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Background: Topical intranasal corticosteroid sprays
(INCSs) are standard treatment for nasal polyps (NPs), but
their efficacy is reduced by poor patient compliance and im-
paired access of drug to the sinus mucosa. A corticosteroid-
eluting sinus implant was designed to address these lim-
itations in patients with recurrent polyposis a�er sinus
surgery by delivering 1350 µg of mometasone furoate (MF)
directly to the ethmoid sinus mucosa over approximately
90 days.

Methods: A randomized, sham-controlled, double-blind
trial was undertaken in 300 adults with refractory chronic
rhinosinusitis with NPs (CRSwNP), who were candidates for
repeat surgery. Eligible patients were randomized (2:1) and
underwent in-office bilateral placement of 2 implants or a
sham procedure. All patients used the MF INCS 200 µg
once daily. Co-primary efficacy endpoints were the change
from baseline in nasal obstruction/congestion score and bi-
lateral polyp grade, as determined by an independent panel
based on centralized, blinded videoendoscopy review.

Results: Patients treated with implants experienced sig-
nificant reductions in both nasal obstruction/congestion
score (p = 0.0074) and bilateral polyp grade (p = 0.0073)
compared to controls. At day 90, implants were also associ-
ated with significant reductions in 4 of 5 prespecified sec-
ondary endpoints compared to control: proportion of pa-

tients still indicated for repeat sinus surgery (p = 0.0004),
percent ethmoid sinus obstruction (p = 0.0007), nasal ob-
struction/congestion (p = 0.0248), and decreased sense
of smell (p = 0.0470), but not facial pain/pressure
(p = 0.9130). One patient experienced an implant-related
serious adverse event (epistaxis).

Conclusion: Significant improvements over a range of sub-
jective and objective endpoints, including a reduction in the
need for sinus surgery by 61%, suggest that MF sinus im-
plants may play an important role in management of recur-
rent NP. C© 2018 The Authors International Forum of Allergy
& Rhinology, published by ARSAAOA, LLC.
This is an open access article under the terms of the Cre-
ative Commons Attribution-NonCommercial License, which
permits use, distribution and reproduction in any medium,
provided the original work is properly cited and is not used
for commercial purposes.
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C hronic rhinosinusitis (CRS) is a broad, inflammatory
syndrome affecting over 10% of Western populations,

characterized by persistent nasal obstruction, drainage, fa-
cial pressure, and loss of smell.1–3 CRS is often divided
into 2 phenotypes based on nasal endoscopy, CRS with
nasal polyps (CRSwNP) and CRS without nasal polyps
(CRSsNP), but there is significant clinical overlap. First-line
management consists of saline nasal rinses and standard,
topical intranasal corticosteroid sprays (INCSs) for both
phenotypes.4 Symptoms fluctuate, and patients are sub-
ject to frequent viral, allergic, and bacterial exacerbations.5

In resistant cases, extended courses of systemic corticos-
teroids are used to reduce symptom burden and avoid sinus
surgery.4,6 Nevertheless, more than 250,000 endoscopic si-
nus surgeries (ESSs) are performed in the United States an-
nually, with an average of 20% requiring revision surgery
within 5 years.7 The estimated direct and indirect costs of
CRS in the United States exceed $30 billion, not including
the hidden cost of antibiotic resistance, as CRS accounts for
7% of all antibiotic prescriptions in the United States.8,9

Alternative treatment options are particularly needed for
CRSwNP, which is associated with higher symptom bur-
den, increased medication use, greater revision rate, and
higher costs compared to CRSsNP.4,8

CRSwNP is most commonly characterized by type 2
eosinophilic inflammation in Western countries.10 The eti-
ology and pathogenesis are unclear, but severe mucosal
inflammation in the ethmoid sinuses results in polyps that
project into the nasal cavity, obstructing the airway.11,12

Corticosteroids diminish eosinophil infiltrates, reverse
type 2 inflammation and remain the standard medical treat-
ment for CRSwNP.13,14 Systemic corticosteroids are ef-
fective, acutely shrinking polyps, but the efficacy is tran-
sient and limited by dose-dependent side effects.13,15,16

INCSs have a high margin of safety, but efficacy is blunted
by patient noncompliance and the limited access of these
drugs to the ethmoid sinus mucosa.17 Bioabsorbable si-
nus implants, which elute corticosteroids, were designed to
address these limitations and improve surgical outcomes
for CRSwNP when used in the immediate postoperative
period.18 Larger, second-generation steroid implants with
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nearly 4-fold higher corticosteroid content (1350 µg vs
370 µg) released over a 3-times longer period of time
(90 days vs 30 days) have been developed for in-office
treatment of recurrent NP as an alternative to revision
surgery. These implants are inserted in the ethmoid si-
nuses under local anesthesia. Early trials with this implant
have shown positive trends for treatment of recurrent nasal
polyps (NPs) with an excellent safety profile.19–22 Here, we
present the results of a phase 3 trial in adults with CRSwNP,
who were indicated for repeat surgery to treat moderate-
to-severe, medically-refractory symptoms of nasal ob-
struction/congestion with recurrent NPs in both ethmoid
sinuses.

Patients and methods
Trial design and oversight

We conducted a prospective, randomized, double-blind,
parallel-group, sham-controlled trial to evaluate the safety
and efficacy of a bioabsorbable corticosteroid-eluting si-
nus implant (SINUVATM Sinus Implant, Intersect ENT,
Inc., Menlo Park, CA), containing 1350 µg of mometa-
sone furoate (MF). The implant is a drug/device combi-
nation product that was not approved by the U.S. Food
and Drug Administration (FDA) at the time the study was
conducted. The trial was registered on ClinicalTrials.gov
(NCT02291549) and conducted in accordance with the
principles of the Declaration of Helsinki and applicable reg-
ulatory requirements. Patients were enrolled from Decem-
ber 2014 to May 2016 at 34 clinical sites across the United
States. The institutional review board of each participat-
ing site approved the protocol and provided trial oversight.
Each patient provided written informed consent prior to
undergoing any study-related screening procedure. A 14-
day run-in screening period using INCS was followed by
the baseline procedure (implant placement or sham) and
90-day follow-up. Eligibility was confirmed based on an
electronic diary of nasal obstruction/congestion symptoms
over the first 7 days of the 14-day run-in screening pe-
riod using INCS and grading of videoendoscopies by an
independent reviewer. Eligible patients were randomized
(2:1) to the treatment or control group using an electronic
data capture system and underwent either bilateral implant
placement or sham procedure. During 90-day follow-up
both treatment and control groups were required to self-
administer MF nasal spray (MFNS) 200 µg once daily
(Nasonex Nasal Spray; Merck & Co., Inc., Whitehouse
Station, NJ). Assessments at baseline and each follow-
up visit at days 14, 30, 60, and 90 consisted of subjec-
tive patient-reported and objective endoscopic grading. Pa-
tients were masked during the baseline procedure and each
follow-up endoscopy. The implants are made from bioab-
sorbable polymers designed to gradually soften over time
and may be left in the sinuses to gradually release the cor-
ticosteroid over 90 days. The study protocol required that
all implants were removed by day 60 to ensure blinded
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assessment by the independent panel at day 90 (co-primary
endpoint).

Patients
Eligible patients were 18 years old or older, had a con-
firmed diagnosis of CRSwNP23 based on symptoms and
endoscopic examination, had undergone prior ESS, includ-
ing bilateral total ethmoidectomy, and were currently in-
dicated for repeat ESS. To be indicated for repeat ESS, a
patient had to: (1) be using INCS daily for at least 14 days
prior to eligibility; (2) receive at least 1 course of high-dose
steroid therapy (eg, oral steroids, parenteral steroid injec-
tions, budesonide drops/irrigations, nebulized steroids) or
refused such therapy due to side effects within the past
1 year; (3) continue to have moderate-to-severe symptoms
of nasal obstruction/congestion (score � 2 on a scale from
0 to 3 on at least 5 of 7 days, as determined based on an
electronic daily diary); and (4) have endoscopic evidence of
bilateral ethmoid sinus obstruction due to polyposis (grade
� 2 on a scale from 0 to 4 on each side, as determined
by an independent reviewer based on centralized videoen-
doscopy review). Patients were excluded if they had NPs
grade 4 on at least 1 side; extensive adhesions/synechiae
that could preclude access to either ethmoid sinus; allergy or
intolerance to corticosteroids; concurrent condition requir-
ing active chemotherapy, immunotherapy, or oral steroids;
clinical evidence of acute bacterial sinusitis, invasive fungal
sinusitis, diabetes mellitus; or known history or diagnosis
of glaucoma, ocular hypertension, or subcapsular cataract.

Interventions
Patients assigned to the treatment group underwent in-
office bilateral placement of 2 implants into the ethmoid
sinuses under local anesthesia and continuous endoscopic
visualization. Patients assigned to the control group under-
went an in-office bilateral sham procedure, consisting of
insertion of the implants into the ethmoid sinuses followed
by immediate withdrawal without placement. None of the
polyp tissue was removed before or during the baseline pro-
cedure. Patient compliance with daily dosing of 200 µg of
MFNS once daily was carefully monitored by research cen-
ter staff and was reinforced by use of the electronic diary,
which reminded patients to score their symptoms of nasal
obstruction/congestion prior to dosing.

Leading up to the baseline procedure, there was a 30-day
restriction for use of parenteral injection of steroids and
a 14-day restriction for use of oral steroids, budesonide
drops/irrigations, and nebulized steroids. Following the
baseline procedure, prohibited concomitant medications
included systemic steroids, budesonide drops/irrigations,
and nebulized steroids. Preexisting asthma and allergy
regimens, including inhaled corticosteroids, leukotriene
receptor antagonists, and immunotherapies, were main-
tained throughout day 90 if patients were currently on
such regimens. Rescue treatments with antibiotics, oral
steroids, or revision surgery were provided if medically

necessary. Patients who received prohibited steroids or
surgery could continue in the study and were analyzed
according to their assigned treatment group, and their
most recent scores and videos prior to intervention were
used for analysis of subsequent time points.

Endpoints
The 2 co-primary efficacy endpoints were the change from
baseline to day 30 in nasal obstruction/congestion score, as
determined by patients, and change from baseline to day 90
in bilateral polyp grade, as determined by the independent,
blinded panel. Patients scored nasal obstruction/congestion
symptoms on a scale of 0 (no symptoms) to 3 (severe symp-
toms) for 7 days preceding each visit using an electronic
diary in the morning before dosing with MFNS. Bilateral
polyp grade represents a sum of left and right polyp grades,
each scored using an 8-point scale, which included 3 inter-
mediate grades (1.5, 2.5, and 3.5) that were added to the
5-point scale from 0 (no polyps) to 4 (polyps completely
obstructing the nasal cavity) validated by Meltzer et al.24

to allow more sensitivity in quantifying the burden of poly-
posis in post-ESS patients with altered anatomy and varied
amount of obstruction by polypoid edema (� 25%, 50%,
or 75% of the ethmoid sinus/middle meatus). NP grad-
ing was performed by the panel of 3 sinus surgeons based
on a centralized, independent, blinded review of videoen-
doscopies at baseline and day 90 (co-primary endpoint)
and by unblinded clinical investigators during endoscopy
at all time points (secondary endpoints), resulting in a total
grade on a scale from 0 to 8, with higher grade representing
greater severity.

Five secondary efficacy endpoints were evaluated and an-
alyzed according to a prespecified plan to control fami-
lywise type 1 error rate (FWER, see Statistical Analysis).
These endpoints were as follows: (1) nasal obstruction/
congestion score change from baseline to day 90; (2) change
in percent ethmoid sinus obstruction at day 90, as deter-
mined by the independent, blinded panel on a 100-mm
visual analogue scale (VAS); (3) decreased sense of smell
score change from baseline to day 90, as determined by
patients on a 6-point Likert scale of 0 (absent) to 5 (very
severe); (4) facial pain/pressure score change from baseline
to day 90, as determined by patients on a 6-point Likert
scale of 0 (absent) to 5 (very severe); and (5) proportion of
patients still indicated for repeat ESS at day 90 despite on-
going INCS use based on clinical investigator assessment
using study-specific criteria. To be still indicated, the pa-
tient had to: (1) complain of CRS symptoms including
nasal obstruction/congestion and postnasal discharge, fa-
cial pain/pressure, or altered sense of smell/taste; (2) have
endoscopic evidence of persisting NPs (grade � 2 on each
side); and (3) have received or need a systemic steroid as
noted during endoscopy.

To further assess the clinical benefits of the sinus im-
plants, additional exploratory endpoints included the pro-
portion of responders, defined as reduction from baseline
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FIGURE 1. RESOLVE II patient disposition (CONSORT diagram). CONSORT = Consolidated Standards Of Reporting Trials.

to day 30 in nasal obstruction/congestion score by � 0.5
and � 1.0 point and reduction from baseline to day 90
by � 1.0 and � 2.0 point in bilateral polyp grade. In the
absence of established minimally clinically important dif-
ferences (MCIDs) for nasal obstruction/congestion score
and bilateral polyp grade, the above improvement thresh-
olds have been considered clinically meaningful changes for
treatment of NPs based on the criteria used in prior MFNS
studies.25,26

We evaluated safety by monitoring adverse events, in-
cluding severity of the event and relationship to implants,
which was categorized as either related to the study drug,
study device, or implant procedure.

Statistical analysis
For the primary and continuous secondary endpoints, we
used the analysis of covariance (ANCOVA) model with
baseline value as a covariate and site and treatment group
as fixed effects. Between treatment differences were esti-
mated from the same ANCOVA model and reported as
least squares means with 95% confidence intervals (CIs)
and p values. For categorical secondary endpoints, we used
the Cochran-Mantel-Haenszel test with site as the strati-
fication variable. For the study to be successful, both co-
primary efficacy endpoints required statistical significance.
After meeting the co-primary endpoints, the 5 prespecified
secondary endpoints were adjusted for multiplicity using

the Holm’s step-down method to control for FWER. Other
endpoints were considered exploratory. Analyses were ad-
justed for any steroid and surgical interventions by im-
puting that consisted of carrying forward the most recent
values and videos prior to receiving or initiating such inter-
vention. Statistical analyses were performed by independent
biostatisticians using an intent-to-treat (ITT) population,
which included all patients who underwent randomization
and in whom sinus implant placement or sham procedure
was attempted. The bilateral polyp grades from the 3 re-
viewers for the same patient were averaged. The results for
a given sinus were set as missing if 2 of the 3 indepen-
dent reviewers could not provide assessments. The results
for a given patient were set as missing if the value for one
sinus was missing. No imputations for missing data were
performed. All reported p values are 2-sided.

Results
Of the 531 patients enrolled and screened, 300 were ran-
domized and underwent a baseline procedure (Fig. 1). The
ITT population comprised 201 treatment and 99 control
patients. Implant delivery success rate was 99.0%. One
treatment patient (0.5%) was lost to follow-up, and 1 con-
trol patient (1.0%) withdrew from the study. Patient de-
mographics and baseline clinical characteristics were well
balanced between the treatment groups (Table 1). The
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TABLE 1. Patient baseline demographic and clinical
characteristics*

Variable

Treatment

(n = 201)

Control

(n = 99)

Age (years) 50.5 ± 12.9 47.9 ± 12.4

Male subjects, n (%) 127 (63.2) 56 (56.6)

Race, n (%)

White 164 (81.6) 80 (80.8)

Black 27 (13.4) 13 (13.1)

Asian 4 (2.0) 4 (4.0)

Other 6 (3.0) 2 (2.0)

CRS symptoms despite ongoing use of
INCS, n (%)

Nasal obstruction/blockage 185 (92.0) 90 (90.9)

Postnasal discharge 182 (90.5) 83 (83.8)

Altered sense of smell/taste 174 (86.6) 89 (89.9)

Facial pain/pressure/fullness 77 (38.3) 44 (44.4)

ESS history, n (%)

Number of prior ESS

1 83 (41.3) 41 (41.4)

2 57 (28.4) 36 (36.4)

3 32 (15.9) 7 (7.1)

�4 29 (14.4) 15 (15.2)

Indicated for repeat ESS 201 (100) 99 (100)

Medical history, n (%)a

Allergic rhinitis 155 (77.1) 79 (79.8)

Mild 52 (25.9) 23 (23.2)

Moderate 78 (38.8) 43 (43.4)

Severe 25 (12.4) 13 (13.1)

Asthma 148 (73.6) 61 (61.6)

Mild 84 (41.8) 31 (31.3)

Moderate 56 (27.9) 26 (26.3)

Severe 8 (4.0) 4 (4.0)

AERD 30 (14.9) 17 (17.2)

Smoking

Never smoked 130 (64.7) 69 (69.7)

Former smoker 65 (32.3) 24 (24.2)

Current smoker 6 (3.0) 6 (6.1)

Symptomatic findings

Nasal obstruction/congestion score �2
on 5 of 7 days, n (%)

201 (100) 99 (100)

(Continued)

TABLE 1. Continued

Variable

Treatment

(n = 201)

Control

(n = 99)

Nasal obstruction/congestion score
(scale 0 to 3)

2.4 ± 0.5 2.4 ± 0.5

Decreased sense of smell score (scale
0 to 5)

4.1 ± 1.4 4.1 ± 1.4

Facial pain/pressure score (scale 0 to 5) 1.9 ± 1.4 2.2 ± 1.4

Endoscopic findings by an independent
reviewer

Polyp grade �2 on each side (scale 0
to 4), n (%)

201 (100) 99 (100)

Bilateral polyp grade (scale 0 to 8) 5.95 ± 0.94 5.87 ± 1.00

*Values are means ± SD or as indicated. Only incidence of asthma (mainly mild)
differed significantly between the groups (p = 0.0336).
aMedical history based on physician diagnosis as recorded in patient medical
records.
AERD = aspirin exacerbated respiratory disease; CRS = chronic rhinosinusi-
tis; ESS = endoscopic sinus surgery; INCS = intranasal corticosteroid sprays;
SD = standard deviation.

majority of patients complained of nasal obstruction/
blockage, postnasal discharge, and altered sense of smell/
taste, underwent 2 or more prior revision ESS, and had
history of allergic rhinitis and asthma.

Patients receiving implants demonstrated significant
reductions in both nasal obstruction/congestion score
(p = 0.0074) and bilateral polyp grade (p = 0.0073) com-
pared to control (Table 2). Therefore, both co-primary
efficacy objectives were met.

At day 90, implants were associated with significant
reductions in 4 of the 5 prespecified secondary endpoints
compared to control (Table 2). Significantly fewer patients
receiving implants than sham remained indicated for
repeat ESS based on the prespecified study criteria (39.0%
vs 63.3%, p = 0.0004). Patients treated with implants also
had significantly greater decrease in percent ethmoid sinus
obstruction (p = 0.0007) and experienced sustained symp-
tomatic improvements in nasal obstruction/congestion
(p = 0.0248) and sense of smell (p = 0.0470), but not in
facial pain/pressure (p = 0.9130).

Significant improvements favoring implants were also
observed in symptoms of nasal obstruction/congestion at
day 60 and endoscopic outcomes by investigators through
day 90 (Fig. 2). The improvement in endoscopic outcomes
is illustrated in Video 1 that contains endoscopic images
from a treatment patient at the baseline and through
follow-up. Significantly more patients receiving implants
than sham experienced clinically meaningful improvement
in nasal obstruction/congestion score and bilateral polyp
grade (Table 3).

Fewer patients in the treatment group than control
received rescue treatments through day 90 (Table 4). Oral
steroids for ethmoid sinus obstruction were used by 13.9%
of treatment patients, compared to 18.2% of controls
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TABLE 2. Co-primary and key secondary efficacy outcomes

Endpoint

Treatment

(n = 201)

Control

(n = 99)

Between group difference (95% CI)

or odds ratio (95% CI) p

Co-primary efficacy endpoints

Nasal obstruction/congestion score change from baseline to
day 30 (scale 0–3)

n (%) 199 (99.0) 97 (98.0)

Mean ± SD −0.80 ± 0.73 −0.56 ± 0.62 −0.23 (−0.39, −0.06) 0.0074

Bilateral polyp grade change from baseline to day 90 by an
independent, blinded panel (scale 0–8)

n (%) 195 (97.0) 97 (98.0)

Mean ± SD −0.56 ± 1.06 −0.15 ± 0.91 −0.35 (−0.60, −0.09) 0.0073

Secondary efficacy endpoints adjusted for multiplicity

Patients still indicated for repeat sinus surgery at day 90, n/n
total (%)

78/200 (39.0) 62/98 (63.3)

Odds ratio (95% CI) 2.69 (1.63, 4.44) 0.0004

Percent ethmoid sinus obstruction change from baseline to
day 90 by an independent panel (scale 0–100)

n (%) 195 (97.0) 97 (98.0)

Mean ± SD −11.3 ± 18.1 −1.9 ± 14.4 −7.96 (−12.10, −3.83) 0.0007

Nasal obstruction/congestion score change from baseline to
day 90 (scale 0–3)

n (%) 177 (88.1) 89 (89.9)

Mean ± SD −0.93 ± 0.80 −0.69 ± 0.79 −0.27 (−0.48, −0.07) 0.0248

Decreased sense of smell score change from baseline to day
90 (scale 0–5)

n (%) 198 (98.5) 97 (98.0)

Mean ± SD −1.20 ± 1.66 −0.76 ± 1.60 −0.46 (−0.85 −0.06) 0.0470

Facial pain/pressure score change from baseline to day
90 (scale 0–5)

n (%) 197 (98.0) 96 (97.0)

Mean ± SD −0.77 ± 1.21 −0.90 ± 1.27 0.01 (−0.24, 0.27) 0.9130

CI = confidence interval; SD = standard deviation.

(p = 0.4080), with the majority of treatment patients not
requiring oral steroids until day 90. There was similar
proportion of patients in the treatment and control groups
that remained on montelukast for the treatment of asthma
throughout the study (35.3.% vs 32.2%). Three (3.0%)
control patients underwent repeat ESS prior to day 90
compared to none of treatment group.

The overall incidence of adverse events was similar in
both groups, and the most common was sinusitis, which
occurred less frequently in the treatment group (Table
5). Five treatment patients experienced a device-related
adverse event (epistaxis, nasal discomfort, rhinalgia,
parosmia). Four serious adverse events (asthma, strep-
tococcal asthmatic bronchitis, epistaxis, pneumonia)

occurred in 3 patients, but only epistaxis requiring surgical
cautery was judged to be related to the sinus implant. It
occurred after day 30, and the patient recovered without
sequelae.

Discussion
In this phase 3 trial, sinus implants were superior to sham
with once-daily MFNS for the treatment of recurrent NPs
in patients with CRS across multiple subjective and objec-
tive outcomes. The observed magnitude of improvements
with sinus implants is compelling, especially because the
study population comprised CRSwNP patients with high
prevalence of allergic rhinitis, asthma, and AERD, and
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FIGURE 2. Secondary endpoints. (A) Change in mean nasal obstruction/congestion score (scale 0 to 3), as determined by patients using an electronic diary
over 7 days immediately preceding each visit. p = 0.0556 for change from baseline to day 14, p = 0.0074 to day 30 (co-primary efficacy endpoint, Table 2),
p = 0.0129 to day 60, and p = 0.0083 to day 90 (p = 0.0248 when adjusted for multiplicity, Table 2). (B) Change in mean bilateral polyp grade as determined
by clinical investigators on a scale from 0 to 8, with higher scores indicating greater severity. p < 0.0001 for change from baseline to each time point.
(C) Change in percent ethmoid sinus obstruction as determined by clinical investigators using a 100-mm visual analogue scale. p < 0.0001 for change from
baseline to each time point. All values are means with 2-sided standard error bars calculated based on intent-to-treat population. Data from patients who
received surgical or medical interventions were imputed using most recent values prior to initiating or receiving intervention and represent intervention-adjusted
values. MFNS = mometasone furoate nasal spray.

those who failed several prior surgeries. All patients were
candidates for repeat ESS because of moderate-to-severe
CRS symptoms and recurrent NPs despite ongoing use of
INCS and 1 or more courses of high-dose corticosteroids
in the prior year.

Nasal obstruction/congestion is the most common sub-
jective complaint associated with NP. The treatment group

demonstrated rapid superiority to controls in reducing
nasal obstruction/congestion scores by day 30 that was
sustained throughout the whole duration of the study, with
maximal symptomatic improvement in the treatment group
at day 90, a full month after implant removal. The observed
improvement in the sham group speaks to the high level of
compliance with daily MFNS in this study.
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TABLE 3. Proportion of responders

Outcome

Treatment

(n = 201)

Control

(n = 99) p

Odds ratio

(95% CI)

Nasal obstruction/congestion score change from baseline to day 30

�0.5-point reduction, n/n total (%) 125/199 (62.8) 49/97 (50.5) 0.0440 1.24 (0.99–1.56)

�1.0-point reduction, n/n total (%) 88/199 (44.2) 25/97 (25.8) 0.0022 1.72 (1.18–2.49)

Bilateral polyp grade change from baseline to day 90 by clinical investigators

�1.0-point reduction, n/n total (%) 144/200 (72.0) 36/98 (36.7) <0.0001 1.96 (1.49–2.58)

�2.0-point reduction , n/n total (%) 95/200 (47.5) 16/98 (16.3) <0.0001 2.91 (1.82–4.66)

CI = confidence interval.

Polyp grade is a commonly accepted objective measure
of severity in CRSwNP. The implant group demonstrated
greater polyp shrinkage compared to sham at day 90, which
was also supported by the greater decrease in ethmoid si-
nus obstruction. Both reductions were based on videoen-
doscopy grading by an independent panel of 3 sinus sur-
geons who were masked to both treatment assignment and
patient symptoms. The polyp shrinkage was further sup-
ported by the onsite clinical investigators who reported the
rapid onset of action of implants compared to sham. Al-
though an MCID for NP has not yet been established, a
� 1.0-point reduction in polyp grade has been defined as a
meaningful response.26,27 Based on the clinical investigator
scoring, 72% of patients who received implants achieved
at least 1.0-grade reduction and 48% at least 2.0-grade re-
duction by day 90, compared to 37% and 16% of sham,
respectively. The 2-fold higher responder rate among treat-
ment patients than control further supports the notion that
the treatment with the corticosteroid-eluting implants pro-
vides clinically meaningful benefits to patients with recur-
rent NP.

Olfactory loss affects quality of life of patients with
CRSwNP and represents 1 of the main reasons to seek med-
ical or surgical treatment.28–31 The magnitude of improve-
ment in olfaction with implants in this study exceeded that
seen in prior MFNS trials for NPs and was similar to that
seen with surgery, indicating clinical significance.25,26,32

The failure to improve facial pain/pressure scores is not
surprising because this symptom is more closely associated
with CRSsNP, and its association with CRS in general has
been questioned.33

A key parameter determining the clinical relevance of
any treatment for recurrent CRSwNP would be a reduc-
tion in the need for surgery. In the clinical setting, this
is largely a decision driven by patient preference, and no
standard subjective or objective outcome criteria have not
yet been established. For this trial, we utilized prespecified
study criteria for indication for repeat surgery, and there
was a significantly greater reduction in the need for repeat
ESS at day 90 for the treatment group compared to con-
trol. Specifically, there was a 61% reduction (from 100%
at the onset to 39%) among patients receiving implants,

compared to 37% reduction (from 100% to 63.3%)
among sham patients. The observed reduction is clinically
meaningful given that only patients who experienced sig-
nificant improvements in both symptoms and NP were con-
sidered to be no longer indicated for repeat surgery. Fur-
thermore, the results from an earlier trial suggests that the
significant reduction in the need for repeat surgery extends
through 6 months.19

The efficacy of corticosteroids for the treatment of nasal
polyps is generally dose-dependent, particularly for oral
corticosteroids, which access the ethmoid polyps via the
bloodstream. For INCS, doubling the standard dose of
MF from 200 µg once daily (QD) to 200 µg twice daily
(BID) also results in significantly greater reduction in nasal
obstruction. Added reduction in NP size, however, was
not clearly demonstrated.9,25 Although the reason is un-
clear, this may reflect the fact that 70% of MFNS is
swallowed, accessing only the superficial surface of the
NPs present in the nasal airway.34 In this trial, the si-
nus implant plus MFNS significantly reduced both bilateral
polyp grade and nasal obstruction/congestion scores when
compared to MFNS alone. This likely reflects the ability
of the implant to more effectively deliver corticosteroids
to the ethmoid mucosa via direct elution onto the roots
of the polyps. Unpublished, preclinical animal studies with
the implant indicate high tissue concentrations of MF for
over 60 days postremoval. Furthermore, the implant may
shrink the polyps, permitting superior access and, therefore,
increased efficacy of continued daily MFNS. This is anal-
ogous to the sustained improvement sometimes observed
with INCS following a burst of oral corticosteroids or with
surgery.

Limitations of the current study include the absence of
a defined medical regimen prior to enrollment. To ensure
generalizability, we relied on real-world management by the
treating rhinologists in concert with patient preferences. A
second limitation was that the clinical investigators per-
forming endoscopic grading and assessment of indication
for repeat ESS at day 90 were not blinded to the treatment
assignment. This was mitigated by removing all implants
by day 60, providing the day 90 videoendoscopies to the
panel for centralized, independent, blinded grading of the
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TABLE 4. Rescue treatments*

Rescue therapy

Treatment

(n = 201)

Control

(n = 99)

MFNS, 200 µg once daily (required by

protocol), n (%)

Compliance at each visit

Day 14 197 (98.0) 99 (100)

Day 30 201 (100) 97 (98.0)

Day 60 197 (98.0) 97 (98.0)

Day 90 186 (92.5) 90 (90.9)

Any steroid or surgical interventions

requiring imputation, n (%)

31 (15.4) 16 (16.2)

Oral steroids for ethmoid sinus

obstruction, n (%)

28 (13.9) 18 (18.2)

First instance

Day 14 1 3

Day 30 1 5

Day 60 7 3

Day 90 19 7

Oral steroids for other reasons, n (%)a 35 (17.4) 11 (11.1)

First instance

Day 14 4 0

Day 30 6 3

Day 60 6 3

Day 90 19 5

Polypectomy, n (%) 2 (1.0) 1 (1.0)

First instance

Day 14 0 1

Day 30 0 0

Day 60 2 0

Day 90 0 0

Repeat ESS, n (%) 0 (0) 3 (3.0)

First instance

Day 14 0 1

Day 30 0 1

Day 60 0 1

Day 90 0 0

*Values are counts and percentages of patients who received any steroid or
surgical interventions through 90 days. First instance was when the medical or
surgical intervention was reported. Percentage is calculated based on the intent-
to-treat population. Any medical or surgical intervention received before the day
90 follow-up that was considered as confounding was imputed (see Statistical
analysis). Patients who received medical interventions that commenced after the
day 90 follow-up visit were not included.
aKey indications for oral steroids received at day 90 by the treatment patients
for other reasons were: 4 (2.0%) asthma exacerbation, 4 (2.0%) acute sinusitis in
frontal, maxillary and/or sphinoid sinuses, and 3 (1.5%) upper respiratory tract
infection.
ESS = endoscopic sinus surgery; MFNS = mometasone furoate nasal spray.

TABLE 5. AEs*

Event

System organ class

Preferred term

Treatment

(n = 201)

Control

(n = 99)

Patients with any AE 91 (45.3) 37 (37.4)

Patients with common AEs (>2% incidence
rate) by system organ class

Infections and infestations 61 (30.3) 25 (25.3)

Acute sinusitis 22 (10.9) 12 (12.1)

Chronic sinusitis 10 (5.0) 8 (8.1)

Upper respiratory tract infection 11 (5.5) 4 (4.0)

Bronchitis 5 (2.5) 2 (2.0)

Ear infection 5 (2.5) 0

Respiratory, thoracic and mediastinal
disorders

24 (11.9) 9 (9.1)

Asthma 10 (5.0) 4 (4.0)

Nasal congestion 5 (2.5) 3 (3.0)

Patients with any study drug-related AE 0 –

Patients with any study device-related AE 5 (2.5) –

Respiratory, thoracic, and mediastinal
disorders

Nasal discomfort

Mild 1 (0.5) –

Moderate 1 (0.5) –

Epistaxis (severe) 1 (0.5) –

Parosmia (mild) 1 (0.5) –

Rhinalgia (mild) 1 (0.5) –

Patients with any implant procedure-
related AE

8 (4.0) –

General disorders and administration site
conditions

Facial pain (mild) 1 (0.5) –

Nervous system disorders

Presyncope (mild) 2 (1.0) –

Dizziness (mild) 1 (0.5) –

Respiratory, thoracic and mediastinal
disorders

Epistaxis (moderate) 1 (0.5) –

Nasal congestion (moderate) 1 (0.5) –

Nasal discomfort (moderate) 1 (0.5) –

Parosmia (mild) 1 (0.5) –

(Continued)
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TABLE 5. Continued

Event

System organ class

Preferred term

Treatment

(n = 201)

Control

(n = 99)

Patients with any AE with indeterminate
relationship

Study drug 2 (1.0) –

Study device 13 (6.5) –

Implant procedure 10 (5.0) –

Patients with SAE 2 (1.0) 1 (1.0)

Study drug related SAE 0 –

Study device related SAE (epistaxis) 1 (0.5) –

AE leading to study discontinuation 0 –

*Values given in the table are patient counts and percentages. AEs coded us-
ing the MedDRA dictionary, version 17.0. At each level of summation, patients
are counted only once. Patients experiencing AEs of more than 1 severity are
summarized according to the maximum severity experienced over all episodes of
an adverse event. Since the mometasone furoate sinus implant is a drug/device
combination product, each AE and SAE was evaluated in terms of its relationship
to the implant drug, the implant device component, and the implant placement
procedure.
AE = adverse event; SAE = serious adverse event.

co-primary endpoint and by requiring real-time grading by
clinical investigators without reviewing prior grading and
following the prespecified and standardized set of criteria.
Although the 2 endoscopic grading methodologies corre-
lated well, the magnitude of polyp shrinkage was greater
when evaluated by the unblinded investigators than by the
independent, blinded panel. The reasons are unclear but
may reflect limitations of videoendoscopy review without
other clinical information to fully appraise the magnitude
of change. It is noteworthy that the sham arm receiving
MFNS only also demonstrated greater polyp shrinkage
when evaluated by onsite investigators than when evalu-
ated the blinded panel, which suggests that the lack of in-
vestigator blinding may not be a major factor in the rating
differences. Specifically, the onsite investigator performing
the endoscopy may be better able to assess the magnitude
of change in polyp score than someone merely viewing an
endoscopy performed by a third party. A third limitation
was that the length of the trial was also relatively short
(90 days), reflecting the time course of drug release from
the implant.

The morbidity and cost of CRSwNP remains substantial,
which has led to trials of new treatment options designed
to shrink NPs.27,35–37 In this regard NPs are now gener-
ally viewed as a group of clinical entities driven by dis-
tinct but likely overlapping molecular pathways.10 Absent
biomarkers, it remains unclear which specific treatment is
best suited for these endotypes.38,39 Furthermore, although
initial results are promising, the cost of biologic agents will
be high and the durability of response unclear. Corticos-
teroids on the other hand, are inexpensive and broadly

effective, limited primarily by drug induced morbidity and
patient compliance. Corticosteroid-eluting sinus implants
are drug/device combination products designed to deliver
drug directly to the sinus mucosa in a controlled fashion.22

Our current results suggest that the improvements with
the sinus implants are maintained on INCS after implant
removal, supporting prior studies indicating efficacy at
6 months postinsertion.19 Moreover, the high degree of
safety suggests that repeat placement may be an option for
patients still indicated for revision surgery.

Conclusion
Significant improvements over a range of subjective and
objective endpoints, including a reduction in the need for
sinus surgery by 61%, suggest that MF sinus implants may
play an important role in management of CRS patients
recurrent NPs.
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