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ABSTRACT

Background: GSP301 is a fixed-dose combination of the antihistamine olopatadine hydrochloride and the corticosteroid
mometasone furoate developed as a single nasal spray.

Objective: To assess the relative bioavailability of olopatadine administered as GSP301 versus two olopatadine monotherapy
nasal spray formulations.

Methods: In this single-dose, open-label, crossover study, healthy adults (18–65 years old) were equally randomized to one
of six treatment sequences for three 48-hour treatment periods with GSP301 (olopatadine 665 �g–mometasone 50 �g), the
olopatadine monotherapy component of GSP301 (OLO-sponsor; 665 �g) and U.S. Food and Drug Administration approved
olopatadine (OLO; 665 �g); each treatment was administered as a single dose (two sprays in each nostril). To assess the relative
bioavailability of olopatadine in the fixed-dose nasal spray versus two monotherapies, pharmacokinetic (PK) estimates,
maximum plasma concentration (Cmax), area under the plasma concentration time curve (AUC) from time 0 to the last time
point with measurable concentration (AUC0–t), and AUC from time 0 to time infinity (AUC0–�) were compared by analysis
of variance. Safety and tolerability were also evaluated.

Results: A total of 30 healthy adults (mean age, 43.1 years) were randomized. The majority of the subjects were white men.
The geometric mean ratios for natural log transformed Cmax, AUC0–t, and AUC0–� of olopatadine in GSP301 and OLO-
sponsor were 86.63, 86.92, and 92.83, respectively. For GSP301 and OLO, geometric mean ratios for Cmax, AUC0–t, and
AUC0–� were 84.68, 87.87, and 93.80, respectively. The percentage of subjects who reported treatment-emergent adverse events
(AE) for GSP301, OLO-sponsor, and OLO were 13.8, 10.3, and 10.0%, respectively, with mild AEs reported. One subject
withdrew from the study due to an AE (minor oropharyngeal pain) during OLO treatment, before receiving GSP301.

Conclusion: Olopatadine bioavailability with GSP301 was comparable with OLO-sponsor and OLO. The presence of
mometasone in GSP301 did not considerably affect the PK of olopatadine. GSP301 was well tolerated, with only mild AEs
reported.

(Allergy Asthma Proc 39:224–231, 2018; doi: 10.2500/aap.2018.39.4133)

Allergic rhinitis (AR) affects �10 –30% of adults
and 40% of children in the United States and is

generally characterized by symptoms of nasal con-
gestion, rhinorrhea, sneezing, and nasal itching.1,2 In
2005, the total expenditure on AR in the United
States was estimated at $11.2 billion, with almost
60% of costs attributed to prescription drugs.3 Al-
though several drug options are available to treat AR

(e.g., oral or intranasal antihistamines, deconges-
tants, mast cell inhibitors, leukotriene receptor an-
tagonists, intranasal corticosteroids),1 more than half
of patients are nonadherent, partly due to inade-
quate symptom control.4

The American Academy of Allergy, Asthma and Im-
munology/American College of Allergy, Asthma and
Immunology 2017 guidelines for AR treatment recom-
mend combining an intranasal antihistamine with an
intranasal corticosteroid for treatment of moderate-to-
severe AR nasal symptoms.5 Both nasal spray (NS)
antihistamines and NS corticosteroids are efficacious
monotherapies, with notable differences in their onset
of action: antihistamines have a short average onset of
action (15–30 minutes) and, thus, provide immediate
symptom relief, whereas the longer onset of action of
corticosteroids (3–36 hours) provides more sustained
symptom relief.1 Furthermore, simplifying treatments
by reducing dosing frequency or the number of treat-
ments (i.e., one fixed-dose combination [FDC] versus
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multiple monotherapies) can improve medication ad-
herence.1,6,7

GSP301 is an FDC of the antihistamine olopatadine
hydrochloride (HCl) and the corticosteroid mometa-
sone furoate, developed as a single NS. Olopatadine
HCl is a highly selective histamine H1-receptor antag-
onist, with mast cell-stabilizing and other anti-inflam-
matory properties8 that effectively reduces AR symp-
toms of sneezing and of itchy and/or runny nose.9,10

Mometasone furoate reduces AR symptoms by inhib-
iting the release of inflammatory mediators.11 As NS
monotherapies, both olopatadine (approved as Pata-
nase, Alcon Laboratories Inc., Fortworth, TX) and mo-
metasone (approved as Nasonex, Schering Corpora-
tion, a subsidiary of Schering-Plough Corporation,
Kenilworth, NJ), are safe and efficacious treatments for
AR.9,10,12,13

The objective of this study was to assess the relative
bioavailability of olopatadine administered as GSP301
(olopatadine HCl 665 �g–mometasone furoate 50 �g
FDC NS) versus two olopatadine NS monotherapies:
the olopatadine monotherapy component of GSP301
(OLO-sponsor) and the U.S. Food and Drug Adminis-
tration (FDA) approved olopatadine NS Patanase
(OLO).14 A similarly designed study that assessed the
relative bioavailability of the mometasone component
of GSP301 FDC NS versus an investigational mometa-
sone monotherapy NS (sponsor mometasone) and Na-
sonex is reported in a companion article in this issue of
the journal (see pp 232–239, Ref. 22).

METHODS
This study was conducted in accordance with the

Declaration of Helsinki, Good Clinical Practice, and
according to International Conference on Harmoniza-
tion guidelines. All aspects of the protocol were re-
viewed and approved by the Optimum Clinical Re-
search Inc. institutional review board (Oshawa,
Ontario, Canada) and carried out according to appli-
cable local regulatory requirements. All the subjects
provided written informed consent.

Subjects
Eligible subjects were healthy men and women,

18–65 years of age, with a body mass index of 18.5–32
kg/m2. Exclusion criteria included a history of perennial
or seasonal allergies, nasal surgery, or nasal structural
abnormalities; clinically significant or acute cardiovascu-
lar, pulmonary, hepatic, renal, gastrointestinal, hemato-
logic, endocrine, metabolic, mental, or neurologic disease,
or electrocardiogram (ECG) abnormalities; and regular
use of corticosteroids (systemic or orally inhaled) or
antihistamines, including olopatadine. Additional ex-
clusion criteria consisted of any use before the first
treatment period of systemic or orally inhaled cortico-

steroids for 60 days or intranasal corticosteroids for 30
days, any surgical or medical condition that could
significantly alter the absorption, distribution, metab-
olism, or excretion of the study drugs, or exposure to
cytochrome P450 3A4 inhibiting or inducing drugs
(e.g., ritonavir, ketoconazole, itraconazole, erythromy-
cin, rifampicin, St. John’s wort [Hypericum perforatum])
30 days before the screening visit.

Before the initial treatment, the following medica-
tions were not permitted: immunoglobulin E antago-
nists (120 days before), antihistamines (3 days before),
or prescription drugs (�14 days before). Medications
not permitted before initial dosing or during study
participation included the following: over-the-counter
medications, such as herbal supplements, vitamins
(multivitamins were not to be taken 14 days before to
the first treatment period until study completion), and
homeopathy and/or ayurvedic treatments (�14 days
before); hormone replacement therapy (180 days be-
fore); and all intranasal therapies and topical cortico-
steroids (except to treat small, localized lesions, from
period 1 check-in), ophthalmic drops or clinical trial
drugs (30 days before); radiation therapy; and initia-
tion of injectable immunotherapy.

The subjects were not allowed to consume any food
or drink that contained pomelo, grapefruit, apple, or-
ange, any vegetables from the mustard green family, or
charbroiled meat for 30 days before the study start
until study completion. Caffeine-containing products
or products with poppy seeds were not permitted for
48 hours before the study start or during study partic-
ipation. For the 24 hours before the study start and for
the duration of the study, alcohol consumption was not
permitted. Vitamin water could not be consumed from
the start of treatment through study completion.

Study Design
In this phase I, single-center, single-dose, open-label,

three-way crossover study, the subjects were random-
ized (1:1:1:1:1:1) to one of six treatment sequences. Each
treatment sequence comprised three inpatient, single-
dose treatment periods, with a 7- to 14-day washout
between doses and a postdosing safety follow-up via
telephone 1 to 7 days after treatment period 3 (Fig. 1).
The subjects received a single dose (two sprays per
nostril) of each NS treatment: GSP301 (olopatadine
HCl 665 �g–mometasone furoate 50 �g per spray),
OLO-sponsor (olopatadine HCl monotherapy compo-
nent, 665 �g/spray), and OLO (FDA-approved olopa-
tadine HCl monotherapy, 665 �g/spray). OLO and
OLO-sponsor contained the same active drug, olopa-
tadine HCl (665 �g/spray). Doses for all the treatments
were chosen based on those currently approved by the
FDA for use as monotherapy in adolescents and adults,
which resulted in the same daily doses as those of the
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FDA-approved monotherapies.14,15 After adequate train-
ing in the use of the NS device, the subjects self-admin-
istered treatments (two sprays per nostril) under super-
vision (after 10 hours of overnight fasting).

Pharmacokinetic Assessments
In each treatment period, serial blood samples (5 mL

at each time point) were collected before dosing and at
5, 15, 30, and 45 minutes, and 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12,
24, 36, and 48 hours after dosing. Plasma concentra-
tions of olopatadine were determined via fully vali-
dated,16 highly sensitive high performance liquid chro-
matography–tandem mass spectrometry (Sciex API
4000, Sciex, Framingham, MA [triple quadrupole LC/
MS/MS mass spectrometer]) method, with column-
switching, and tandem mass spectrometry (MS/MS)
detection by using a positive ion electrospray. The
analyte was isolated through protein precipitation and
phospholipid removal by using Captiva nondrip lipid
96-well plates (Agilent Technologies, Santa Clara, CA).
The lower limit of quantitation (LLQ) for olopatadine
was 0.05 ng/mL, with a calibration range of 0.05 to 60.0
ng/mL. Interassay coefficients of variation (precision)
ranged from 2.08 to 7.31% and accuracy ranged from
96.67 to 101.89%, with mean values within 15% of the
actual value. Precision did not exceed 15% of the coef-
ficient of variation at any concentration level.

Pharmacokinetic (PK) estimates of maximum plasma
concentration (Cmax), area under the plasma concentra-
tion time curve (AUC) from time 0 to the last time
point with measurable concentration (AUC0–t), AUC
from time 0 to time infinity (AUC0–�), apparent clear-
ance, terminal elimination rate constant (�z), time (after

drug administration) when the maximum plasma con-
centration was reached (Tmax), and the elimination
half-life (t1/2) of olopatadine were calculated by using
standard noncompartmental approaches via SAS Sta-
tistical Analysis Software (SAS Institute, Inc., Cary,
NC).

Safety Assessments
Safety was evaluated throughout the study via ad-

verse event (AE) reporting; standard 12-lead ECG re-
cordings; and monitoring of hematology, urinalysis,
blood chemistry evaluations, and vital signs. All safety
assessments were based on the safety analysis set pop-
ulation, which consisted of all the subjects who re-
ceived one or more doses of the study drug.

Statistical Analyses
PK analyses were based on the PK analysis set pop-

ulation, which consisted of all the subjects in the safety
analysis set without major protocol violations, who
had plasma drug concentration levels above the LLQ to
estimate Cmax, AUC0–t, and AUC0–�. Baseline demo-
graphic and clinical characteristics, plasma concentra-
tions and PK of olopatadine, and safety measures were
summarized by treatment with descriptive statistics.
Analysis of variance was performed on the natural log
transformed primary PK parameters to assess the rel-
ative bioavailability and associated 90% confidence in-
tervals. The analysis of variance included sequence,
treatment, and period as fixed effects and subject
within the treatment sequence as a random effect. Con-
fidence intervals were expressed as percentages rela-

Figure 1. Treatment schedule. (A)
GSP301 (olopatadine 665 �g–mome-
tasone 50 �g fixed-dose combination);
(B) OLO-sponsor (olopatadine mono-
therapy component, 665 �g); and (C)
OLO (U.S. Food and Drug Adminis-
tration approved olopatadine, 665 �g).
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tive to the least squares mean of the reference drug
(OLO-sponsor or OLO). This analysis was performed
via PROC MIXED SAS procedure (SAS Institute Inc.).
All analyses were conducted by using SAS version 9.2
(SAS Institute Inc.).

A sample size of 30 was considered adequate based
on experience from previous studies of a similar de-
sign. A 20% dropout rate was assumed to ensure a final
sample of 24 subjects. The study was primarily de-
signed to assess the effect of the presence of mometa-
sone on olopatadine PK when administered as GSP301
and to assess the relative bioavailability of olopatadine
administered as GSP301 and the FDA-approved NS
(OLO).

RESULTS
A total of 30 healthy adults were randomized. The

subjects had a mean � standard deviation age of 43.1 �
11.1 years, and 60% were white men (Table 1). Two
subjects did not complete the study: one withdrew
during OLO treatment (period 2) due to an adverse
event (minor oropharyngeal pain) before receiving
GSP301, and one was withdrawn during treatment
with GSP301 (period 2) due to a protocol violation.

PK Analysis
The mean plasma concentration-time profiles for ol-

opatadine were similar across treatments (Fig. 2). With
all the treatments, quantifiable plasma concentrations
of olopatadine appeared rapidly in systemic circula-
tion; the median Tmax occurred at 1 hour. The mean
terminal elimination half-life for all treatments ranged
from 7 to 8 hours (Table 2). The terminal disposition of
olopatadine was well characterized, and the extrapo-
lated fraction of the AUC0–� values were within 20% of
the total AUC in all the subjects and treatments. Pre-

dose plasma concentrations of olopatadine were below
the LLQ, which indicated that the washout period
between treatments was sufficient. Consistent with the
mean PK estimates, olopatadine exposure with GSP301
was comparable with OLO-sponsor and OLO; for ol-
opatadine with GSP301 and OLO-sponsor, the geomet-
ric mean ratios of natural log transformed Cmax,
AUC0–t, and AUC0–� were 86.63, 86.92, and 92.83, re-
spectively. For GSP301 and OLO, geometric mean ra-
tios for Cmax, AUC0–t, and AUC0–8 were 84.68, 87.87,
and 93.80, respectively (Table 3).

Safety
A total of 10 subjects reported treatment-emergent

AEs (TEAE), with a similar percentage of TEAEs re-
ported with each treatment (Table 4). Five of these
reports were considered at least possibly related to the
study drug: conjunctivitis, hypotension, nasal edema,
somnolence, and oropharyngeal pain. One subject
withdrew from the study due to an AE (minor oropha-
ryngeal pain) during OLO treatment before receiving
GSP301. No subjects discontinued during the GSP301
or OLO-sponsor treatment period due to AEs. All TEAEs
were mild, and no deaths occurred. No clinically signif-
icant changes in vital signs, ECG assessments, or labora-
tory values were observed (data not shown).

DISCUSSION
The olopatadine mean plasma concentration versus

time profiles were nearly identical with all the treatments,
GSP301, OLO-sponsor (GSP301 olopatadine mono-
therapy component), and OLO (FDA-approved olopata-
dine, Patanase), in healthy adults, which indicated a sim-
ilar in vivo performance in terms of olopatadine
bioavailability (i.e., Cmax, AUC0–t, AUC0–�). Although
the olopatadine Cmax, AUC0–t, and AUC0–� achieved
with GSP301 were slightly lower than those achieved
with OLO, these differences were not considered clin-
ically meaningful because these results were compara-
ble with those previously reported for Patanase.14 The
geometric mean Cmax for all olopatadine formulations
in this study ranged from 17.19 to 20.32 ng/mL com-
pared with the reported value of 16.0 � 8.99 ng/mL for
Patanase in healthy adults.14 In addition, the t1/2 was
comparable with that reported for Patanase with a
geometric mean range of 7 to 8 hours for all olopata-
dine treatments in this study versus 8 to 12 hours
previously reported for Patanase.14

In addition, the data from the current study indi-
cated that the excipients in the GSP301 formulation did
not alter olopatadine bioavailability because compara-
ble PK values were obtained with GSP301 and both
OLO formulations. Olopatadine and mometasone are
eliminated through two different pathways: olopata-
dine undergoes renal excretion,14 whereas mometa-

Table 1 Baseline demographic characteristics
(safety analysis set) (N � 30)

Characteristics

Age, mean � SD, y 43.1 � 11.1
Gender, no. (%)

Men 18 (60.0)
Women 12 (40.0)

Race, no. (%)
White 22 (73.3)
Black/African American 5 (16.7)
Asian 3 (10.0)

Ethnicity, no. (%)
Non-Hispanic/Latino 25 (83.3)
Hispanic/Latino 5 (16.7)

Body mass index, mean � SD, kg/m2 25.7 � 2.8

SD � Standard deviation.
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sone is primarily eliminated via hepatic metabolism.15

Hence, concurrent administration of mometasone and
olopatadine is unlikely to alter the PK of olopatadine.
In agreement with this, data from the present study
also indicated that the mometasone component of
GSP301 did not have any considerable effect on the rate
or extent of olopatadine absorption and did not seem
to significantly alter the subsequent in vivo distribu-
tion, metabolism, or clearance, which ruled out poten-
tial PK drug interactions.

Results of our study were comparable with those
reported previously in similarly designed studies.17,18

In a randomized PK study of two NS formulations of

another antihistamine, azelastine HCl, no significant
differences in PK parameters were observed between
the newly formulated and marketed versions.17 The
results from the current study were also similar to
those reported from another study of an approved
FDC NS that contained an antihistamine and a corti-
costeroid (MP29–02, azelastine HCl and fluticasone
propionate) in which the FDC was comparable with
the monotherapy components and the individual
marketed monotherapies in terms of PK profiles and
systemic exposure.18 Overall, results of the current
study indicate that olopatadine PK and the systemic
exposure of GSP301 compared with OLO were not

Figure 2. Mean (A) linear and (B) semilog plasma
concentration-time curves for olopatadine formula-
tions (PK analysis set). GSP301 � Olopatadine
665 �g–mometasone 50 �g fixed-dose combina-
tion); OLO-sponsor � olopatadine monotherapy
component, 665 �g; OLO � U.S. Food and Drug
Administration approved olopatadine, 665 �g);
PK � pharmacokinetic.
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influenced by formulation effects or the presence of
mometasone in the GSP301 combination NS, which
demonstrated a lack of a formulation or drug inter-
action.

GSP301 was well tolerated in healthy volunteers,
with only mild AEs reported. The percentages of
subjects who discontinued the study due to AEs
were small (3.3% with OLO versus 0% with OLO-
sponsor or GSP301) and were similar to those of

OLO (Patanase) in multiple-dose AR trials (4.7%14

and 2.4%10). Furthermore, two recent phase III, multi-
ple-dose AR trials that evaluated GSP301 olopatadine
and mometasone monotherapy formulations found
that the percentages of subjects who discontinued
treatment due to AEs were �2% in all the treatment
groups versus placebo.19,20 Although it should be
noted that the current study was conducted in healthy
volunteers who only took a single dose of the study

Table 2 Olopatadine PK parameters (PK analysis set)

GSP301 (n � 29) OLO-sponsor (n � 29) OLO (n � 30)

Cmax, GM (%CV), ng/mL 17.19 (90.74) 20.10 (57.86) 20.32 (55.38)
Tmax, median (minimum, maximum), hr 1.00 (0.25, 2.00) 1.00 (0.50, 2.00) 1.00 (0.25, 2.50)
AUC0–t, GM (%CV), ng�hr/mL 70.65 (89.17) 81.49 (47.07) 80.86 (31.87)
AUC0–�, GM (%CV), ng�hr/mL* 82.65 (61.09) 83.62 (48.14) 82.40 (48.96)
CL/F, GM (%CV), L/hr* 32.18 (61.09) 31.81 (48.14) 32.28 (48.96)
t1/2, GM (%CV), hr* 7.12 (67.74) 7.95 (52.82) 7.24 (58.34)

PK � Pharmacokinetic; GSP301 � olopatadine 665 �g–mometasone 50 �g fixed-dose combination; OLO-sponsor �
olopatadine monotherapy component, 665 �g; OLO � U.S. Food and Drug Administration approved olopatadine, 665 �g);
Cmax � maximum measured plasma concentration; Tmax � time after administration of a drug when the maximum plasma
concentration was reached; AUC0–t � area under the plasma concentration vs time curve from time 0 to the last measurable
concentration; AUC0–�, area under the plasma concentration versus time curve from time 0 to infinity; CL/F � apparent
clearance; t1/2, elimination half-life; GM � geometric mean; CV � coefficient of variance.
*GSP301, n � 26; OLO-sponsor, n � 27; OLO, n � 27.

Table 3 Relative bioavailability of olopatadine administered as GSP301 or monotherapy formulations (PK
analysis set)

PK Parameter No.* Geometric Mean# Relative
Bioavailability§

ISCV, %

GSP301 OLO-sponsor OLO GMR 90% CI

Olopatadine exposure with GSP301 or OLO-sponsor
Cmax, ng/mL 28 17.42 20.10 86.63 75.70–99.15 30.18
AUC0–t, ng�hr/mL 28 70.78 81.43 86.92 75.21–100.47 32.49
AUC0–�, ng�hr/mL 24¶ 83.39 89.82 92.83 81.23–106.09 27.32

Olopatadine exposure with GSP301 or OLO
Cmax, ng/mL 29 17.27 20.39 84.68 69.96–102.49 44.58
AUC0–t, ng�hr/mL 29 70.95 80.74 87.87 72.94–105.84 43.36
AUC0–�, ng�hr/mL 24¶ 83.26 88.76 93.80 78.89–111.53 35.73

GSP301 � Olopatadine 665 �g/mometasone 50 �g fixed-dose combination; PK � pharmacokinetic; ISCV � intrasubject
coefficient of variation; OLO-sponsor � olopatadine monotherapy component, 665 �g; OLO � U.S. Food and Drug
Administration approved olopatadine, 665 �g; GMR � geometric mean ratio of GSP301-to-OLO-sponsor or OLO; CI �
confidence interval; Cmax � maximum measured plasma concentration; AUC0–t � area under the plasma concentration versus
time curve from time 0 to the last measurable concentration; AUC0–� � area under the plasma concentration versus time curve
from time 0 to infinity; �z � terminal elimination rate constant.
*No. paired subjects by using analysis of variance for each parameter.
#Based on the exponential of least squares mean of natural log transformed values.
§Based on GMR expressed as a percentage.
¶In the estimation of �z, R2 must be �0.80 for the regression; if R2 was �0.80, then �z and the parameters that used �z for
determination (AUC0–�) were not reported for an individual subject (from Ref. 16).
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drug, overall, the formulation differences did not seem
to affect the tolerability of the treatments.

As previously reported, there are studies that
showed that combination NS treatments are more ef-
ficacious than monotherapies in treating AR symp-
toms.19–21 The results of this PK study, taken together
with the results of a similarly designed PK study to
assess the relative bioavailability of mometasone ad-
ministered as GSP301 FDC NS to mometasone compo-
nent monotherapy NS (sponsor mometasone) and an
FDA-approved mometasone monotherapy NS (Naso-
nex; see companion article in this issue of the journal,
pp 232–239, Ref. 22), indicate no apparent drug interac-
tions between either FDC component that could poten-
tially impact the efficacy or the safety of the FDC. In
addition, phase III studies in subjects with AR demon-
strated the efficacy and safety of GSP301 twice-daily (ol-
opatadine HCl 665 �g–mometasone furoate 25 �g)19,20

and once-daily (olopatadine HCl 665 �g–mometasone
furoate 50 �g)19 dosing.

CONCLUSION
The bioavailability of olopatadine was comparable

between GSP301 and two monotherapy formulations
of olopatadine nasal spray (OLO, FDA-approved ol-
opatadine, Patanase; and OLO-sponsor, GSP301 olopa-
tadine monotherapy component). The addition of mo-
metasone furoate to olopatadine in GSP301 had no

clinically meaningful influence on the overall olopata-
dine PK compared with olopatadine monotherapy
OLO-sponsor. GSP301 was well tolerated in healthy
adults with only mild AEs reported.
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component, 665 �g; OLO � U.S. Food and Drug Administration approved olopatadine, 665 �g; TEAE � treatment-emergent
adverse event; SAE � severe adverse event.
*Those subjects who reported one or more TEAEs during a particular treatment were counted only once for that treatment; the
subjects who reported the same event during multiple treatments were counted only once for the overall safety analysis set.
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