebo
(n = 10)

Any adverse event 18 (90.0) 2 (100) 15 (83.3) 8 (80.0) 6 (66.7) 6 (75.0) 1 (10.0)
Dizziness 4 (20.0) 1 (50.0) 0 1 (10.0) 2 (22.2) 0 0
Dizziness, postural 6 (30.0) 1 (50.0) 8 (44.4) 2 (20.0) 1 (11.1) 1 (12.5) 0
Fatigue 0 0 0 2 (20.0) 0 0 0
Headache 2 (10.0) 0 6 (33.3) 1 (10.0) 0 1 (12.5) 0
Hypotension 1 (5.0) 2 (100) 2 (11.1) 0 2 (22.2) 0 0
Nasal congestion 0 0 0 0 1 (11.1) 2 (25.0) 0
Nausea 0 0 2 (11.1) 0 1 (11.1) 0 0
Orthostatic hypotension 3 (15.0) 0 0 1 (10.0) 0 2 (25.0) 0
Orthostatic tachycardia 2 (20.0) 0 0 1 (10.0) 0 0 0
Restlessness 0 0 2 (11.1) 0 1 (11.1) 1 (12.5) 0
Rhinorrhea 1 (5.0) 0 0 1 (10.0) 0 0 0
aValues are shown as n (%).
Abbreviations: IM = intramuscular, INP105 = investigational product (OLZ delivered by POD device), 

ODT = oral disintegrating tablet, OLZ = olanzapine, POD = Precision Olfactory Delivery.

INP105-dosed subjects (33.3%) reported moderate TEAEs 
in Period 2. TEAEs were considered treatment related 
by 70% overall in Period 1 and 70.4% of INP105-dosed 
subjects in Period 2. With INP105, no subject discontinued 
for a treatment-related TEAE, and no severe or serious 
TEAEs were observed. Additional safety monitoring using 
ECG recording only at baseline and end of study found 
no clinically significant abnormal changes; vital signs 
(temperature, respiratory rate) also showed no clinically 
significant difference in changes up to 14 days post-dosing. 
Changes in standing systolic and diastolic BP were similar 
across treatment groups in Period 1 and Period 2 (with the 
exception of OLZ IM 10 mg, for which changes in standing 
BP could not be adequately assessed until 8 hours post-
dosing as subjects were severely hypotensive and stayed in 
the recumbent position) (Figures 4A and 4B). There was 
little change in heart rate (HR) from baseline in the first hour 
(with the exception of OLZ IM 10 mg, for which standing 
HR was not obtained until 8 hours post dosing) (Figures 
4C and 4D). Two of the 4 subjects who dosed in Period 2 
before dosing in Period 1 (as was allowed by the protocol) 
developed postural dizziness and 1 developed orthostatic 
tachycardia—both with INP105 5 mg. One of the 2 subjects 
dosed first with INP105 10 mg developed hypotension and 
bradycardia. Laboratory tests (chemistry, hematology, 
and urinalysis) showed small numbers of fluctuations but 
none that were judged to be clinically significant or with a 
discernible consistent pattern.

One subject (10%) experienced moderate nasal discharge 
on day 1 following INP105 5 mg administration (possibly 
related, but fully resolved by day 2); other observations of 
nasal discharge were mild in nature and occurred at a lower 
incidence than observed at baseline. One subject (11.1%) 
who received INP105 10 mg was noted to have mild mucosal 
crusting, but only on day 4, that fully resolved. Mucosal 
edema following INP105 occurred at a lower incidence 
than observed at baseline. Lastly, epistaxis was observed in 
6 (42.9%) of the 14 subjects who were examined on day 2 
after they received OLZ ODT, an observation not noted at 

baseline or end of study follow-up. No concerning trends in 
the nasal examination results were noted for any treatment 
group.

DISCUSSION

INP105 offers the potential for noninvasive, needle-free 
delivery of olanzapine in acutely agitated patients with 
satisfactory tolerability, potentially a more rapid onset of 
effect than IM or ODT, and a durable response that may allow 
self- or caregiver administration in at-home, residential, or 
inpatient psychiatric locations. In addition, use of INP105 in 
lieu of IM injections may create an environment that enables 
patient engagement and verbal de-escalation for the acutely 
agitated patient either in the community, in a psychiatric 
bed, or in an emergency department. INP105 may obviate 
the need for heavily sedating IM medications.

Results from this phase 1 study demonstrated that 
INP105 absorption was rapid, reaching median peak plasma 
levels 5 minutes earlier than the corresponding OLZ IM 
dose and 110 minutes sooner than OLZ ODT. Olanzapine 
exposure (Cmax and AUC) following INP105 closely 
matched the exposure following the same dose delivered 
IM and exceeded that of OLZ ODT at the same dose.

All pharmacodynamic measures of sedation and attention 
obtained from the ACES, VAS, and DSST in these healthy 
subjects suggested clinically meaningful and statistically 
significant early changes, often starting as soon as 15 
minutes after dosing with INP105 compared to placebo.

In a randomized, controlled study of OLZ IM 5 mg 
in acutely agitated patients,25 agitation was reduced but 
without excessive sedation as measured on the ACES. The 
mean change from a baseline score of 4.05 on the ACES 
was 1.88 at 2 hours post-injection. Earlier timepoints were 
not reported. This increase was similar to the increase from 
baseline in ACES score reported in the present study, albeit 
in nonagitated healthy volunteers, of 1.4, 2.7, and 1.4 with 
INP105 at doses of 5, 10, and 15 mg, respectively, at 2 hours 
and compared to increases of 1.1, 3.0, and 0.7 with OLZ IM 
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5 mg, OLZ IM 10 mg, and OLZ ODT 10 mg, respectively, in 
the present study.

There is a recognized need for an alternative to IM 
injections for acute agitation. Oral disintegrating tablets 
are bioequivalent to standard oral tablets, and any reports 
of faster onset of action compared to standard oral tablets 
are anecdotal and marginal.28 Inhaled loxapine is rapid 
and effective for treating acute agitation, but its use may 
be limited by a risk of bronchospasm that necessitates 
screening all patients for a history of pulmonary disease and 
an examination including chest auscultation for respiratory 
abnormalities prior to administration,4 which is restricted 
to “an enrolled healthcare facility that has immediate access, 
on site, to supplies and personnel trained to manage acute 
bronchospasm.”29

Using the nasal route to treat acute agitation may be 
preferred by patients as well as health care practitioners 
because it avoids injections, avoids “cheeking,” is easy to use, 
and can be self- or caregiver-administered in a variety of 
settings.13,30 In addition, delivering olanzapine with INP105 
may achieve a faster onset of effect compared to oral or IM 
administration. Nasal delivery of the full dose of olanzapine 
in one-tenth of a second is possible, while oral therapy has 
a slow onset of action of approximately 1 hour or more. 
Intravenous (IV) therapy requires establishing IV access and 
may be associated with unacceptable adverse events,4,31,32 
and IM and IV delivery have the risk of needle stick injuries 
to patients or health care workers.

Limitations include that this was a single-dose study and 
does not provide any data on what would be seen—in terms 
of either pharmacokinetics or pharmacodynamics—with 
a second dose, neither does it investigate how often that 
need may arise. This factor may be investigated in future 
studies. Descriptive statistics (not formal statistical methods) 
were used to compare data on participant characteristics, 

pharmacokinetics, and adverse effects. This study was 
conducted in healthy adult volunteers and may not predict 
the pharmacokinetic or pharmacodynamic effects that 
would be encountered in patients who might be taking 
chronic oral olanzapine treatment. Nevertheless, it does 
provide a preliminary intrasubject comparison of at least 
2 forms of olanzapine—either commercially available IM 
or ODT and INP105 at 3 doses. There could be a period 
effect, and reduced TEAEs might be encountered in Period 
2 accounting for the favorable tolerability profile of INP105. 
Only 4 subjects received Period 2 dosing first (2 got 5 mg and 
2 got 10 mg INP105) and then returned for Period 1 dosing 
14 days later. The 2 subjects who received 5 mg both reported 
postural dizziness and 1 of them also reported orthostatic 
tachycardia, and 1 of the 2 who received 10 mg first reported 
postural hypotension and bradycardia, but the numbers 
were too small for any hypothesis about tachyphylaxis to 
be developed. This possible period effect may be examined 
further in a future 2-way cross-over pharmacokinetics study.

Summary
In summary, INP105 offers noninvasive delivery of 

olanzapine into the upper nasal cavity enabling rapid 
systemic absorption without an injection. In this study, 
INP105 was well tolerated in healthy subjects after a single 
dose. Olanzapine exposure with INP105 5 mg closely 
matched exposure with OLZ IM 5 mg but with peak plasma 
levels occurring within 10–15 minutes with INP105 versus 20 
minutes with OLZ IM 5 mg. Clinically meaningful calming 
effects were observed with INP105 versus placebo within 
15 minutes. Thus, INP105 may represent an alternative for 
treating acutely agitated patients and could become a valuable 
needle-free option for self- or caregiver administration in the 
psychiatric ward, board and care homes or other residential 
accommodations, or in the home environment.
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Supplementary Table 1. Baseline demographic characteristics 
 
Period 1 

Period 2 

 

OLZ IM 5 mg 

INP105 5 mg 

(n=5) 

OLZ IM 5 mg 

INP105 10 mg 

(n=5) 

OLZ IM 5 mg 

INP105 15 mg 

(n=4) 

OLZ IM  5 mg 

Placebo 

(n=6) 

OLZ IM 10 mg 

INP105 5 mg 

(n=1) 

OLZ IM 10 mg 

Placebo 

9n=1) 

OLZ ODT 10 mg 

INP105 5 mg 

(n=5) 

Age, years a 26.4 ± 4.9 25.8 ± 3.0 26.5 ± 4.5 26.2 ± 3.9 24.0 25.0 32.0 ± 12.4 

Female, n (%) 3 (60.0) 1 (20.0) 2 (50.0) 4 (66.7) 1 (100.0) 0 3 (60.0) 

Race, n (%) 

White 4 (80.0) 3 (60.0) 3 (75.0) 3 (50.0) 0 1 (100.0) 4 (80.0) 

Asian 0 1 (20.0) 1 (25.0) 2 (33.3) 0 0 0 

Other 1 (20.0) 1 (20.0) 0 1 (16.7) 1 (100.0) 0 1 (20.0) 

Weight, kg a 78.6 ± 14.9 76.7 ± 14.6 76.5 ± 8.3 71.2 ± 18.0 67.6 84.0 73.9 ± 13.1 

BMI, kg/m2 a 26.3 ± 3.8 23.8 ± 4.4 26.3 ± 1.3 24.1 ± 2.1 23.7 26.8 25.2 ± 3.6 

 

 

Period 1 

Period 2 

 

OLZ ODT  10 mg 

INP105 10 mg 

(n=5) 

OLZ ODT 10 mg 

INP105 15 mg 

(n=5) 

OLZ ODT 10 mg 

Placebo 

(n=3) 

Overall 

 

(n=40) 

Age, years a 25.6 ± 5.1 27.6 ± 5.9 33.7 ± 12.5 27.5 ± 6.7 

Female, n (%) 3 (60.0) 1 (20.0) 2 (66.7) 20 (50.0) 

Race, n (%) 

White 4 (80.0) 3 (60.0) 3 (100.0) 28 (70.0) 

Asian 1 (20.0) 2 (40.0) 0 7 (17.5) 

Other 0 0 0 5 (12.5) 

Weight, kg a 73.4 ± 11.4 76.8 ± 17.9 64.4  9.0 74.4 ± 13.3 

BMI, kg/m2 a 23.9 ± 1.9 24.3 ± 3.9 24.0 ± 3.9 24.7 ± 3.0 

 

a Mean ± standard deviation; BMI – body mass index 
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