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Abstract

Background: A mometasone furoate (MF) sinus implant (1350 mcg) was evaluated in 2 randomized controlled trials

(RCTs) in 400 adults with nasal polyps (NP) who were candidates for revision endoscopic sinus surgery (RESS). We

conducted a pooled analysis to evaluate the efficacy of MF implant in specific subgroups of NP patients.

Methods: Pooled data from 2 RCTs for 375 patients were analyzed across prespecified subjective and objective end points

through day 90.

Results: At day 90, patients receiving implants and MF nasal spray (MFNS) experienced significant improvements in nasal

obstruction/congestion (NO/C) score (P¼.0095), bilateral polyp grade (BPG, P¼.0008), and ethmoid sinus obstruction

(P<.0001) compared to control using MFNS alone. Fewer treatment than control patients remained candidates for RESS

(41.0% vs 69.3%, P<.0001). All subgroups experienced significant treatment effects, except NO/C in smokers (P¼.0509)

and patients without altered smell (P¼.1873). Subgroups without asthma and with only 1 prior ESS experienced largest

treatment effect on NO/C, and those with recent surgery <24 months and BPG >5 showed largest effect on endoscopic

end points and RESS. Control patients with ESS <24 months were at 7 times highest risk for RESS (P<.0001). One (0.4%)

patient experienced implant-related serious adverse event (epistaxis).

Conclusion: On pooled analysis, MF implants with MFNS showed more favorable results than MFNS alone across several

subjective and objective end points at day 90 and may play an important role in management of NP patients, especially those

who have allergic rhinitis, expanded polyposis, altered smell, or had most recent ESS< 24 months.
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Introduction

Chronic rhinosinusitis (CRS) affects up to 12% of the U.

S. adult population and results in 18 to 22 million U.S.

physician office visits annually, representing consider-

able health-care expenditures.1–3 Patients who have

CRS with nasal polyps (CRSwNP) exhibit a higher

symptom burden, increased medication use, and a

higher rate of revision endoscopic sinus surgery

(RESS).3–5 Medical management with intranasal corti-

costeroid sprays (INCSs) is recommended as the initial

1ENT of Georgia, Atlanta, Georgia
2Department of Otolaryngology – Head and Neck Surgery at

Northwestern University, Feinberg School of Medicine, Chicago, Illinois
3Divisions of Rhinology and Endoscopic Sinus – Skull Base Surgery and

Allergy, Eastern Virginia Medical School, Norfolk, Virginia
4Advanced ENT and Allergy, Louisville, Kentucky
5Sacramento ENT, Roseville, California
6Iowa ENT Center, Des Moines, Iowa
7Collin County Ear Nose and Throat, Frisco, Texas
8Ohio Sinus Institute, Dublin, Ohio
9Palo Alto, California
10Intersect ENT, Inc., Menlo Park, California

Corresponding Author:

J. Pablo Stolovitzky, ENT of Georgia, 5673 Peachtree Dunwoody Road,

Atlanta, GA 30342, USA.

Email: stol@entofga.com

American Journal of Rhinology & Allergy

2019, Vol. 33(5) 545–558

! The Author(s) 2019

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/1945892419850924

journals.sagepub.com/home/ajr

https://orcid.org/0000-0002-8370-4884
mailto:stol@entofga.com
http://us.sagepub.com/en-us/journals-permissions
http://dx.doi.org/10.1177/1945892419850924
journals.sagepub.com/home/ajr


treatment, supplemented with short courses of systemic
corticosteroids as necessary to control symptom burden.
The latter, while effective, result in numerous adverse
effects limiting frequent use.6,7 The development of cor-
ticosteroids that are delivered directly to the nasal
mucosa has addressed many of the systemic safety con-
cerns.5,8,9 However, standard INCSs have limited access
to ethmoid mucosa, the common site of origin for NP.10

Moreover, poor compliance with daily dosing and
improper head positioning further compromises drug
delivery and efficacy.10 ESS is reserved for CRSwNP
patients who fail to improve or require excessive system-
ic corticosteroids.6 Given the substantial morbidity of
CRSwNP despite medical and surgical therapy, there is
a need for novel treatment options to improve disease
control. Early phase trials of systemic biologic agents
(monoclonal antibodies) designed to shrink NP show
promising results,11 but the cost of these drugs will be
high, and the durability of response remains unclear in
the absence of continuous dosing.12

Second-generation bioabsorbable corticosteroid-
eluting sinus implants delivering 1350 mcg of mometa-
sone furoate (MF) directly to the sinus mucosa have
been developed for in-office treatment of recurrent NP
in patients 18 years of age or older, who have had prior
ethmoid sinus surgery.13 MF implants are inserted under
local anesthesia and have been evaluated in 4 clinical
trials, including 2 double-blind randomized controlled
trials (RCT) in 400 adult CRSwNP patients who were
candidates for RESS.14–18 The first RCT showed positive
trends and an acceptable safety profile but did not meet
its efficacy end points.14,15 The reduction in nasal
obstruction/congestion (NO/C) score and bilateral
polyp grade (BPG) from baseline to day 90 reached sta-
tistical significance in a subset of patients with higher
polyp burden (grade 2 or higher on each side).14,15 In
the second larger RCT, patients receiving MF sinus
implants and once-daily MF nasal spray (MFNS) dem-
onstrated statistically significant improvements com-
pared to controls receiving a sham procedure and
once-daily MFNS across multiple prespecified primary
and secondary efficacy end points.16 Five secondary sub-
jective and objective end points were adjusted for multi-
plicity, 4 of which demonstrated statistically significantly
better values in the treatment group compared to con-
trol. The objective of this pooled analysis was to further
evaluate the relation of demographic factors and base-
line clinical characteristics to the efficacy outcomes of in-
office placement of MF sinus implants. These results
may help further define the role of MF sinus implants
in the management of recurrent NP in subsets of
patients. Understanding the differences among sub-
groups of the CRSwNP population may inform clinical
decisions regarding which subset of the NP patient pop-
ulation may derive the greatest benefit.

Methods

Trial Design

The 2 RCTs had similar study designs (Table 1) and
were conducted consecutively between January 2013
and August 2016.14–16 The study protocols were
approved by the institutional review board of each par-
ticipating site, and all patients provided written
informed consent prior to study entry. All study patients
were blinded by wearing eye masks and noise canceling
headsets during the baseline procedure and each follow-
up endoscopic examination at days 14, 30, 60, and 90.
Paper symptom questionnaires were administered before
endoscopic examination by research staff unaware of
treatment assignment. All implants present at day 60
were removed to ensure blinded assessment of BPG
(coprimary end point) at day 90 based on a centralized
video-endoscopy review by the same independent panel
of 3 sinus surgeons in both studies.

Patients

The study populations were consistent across both stud-
ies and comprised adults (18 years or older) with con-
firmed diagnosis of CRSwNP19 who had prior ESS
including bilateral total ethmoidectomy and were indi-
cated for RESS because of refractory symptoms of NO/
C and recurrent bilateral NP despite ongoing daily use of
INCS and recent treatment with oral steroids. The inclu-
sion and exclusion criteria as well as the criteria for
RESS candidacy were similar in both studies (Table 1).
However, the RESOLVE study entry criteria allowed for
1 sinus side to have NP grade 1, resulting in enrollment
of 25 patients (8 treatment and 17 control) whose can-
didacy for RESS was, therefore, debatable. To reduce
heterogeneity and ensure that all patients included in
the pooled analysis had confirmed candidacy for
RESS, the data for 375 patients with expanded NP bilat-
erally (grade � 2 on each side) were used.

Interventions

Patients randomized to the treatment group underwent
in-office bilateral placement in the ethmoid sinuses under
local anesthesia of 2 MF implants (SINUVAVR Sinus
Implant, Intersect ENT, Inc., Menlo Park, CA, USA),
designed to release 1350 mcg of MF over 90 days. The
MF sinus implant, which is a combination drug/device
product regulated as a drug, was investigational at the
time the studies were conducted and subsequently
approved in December 2017 under New Drug
Application by the U.S. Food and Drug
Administration (FDA) for the treatment of NP.
Patients randomized to the control group underwent
an in-office bilateral sham procedure, consisting of
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insertion of the delivery system containing the MF sinus
implant into each ethmoid sinus followed by withdrawal
without placement. All patients (treatment and control)
were required to use MFNS (Nasonex Nasal Spray;
Merck & Co., Inc., Whitehouse Station, NJ, USA) 200
mcg once daily (50 mcg twice in each nostril) through
day 90 to ensure patient blinding and to offer control
patients an FDA-approved treatment for NP. Patients
were also encouraged to use saline rinses regularly.

Preexisting stable regimens for allergic rhinitis and
asthma, including immunotherapy and inhaled cortico-
steroids, were maintained. Prohibited concomitant med-
ications included systemic steroids, budesonide drops/
irrigations, and nebulized steroids. Rescue treatments
with antibiotics, oral steroids, or RESS were provided,
if medically necessary. Patients who received prohibited
steroids or surgery could continue the assigned treat-
ment, and their most recent scores and videos prior to
intervention were carried forward for postintervention
time points in the analysis.

End Points

The prespecified efficacy end points for the pooled anal-
ysis were as follows: (1) NO/C score change from base-
line to day 90 based on a reflective questionnaire, (2)
BPG change from baseline to day 90 by the independent
panel based on a blinded centralized video-endoscopy
review and to each time point by clinical investigators,
(3) ethmoid sinus obstruction (ESO) change from base-
line to day 90 by the independent panel, and (4) propor-
tion of patients still indicated for RESS at day 90 by
clinical investigators.

Patients scored their NO/C symptoms at the time of
follow-up visit using paper questionnaires on a 6-point
scale in RESOLVE (0¼no symptoms, 1¼ very mild,
2¼mild or slight problem, 3¼moderate, 4¼ severe
problem, and 5¼ problem as bad as it can be) and on
a 4-point scale in RESOLVE II (0¼ no symptoms,
1¼mild symptoms, 2¼moderate symptoms, and
3¼ severe symptoms). Because the scales differed
between studies, the RESOLVE data for “mild”
(scores 1 and 2) and “severe” (scores 4 and 5) symptoms
were integrated with the RESOLVE II data for scores 1
and 3, respectively. BPG represents a sum of left and
right polyp grades, each scored from 0 (no polyps) to 4
(NPs completely obstructing the nasal cavity).20 The
scale used in RESOLVE II included 3 intermediate
grades (1.5, 2.5, and 3.5), which were added to the val-
idated 5-point scale20 used in RESOLVE to allow more
sensitivity in quantifying the burden of polyposis in post-
ESS patients with altered anatomy and varied amount of
obstruction by polypoid edema (�25%, �50%, and
�75% of the ethmoid sinus/middle meatus, respective-
ly). Because the BPG ranged from 0 to 8 in both studies,

no remapping was required. ESO by polyps, edema, and/

or scarring was determined on a 100-mm visual analog

scale anchored at 0 (no obstruction) and 100 (complete

obstruction). The proportion of patients still indicated

for RESS was determined based on clinical investigator

assessment. To be still indicated for RESS, a patient had

to (1) continue to use MFNS once daily, (2) complain of

NO/C and at least 1 more CRS symptom (postnasal

discharge, facial pain/pressure, or altered sense of

smell), and (3) have endoscopic evidence of NP (grade

� 2 at least unilaterally in RESOLVE and bilaterally in

RESOLVE II).

Safety Evaluation

All adverse events (AEs) that occurred in both studies

were collected and tabulated regardless of treatment

group assignment and relationship to MF

sinus implants.

Statistical Analysis

The data from 2 RCTs were analyzed according to the

prespecified, FDA-approved statistical plans for inte-

grated efficacy and safety evaluations prior to locking

the database for RESOLVE II. Statistical analyses

were performed by independent biostatisticians using

an intent-to-treat (ITT) population, which included all

patients who underwent randomization and in whom

MF implant placement or sham procedure

was attempted.
The efficacy outcomes were analyzed using the anal-

ysis of covariance (ANCOVA) model with the baseline

values as a covariate and the study, site, and treatment

group as fixed effects for continuous variables.

Dichotomous variables were compared between treat-

ment groups using the Cochran–Mantel–Haenszel test

with study and site as stratification variables. The

grades from the 3 independent reviewers for the same

patient were averaged. The results for a given sinus

were set as missing if 2 of the 3 independent reviewers

could not provide grading. The results for a given

patient were set as missing if the grade for 1 sinus was

missing. Statistical summaries, confidence intervals

(CIs), and P values were generated using SAS software,

version 9.4 (SAS Institute, Inc., Cary, NC, USA). All

statistical tests were 2-sided and interpreted at a 5% sig-

nificance level. Descriptive statistics were provided for

all outcome measures, displaying the mean and standard

deviation for continuous data, and the count, percent-

age, and odds ratio for categorical data. All reported

95% CI are 2-sided. Because surgical and systemic ste-

roid interventions prior to day 90 could confound the

study results, a last-observation-carried-forward

approach was used, where values obtained at the visit
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prior to such intervention were used for postintervention
time points in the analysis. The results represent
intervention-adjusted values. All available data at each
time point were presented. No imputations for missing
data were performed. All reported P values are 2-sided.
We conducted subgroup analyses for major demograph-
ic factors (eg, age, gender, and race) and baseline clinical
characteristics (eg, comorbidities, altered sense of smell,
surgical history, smoking, and extent of NP). The
subgroup-by-treatment interaction was included as a
fixed effect in the ANCOVA model and as a stratifica-
tion variable in the Cochran–Mantel–Haenszel test.
Summary statistics included estimates of the treatment
effect within each subgroups (mean difference or odds
ratio between treatment groups, 95% CI), the overall
treatment effect when accounting for subgroup effect,
and the interaction of treatment by subgroup. To have
reasonable ability to detect subgroup differences, analy-
ses were omitted if a subgroup represented< 10% of the
ITT population. All results of the pooled analysis were
considered exploratory.

AEs were coded using Medical Dictionary for
Regulatory Activities (MedDRA) version 17.0. All treat-
ment emergent AEs (TEAEs) through day 90 are pre-
sented by MedDRA system organ class, preferred term,
and maximum severity. A patient reporting more than 1
AE for a particular MedDRA preferred term was
counted only once. A patient reporting several AEs
with different preferred terms was counted under each
term. Implant-related AEs comprised all TEAEs that
were judged to be related to the study drug (MF),
study device (implant), or implant procedure.

Results

Demographics and baseline characteristics were similar
between studies and well balanced between treatment
groups on the pooled analysis (Table 2). The most
common comorbidities were allergic rhinitis and
asthma, which were reported in up to 73% and 79%
of patients, respectively. Aspirin-exacerbated respiratory
disease (AERD) was reported in up to 19% of patients
and for the pooled analysis, this group was combined
with 25% of patients with aspirin intolerance/allergy.

On pooled analysis, patients receiving MF implants
and once-daily MFNS experienced significant improve-
ments at day 90 across all subjective and objective out-
comes compared to control patients on MFNS alone
(Table 3). Significant improvements favoring the treat-
ment group were sustained over time (Figure 1). Typical
outcomes observed on endoscopy among treatment and
control patients are presented in Figure 2.

The subgroup analyses revealed significant between-
group differences in subjective and objective outcomes at
day 90 favoring the treatment group across most

subgroups. Among the demographic subgroup factors
(ie, age, gender, race), only gender subgroups were rep-
resented by more than 10% of the ITT population and
were therefore analyzed. Both male and female sub-
groups demonstrated significant treatment effects in
NO/C score (�0.23 [CI, �0.41 to �0.04], P¼ .0166),
BPG (�0.37 [CI, �0.59 to �0.15], P¼ .0010), ESO
(�9.17% [CI, �13.0 to �5.34], P< .0001) and propor-
tion of RESS patients (male: 38.0% treatment vs 70.7%
control, P< .0001; female: 45.7% treatment vs 67.3%
control, P¼ .0101). However, the treatment by gender
interaction effect was not statistically significant across
all outcome measures (P> .5).

When adjusting for the key baseline characteristics,
the overall MF implant effect on NO/C symptom
improvement remained statistically significant across
all subgroups, except for smoking status (P value adjust-
ed for subgroup¼ .0509) and altered sense of smell
(P¼ .1873) (Figure 3(A)). The largest improvements in
NO/C score were experienced by patients without
asthma (�0.40 [CI, �0.75 to �0.06], P¼ .0218) and
those with only 1 prior ESS (�0.40 [CI, �0.72 to
�0.08], P¼ .0142). The treatment effect on NO/C in
the subgroup of patients with moderate-to-severe aller-
gic rhinitis was significant and 2-fold larger compared to
those without it (�0.28 [CI, �0.53 to �0.04], P¼ .02249
vs �0.14 [CI, �0.42, 0.14], P¼ .3245).

The largest treatment effects in BPG, ESO and pro-
portion of patients still indicated for RESS were noted in
the subgroups of patients with most recent ESS< 24
months, bilateral NP grade> 5, and moderate-to-
severe allergic rhinitis (Figure 3(B) to (D)). The treat-
ment by subgroup interaction effect was statistically sig-
nificant only for indication for RESS in the subgroup
of months since most recent ESS (< 24 months vs
� 24 months, P value subgroup interaction¼ .0289;
Figure 3(D)). Among patients who had most recent sur-
gery< 24 months, control patients were at 7 times higher
risk of remaining indicated for RESS compared to treat-
ment (odds ratio¼ 6.9, P< .0001; Figure 3(D)). Control
patients were at least twice more likely than treatment
patients to be indicated for RESS across all subgroups,
and 3 times more likely in 13 of the 16 subgroups
(Figure 3(D)).

Safety Outcomes

The overall incidence of AEs through day 90 in the
pooled data was similar between the treatment groups
(48.8% vs 47.9%, Table 4). AEs that occurred in> 1%
of patients and more frequently in patients treated with
MF implants and once-daily MFNS compared to con-
trol patients on MFNS alone were asthma worsening
(4.7% vs 4.1%), headache (3.5% vs 3.4%), presyncope
(2.4% vs 2.1%), and epistaxis (2.4% vs 1.4%).
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Implant-related AEs occurred in 15 (5.9%) patients, and

the common AEs (> 1% of patients) were epistaxis

(1.6%) and nasal discomfort (1.2%). Two (0.8%)

patients reported 3 serious AEs (SAE)—asthma exacer-

bation, asthmatic bronchitis, and epistaxis—of which

only 1 (0.4%) epistaxis was judged to be implant related.

Discussion

The pooled analysis results support the safety and effi-

cacy of sinus implants with 1350 mcg of MF for in-office

treatment of CRS patients with NP who are candidates

for RESS because of medically refractory symptoms and

recurrent polyposis. Patients treated with MF sinus

implants plus once-daily MFNS experienced improve-

ments across several subjective and objective outcomes

that were statistically superior to MFNS alone. The

implants reduced NO/C score at day 90, a full month

after their removal. Patients receiving MF sinus implants

demonstrated greater reduction in BPG compared to

controls at day 90, consistent with the observed greater

decrease in ESO. The reduction in these objective endo-

scopic end points was identified in both studies based on

a centralized blinded review of video endoscopies by the

same independent panel of 3 sinus surgeons who were

masked to both treatment assignment and patient clini-

cal information. The clinical relevance of this magnitude

of improvement with MF sinus implants was supported

by a 59% reduction in the proportion of patients indi-

cated for RESS at day 90 (from 100% at the onset to

41%), compared to 31% reduction (from 100% to 69%)

among control patients. The control patients on

Table 2. Demographic and Baseline Characteristics.
a

Variable

RESOLVE14,15 RESOLVE II16 Pooled analysis
b

Treatment

(n¼ 53)

Control

(n¼ 47)

Treatment

(n¼ 201)

Control

(n¼ 99)

Treatment

(n¼ 246)

Control

(n¼ 129)

Age (years) 47.8� 12.6 51.6� 13.1 50.5� 12.9 47.9� 12.4 50.0� 12.9 48.7� 12.4

Male subjects, n (%) 29 (54.7) 31 (66.0) 127 (63.2) 56 (56.6) 152 (61.8) 77 (59.7)

Ethnicity, n (%)

Not Hispanic or Latino 49 (92.5) 46 (97.9) 190 (94.5) 92 (92.9) 232 (94.3) 121 (93.8)

Hispanic or Latino 4 (7.5) 1 (2.1) 11 (5.5) 7 (7.1) 14 (5.7) 8 (6.2)

Race, n (%)

White 47 (88.7) 44 (93.6) 164 (81.6) 80 (80.8) 204 (82.9) 107 (82.9)

Black or African American 6 (11.3) 2 (4.3) 27 (13.4) 13 (13.1) 32 (13.0) 15 (11.6)

Asian 0 1 (2.1) 4 (2.0) 4 (4.0) 4 (1.6) 5 (3.9)

Other 0 0 6 (3.0) 2 (2.0) 6 (2.4) 2 (1.6)

CRS history, n (%)

Confirmed CRSwNP diagnosis 53 (100) 47 (100) 201 (100) 99 (100) 246 (100) 129 (100)

CRS symptoms despite ongoing use of INCS

Nasal obstruction, blockage or congestion 48 (90.6) 40 (85.1) 185 (92.0) 90 (90.9) 226 (91.9) 118 (91.5)

Postnasal discharge 48 (90.6) 44 (93.6) 182 (90.5) 83 (83.8) 222 (90.2) 112 (86.8)

Altered sense of smell 42 (79.2) 39 (83.0) 174 (86.6) 89 (89.9) 210 (85.4) 115 (89.1)

Facial pain, pressure, or fullness 42 (79.2) 32 (68.1) 77 (38.3) 44 (44.4) 112 (45.5) 64 (49.6)

ESS history, n (%)

Prior bilateral total ethmoidectomy 53 (100) 47 (100) 201 (100) 99 (100) 246 (100) 129 (100)

Number of prior ESS

1 22 (41.5) 16 (34.0) 83 (41.3) 41 (41.4) 102 (41.5) 51 (39.5)

2 12 (22.6) 15 (31.9) 57 (28.4) 36 (36.4) 66 (26.8) 43 (33.3)

3 9 (17.0) 8 (17.0) 32 (15.9) 7 (7.1) 41 (16.7) 13 (10.1)

4 and more 10 (18.9) 8 (17.0) 29 (14.4) 15 (15.2) 37 (15.0) 22 (17.1)

Medical history, n (%)
c

Asthma 33 (62.3) 31 (66.0) 148 (73.6)
a

61 (61.6) 179 (72.8) 83 (64.3)

Allergic rhinitis 41 (77.4) 37 (78.7) 155 (77.1) 79 (79.8) 189 (76.8) 102 (79.1)

Aspirin intolerance/allergy 15 (28.3) 11 (23.4) 46 (22.9) 23 (23.2) 60 (24.4) 33 (25.6)

AERD 11 (20.8) 9 (19.1) 30 (14.9) 17 (17.2) 40 (16.3) 25 (19.4)

Abbreviations: AERD, aspirin-exacerbated respiratory disease; CRS, chronic rhinosinusitis; CRSwNP, chronic rhinosinusitis with nasal polyps; ESS, endo-

scopic sinus surgery; INCS, intranasal corticosteroid spray; NP, nasal polyps; RESS, revision ESS; SD, standard deviation.
aValues are means� SD or as indicated. Treatment groups did not differ significantly, except in incidence of asthma in RESOLVE II (P¼.0336).
bAnalysis of the pooled data from RESOLVE and RESOLVE II for patients with NP grade � 2 on each side at screening and confirmed candidacy for RESS.
cMedical history based on physician diagnosis as recorded in patient medical records.
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once-daily MFNS were 3 times more likely to have sur-
gery recommended at the end of the study compared to
the treatment group who were treated with MF sinus
implants plus once-daily MFNS. The observed reduc-
tion was considered clinically meaningful given that
only patients who experienced significant improvements
in both NO/C symptoms and BPG were deemed no
longer indicated for RESS. The combination drug/
device mode of action of MF sinus implants resulted in
faster and greater treatment response compared to
MFNS alone by mechanically opening the obstructed
ethmoid sinus cavity, shrinking NP by targeted and sus-
tained local delivery of corticosteroid to inflamed sinus
mucosa, and providing superior access for topical ther-
apy, which is one of the aims of ESS in patients with
CRSwNP. Given the chronic nature of disease and high
recurrence rate of NP, the ability of MF sinus implants
to potentially avoid or delay another RESS could have
positive implications for CRS patients and the health-
care system. Ernst et al. have shown that the use of MF
implants instead of RESS could result in substantial cost
savings for payers in a single year even if the majority
(>60%) of patients receive implants twice during that
timeframe.21 These cost savings are largely driven by
substantially lower procedure-related costs associated
with in-office MF implant placement. Therefore, repeat
implantation with longer term follow-up as an alterna-
tive to RESS is of interest and is being studied
(NCT03358329).

The results of this pooled analysis are compelling,
given that the patient population consisted of
CRSwNP patients exhibiting a high prevalence of
comorbidities, such as allergic rhinitis, asthma, and
AERD, and having failed prior RESS. The clinical sig-
nificance supports the use of MF sinus implants plus
once-daily MFNS as an effective treatment option for
most of the evaluated subgroups compared to MFNS
alone. The treatment effect of MF sinus implants plus
MFNS appeared to be even greater compared to MFNS
alone in patients with a larger extent of polyposis and
exhibiting early NP recurrence post-ESS.

The predictive value of comorbidities with regard to
the effectiveness of MF sinus implants in improving
symptoms of NO/C was higher in patients without
asthma. Recidivism of NP requiring RESS or medical
treatment with oral or topical steroids is known to be
higher in asthmatic patients.4,22,23 However, objective
endoscopic improvements in BPG and ESO were similar
in all treated patients regardless of asthma status.
Patients without asthma were slightly less likely to be
recommended for RESS at study end, compared to
patients with asthma. CRSwNP patients who also have
asthma typically experience considerably greater total
disease burden than those without. It is possible that
the reported reduction in NO/C is commensurately

Figure 1. Pooled analysis efficacy outcomes through day 90. The
changes from baseline to each time point in subjective and
objective outcomes among treatment patients who received MF
sinus implants bilaterally and control patients who underwent a
sham procedure are shown. All patients (treatment and control)
were required to use MFNS once daily. A, Change in NO/C (scale
0–3, with higher score indicating greater severity), as assessed by
patients using a reflective questionnaire. B, Change in BPG (scale
0–8, with higher grade indicating greater severity), as assessed by
clinical investigators. C, Change in ESO (VAS 0–100, with higher
score indicating greater severity), as assessed by clinical investi-
gators. All values are means with 2-sided standard error bars
calculated based on ITT population. Data from patients who
received surgical or medical intervention were imputed using most
recent values prior to initiating or receiving intervention and
represent intervention-adjusted values. P values based on the
ANCOVA model with baseline value as a covariate and study, site,
and treatment group as fixed effects. ANCOVA, analysis of
covariance; BPG, bilateral polyp grade; ESO, ethmoid sinus
obstruction; ITT, intent-to-treat; MF, mometasone furoate; MFNS,
MF nasal spray; NO/C, nasal obstruction/congestion; VAS, visual
analog scale.
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influenced by their overall disease burden, though objec-

tive measures fail to show a marked difference in effect.
Patients with moderate-to-severe allergic rhinitis

reported a statistically significant and greater reduction

in symptoms of NO/C that was mirrored by objective

outcomes, compared to patients with no or mild allergic

rhinitis. More diseased patients with allergic rhinitis who

received MF implants were less likely to be recom-

mended for RESS than those with no-to-mild allergic

rhinitis, compared to controls. Because INCSs are pri-

mary treatments for allergic rhinitis, patients with

comorbid moderate-to-severe allergic rhinitis may expe-

rience a secondary benefit from MF delivered by

implants. These results suggest that patients with

CRSwNP and comorbid allergic rhinitis are particularly

well suited for MF implants.

Patients with AERD reported subjectively less

improvement in NO/C symptoms than patients without

AERD. Objectively, patients with AERD were observed

to have a slightly larger reduction in BPG and an essen-

tially identical reduction in ESO versus patients without

AERD, though the reduction in BPG did not reach sta-

tistical significance. These findings are consistent with

other studies that show AERD patients to be a partic-

ularly recalcitrant subgroup of CRSwNP patients.
The magnitude of symptomatic improvement was

moderate in current and former smokers and patients

without altered olfaction. Smoking increases the risk of

NP recurrence and shortens the time to RESS compared

to nonsmokers even after 10 years following initial

ESS.24 Our findings of worse subjective and objective

outcomes in current or former smokers are consistent

Figure 2. Endoscopic images of the ethmoid sinuses at baseline and 90 days after in-office bilateral placement of MF sinus implants
(treatment) or sham procedure (control). All patients (treatment and control) were required to use MFNS once daily. MF, mometasone
furoate; MFNS, MF nasal spray.
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Figure 3. Pooled analysis of subgroup factor effect on subjective and objective outcomes at day 90. The changes from baseline to day 90
in symptomatic and endoscopic outcomes across subgroups based on analysis of the pooled data from 2 RCTs, totaling 375 patients with
NP grade � 2 on each side at screening who were indicated for RESS, are shown. The treatment group underwent in-office bilateral
placement of MF sinus implants, and the control group underwent a sham procedure. All patients (treatment and control) were required
to use MFNS once daily. Summary statistics include estimates of the treatment effect (mean difference or odds ratio between treatment
groups, 95% CI) within subgroups, the overall treatment effect when accounting for subgroups effect, and the interaction of treatment by
subgroup. Subgroups representing <10% of ITT population were omitted. Treatment effects with P<.05 were considered statistically
significant and are highlighted in bold font and with blue shaded diamonds. A, Change in NO/C score (scale 0–3, with higher scores
indicating greater severity). B, Change in mean BPG (scale 0–8, with higher scores indicating greater severity), as determined based on a
centralized blinded video-endoscopy review by an independent panel of 3 sinus surgeons. C, Change in ESO (VAS 0–100, with higher
scores indicating greater severity), as determined by the independent panel. D, Proportion of patients still indicated for RESS. AERD,
aspirin-exacerbated respiratory disease; CI, confidence interval; ESO, ethmoid sinus obstruction; ESS, endoscopic sinus surgery; ITT,
intent-to-treat; MF, mometasone furoate; MFNS, MF nasal spray; n/a, not applicable; NO/C, nasal obstruction/congestion; NP, nasal polyps;
RCT, randomized controlled trial; RESS, revision ESS; VAS¼ visual analog scale.
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with prior studies showing worse outcomes in this
patient subgroup. Therefore, smoking cessation should
be included in comprehensive treatment for all CRSwNP
patients. Impaired sense of smell affects quality of life of
CRS patients with NP and represents one of the main
reasons that patients seek medical or surgical treat-
ment.25–28 NP patients with impaired sense of smell
reported significant improvement in both their smell

and NO/C after undergoing MF sinus implant place-
ment.16 Similarly, patients with olfactory problems

undergoing ESS reported more substantial symptom
improvement than those without anosmia.28

Patients who had undergone only 1 prior ESS noted a

greater symptomatic improvement in NO/C compared
to patients who had several prior ESS. However, objec-

tive measures showed larger improvement in patients

Figure 3. Continued.
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who had 2 or more ESS. Although the interpretation of

these findings remains uncertain, the subjective change

experienced by CRS patients with NP after first ESS

may be truly life changing, while those patients who

have undergone several ESS previously may have tem-

pered expectations and, therefore, rate their improve-

ment as less dramatic. On objective outcomes

measures, the results may reflect that some ethmoid
cells missed at primary ESS are subsequently removed

at RESS and that the ethmoid obstruction in these

patients is more thoroughly soft tissue in nature.
The timing of most recent ESS did not affect subjec-

tive outcomes, but the objective outcomes were marked-

ly better in patients who had undergone ESS less than 24

months prior. Additionally, patients receiving MF

implants and once-daily MFNS in this subgroup were
7 times less likely to be indicated for RESS at the end of

study than control patients on MFNS alone. These

results suggest that MF implants may be more effective

earlier in the treatment of recurrent NP after ESS, ide-

ally within 24 months of the most recent ESS.
Finally, patients with extensive polyposis (BPG> 5)

were seen to have superior objective improvement, with

treatment effect size in BPG and ESO exceeding that in
patients with BPG of 5 or less. Subjective improvements

in NO/C showed the same trend, although results did

not reach statistical significance.
The safety profile of MF sinus implants was sup-

ported by low incidence of implant-related SAEs

(0.4%) and AEs (5.9%). The reported incidence rates

of epistaxis (0.4% as SAE and 1.6% as AE) were well
below 6% reported in the study with 200 mcg MFNS

once daily, the only FDA-approved INCS for treatment

of NP at the time the studies were conducted.29 The
favorable safety profile of MF sinus implants is further

supported by high patient tolerance and satisfaction with
the in-office placement procedure,15 negligible systemic

exposure,18 and negligible ocular risk,15 making it an

appealing, minimally invasive topical therapy strategy
for CRS patients with NP.

The interpretation of this pooled analysis should take
into consideration several potential limitations. First, the

scales used to assess outcomes differed slightly between

studies. The NO/C symptom scales included in the
pooled analysis were scored by patients using the same

reflective questionnaire but differed in range. The map-
ping of the scores from the 0–5 scale in the first RCT to

the 0–3 scale used in the second RCT was reasonable,
given that both mild and both severe scores were

grouped. The lack of remapping of the BPGs was rea-

sonable, given that both studies reported the results on
the same 0–8 scale. A second limitation was that the

clinical investigators performing endoscopic grading
and assessment of indication for RESS were not blinded

to the treatment assignment, but this was mitigated by

requiring real-time grading at each study visit (the inves-
tigators were not permitted to review prior grading) and

providing the video endoscopies to the independent

Table 4. AEs.
a

Category
RESOLVE15 RESOLVE II16 Pooled Analysis

Treatment

(n¼ 53)

Control

(n¼ 47)

Treatment

(n¼ 201)

Control

(n¼ 99)

Treatment

(n¼ 254)

Control

(n¼ 146)

Patients with any AE 33 (62.3) 33 (70.2) 91 (45.3) 37 (37.4) 124 (48.8) 70 (47.9)

Patients with AE resulting in discontinuation 0 0 0 0 0 0

Patients with most common AEs (> 1% incidence

rate in any group that occurred more commonly

in the treatment group)

Nervous system disorders 6 (11.3) 5 (10.6) 11 (5.5) 3 (3.0) 17 (6.7) 8 (5.5)

Headache 3 (5.7) 2 (4.3) 6 (3.0) 3 (3.0) 9 (3.5) 5 (3.4)

Presyncope 2 (3.8) 3 (6.4) 4 (2.0) 0 6 (2.4) 3 (2.1)

Respiratory, thoracic, and mediastinal disorders 7 (13.2) 5 (10.6) 24 (11.9) 9 (9.1) 31 (12.2) 14 (9.6)

Asthma (worsening) 2 (3.8) 2 (4.3) 10 (5.0) 4 (4.0) 12 (4.7) 6 (4.1)

Epistaxis 3 (5.7) 2 (4.3) 3 (1.5) 0 6 (2.4) 2 (1.4)

Patients with any implant-related AE (>1% incidence rate) 5 (9.4) 0 10 (5.0) 0 15 (5.9) 0

Epistaxis 3 (5.7) 0 1 (0.5) 0 4 (1.6) 0

Nasal discomfort 1 (8.3) 0 2 (1.0) 0 3 (1.2) 0

Patients with any SAE 0 0 2 (1.0) 1 (1.0) 2 (0.8) 1 (0.7)

Implant-related epistaxis 0 0 1 (0.5) 0 1 (0.4) 0

Abbreviations: AE, adverse event; MedDRA, Medical Dictionary for Regulatory Activities; SAE, serious AE; PT, preferred term.
aValues represent patient counts and percentages. Each AE was coded using MedDRA. A patient reporting more than 1 AE for a particular MedDRA PT is

counted only once. A patient reporting several AEs with different PTs is counted under each term. Implant-related AEs comprise all AEs related to device,

study drug, and/or implant procedure.
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panel for centralized blinded grading of the coprimary
end point. Finally, the use of ancillary therapies might

have confounded the effect of the MF sinus implants

compared with sham for the treatment of CRS patients
with NP in the 2 RCTs. Although relevant data are

inconclusive, there is evidence that analgesics, topical
decongestants, INCS, antihistamines, and even saline

irrigation may aid in the alleviation of sinonasal symp-

toms; however, both treatment groups followed stan-
dardized regimen of ancillary treatments in both trials,

which minimized the possible confounding effect.

Conclusion

The morbidity and cost of treatment of CRS patients
with NP are substantial, and there is a need for innova-

tive treatment options. The present pooled analysis indi-
cates that in-office placement of MF sinus implants plus

once-daily MFNS demonstrated favorable results at day

90 compared to MFNS alone in improvement of NO/C
symptoms and reduction in BPG and ESO in CRS

patients with recurrent and medically refractory NP,
representing an alternative for RESS. The subgroup

analyses revealed that MF sinus implants may play an

important role in management of NP patients, especially
those who have allergic rhinitis, expanded polyposis,

altered sense of smell, and most recent ESS within
24 months.

Authors’ Note

The pooled analysis results were presented at the Annual

Meeting of American Rhinologic Society on September 9,

2017 at Chicago, IL.
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