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Eﬃcacy of the exhalation delivery system with ﬂuticasone in patients who
remain symptomatic on standard nasal steroid sprays
Brent A. Senior, MD1 , Rodney J. Schlosser, MD2 , John Bosso, MD3 and Zachary M. Soler, MD, MSc2

Background Standard nasal steroid sprays are oen ﬁrstline treatment for chronic rhinosinusitis CRS but many
patients remain symptomatic despite their use The exhalation delivery system with ﬂuticasone EDS-FLU has
been shown to be eﬃcacious in mixed populations of symptomatic patients but the question remains whether beneﬁts would be similar in those already on traditional steroid
sprays The goal of this study was to compare EDS-FLU
treatment outcomes in patients who have previously failed
nasal steroids
Methods Using pooled data from the NAVIGATE I and
II trials EDS-FLU eﬃcacy was compared in the subgroup
treated with a conventional nasal steroid at trial entry
mean duration ≈ years to eﬃcacy in the overall study
population Sensitivity analyses were performed for more
restrictive deﬁnitions of the subgroup changing from prior
standard nasal steroids
Results Of
total subjects
   reported
using standard nasal steroid sprays at entry mean duration 
days Across multiple outcome measures
improvements for “switchers” receiving EDS-FLU least
squares mean change from baseline vs EDS plus placebo
were comparable with improvements in the overall pop-

ulation For EDS-FLU  µg comparable improvements
were observed in congestion − vs −  rhinorrhea − vs −  facial pain/pressure −
vs
−  and sense of smell − vs − at week
and -item Sino-Nasal Outcome Test −  vs −  
Patient Global Impression of Change and other outcomes at week  Results for EDS-FLU
 µg were
similar
Conclusion EDS-FLU comparably improves symptoms irrespective of whether patients are symptomatic while using
conventional nasal steroids before treatment © 2020 ARSAAOA, LLC.
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hronic rhinosinusitis (CRS) is a chronic inflammatory
syndrome affecting the sinonasal cavity. A diversity
of underlying endotypes has been characterized by upregulation of various proinflammatory cytokines.1,2 CRS has
historically been divided on the basis of visual phenotype
into CRS with nasal polyps (CRSwNP) and CRS without
nasal polyps (CRSsNP).3,4 Unfortunately, the value of this
dichotomy is becoming less clear as phenotype is increasingly recognized to be a poor predictor of an individual
patient’s inflammatory endotype.1,5 Both phenotypes are

Additional supporting information may be found online in the Supporting
Information section at the end of the article.
Funding sources for the study: OptiNose US, Inc. The sponsor contributed
to the study design, data interpretation, and writing of the report, as well as
coordinating the data collection and analysis.

Optinose US and Healthy Humming; consultant fees from Healthy Humming
and Olympus. J.B.: research grant from Optinose US; advisory board
member for Optinose US, GlaxoSmithKline, Novartis, AstraZeneca,
Sanofi-Aventis US, and Regeneron Pharmaceuticals. B.A.S.: Vice President of
Development and Strategic Initiatives for the American Rhinologic Society.

Potential conflicts of interest: R.J.S.: personal fees from Optinose US,
GlaxoSmithKline, and Genentech; grants and personal fees from Stryker,
Healthy Humming, and Sanofi-Aventis US. Z.M.S.: personal fees from

Received: 22 July 2020; Revised: 21 August 2020; Accepted: 26 August 2020
DOI: 10.1002/alr.22693
View this article online at wileyonlinelibrary.com.

International Forum of Allergy & Rhinology Vol  No  xxxx 

1

Senior et al.

TABLE 1. Demographics and baseline characteristics of the study population
Changing from conventional nasal steroid (N = 218)

Total population (N = 482)

EDS-placebo
BID (N = 77)

EDS-FLU 186 µg
BID (N = 69)

EDS-FLU 372 µg
BID (N = 72)

EDS-placebo
BID (N = 161)

EDS-FLU 186 µg
BID (N = 160)

EDS-FLU 372 µg
BID (N = 161)

47.6 (12.49)

44.9 (12.92)

44.5 (12.51)

46.0 (12.47)

45.6 (12.75)

44.4 (12.35)

Male sex, n (%)

43 (55.8)

39 (56.5)

44 (61.1)

78 (48.4)

94 (58.8)

93 (57.8)

White race, n (%)

67 (87.0)

63 (91.3)

66 (91.7)

143 (88.8)

148 (92.5)

144 (89.4)

48 (62.3)

39 (56.5)

42 (58.3)

93 (57.4)

85 (53.1)

86 (53.1)

Used corticosteroids for nasal
disease within 10 years, n (%)

77 (100)

69 (100)

72 (100)

149 (92.5)

146 (91.3)

145 (90.1)

Bilateral Nasal Polyp score, mean (SD)
(0-6 scale)

3.8 (1.04)

4.0 (1.06)

3.8 (1.06)

3.8 (1.01)

3.9 (1.06)

3.8 (0.96)

Congestion/obstruction, mean (SD)
(0-3 scale)

2.27 (0.402)

2.16 (0.387)

2.25 (0.437)

2.3 (0.42)

2.22 (0.39)

2.27 (0.43)

SNOT-22 total score, mean (SD)

51.7 (17.28)

52.5 (17.50)

50.5 (19.47)

52.9 (18.90)

49.9 (19.89)

49.7 (20.34)

Mean age, years (SD)

a

Prior surgery , n (%)
b

a

Sinus surgery (with or without polyp removal) or polypectomy surgery.
Oral prednisone, intranasal steroid, or both.
BID = twice daily; RSDI = Rhinosinusitis Disability Index; SD = standard deviation; SNOT-22 = 22-item Sino-Nasal Outcome Test.
b

often characterized by eosinophilic inflammation and
type 2 profile, and both are often characterized by >1
concurrent type of inflammation.1,5,6
Glucocorticoids are part of standard-of-care antiinflammatory treatment for many conditions that are
characterized by multiple different types of underlying
inflammation, including diseases with type 1 and type
2 profiles. Recent reviews have described the molecular
activity of glucocorticoids, their binding to receptors
present in virtually all human cells, and their presence
at the apex of regulatory networks blocking multiple
inflammatory pathways.7,8 Glucocorticoids exert antiinflammatory properties through both genomic and
nongenomic mechanisms.9,10 Gene expression is inhibited
for numerous cytokines, including interleukin (IL)-2, IL-4,
IL-5, IL-12, IL-13, IL-17, and interferon-gamma, and multiple T-cell–signaling pathways are influenced.3,11,12 This
broad range of molecular activity is desirable in reducing
many types of pathologic inflammation, including CRS;
however, systemic exposure to glucocorticoids can be associated with many adverse effects, and even short courses
may be associated with serious adverse risks, especially
when required multiple times per year.13–15
Nasally delivered steroids, particularly “secondgeneration” molecules, act topically and have very low
bioavailability, largely sparing the body from systemic
exposure and avoiding many off-target safety concerns
of systemic glucocorticoid treatment.16–22 Although, at
present, there has never been a United States Food and
Drug Administration (FDA)-approved medication for
treating CRSsNP, clinical practice guidelines for CRS (both
CRSsNP and CRSwNP phenotypes) recommend nasally
administered glucocorticoids both as primary treatment
and as medical maintenance after surgery.3,5
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Although conventional nasal steroid sprays are effective in treating rhinitis, in CRS they are often associated with much less satisfactory symptom control than
systemic treatment.23–25 This has been investigated and
a simple explanation identified: standard nasal delivery
does not get the topically-acting medication adequately
and consistently to the anatomic regions that need to be
targeted in CRS.26–30 Conventional nasal sprays deliver
<5% of metered drug into the middle meatus, the area
of the nose critical for drainage of the maxillary, anterior ethmoid, and frontal sinuses.31 In fact, multiple studies have shown that conventional nasal sprays deliver medication primarily to the anterior and inferior regions of
the nasal cavity—specifically the internal nasal valve, anterior septum, inferior surface of the inferior turbinate,
nasal floor, and nasopharynx—regardless of disease or
prior surgery.30,31 The limited delivery of drug into the more
superior/posterior regions of the nasal passages with conventional nasal sprays, especially the middle meatus and
ostiomeatal complex where CRS inflammation produces
symptoms, is a plausible explanation for the discrepancy in
activity between systemic and topical glucocorticoid treatment of CRS.32–34
Since 2018, a “nonstandard” nasal product using an
exhalation delivery system (EDS) to deliver a secondgeneration topical glucocorticoid (fluticasone [FLU])
has become available in the United States (EDS-FLU;
XHANCE®; OptiNose US, Yardley, PA).23,35–38 An
EDS leverages a patient’s exhaled breath to physiologically create closed-palate, positive-pressure, bidirectional
flow during drug delivery and has been shown to deposit drug more broadly—including to superior/posterior
regions—than conventional nasal delivery by either spray
or compressed-gas canister.33 In addition to directly

0.01 (0.069)
−0.43 (0.135)

Impaired sense of smell, week 4, LS mean
change from baseline (SE)

Total polyp grade , week 16, LS mean change
from baseline (SE)

2.49 (0.771)

Physical component score, LS mean change
(SE)

32.8

Patients reporting much/very much
improvement, %

0.243

65.7

86.0

f

5.24 (0.755)

e

e

4.09 (0.828)

0.210

65.7

91.1

e

f

5.35 (0.735)

1.88 (0.799)

36.2

68.8

2.66 (0.539)

1.01 (0.604)

−9.55 (1.485)

−9.87 (1.382)

7.8

−0.51 (0.094)

−0.05 (0.052)

-0.15 (0.058)

−0.21 (0.060)

−0.23 (0.056)

EDS-PBO BID
(N = 161)

0.268

67.6

89.0

e

f

4.78 (0.523)

f

3.62 (0.586)

f

−16.24 (1.442)

−15.66 (1.365)

f

1.698

12.3

f

−1.11 (0.092)

d

−0.21 (0.052)

f

−0.45 (0.058)

f

−0.59 (0.060)

f

−0.61 (0.056)

EDS-FLU 186 µg BID
(N = 160)

Total population (N = 482)

0.270

67.3

90.4

d

f

4.26 (0.506)

d

2.63 (0.566)

f

−16.94 (1.385)

d

−13.49 (1.327)

2.283

15.9

f

−1.23 (0.090)

f

−0.30 (0.051)

f

−0.41 (0.057)

f

−0.57 (0.059)

f

−0.62 (0.056)

EDS-FLU 372 µg BID
(N = 161)

b

were no significant differences for all subgroup vs total population comparisons.
Coprimary endpoint in original studies.
The odds ratios for polyp elimination were obtained from a generalized estimating equation (GEE) model and represent the likelihood that a treatment group would have performed better than the placebo group.
c
The odds ratios for PGIC were calculated using a logistic regression model and represent the likelihood that a treatment group would have performed worse than the placebo group.
d
p<0.05 vs EDS-placebo.
e
p<0.01 vs EDS-placebo.
f
p<0.001 vs EDS-placebo.
BID = twice daily; EDS = exhalation delivery system; EDS-PBO = EDS-placebo; FLU = fluticasone; LS = least squares; MOS-Sleep-R = Medical Outcomes Study Sleep Scale—Revised; OR = odds ratio; PGIC = Patient
Global Impression of Change; RSDI = Rhinosinusitis Disability Index; SE = standard error of the mean; SF-36 = 36-item Short Form Health Survey.

*
There
a

Odds ratio

c

62.3

Patients reporting any improvement, %

PGIC, week 16

0.69 (0.837)

Mental component score, LS mean change
(SE)

SF-36, week 16

e

f

−8.51 (2.090)

RSDI total score, week 16, LS mean change
(SE)

−15.69 (1.968)

−12.71 (1.942)

−14.91 (2.020)

−7.68 (1.998)

Sleep Disturbance subscale score of the
MOS-Sleep-R, week 16, LS mean change
from baseline (SE)
−17.86 (2.065)

3.022

17.9

f

−1.38 (0.135)

e

11.7

f

−1.15 (0.138)

f

−0.09 (0.071)

−0.35 (0.069)

e

−0.48 (0.083)

−0.42 (0.085)

f

−0.71 (0.084)

f

−0.73 (0.077)

EDS-FLU 372 µg BID
(N = 72)

1.874

Odds ratio

b

Patients with polyp elimination in at least 1
nostril, week 16, %

6.7

d

−0.15 (0.083)

Facial pain or pressure, week 4, LS mean
change from baseline (SE)

a

f

−0.16 (0.085)

Rhinorrhea, week 4, LS mean change from
baseline (SE)

−0.57 (0.087)

f

−0.59 (0.079)

−0.24 (0.076)

a

EDS-FLU186 µg BID
(N = 69)

Congestion/obstruction , week 4, LS mean
change from baseline (SE)

EDS-PBO BID
(N = 77)

Changing from conventional nasal steroid (N = 218)

TABLE 2. Efficacy outcomes*

EDS-FLU in previous users of standard nasal steroids
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comparative human drug deposition studies of the EDS
mechanism vs standard nasal spray delivery, the efficacy
and safety of EDS-FLU have been independently studied
in multiple clinical trials.23,35–37 In symptomatic CRSwNP
populations, in which >90% of subjects had previously
used topical glucocorticoids, EDS-FLU was shown to
improve a broad range of subjective and objective disease
endpoints, including symptoms, functioning, and quality
of life.35,36 In large, open-label studies of up to 1 year, the
degree of improvement from baseline was comparable in
both CRSwNP and CRSsNP phenotypes.23,37
Targeting delivery of glucocorticoid using an EDS should
theoretically offer effectiveness closer to systemic glucocorticoids than standard nasal delivery and should be
comparably beneficial even for patients who were previously unsuccessfully treated with glucocorticoids delivered to the front of the nose by standard sprays. Therefore, we hypothesized that patients switching from a
standard nasal glucocorticoid to EDS-FLU would have
a treatment response comparable with the overall population rather than the diminished response that may
be expected when switching between 2 similar, active
treatments.

Patients and methods
NAVIGATE I and II are 2 different but similarly designed
and sized, multicenter, randomized, double-blind, EDSplacebo–controlled trials. Primary reports of methods and
findings have already been published.35,36 At entry, adult
patients had at least moderate nasal congestion/obstruction
over the prior 7 days and bilateral nasal polyps with a
summed score ≥3 (on a 6-point modified Lildholdt scale).
NAVIGATE I and II were conducted in accordance with
the Declaration of Helsinki and/or all relevant federal
regulations and in compliance with good clinical practice guidelines. Independent ethics committees/institutional
review boards reviewed and approved the protocols and
informed consent. All patients provided written informed
consent before participation in these studies. Data were
pooled from patients (N = 482) randomized to the 2
FDA-approved doses of EDS-FLU (186 µg twice daily [n =
160] or 372 µg twice daily [n = 161]) or EDS-placebo (n =
161). Primary analyses were performed using the subgroup
of patients reporting use of a standard glucocorticoid
nasal spray at the screening visit (defined as ≤30 days;
N = 218), and outcomes were compared with the entire
treatment population. Sensitivity analyses were performed
using a narrower definition of the population switching
from a prior nasal steroid: patients reporting standard
glucocorticoid nasal spray use ≥30 days’ total duration
and also ending within ≤2 days of screening (“sensitivity
subset”; N = 147). Additional data for the subgroup not
changing from a standard nasal spray are presented in the
Supporting Information online.
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Outcome measures
Details for outcome measures are reported in the primary
reports of findings of the NAVIGATE I and II trials, and include symptoms, polyp grade, 22-item Sino-Nasal Outcome
Test (SNOT-22), Rhinosinusitis Disability Index (RSDI),
Short Form Health Survey version 2 (SF-36v2), Patient
Global Impression of Change (PGIC), Medical Outcomes
Study Sleep Scale—Revised (MOS-Sleep-R), and adverse
events.35,36

Statistics
Analyses employed the same statistical methods specified
for a priori analyses in the original protocols. Briefly,
changes from baseline in congestion/obstruction and other
symptoms at week 4 were analyzed by analysis of covariance, including categorical effects for treatment, country,
and baseline score. Changes from baseline in total polyp
grade, SNOT-22, MOS-Sleep-R, RSDI, and SF-36v2 were
analyzed using a mixed-effects model for repeated measures
including the same effects. Percent of patients with polyp
elimination in at least 1 nostril was analyzed using a generalized estimating equation model with binomial distribution, including effects for treatment and country. PGIC was
analyzed using an ordinal logistic model with effects for
treatment and country. Missing data for the coprimary endpoints were imputed using multiple imputation with pattern mixture models. Inferential statistics (nominal p values) are presented without adjustment and are considered
exploratory. The primary focus is the consistency of active
treatment effects in the subgroup of patients changing from
a prior nasal glucocorticoid spray to EDS-FLU vs treatment
effect in the total population. All statistical analyses were
done using SAS version 9.3 (SAS Institute, Cary, NC) or
greater.

Results
Study population
Of the 482 patients included in this analysis, 218 entered
the study with symptoms despite meeting criteria for current use of a standard glucocorticoid nasal spray (mean
duration of previous use: 1051 days); 147 also met narrower criteria for the “sensitivity” subgroup. The remaining 264 patients did not report current nasal steroid use
at entry. There were no meaningful differences in demographics or baseline clinical characteristics between groups
(Table 1). As can be observed from baseline characteristics at entry, study patients were moderate to severely ill,
and most had previously used nasal and/or systemic corticosteroids within 10 years, undergone previous surgery, or
both.

Efficacy measures
Treatment effects in the subgroup switching from a standard nasal glucocorticoid were similar to treatment effects
in the total population on a broad range of endpoints,

EDS-FLU in previous users of standard nasal steroids

FIGURE 1. Response over time on the 4 cardinal chronic rhinosinusitis symptoms and polyp grade for the subgroup changing from conventional nasal steroids
compared with total population response: (A) congestion/obstruction; (B) rhinorrhea; (C) facial pain or pressure; (D) sense of smell; and (E) polyp grade. For
nominal p values vs EDS-placebo: * p < 0.05; † p < 0.01; and ‡ p < 0.001. BID = twice daily; EDS-FLU = exhalation delivery system with fluticasone; LS = least
squares.
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FIGURE 2. Improvement in SNOT-22 scores over time for subgroup changing from conventional nasal steroid and for total population. For nominal p values
vs EDS-placebo: ‡ p < 0.001. BID = twice daily; EDS-FLU = exhalation delivery system with fluticasone; LS = least squares; SNOT-22 = 22-item Sino-Nasal
Outcome Test.

including both of the endpoints originally designated as
coprimary (reduction in congestion and in total polyp
grade), on improvements in the other 3 cardinal symptoms of CRS (rhinorrhea, facial pain/pressure, impaired
sense of smell), on general and disease-specific quality of
life (SF-36v2 and RSDI), on sleep (MOS-Sleep-R), and
on global improvement as measured by PGIC, which is
potentially the most direct assessment of patient-perceived
benefit (Table 2). The rate of complete response, defined
as polyp elimination (not visible on nasal endoscopy), was
also similar in both populations (Table 2).
The time-course of response for the subgroup changing
to EDS-FLU after use of a conventional nasal steroid was
similar to the time-course of response in the overall population as assessed by change over time in cardinal symptoms
of CRS and in bilateral polyp grade (Fig. 1). Both the overall
population and the subgroup reported similar, steadily increasing responses over time, achieving comparably greater
response with longer duration of treatment.
SNOT-22 is a widely accepted composite measure of
symptoms, quality of life, and functioning in CRS. As with
other outcome measures, SNOT-22 revealed a treatment
benefit that was similar in magnitude and similarly increased with longer duration of treatment, in both the subgroup and the overall population (Fig. 2).

Sensitivity analyses
Sensitivity analyses were performed using a narrower definition of the population switching from a previous nasal
steroid: the subgroup of patients reporting both standard
glucocorticoid nasal spray use with ≥30 days’ total duration and also specifically reporting use within ≤2 days
of screening. Although the sample size was substantially
smaller—introducing greater variability—a generally similar magnitude of benefit was observed in this “sensitivity
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TABLE 3. Magnitude of treatment benefita for primary

endpoints from NAVIGATE I and NAVIGATE II trials in
primary analysis vs sensitivity analysis subgroups

Congestion/obstruction at
b
week 4
b

Polyp grade at week 16
SNOT-22 score

c

Primary analysis
subgroup (N = 141)

Sensitivity analysis
subgroup (N = 95)

−0.42

−0.40

−0.84

−0.78

−12.79

−11.77

a

Measured as mean treatment difference (EDS-FLU minus EDS-placebo).
Coprimary endpoint in original studies.
Key secondary endpoint.
EDS = exhalation delivery system; SNOT-22 = 22-item Sino-Nasal Outcome Test.

b
c

subgroup” for measures that were the primary outcomes
and the key secondary outcome from the NAVIGATE I and
II trials. This suggests that results are not sensitive to the
subgroup definition (Table 3).

Adverse events
In the original NAVIGATE I and II studies, adverse events
(AEs) attributable to EDS-FLU were local in nature and
consistent with expectations for topical corticosteroids
when used in this population for this duration.35,36 AEs
occurring more often with EDS-FLU vs EDS-placebo and
in ≥2% of patients in at least 1 treatment group were
epistaxis, ulceration, “nasal septum disorder” (septal erythema), and headache (Table 4). For this study, comparison of the subgroup changing to EDS-FLU from a standard
nasal steroid vs with the overall population showed that
AEs did not differ meaningfully among groups.

Nasal septal disorder

d

Nasal mucosal disorder
1 (1.3)

4 (5.2)

2 (2.6)

Pharyngitis

4 (5.8)

9 (13.0)

1 (1.4)

6 (8.7)

5 (7.2)

5 (7.2)

6 (8.7)

3 (4.3)

8 (11.6)

EDS-FLU 186 µg BID
(N = 69)

5 (6.9)

6 (8.3)

2 (2.8)

3 (4.2)

4 (5.6)

4 (5.6)

3 (4.2)

6 (8.3)

8 (11.1)

EDS-FLU 372 µg BID
(N = 72)

c

b

Includes spontaneous adverse reaction reports.
Includes ulcerations and erosions.
Verbatim terms included redness, erythema, erosion (area other than septum), and mucosal ulceration (area other than septum).
d
Verbatim terms included redness on septum and erythema on septum.
BID = twice daily; EDS = exhalation delivery system; FLU = fluticasone; PBO = placebo.

a

c

3 (3.9)

Headache

6 (7.8)

Acute sinusitis

1 (1.3)

5 (6.5)

3 (3.9)

b

1 (1.3)

EDS-PBO BID
(N = 77)

Nasal congestion

Nasal septal ulceration

Nasopharyngitis

Epistaxis

a

Adverse reaction, n (%)

Changing from conventional nasal steroid (N = 218)

3 (1.9)

7 (4.3)

2 (1.2)

5 (3.1)

6 (3.7)

6 (3.7)

3 (1.9)

8 (5.0)

4 (2.5)

EDS-PBO BID
(N = 161)

6 (3.8)

14 (8.8)

2 (1.3)

8 (5.0)

7 (4.4)

7 (4.4)

11 (6.9)

3 (1.9)

19 (11.9)

EDS-FLU 186 µg BID
(N = 160)

Total population (N = 482)

TABLE 4. Summary of adverse reactions reported in ≥2% of patients in any treatment group

7 (4.3)

11 (6.8)

5 (3.1)

6 (3.7)

8 (5.0)

9 (5.6)

12 (7.5)

12 (7.5)

16 (9.9)

EDS-FLU 372 µg BID
(N = 161)

EDS-FLU in previous users of standard nasal steroids
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Discussion
Unlike standard delivery with nasal sprays or pressurized
canisters, closed-palate positive-pressure bidirectional delivery by EDS distributes drug broadly throughout the nasal
cavity, notably including the region of the middle meatus, which is the treatment target in CRS.27,29,33 Therefore,
it would be expected that patients using a glucocorticoid
delivered by standard nasal spray would be largely “untreated” in the middle meatus and, when switched to a glucocorticoid delivered by EDS, should have a treatment response comparable with the overall population rather than
the diminished response that may be expected if switching
between 2 similar, active treatments. This analysis shows
that the subgroup changing from a standard glucocorticoid
nasal spray to a glucocorticoid delivered by EDS had improvement in multiple endpoints that was similar in magnitude to the improvement observed in all patients receiving EDS-FLU. This was true across a range of symptoms,
quality of life, and other outcomes, including all 4 cardinal symptoms of CRS (congestion/obstruction, rhinorrhea,
facial pain/pressure, loss of sense of smell), SNOT-22, SF36v2, RSDI, MOS-R-Sleep, polyp grade, and rate of polyp
elimination. Given the similarity in improvement to the
overall population, it is unsurprising that improvements
among the subgroup changing from prior standard nasal
glucocorticoid treatment were also of clinically meaningful magnitude, as illustrated by ≈66% of patients reporting “much” or “very much” improvement on the PGIC
and by SNOT-22 score improvement from baseline of ≈20
points (a magnitude comparable to surgery, albeit in a potentially different population).39 These findings are consistent with previous evidence for markedly different sites of
action27,29,33 and support the potential for patients to improve with EDS-FLU, irrespective of whether they continued to suffer symptoms when using standard glucocorticoid
nasal sprays.
Standard sprays are, by far, the most commonly used
method of delivery for nasal glucocorticoids, even in treatment of CRS, despite having long been recognized to be
suboptimal for delivery to sites behind the nasal valve and
above the inferior turbinate.29 The ostiomeatal complex,
where nasal polyps typically originate, is the obvious preferred nasal cavity target for treatment of CRS but is relatively untreated by standard sprays.33,40,41
To address this recognized problem, high-volume steroid
nasal lavage has been employed. High-volume lavage has
been shown to increase medication access to deep target regions, and there is evidence suggesting increased benefit,42
despite the fact that ≈95% to 98% of administered medication drains out of the nose during use.43 Further, for some
patients, the comparatively complex and uncomfortable administration process for nasal lavage may pose a challenge
for long-term compliance.44
Multiple other medical treatments for CRS, with varying degrees of evidence, have been used after standard intranasal glucocorticoids. Among these are oral steroids,
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leukotriene inhibitors, macrolide antibiotics, and, most recently, monoclonal antibodies directed at specific cytokines
present in some CRS patients. All these approaches require
systemic exposure to medication and are accompanied by
varying degrees of cost, risk associated with short- or longterm use, and evidence for efficacy. Most recently, monoclonal antibodies are emerging as a treatment for CRSwNP,
but factors such as high price and lack of biomarkers for use
in clinical practice to select appropriate patients suggest an
as-yet uncertain position in the treatment paradigm. In this
context, EDS-FLU may offer a desirable option for optimizing medical treatment due to its safety, limited systemic
drug exposure, diverse spectrum of anti-inflammatory actions, and broad and deep distribution to intranasal target
sites.
Regarding limitations, these data are drawn from previous studies in a symptomatic patient population (persistent
congestion of at least moderate severity at entry) with a
comparatively high rate of earlier treatment, may not generalize to other populations, and are analyzed post hoc (based
on the original trials). Another consideration is that patients
who entered the study on a standard nasal steroid and were
randomized to EDS-placebo may have experienced worsening of symptoms upon withdrawal of their prestudy nasal
glucocorticoid, creating bias. However, the magnitude of
“placebo effect” observed in patients randomized to EDSplacebo in both the analysis subgroup and the overall population was generally similar. Reliance on patient reporting
of medication treatment is another limitation. We acknowledge that, among other limitations of self-reporting, this
may introduce risk of misclassification bias; however, we
note that the recall period was relatively short (≤1 month)
and that prior use of a conventional glucocorticoid did not
influence trial eligibility, creating no patient or investigator
incentive to misreport. Lastly, these findings are based on
exploratory data analysis and should be confirmed in subsequent investigations.

Conclusion
Standard nasal steroid sprays are inexpensive, relatively
safe, and available without a prescription, making them
appropriate for first-line treatment. Unfortunately, patients
who suffer from CRS frequently remain symptomatic despite use of standard steroid nasal sprays. This may result
not only in persistent symptoms and significant loss of quality of life and functioning, but also addition of other medications, risk of recurrent acute rhinosinusitis, and progression to surgery (or revision surgery for those previously operated). These data suggest that patients who remain symptomatic with a standard glucocorticoid nasal spray have
potential to benefit across a range of clinical and patientreported outcomes when treated with EDS-FLU. EDS-FLU
may therefore be appropriate treatment for patients who
have an unsatisfactory response to conventional steroid
nasal sprays before progression to systemic treatment.

EDS-FLU in previous users of standard nasal steroids
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˛
J. Molecular mechanisms of glucocorticoids action: implications for treatment of rhinosinusitis
and nasal polyposis. Eur Arch Otorhinolaryngol.
2011;268:247-253.
Cain DW, Cidlowski JA. Immune regulation by glucocorticoids. Nat Rev Immunol. 2017;17:233-247.
Lee SH. Mechanisms of glucocorticoid action in
chronic rhinosinusitis. Allergy Asthma Immunol Res.
2015;7:534-537.
Waljee AK, Rogers MA, Lin P, et al. Short term use of
oral corticosteroids and related harms among adults
in the United States: population based cohort study.
BMJ. 2017;357:j1415.
Yao TC, Huang YW, Chang SM, Tsai SY, Wu AC, Tsai
HJ. Association between oral corticosteroid bursts and
severe adverse events: a nationwide population-based
cohort study. Ann Intern Med. 2020;173:325-330.
Walsh LJ, Lewis SA, Wong CA, et al. The impact
of oral corticosteroid use on bone mineral density
and vertebral fracture. Am J Respir Crit Care Med.
2002;166:691-695.
Messina JC, Offman E, Carothers JL, Mahmoud RA.
A randomized comparison of the pharmacokinetics
and bioavailability of fluticasone propionate delivered via XHANCE exhalation delivery system ver-

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

sus Flonase nasal spray and Flovent HFA inhalational
aerosol. Clin Ther. 2019;41:2343-2356.
Demoly P. Safety of intranasal corticosteroids in acute
rhinosinusitis. Am J Otolaryngol. 2008;29:403-413.
Allen A, Down G, Newland A, etal. Absolute bioavailability of intranasal fluticasone furoate in healthy subjects. Clin Ther. 2007;29:1415-1420.
Daley-Yates PT, Kunka RL, Yin Y, Andrews SM,
Callejas S, Ng C. Bioavailability of fluticasone propionate and mometasone furoate aqueous nasal sprays.
Eur J Clin Pharmacol. 2004;60:265-268.
Czock D, Keller F, Rasche FM, Häussler U. Pharmacokinetics and pharmacodynamics of systemically
administered glucocorticoids. Clin Pharmacokinet.
2005;44:61-98.
Nave R, Wingertzahn MA, Brookman S, Kaida S,
Matsunaga T. Safety, tolerability, and exposure of ciclesonide nasal spray in healthy and asymptomatic
subjects with seasonal allergic rhinitis. J Clin Pharmacol. 2006;46:461-467.
Nave R, Herzog R, Laurent A, Wingertzahn MA.
Pharmacokinetics of ciclesonide and desisobutyryl ciclesonide after administration via aqueous nasal spray
or hydrofluoroalkane nasal aerosol compared with
orally inhaled ciclesonide: an open-label, single dose,
three-period crossover study in healthy volunteers.
Clin Ther. 2009;31:2988-2999.
Palmer JN, Jacobson KW, Messina JC, KosikGonzalez C, Djupesland PG, Mahmoud RA.
EXHANCE-12: 1-year study of the exhalation
delivery system with fluticasone (EDS-FLU) in
chronic rhinosinusitis. Int Forum Allergy Rhinol.
2018;8:869-876.
Bhattacharyya N, Orlandi RR, Grebner J,
Martinson M. Cost burden of chronic rhinosinusitis: a claims-based study. Otolaryngol Head Neck
Surg. 2011;144:440-445.
Baguley C, Brownlow A, Yeung K, Pratt E, Sacks R,
Harvey R. The fate of chronic rhinosinusitis sufferers
after maximal medical therapy. Int Forum Allergy Rhinol. 2014;4:525-532.
Weber R, Keerl R, Radziwill R, et al. Videoendoscopic analysis of nasal steroid distribution. Rhinology. 1999;37:69-73.
Djupesland PG, Skretting A. Nasal deposition and
clearance in man: comparison of a bidirectional powder device and a traditional liquid spray pump. J
Aerosol Med Pulm Drug Deliv. 2012;25:280-289.
Emanuel IA, Blaiss MS, Meltzer EO, Evans P, Connor
A. Nasal deposition of ciclesonide nasal aerosol and
mometasone aqueous nasal spray in allergic rhinitis
patients. Am J Rhinol Allergy. 2014;28:117-121.
Leach CL, Kuehl PJ, Chand R, McDonald JD. Nasal
deposition of HFA-beclomethasone, aqueous fluticasone propionate and aqueous mometasone furoate in
allergic rhinitis patients. J Aerosol Med Pulm Drug
Deliv. 2015;28:334-340.
Siu J, Johnston JJ, Pontre B, Inthavong K, Douglas
RG. Magnetic resonance imaging evaluation of the

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

distribution of spray and irrigation devices within
the sinonasal cavities. Int Forum Allergy Rhinol.
2019;9:958-970.
Cho SH, Ledford D, Lockey RF. Medical management
strategies in acute and chronic rhinosinusitis. J Allergy
Clin Immunol Pract. 2020;8:1559-1564.
Vaidyanathan S, Barnes M, Williamson P, et al. Treatment of chronic rhinosinusitis with nasal polyposis
with oral steroids followed by topical steroids: a randomized trial. Ann Intern Med. 2011;154:293-302.
Djupesland PG. Nasal drug delivery devices: characteristics and performance in a clinical perspective—a
review. Drug Deliv Transl Res. 2013;3:42-62.
Merkus P, Ebbens FA, Muller B, Fokkens WJ. The
‘best method’ of topical nasal drug delivery: comparison of seven techniques. Rhinology. 2006;44:102-107.
Sindwani R, Han JK, Soteres DF, et al. NAVIGATE
I: randomized, placebo-controlled, double-blind trial
of the exhalation delivery system with fluticasone for
chronic rhinosinusitis with nasal polyps. Am J Rhinol
Allergy. 2018;33:69-82.43.
Leopold DA, Elkayam D, Messina JC, Kosik-Gonzalez
C, Djupesland PG, Mahmoud RA. NAVIGATE II: randomized, double-blind trial of the exhalation delivery
system with fluticasone (EDS-FLU) for nasal polyposis. J Allergy Clin Immunol. 2019;143:126-134.e5.
Sher MR, Steven GC, Romett JL, et al. EXHANCE-3:
a cohort study of the exhalation delivery system with
fluticasone for chronic sinusitis with or without nasal
polyps. Rhinology. 2020;58:25-35.
XHANCE. Prescribing information. OptiNose US,
Inc.; 2017. Access September 17, 2020. https://www.
xhance.com/files/XHANCE_Full_Prescribing_
Information.pdf.
Soler ZM, Jones R, Le P, et al. Sino-nasal outcome test22 outcomes after sinus surgery: a systematic review
and meta-analysis. Laryngoscope. 2018;128:581-592.
Aggarwal R, Cardozo A, Homer JJ. The assessment of
topical nasal drug distribution. Clin Otolaryngol Allied Sci. 2004;29:201-205.
Larsen PL, Tos M. Origin of nasal polyps: an endoscopic autopsy study. Laryngoscope. 2004;114:710719.
Harvey RJ, Snidvongs K, Kalish LH, Oakley GM,
Sacks R. Corticosteroid nasal irrigations are more effective than simple sprays in a randomized doubleblinded placebo-controlled trial for chronic rhinosinusitis after sinus surgery. Int Forum Allergy Rhinol.
2018;8:461-470.
Harvey RJ, Debnath N, Srubiski A, Bleier B, Schlosser
RJ. Fluid residuals and drug exposure in nasal irrigation. Otolaryngol Head Neck Surg. 2009;141:757761.
Yoo F, Ference EH, Kuan EC, Lee JT, Wang MB, Suh
JD. Evaluation of patient nasal saline irrigation practices following endoscopic sinus surgery. Int Forum
Allergy Rhinol. 2018;8:32-40.

International Forum of Allergy & Rhinology Vol  No  xxxx 

9

