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Assessment of bioabsorbable implant treatment for nasal valve collapse
compared to a sham group: a randomized control trial

Pablo Stolovitzky, MD?', Brent Senior, MD?, Randall A. Ow, MD?, Neelesh Mehendale, MD?,
Nadim Bikhazi, MD® and Douglas M. Sidle, MD®

Background: Dynamic nasal valve collapse (NVC) is a com-
mon factor contributing to nasal obstruction; however, it
is often underdiagnosed and untreated. An in-office, min-
imally invasive procedure addressing dynamic NVC uses a
bioabsorbable implant (Latera) to support the lateral nasal
wall. This study aimed to evaluate the safety and effec-
tiveness of the treatment in a randomized controlled trial
(RCT) with sham control.

Methods: In this prospective, multicenter, single-blinded
RCT, 137 patients from 10 clinics were randomized into
2 arms: treatment arm (70 patients) and sham control arm
(67 patients). Outcome measures were followed through
3 months after the procedure. The primary endpoint was
the responder rate (percentage of patients with reduction
in clinical severity by >1 category or >20% reduction in
Nasal Obstruction Symptom Evaluation [NOSE] score).

Results: Before the procedure, there were no statistically
significant differences in patient demographics and nasal
obstruction symptom measures between the 2 arms. Three
months after the procedure, responder rate was signifi-
cantly higher for the treatment arm compared to the con-
trol (82.5% vs 54.7%, p = 0.001). Patients in the treatment
arm also had a significantly greater decrease in NOSE score
(-42.4 £ 23.4 vs -22.7 & 27.9, p < 0.0001) and significantly
lower visual analogue scale (VAS) scores (-39.0 + 29.7 vs

-13.3 £ 30.0, p < 0.0001) than the sham control arm. Sev-
enteen patients reported 19 procedure/implant-related ad-
verse events, all of which resolved with no clinical seque-
lae.

Conclusion: Our study shows the safety and effectiveness
of the bioabsorbable implant in reducing patients’ nasal ob-
struction symptoms. © 2019 The Authors International Fo-
rum of Allergy & Rhinology published by Wiley Periodicals,
Inc. on behalf of American Academy of Otolaryngic Allergy
and American Rhinologic Society.
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D ynamic nasal valve collapse (NVC) is 1 of the com-
mon anatomic factors that contributes to nasal airway
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obstruction (NAQ), an unpleasant condition that impacts
patients’ activities such as breathing and sleeping.! Treat-
ment options have traditionally included nonsurgical med-
ical management (eg, nasal sprays, nasal strips) and surgi-
cal procedures, such as functional rhinoplasty with batten
grafts, bone-anchored sutures, or lateral crural strut grafts,
to support the lateral nasal wall.>~ Nonsurgical medical
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management does not directly address the weakness in the
lateral nasal wall for patients with dynamic NVC. Surgi-
cal procedures that strengthen the lateral nasal wall require
an operating room and, therefore, are invasive, costly, and
time-consuming. For these reasons, dynamic NVC is often
underdiagnosed and left untreated despite its relatively high
prevalence.®

A new technique to treat dynamic NVC uses an ab-
sorbable nasal implant comprised of a 70:30 blend of poly
(L-lactide) and poly (D-lactide) to support the upper and
lower cartilage inside the lateral nasal wall. The implant
can be introduced under local anesthesia in physicians’ of-
fice through an endonasal insertion using a delivery tool.
The procedure is minimally invasive and the implant can
also be placed during a traditional nasal surgery concur-
rently with other procedures such as septoplasty and/or
inferior turbinate reduction.

Prospective, nonrandomized, single-arm clinical studies
have examined the safety and effectiveness of this device
by comparing NAO symptoms before and after treatment.
San Nicol6 et al.” from Germany published the first clinical
study of 30 patients in whom dynamic NVC was a ma-
jor contributor to NAO symptoms. They showed that the
bioabsorbable implant could be placed under local anesthe-
sia in the physicians’ office or under general anesthesia in
the operating room, and that it significantly improved NAO
symptoms with a low retrieval rate and minimal cosmetic
impact.” A follow-up study by the same authors showed
that the effect of the implant was stable up to 24 months.®
A combined interim analysis of 2 studies examined 101 pa-
tients and showed that the implant alone or placed adjunc-
tively with septoplasty and/or turbinate reduction resulted
in improvement in NAO symptoms through 6 months.” In
these studies, 80% of the patients responded to the implant
and response dynamics showed that the improvement in
symptoms stabilized at 3 months after implant placement.

Although these studies have confirmed that the bioab-
sorbable nasal implant is safe, minimally invasive, and
easily performed in either physician’s office or operating
room setting, they are limited due to their lack of con-
trols and potential confounding factors. To mitigate an
expected placebo effect stemming from the procedure, we
conducted a prospective, multicenter, single-blinded, ran-
domized sham-controlled trial to examine the effectiveness
and safety of the bioabsorbable nasal implant for treatment
of NAO due to dynamic NVC in a physician’s office setting.
To our knowledge, this is the first sham-controlled clinical
trial to test a new device for a treatment that directly ad-
dresses dynamic NVC.

Patients and methods
Study design
This was a prospective, multicenter, single-blinded,

randomized controlled trial (clinicaltrials.gov NCT
03400787). The aim of the trial was to compare the

outcomes for patients with severe to extreme Nasal Ob-
struction Symptom Evaluation (NOSE) scores!*12 treated
with a bioabsorbable implant comprised of a 70:30 poly
(L-lactide) and poly (D-lactide) (Latera, Stryker ENT, Ply-
mouth, MN) with those treated with a sham control proce-
dure. The Institutional Review Board for each study center
provided initial approval and annual review for the clini-
cal trial protocol. Each patient provided written informed
consent before enrollment.

Patients were enrolled at the time of consent. Upon enroll-
ment, baseline data were collected including demographic
information, general medical history, nasal medical history
including risk factors, NAO breathing assessment using a
visual analogue scale (VAS), NOSE score, nasal exam in-
cluding assessment of the septum and turbinates, and modi-
fied Cottle maneuver.'>'* Women of childbearing potential
also had a pregnancy test.

Procedures were performed in the physician’s office. Ran-
domization, using an interactive Web response system, oc-
curred after local anesthesia was administered. The ran-
domization method was developed using a SAS program
(SAS Institute, Inc., Cary, NC). The randomization was de-
fined as stratifying by site and randomly using block sizes
of 4 and 6. Patients in the active treatment arm received
the implant, delivered using a cannula inserted into the
nasal lateral wall.” Patients in the sham control arm had
an identical cannula inserted into the nasal lateral wall but
received no implant. Treatment assignment was blinded to
the patients.

Follow-up visits took place at 7 days, 30 days, and
3 months after procedure. During each follow-up visit, in-
ternal and external nasal exams were performed, as well as
collection of NOSE scores, VAS scores for NAO breathing
assessment, and adverse event assessment. Physical exam-
inations included an evaluation of nasal skin and mucosa
appearance, and the presence of any implant extrusions,
fractures, or migrations. In order to reduce potential bias
from the investigator, an electronic system was used by
the patients to record the questionnaire responses. This al-
lowed for the patient to complete the questionnaires pri-
vately without the investigator/treating physician present.

Enrollment

Enrollment occurred between December 2017 and Septem-
ber 2018 at 10 clinics across the United States. Eligible
patients were at least 18 years of age, seeking treatment
for NAO due to dynamic bilateral nasal wall insufficiency
(confirmed by positive modified Cottle maneuver). In addi-
tion, patients had NOSE scores =55 (severe, extreme) and
had failed to benefit from at least 4 weeks of medical man-
agement based on local standard of care (eg, nasal steroids
or antihistamines), as evidenced by lack of efficacy or tol-
erability. Eligible patients had appropriate nasal and facial
anatomy to receive the implant and were willing to un-
dergo an in-office procedure to receive the implant. Appro-
priate facial anatomy can include several features. One is
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=71 Received intervention

}

67 Randomized to sham control
-1 Treated in error

= 66 Received sham intervention

2 Exited before 3-month follow-up?

A

A 4

71 Completed 3-month follow-up

8 Excluded from analysis
2 Protocol deviations®
6 Unblinded®

A 4

Y

63 Patients included in primary
efficacy endpoint in treatment arm

Footnotes:
2 One lost to follow-up, 1 unrelated death.

Y

64 Completed 3-month follow-up

Y

64 Patients included in primary
efficacy endpoint sham control
arm

b One treated on 1 side only, 1 received concomitant turbinate reduction.

¢ Unblinded due to implant retrievals.

FIGURE 1. Enrollment, randomization, and follow-up of patients randomized to treatment arm vs sham control arm.

whether there is sufficient nasal cartilage for the implant to
support, as the device is indicated for the support of lateral
wall cartilage. Patients who have had multiple reduction
rhinoplasties may not have enough cartilage. Second, it is
necessary to have a stable and reasonably wide nasal bone
base to stabilize the implant. An overreduced or aggres-
sively osteotomized and narrow nasal bones would make a
particular patient a poor candidate.

Patients were ineligible if they had any of the follow-
ing: (1) functional endoscopic sinus surgery (FESS), sinu-
plasty, septoplasty, inferior turbinate reduction (ITR), or
rhinoplasty within the past 6 months; (2) pathology other
than lateral wall insufficiency (LWI) as the primary con-
tributor to NAO; (3) planning to have other rhinoplasty
procedures or use external dilators within 24 months af-
ter the index procedure; (4) required or were anticipated
to require other concurrent nasal procedures outside of the
index procedure within 12 months after the procedure; or
(5) severe obstructive sleep apnea and were unable to re-
frain from continuous positive airway pressure for up to
2 weeks after procedure.

Statistical analysis

Baseline characteristics were compared across the 2 study
arms using the ¢ test for continuous variables and the chi-
square test or Fisher’s exact test for categorical variables.
Endpoint analyses were completed on all patients who com-

pleted 3-month follow-up and did not violate any major
protocol requirements for analysis (eg, unblinded to study
arm). NOSE scores were converted to a 100-point scale by
multiplying the total score by 5.!%!! NOSE score severity
was classified according to the system reported by Lipan
and Most!?: mild (5 to 25 points), moderate (30 to 50
points), severe (55 to75 points), or extreme (80 to 100
points). VAS scores were used to capture patients’ percep-
tion of their ability to breathe through the nose with 0
indicating no difficulty and 100 indicating maximum imag-
inable difficulty.

The primary endpoint was the responder rate at 3 months
after the index procedure. Responders were defined as
patients who had at least 1 NOSE class improvement or
a NOSE score reduction of at least 20% from baseline.
The primary hypothesis was that the responder rate for
the implant treatment is superior to the responder rate for
the sham treatment (control). A 1-sided binomial test of
proportions was used to compare responder rates between
study arms with a value of p < 0.025 considered statistically
significant.

Secondary endpoints included the frequency of
procedure-related adverse events at index procedure and all
follow-up visits, and the change in NOSE and VAS scores
from baseline to all follow-up visits. Two-sided ¢ tests were
used to compare these endpoints between study arms, with
a value of p < 0.05 deemed statistically significant.
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TABLE 1. Patient baseline demographics and characteristics”

Characteristic Treatment arm (N = 63) Sham control arm (N = 64) p?
Age (years) 50.9 & 14.2 51.3+13.5 0.888
Sex (male) 26/63 (41.3) 24/64 (37.5) 0.665
BMI (kg/m?) 28.6 £6.8 28.3+5.5 0.790
Race 0.073
White 58/63 (92.1) 51/64 (79.7)
Black or African American 0/63 (0.0) 1/64 (1.6)
Asian 2/63 (3.2) 5/64 (7.8)
Native Hawaiian or Pacific Islander 0/63 (0.0) 0/64 (0.0
American Indian or Alaskan Native 1/63 (1.6) 1/64 (1.6)
Other 2/63 (3.2) 4/64 (6.3)
Not available 0/63 (0.0) 2/64 (3.1)
Medical history
Surgical history 34/63 (54.0) 42/64 (65.6) 0.182
Allergic rhinitis 22/63 (34.9) 30/64 (46.9) 0.172
Sinus disease 13/63 (20.6) 18/64 (28.1) 0.328
Obstructive sleep apnea 16/63 (25.4) 17/64 (26.6) 0.881
Nonsurgical medical management 63/63 (100.0) 64/64 (100.0) 1.000
Mechanical nasal treatments 54/63 (85.7) 54/64 (84.4) 0.833
Scores
Baseline NOSE score 77.4 +13.1 77.7 £15.1 0.888
Baseline VAS score 76.6 £12.9 712+158 0.038

“Results are presented as mean + SD or n/N (%).

@Value of p from Fisher’s exact test for dichotomous variables; Cochran-Mantel-Haenszel (CMH) for categorical variables; 2-sample t test for continuous variables.
BMI = body mass index; NOSE = Nasal Obstruction Symptom Evaluation; SD = standard deviation; VAS = visual analogue scale.

Statistical analyses were performed by an independent
statistician (Syntactx Technologies, New York, NY) using
SAS version 9.4.

Results

A total of 137 patients were enrolled in the study and
randomized, with 70 patients randomized to the treat-
ment arm and 67 patients randomized to the sham control
arm (Fig. 1). One patient randomized to the sham con-
trol arm was inadvertently treated with the implant. This
patient was analyzed with the treatment arm, resulting in
a total of 71 patients analyzed in the treatment arm and
66 patients analyzed in the sham control arm. Two pa-
tients in the sham control arm exited prior to the 3-month
follow-up. Eight patients in the treatment arm were ex-
cluded from the analysis due to unblinding prior to the
3-month follow-up (6) and protocol deviations (2). Thus,
there were 127 patients included in the final analysis (63
treatment, 64 sham control) followed through 3 months
after procedure.

Demographics and relevant clinical history for the 2 study
arms are described in Table 1.

Primary endpoint

Figure 2 shows the results of the primary endpoint of
the study, the comparison of responder rates between
the randomization arms at 3 months. The responder
rate is significantly higher for the treatment arm (82.5%,
52/63) compared to the sham control arm (54.7%, 35/64),
demonstrating the treatment arm is superior to the sham
control arm (p = 0.001).

Secondary endpoints
A total of 19 procedure-related or implant-related adverse
events were reported in 17 patients. These events included
implant retrievals (6), pain (4), foreign body sensation (3),
localized swelling (2), inflammation (1), skin puncture (1),
and vasovagal response (2). The investigators confirmed the
implant retrievals were intranasal and not due to adverse
physiologic tissue rejection. The implant retrieval rate was
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FIGURE 2. Primary endpoint: comparison between study arms for 3-month responder rate. Value of p is based on a 1-sided binomial test of proportions
comparing responder rate between study arms with p < 0.025 indicating statistical significance. Implant treatment is superior to sham control.

TABLE 2. Change in NOSE scores from baseline to follow-up by study arm”

Treatment arm

Sham control arm

Time point | N | Baseline NOSE score | Follow-up NOSE score | Mean change | N | Baseline NOSE score | Follow-up NOSE score | Mean change p®
1 month 61 775 + 129 409 + 21.0 —36.6 + 24.8 | 60 774 +£15.0 456 £ 24.2 —31.8+255( 0.295
3 months | 63 774 £ 131 35.0 £ 22.6 —42.4 + 234 | 64 77.7 £15.1 55.0 +25.2 —22.7 £27.9 | <0.0001

“Results are presented as mean =+ SD.

@Value of p from 2-sided, 2-sample Student t test for differences in the mean change between randomized arms.

NOSE = Nasal Obstruction Symptom Evaluation; SD = standard deviation.

4% (6/142). All events were observed in the treatment arm
and resolved with no clinical sequelae.

We examined nasal obstruction symptoms measured by
NOSE score for the 2 study arms over 3 months after treat-
ment. Before treatment (baseline), both study arms had sim-
ilar NOSE scores (Table 1). At 3 months after treatment, the
treatment arm had a significantly greater reduction in the
mean NOSE score compared with the sham arm (3 months;
—42.4 +23.4 vs -22.7 £ 27.9, p < 0.0001) (Table 2).

Baseline VAS scores were comparable between arms
(Table 1). At 3 months after treatment, the treatment arm

had a significantly greater reduction in the mean VAS score
than the sham control arm (-39.0 £ 29.7 vs -13.3 & 30.0,
p < 0.0001) (Table 3).

Discussion

This study shows that in-office treatment of NAO patients
using the bioabsorbable nasal implant provides statistically
significant improvements in NAO symptoms that are su-
perior to the sham control group. At 3 months after treat-
ment, patients treated with the implant had significantly

TABLE 3. Change in VAS scores from baseline to follow-up by study arm”

Treatment arm

Sham control arm

Time point | N | Baseline VAS score | Follow-up VAS score | Mean change N | Baseline VAS score | Follow-up VAS score | Mean change p?
1 month 61 76.6 £ 13.1 456 £+ 29.3 -30.9 £ 29.9 | 60 709 + 16.2 49.6 + 30.5 -21.3 £+ 33.3 0.096
3 months 63 76.6 £ 129 376 £ 29.5 -39.0 + 29.7 | 64 712 £ 158 57.9 + 26.6 -13.3 £ 30.0 | <0.0001

“Results are presented as mean =+ SD.
@Value of p from 2-sided, 2-sample Student t test for differences in the mean change between randomized arms.
SD = standard deviation; VAS = visual analogue scale.
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reduced nasal obstruction symptoms (as measured by
NOSE scores and NOSE severity categories) and better per-
ception of their ability to breathe through the nose (VAS
scores) than the sham control patients. It is also notable
that the treatment arm exhibited improvement from 1 to
3 months, whereas the sham control arm showed worsening
outcomes, suggesting that over time there is an increasing
benefit of the implant over the sham. Altogether, these re-
sults show a clear effect of the minimally invasive nasal
implant in improving the NAO symptoms and strength-
ening of the lateral nasal wall at 3-month follow-up for
patients with dynamic NVC. Being minimally invasive, this
treatment strategy has the potential to reduce costs asso-
ciated with anesthesia and operating room (OR) facility,
pain, and postoperative recovery time for patients with the
appropriate indications.

A randomized, placebo-controlled or sham-controlled
clinical trial is considered the gold standard to most ac-
curately determine the actual effect of an intervention.
However, these trials are relatively uncommon in surgi-
cal research.’ Not only are RCTs of surgical interventions
more difficult and expensive to conduct, but there are also
ethical concerns that performing an invasive sham surgery
that has no potential therapeutic benefit for research par-
ticipants does not minimize the risk of harm.'® However,
a systematic review of RCTs with placebo (sham) control
arms reported that more than one-half (51%, 27/53) of
the published trials had similar results between the treat-
ment and control arms,'’ which emphasizes the benefit of
evaluating surgical interventions using RCT with placebo
(sham) control. The common nasal surgeries used to treat
NAO include septoplasty, inferior turbinate reduction, and
functional rhinoplasty, most of which are invasive and of-
ten require an OR setting. Consistent with the trend in
general surgical research, RCT with placebo (sham) con-
trol is not common and only less invasive technologies
for inferior turbinate reduction have been assessed in RCT
with sham control.!”-!® Our study is the first randomized,
sham-controlled trial evaluating a minimally invasive nasal
implant to address dynamic NVC, which contributes the
highest level of evidence. In addition, utilizing a 16gauge
needle in the sham arm did not introduce additional harm
or complications to the patients, thereby providing a safe
and effective control.

The implant procedure showed significantly more im-
provement in NAO scores than the sham procedure. We
observed a mean reduction of -22.7 in NOSE scores in
the sham group and 54.7% were responders at 3 months,
which is at the high end of a typical placebo response
for medical devices (40-60%).'” We propose a few fac-
tors that may have contributed to the placebo response
in the sham control arm. The primary factor comes from
patients’ expectations about a new treatment, together
with the care and attention provided by study staff. Sec-
ond, outcome measures are mainly patient-reported (NOSE
and VAS scores), which have been shown to augment

the placebo effect when a treatment had an optimistic
presentation.?’ Third, patients in the sham arm had a can-
nula inserted into the nasal lateral wall, possibly result-
ing in temporary mechanical support due to minor scar
tissue.

Despite the improvement in the sham control group, we
found that a significantly larger proportion of implant-
treated patients experienced a statistically significant
improvement. The improvement in NAO symptoms, mea-
sured by the mean NOSE score reduction in the treatment
arm, is similar to what has been reported in surgical studies
in the operating room setting. A recent meta-analysis of
functional rhinoplasty studies reported a 50-point (95%
confidence interval [CI], 45 to 54) mean NOSE score
reduction 3 to 6 months after treatment.?' Similarly,
another recent meta-analysis that focused on lateral nasal
wall repair surgical studies reported a 45.0-point (95% CI,
42.2 to 47.8) mean NOSE score reduction <3 months after
treatment.’? In this study, the mean reduction in NOSE
score at 3 months after treatment for the treatment arm was
-42.4 points, representing a similar effect size as functional
rhinoplasty. In contrast, the sham control arm had a -22.7
reduction in mean NOSE score, which is below the range of
what is reported in the meta-analyses of functional rhino-
plasty studies. This comparison shows that for patients with
dynamic NVC, even being blinded to the treatment, an in-
office procedure with a bioabsorbable implant can achieve
NAO symptom relief comparable to functional rhino-
plasty and surgeries aimed at repairing the nasal lateral
wall.

The implant retrieval rate (4%) in the treatment arm
is similar to that seen in a previous study.” Contrary to
the external extrusion events observed for more invasive
procedures involving permanent, nonabsorbable alloplas-
tic implants,?2* the implant retrievals in this study were
intranasal and not due to an adverse physiologic tissue re-
jection. Tissue rejection was ruled out because the inves-
tigators did not see tissue inflammation. Additionally, all
of the retrievals were unilateral, thereby providing further
evidence the retrievals were not due to tissue rejection. The
investigators hypothesize the retrievals could be due to im-
proper placement or unknown manipulation of the nose.
All adverse events resolved with no clinical sequelae. Our
study confirmed the previous findings that the nasal implant
is safe for NAO patients.

There are a few limitations of this study. This study
reports short-term follow-up data up to 3 months only.
However, previous studies of the bioabsorbable implant
have shown that patients’ response to treatment stabilized
at 3 months and were consistent with data observed at
12-month, 18-month, and 24-month follow-up. Further-
more, this is a single-blinded study in which all patients
were blinded but physicians were aware of the assignment,
which may have introduced risk of bias. Our study de-
sign mitigated this risk by using patient-centered outcomes
(NOSE and VAS scores) as the study endpoints.
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Conclusion

Our study provides the highest level of evidence demon-
strating the safety and effectiveness of an in-office, min-
imally invasive procedure for patients in whom dynamic
NVC is a main contributor to their NAO. The nasal implant
significantly improves patients’ NAO symptoms when com-
pared with a sham, demonstrating the implant is superior.
The minimal invasiveness of this treatment strategy may
help reduce cost, pain, and postoperative recovery time for
patients with the appropriate indications. €
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