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Abstract

Background: Loxapine, a first-generation antipsychotic, delivered with a novel inhalation delivery device
developed for the acute treatment of agitation in patients with schizophrenia or bipolar disorder was evaluated
in subjects with asthma or chronic obstructive pulmonary disease (COPD).
Methods: Separate randomized, double-blind, parallel-arm, placebo-controlled trials compared two adminis-
trations of inhaled loxapine (10 mg) 10 hr apart with placebo in 52 subjects with asthma and in 53 subjects with
COPD. A thermally-generated drug aerosol of loxapine was delivered to the deep lung for rapid systemic
absorption. Controller medications were continued throughout the study, but quick-relief bronchodilators were
withheld from 6–8 hr before through 34 hr after dose 1, unless indicated as rescue.
Results: All airway adverse events (AEs) were of mild or moderate severity. Symptomatic bronchospasm
occurred in 53.8% of subjects with asthma after inhaled loxapine and 11.5% after placebo; and in 19.2% of
COPD subjects after inhaled loxapine and 11.1% after placebo. Subjects required inhaled albuterol as follows:
asthma: 53.8% after inhaled loxapine and 11.5% after placebo; and COPD: 23.1% after inhaled loxapine and
14.8% after placebo. Respiratory signs/symptoms requiring treatment responded to rescue bronchodilator
[forced expiratory volume in 1 sec (FEV1) return to within 10% of baseline] within 1 hr in 11 of 15 events in
asthma subjects and four of seven events in COPD subjects, the remainder by the last spirometry.
Conclusions: In subjects with either asthma or COPD, FEV1 decline and bronchospasm can occur following
inhaled loxapine, but more frequently in asthmatic subjects. Most subjects with bronchospasm responded to rescue
bronchodilator within 1 hr. No treatment-related serious AE occurred. Although inhaled loxapine is contra-
indicated in patients with active airways disease per the current approved US labeling, these studies demonstrated
that rescue bronchodilator mitigated the symptomatic bronchospasms that may occur in case of inadvertent use.

Key words: inhaled loxapine, aerosol, asthma, COPD, agitation, randomized, safety, ADASUVE

Introduction

Oral loxapine, introduced more than 35 years ago in
the United States, Canada, and Europe, has a well-

established efficacy and safety profile in the treatment of
schizophrenia,(1,2) and an intramuscular formulation was pre-
viously approved for the treatment of agitation.(3–6) Its anti-
psychotic effects are similar to those of other antipsychotics
such as haloperidol, and are likely attributable to its ac-

tion at dopamine D2 receptors.(1) Loxapine shares some of
its clinical effects with atypical antipsychotics such as cloza-
pine and olanzapine,(7) likely due to its antagonism of 5-
hydroxytryptamine 2A receptors.

Oral loxapine is used for the treatment of schizophrenia
in the United States. The intramuscular form of loxapine is
no longer marketed in the United States, but is frequently
used in France for the acute treatment of agitation.(8) In-
tramuscular antipsychotics have a Tmax of 90 min and can
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take up to 60 min to reduce agitation,(9–12) and symptoms
can escalate during this period. Moreover, intramuscular
administration is often resisted by patients. To address these
concerns, an inhaled formulation of loxapine has been de-
veloped that has a Tmax of 2 min and has been shown in
clinical trials to begin controlling agitation of patients with
schizophrenia or bipolar I disorder within 10 min.(13,14) This
formulation (ADASUVE�) uses a breath-actuated delivery
system, the Staccato� system, which delivers loxapine with
a pharmacokinetic profile comparable to that of intravenous
administration, providing peak plasma levels in the systemic
circulation within minutes after administration.(15) ADA-
SUVE was approved by the US Food and Drug Adminis-
tration in 2012 for a single dose and by the European
Medicines Association in 2013 for two doses. In the United
States, it is ‘‘indicated for the acute treatment of agitation
associated with schizophrenia or bipolar I disorder in
adults.’’ It was commercially available in the European
Union in 2013, and will be in the United States in 2014.

To address the possibility that inhalation of loxapine may
have adverse pulmonary effects, we conducted two safety
studies. Two 10-mg inhaled doses of loxapine or placebo
were given 10 hr apart to subjects with asthma or chronic
obstructive pulmonary disease (COPD) in separate studies.
The objective of each study was to determine the time
course and reversibility of potential pulmonary effects for
inhaled loxapine compared with placebo.

Materials and Methods

Subjects and study design

Both studies were multicenter, randomized, double-blind,
placebo-controlled, parallel-group studies conducted May 2009
to August 2009. There were four outpatient clinical research
units for the asthma study and five for the COPD study. Before
any protocol-related assessments or procedures, subjects signed
an informed consent form. At Visit 1, subjects were screened for
eligibility. At Visit 2 (£ 28 days after Visit 1), randomization
occurred, baseline measurements were obtained, treatment was
administered (inhaled loxapine 10 mg or placebo; 2 doses, 10 hr
apart), and post-treatment assessments, including serial spir-
ometries, were performed at 0.25, 0.5, 1, 2, 4, 6, 10, 10.25, 10.5,
11, 12, 14, 16, 24, and 34 hr after dose 1. At Visit 3 (7 – 3 working
days after Visit 2), end-of-study assessments were performed.
The studies were approved by Western Institutional Review
Board (3535 Seventh Avenue SW, Olympia, WA 98502) and
conducted in accordance with the amended Declaration of
Helsinki. The studies’ design is presented schematically in
Figure 1.

Principal eligibility criteria are shown in Table 1. In the
asthma study, randomization was stratified based on screen-
ing pre-bronchodilator forced expiratory volume in 1 sec
(FEV1: < 80% or ‡ 80% of predicted) according to National
Heart, Lung and Blood Institute criteria and was 1:1 within
each stratum. In the COPD study, randomization was strati-
fied based on screening post-bronchodilator FEV1 (< 50% or
‡ 50% of predicted) and was 1:1 within each stratum.

Although subjects were allowed to continue asthma con-
troller medications, quick-relief agents (i.e., albuterol) were
withheld from 6 hr (asthma) or 8 hr (COPD) before study drug
administration through 24 hr after the second administration,
unless required as rescue medication. The choice between
metered-dose inhaler (MDI) and nebulizer rescue was deter-
mined by the responsible investigator’s clinical judgment.
There were no important changes to eligibility criteria, out-
come measures, or other methods after trial commencement.

Study drug

The Staccato system is a single-use, hand-held, drug-
device combination product (Fig. 2) that provides rapid

FIG. 1. Study design sche-
matic.

Table 1. Principal Eligibility Criteria

Both studies
� Body mass index ‡ 21 and £ 35 kg/m2

� Exclusion for:
- acute illness in the 5 days before Visit 2
- upper respiratory tract infection in the 4 weeks

before Visit 2
- acute worsening of asthma or COPD requiring

systemic corticosteroids or antibiotics in the 6
weeks before Visit 1

Asthma study
� Male and female nonsmoking subjects 18 to 65 years

old, with a history of mild-to-moderate persistent
asthma, but in otherwise good general health

� On a stable asthma drug regimen for ‡ 2 weeks
� Screening pre-bronchodilator FEV1 ‡ 60% of predicted

value
� History of FEV1 reversibility of ‡ 10% after adminis-

tration of a short-acting bronchodilator

COPD study
� Males and females 40 to 70 years old with a history of

established COPD, but otherwise in good general health
� On a stable COPD drug regimen for ‡ 2 weeks
� >15 pack-year history of cigarette smoking
� Screening post-bronchodilator FEV1 ‡ 40% of pre-

dicted and FEV1/FVC < 0.70
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systemic delivery by inhalation of a thermally generated
aerosol of loxapine.(15–17) Oral inhalation through the
product initiates the controlled rapid heating of a thin film of
excipient-free loxapine to form a thermally generated,
highly pure drug vapor. The study drug is fully vaporized
within 0.5 sec and delivered in a single breath. The vapor
condenses into aerosol particles with a particle size distri-
bution appropriate for efficient delivery to the deep lung
(mass median aerodynamic diameter of 2–3 lm). Placebo
was a working device with no drug or excipients.

The second dose of study drug was not given if a subject
experienced an FEV1 decrease from baseline of ‡ 20% or an
airway adverse event (AE), or required rescue medication.

Outcome measures

Spirometry results included FEV1, forced vital capacity
(FVC), and FEV1/FVC, with FEV1 serving as the primary
outcome measure. Spirometry tests were performed in the
hour before the first dose of study treatment and at 0.25, 0.5,

FIG. 2. Staccato drug-device
combination product.

FIG. 3. Disposition of study participants (asthma and COPD studies).
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1, 2, 4, 6, 10, 10.25, 10.5, 11, 12, 14, 16, 24, and 34 hr after
that dose. The 10-hr assessments were performed just before
the second dose was administered. Other quantitative (sec-
ondary) outcome measures, i.e., respiratory rate, heart rate,
and oxygen saturation by pulse oximetry (SpO2), were
measured, and sedation was assessed using a visual ana-
logue scale (VAS). Blood pressure was measured at all
spirometry assessment times in the first 4 hr after each dose
and at 10 and 34 hr. AEs that occurred after a treatment was
given (treatment emergent) were recorded. Investigators

were not given AE definitions for sedation, FEV1 changes,
or other laboratory measures.

All spirometry tests used the same controlled clinical
standards and were conducted according to American Thor-
acic Society/European Respiratory Society standards(18) us-
ing NHANES III predicted values.(19) Tests were assessed for
adequacy by an external, blinded, pulmonologist rater and
were judged adequate if there were a minimum of three ac-
ceptable FVC maneuvers (i.e., flow-volume loops). Baseline
spirometry measurements were documented in the hour

Table 2. Demographics and Baseline Characteristics

Asthma study COPD study
Demographic
or baseline
characteristic

Placebo
(N = 26)

Inhaled loxapine
(N = 26)

Placebo
(N = 27)

Inhaled loxapine
(N = 26)

Gender, n (%)
Female 11 (42.3%) 16 (61.5%) 15 (55.6%) 15 (57.7%)
Male 15 (57.7%) 10 (38.5%) 12 (44.4%) 11 (42.3%)

Age (years)
Mean (SD) 33.2 (11.46) 40.0 (11.53) 56.7 (6.50) 57.5 (6.58)
Median 29 38.5 57 58.5
Minimum, maximum 18, 61 18, 57 40, 68 40, 66

Race, n (%)
Caucasian 20 (76.9%) 21 (80.8%) 20 (74.1%) 24 (92.3%)
Black 5 (19.2%) 0 (0.0%) 7 (25.9%) 2 (7.7%)
Hispanic 1 (3.8%) 4 (15.4%)
Other 0 (0.0%) 1 (3.8%)

Height (cm)
Mean (SD) 172.8 (10.46) 168.8 (10.72) 169.1 (10.20) 167.0 (10.59)
Median 174.6 168.0 168.9 167.95
Minimum, maximum 154.9, 190.5 150, 196 155.6, 190.5 137.2, 186.1

Weight (kg)
Mean (SD) 84.4 (14.33) 77.4 (16.76) 76.87 (16.981) 79.54 (14.141)
Median 82.7 73 77.3 78.65
Minimum, maximum 60, 110 55.3, 110 52.7, 113.6 52.8, 110.9

Smoking history, n (%)
Never smoked 23 (88.5%) 20 (76.9%) 0 0
Ex-smoker 3 (11.5%) 6 (23.1%) 11 (40.7%) 9 (34.6%)
Current smoker 0 0 16 (59.3%) 17 (65.4%)

Screening pre-bronchodilator
FEV1 (% of predicted):

median (range)

89.5% (60.0–105.0%) 82.5% (66.0–117.0%) na na

Asthma classification at screening (per NHLBI),(20) n (%)
FEV1 ‡ 80% (well

controlled)
18 (69.2%) 17 (65.4%) na na

FEV1 < 80% (not well
controlled)

8 (30.8%) 9 (34.6%) na na

Screening post-bronchodilator
FEV1 (% of predicted):

median (min, max)

na na 55.0% (40.0–96.0%) 55.0% (40.0–89.0%)

COPD severity at screening (GOLD criteria),(21) n (%)
Mild (FEV1 ‡ 80% of

predicted and
FEV1/FVC £ 0.7)

na na 4 (14.8%) 2 (7.7%)

Moderate (FEV1 50% to
< 80% of predicted)

na na 15 (55.6%) 15 (57.7%)

Severe (FEV1 30% to
< 5.0% of predicted)

na na 8 (29.6%) 9 (34.6%)

GOLD, Global Initiative for Chronic Obstructive Lung Disease; na, not applicable; NHLBI, National Heart, Lung, and Blood Institute.
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before the first dose of each treatment period (i.e., same-
period baseline) and at 15 post-treatment time points after
dose 1.

Other safety assessments

Symptoms of bronchospasm such as wheezing, dyspnea,
and cough were scored as AEs. Sedation, measured by VAS,
vital signs, and pulse oximetry were also assessed.

Statistics

Approximately 50 subjects were expected to complete each
study (approximately 25 randomized to inhaled loxapine and 25
to inhaled placebo). This sample size was intended to gauge the
typical effects, if any, of inhaled loxapine on expiratory flow
rates.

Masked treatment was assigned via sequentially num-
bered packages provided to each center from a random

Table 3. AES (> 1 Subject in Any Treatment Group) and Any Airway Adverse Event

Asthma subjects COPD subjects

Adverse event, n (%) Placebo (N = 26) Loxapine (N = 26) Placebo (N = 27) Loxapine (N = 26)

No. (%) of subjects with any AE 16 (61.5%) 24 (92.3%) 10 (37.0%) 8 (30.8%)
Dysgeusia 0 8 (30.8%) 0 5 (19.2%)
Dizziness 1 (3.8%) 4 (15.4%) 2 (7.4%) 3 (11.5%)
Headache 8 (30.8%) 4 (15.4%) 6 (22.2%) 5 (19.2%)
Mental impairment 0 2 (7.7%) 0 0
Sedation 6 (23.1%) 18 (69.2%) 0 0
Somnolence 0 0 3 (11.1%) 4 (15.4%)
Hyperhidrosis 0 2 (7.7%) 0 0
No. (%) of subjects with any airway AE 3 (11.5%) 14 (53.8%) 3 (11.1%) 5 (19.2%)
Bronchospasm 1 (3.8%) 7 (26.9%) 1 (3.7%) 0
Chest discomfort 2 (7.7%) 6 (23.1%) 0 0
Wheezing 0 4 (15.4%) 0 2 (7.7%)
Dyspnea 0 3 (11.5%) 1 (3.7%) 3 (11.5%)
Cough 0 1 (3.8%) 0 3 (11.5%)
Throat tightness 0 1 (3.8%) 0 0
Productive cough 0 0 1 (3.7%) 0
Forced expiratory volume decreased 0 1 (3.8%) 0 1a (3.8%)

All AEs presented were treatment emergent. Subjects with more than one occurrence of a specific AE are counted only once.
aFor one subject, the investigator reported a ‘‘greater than 20% drop in FEV1 from baseline’’ as an AE; there were no other airway AEs

for this subject.

FIG. 4. Sedation VAS change from baseline
(LSMean, 90% CI): (A) Subjects with asthma.
(B) Subjects with COPD.

482 GROSS ET AL.



number list for each stratum with a block size of 2 for each
study prepared by the contract research organization. All
participants, care providers, and those assessing outcomes
were masked as to treatment.

FEV1 data were examined using mean change statistics and
change categories (‡ 10%, ‡ 15%, ‡ 20%) for changes from
same-day baseline. Descriptive statistics were calculated by
treatment group at each time point. For percent change from
baseline in FEV1 at each post-baseline time point, means and
standard errors of the mean were calculated. Least square
means (LSmeans) and 90% confidence intervals (CIs) for the
differences between treatments were calculated for the change
from baseline for each secondary outcome measure for each
post-baseline time point. All CIs were based on two-factor
ANOVA models including terms for stratum and treatment.

Results

Subjects

Fifty-two subjects with asthma and 53 subjects with COPD
were randomized in the studies between May through August
2009 (Fig. 3). In general, subjects assigned to the two treatment
groups were well matched for demographic and baseline
characteristics in both studies (Table 2).

Adverse events

In the asthma study, a greater percentage of loxapine-treated
subjects had at least one AE compared with placebo-treated

subjects; the converse was the case in the COPD study (Table 3).
Airway AEs (e.g., wheezing, dyspnea, and cough) occurred in a
greater percentage of asthma and COPD subjects after receipt of
inhaled loxapine than after placebo, with the treatment differ-
ence greater in asthma subjects (Table 3). Among inhaled lox-
apine subjects who experienced an airway AE, the event
occurred within 25 min of dosing for 12 of 14 asthma subjects
and four of five COPD subjects. Airway AEs were mild or
moderate in severity and not associated with clinically signifi-
cant changes in respiratory rate or oxygen saturation. All respi-
ratory symptoms developing after treatment in inhaled loxapine
subjects were either self-limiting (one asthma subject, three
COPD subjects) or treated (13 asthma subjects, two COPD
subjects) with an inhaled bronchodilator (albuterol). Three pla-
cebo asthma subjects and four placebo COPD subjects received
albuterol for AEs.

Sedation

In both studies, sedation was apparent after each dose of
inhaled loxapine (Fig. 4), with the maximum change in VAS
score occurring 30 min to 1 hr after each dose of loxapine
(1-hr and 10.5-hr post-dose time points). Notable changes
from baseline in the sedation VAS were evident in both
treatment groups at the 14- and/or 16-hr assessments.

Spirometry findings

In asthma subjects, baseline FEV1 was similar in the two
treatment groups before dose 1 [3.33 – 0.74 L before

FIG. 5. FEV1 % change from baseline, dropouts
censored (means – 1 SEM). (A) Subjects with
asthma. (B) Subjects with COPD. FEV1 baseline
means for placebo and loxapine, respectively, were
3.33 L and 2.93 L for asthma and 1.60 L and 1.55 L
for COPD subjects.
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placebo and 2.92 – 0.69 L before inhaled loxapine
(means – SD)]. In order to avoid bias in the data display
toward a return to baseline, subjects who used rescue
medication and/or did not receive dose 2 at hour 10 were
excluded from data analysis at all subsequent time points
(i.e., after rescue for those who received rescue; after hour
10 for those who did not receive dose 2); consequently, the
population size represented on the figures decreases over
time. After inhaled loxapine treatment, there were notable
decreases in mean FEV1, especially at the 0.25- and 10.25-
hr time points (i.e., 15 min after the administration of dose 1
and dose 2, respectively) (Fig. 5A; Table 5). These de-
creases in FEV1 returned to within 10% of baseline with a
median time of 29 min. Beyond the 10.25-hr time point,
there was a small (4.8%) mean difference between the
treatment groups for those subjects remaining in the anal-
ysis. However, in 24 of the 26 inhaled loxapine-treated
subjects, FEV1 was within 10% of baseline at 24 hr, and in
the remaining two subjects it was within 10% of baseline at
34 hr, the final spirometry.

In COPD subjects, baseline FEV1 was similar in the two
treatment groups before dose 1 [1.603 – 0.588 L before pla-
cebo and 1.551 – 0.411 L before inhaled loxapine (means –
SD)]. There were very small decreases from baseline in mean

FEV1 at most assessment times after placebo or inhaled
loxapine treatment, with a slightly larger decrease after in-
haled loxapine treatment (Fig. 5B). The difference, although
small, was most noticeable in the hour after each dose.

In both asthma and COPD subjects, decreases in FEV1

occurred more frequently following loxapine than following
placebo (Table 4). The maximum decrease in FEV1 nearly
always occurred within the first hour after dosing (Fig. 5).

We examined the relationship of airway response (FEV1 %
decrease from baseline and need for rescue) to disease se-
verity (baseline FEV1 % of predicted). There was no statis-
tically significant relationship between baseline FEV1 and the
decrease in FEV1 following drug administration.

Response to albuterol treatment in subjects
with notable respiratory signs and symptoms

Notable respiratory signs or symptoms were defined as any
FEV1 decrease from baseline of ‡ 20%, any airway AE, or
use of rescue medication. Of the inhaled loxapine subjects, 18
(69.2%) with asthma and 15 (57.7%) with COPD had notable
respiratory signs and/or symptoms. Relief of post-treatment
respiratory symptoms in both asthma and COPD subjects
required treatment with albuterol via MDI or nebulizer.

Table 4. Maximum FEV1 Decrease From Baseline at Any Assessment: Decreases Of ‡ 10%, ‡ 15%, OR ‡ 20%

Asthma subjects COPD subjects

Maximum
FEV1 Decreasea

Loxapine
(N = 26)

Placebo
(N = 26)

Relative
risk [95% CI]

Loxapine
(N = 26)

Placebo
(N = 27)

Relative risk
[95% CI]

‡ 10% 22 (84.6%) 3 (11.5%) 7.33 [2.86, 21.3]b 20 (80.0%) 18 (66.7%) 1.15 [0.81, 1.67]
‡ 15% 16 (61.5%) 1 (3.8%) 16.0 [3.14, 91.7]b 14 (56.0%) 9 (33.3%) 1.62 [0.87, 3.12]
‡ 20% 11 (42.3%) 1 (3.8%) 11.0 [2.08, 64.2]b 10 (38.5%) 3 (11.1%) 3.46 [1.18, 10.8]b

Table presents number (%) of subjects with indicated percentage decrease at 15 min through 24 hr after dose 1; data obtained 34 hr after
dose 1 were not included.

aFEV1 categories are cumulative (e.g., a subject with a maximum decrease of 21% would be included in the ‡ 10%, ‡ 15%, and ‡ 20%
categories).

bRelative risk 95% confidence interval excludes 1.

Table 5. Maximum Difference (Effect Size) in Quantitative Safety Measures

Asthma study COPD study

Measure
Time - hours

post dose 1 (dose 2)
Difference
[90% CI]

Time - hours post
dose 1 (dose 2)

Difference
[90% CI]

FEV1 (L)a 10.25 (0.25) - 0.444 [- 0.633, - 0.256]b 16 (6) 0.0936 [- 0.087, 0.274]
FVC (L)a 10.25 (0.25) - 0.423 [- 0.577, - 0.270]b 16 (6) 0.230 [0.015, 0.445]b

FEV1/FVC (%)a 10.25 (0.25) - 3.48 [- 6.4, 0.5]% 34 (24) - 2.66 [- 5.6, 0.3]%
Sitting heart rate (bpm) 11 (1) - 3.24 [- 8.32, 1.84] 14 (4) - 4.75 [- 9.92, 0.217]
Sitting systolic BP

(mm Hg)
14 (4) - 1.65 [- 6.87, 3.57] 2 - 9.95 [- 14.8, - 5.09]b

Sitting diastolic BP
(mm Hg)

10.5 (0.5) - 3.48 [- 1.52, 8.48] 10 (2) - 7.05 [- 11.2, - 2.87]b

Respiratory rate
(breaths/min)

14 (4) - 1.63 [- 3.68, 0.414] 10.25 (0.25) - 1.17 [- 2.51, 0.167]

Pulse oximetry (%) 12 (2) 0.2.2 [- 0.950, 0.990] 10 (2) - 0.675 [- 1.87, 0.516]
Sedation VAS (mm) 0.5 - 33.3 [- 44.4, - 22.1]b 0.5 - 20 [- 31.6, - 8.46]b

Data are the LSmean difference in change from baseline (loxapine – placebo) and 90% CIs (safety or spirometry population).
aSpirometry population.
b90% CI excludes 0 (difference in change statistically significant).
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In the asthma study, 14 of the inhaled loxapine subjects
were treated with albuterol: 13 of them for airway-related
AEs, and one subject used her own albuterol for a cough
judged by the investigator not to be an AE because it was a
symptom of the subject’s asthma. Of the 14 inhaled loxapine
asthma subjects who received rescue medication, 13 re-
ceived only one treatment with albuterol via MDI or neb-
ulizer (one of these subjects had two events), and one
received two treatments for a single event. Recovery to an
FEV1 within 10% of baseline occurred within 1 hr for the
majority of subjects (Fig. 6A); 10 of the 14 subjects (11 of
15 events) who received albuterol had an FEV1 within 10%
of baseline in the subsequent 1 hr. The other four had re-
covery to within 10% of baseline at later scheduled spi-
rometry time points (range: 1 hr 20 min to 7 hr 57 min).

In the COPD study, six inhaled loxapine subjects were
treated with albuterol: three of them for airway-related AEs,
two for a decrease in FEV1, and one for shortness of breath
that was not recorded as an AE. Of the six subjects treated
with albuterol, all received only one treatment with albuterol
via MDI or nebulizer. Four of the six inhaled loxapine sub-
jects in which albuterol was administered had an FEV1 within
10% of baseline documented in the subsequent 1 hr (Fig. 6B).
For an additional event in one of these four subjects and for

the remaining subjects, recovery of FEV1 to within 10% of
baseline or higher was documented at later scheduled spi-
rometry time points (range: 2 hr 7 min to 17 hr 58 min).

Discussion

Limitations of these studies reflect the methodology of
carrying out parallel studies in healthy volunteers. Patients
regularly taking antipsychotic medications tolerate loxapine in
higher doses than healthy volunteers. In the clinical trials,
agitated patients received the second dose at 2 hr, whereas in
these studies in order to reduce the impact of sedation on
pulmonary function testing, the second dose was given at
10 hr. Thus, although these effects were largely reversible in
these studies, the degree to which these results are directly
applicable to the patients for whom ADASUVE is indicated is
unknown. Severe asthmatics and very severe COPD patients
were excluded from these studies, and the results may not
reflect those in patients with more severe airway diseases. The
degree to which asthma or COPD could alter aerosol deposi-
tion and the fraction of loxapine dose absorbed is unknown.
However, the significant and comparable level of sedation in
drug-treated subjects, indicated by VAS, suggests efficient
loxapine drug absorption in both asthma and COPD subjects.

FIG. 6. FEV1 response to albuterol in the indi-
vidual subjects (A) with asthma and (B) with
COPD. Time 0 in this figure is the time of first
albuterol administration and could have occurred
anywhere during the study.
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Oral loxapine is indicated for the treatment of schizo-
phrenia. An intramuscular formulation is not currently
marketed in the United States. Time to effect after admin-
istration of oral loxapine is relatively slow, and intramus-
cular injection of other anti-agitation agents (antipsychotics
and/or benzodiazepines) can be poorly accepted by a dis-
turbed, agitated patient. These drawbacks can be avoided by
administering loxapine via inhalation, for which a delivery
system, Staccato Loxapine, has been developed. Delivery of
loxapine by the Staccato device provides for very rapid
systemic absorption and effective relief of agitation.(13–15)

In these two studies of inhaled loxapine and inhaled
placebo in subjects with asthma and COPD, the most
common AEs were known effects of loxapine (e.g., seda-
tion) or minor oral effects common with inhaled medica-
tions (e.g., dysgeusia). However, inhaled loxapine resulted
in more airway AEs and changes in measures of pulmonary
function than placebo. Although subjects with either con-
dition could develop signs and spirometric evidence of
bronchospasm following loxapine inhalation, these effects
were more common in asthmatics than COPD patients.

Airway AEs occurring after inhaled loxapine were con-
sistent with an irritant effect of the inhaled aerosol and were
observed almost immediately after dosing. Any notable re-
spiratory signs and symptoms were not accompanied by
clinically significant changes in respiratory rate or oxygen
saturation, and those that were treated generally responded
promptly when albuterol was administered (a single treat-
ment via MDI in most cases).

Of note, the results from the current studies in subjects
with known airway disorders contrast with those from pre-
vious studies of inhaled loxapine in subjects with schizo-
phrenia. The incidence of airway AEs following loxapine
inhalation in subjects with schizophrenia or bipolar disorder
I was low, although subjects with known airways disease
were excluded from those studies.(13,14) In all 209 subjects
with bipolar I disorder that were studied, there were no
reports of coughing, wheezing, bronchospasm, or other AEs
following loxapine inhalation.(13) In subjects with schizo-
phrenia, four of 229 subjects experienced wheezing, bron-
chospasm, or cough after inhaled loxapine.(14) Only one of
these subjects required albuterol; the events in the other
three subjects resolved without intervention.

The results suggest that, in subjects with asthma and, to a
lesser degree, in subjects with COPD, inhaled loxapine can
produce an airway effect that is generally reversible when
managed with albuterol. A pulmonary assessment (i.e., his-
tory and screening physical examination) can allow for suc-
cessful selection of appropriate patients for the treatment of
agitation with inhaled loxapine. Bronchospasm in patients
with asthma and/or COPD may be effectively treated with a
short-acting b-agonist bronchodilator, which should be
readily available in real-world medical or psychiatric emer-
gency settings. Thus, although inhaled loxapine is contra-
indicated in patients with active airways disease per the
approved US labeling, the risks of bronchospasms may be
reduced for such patients in case of inadvertent use.
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