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Cryosurgical Ablation for Treatment of Rhinitis: Two-Year Results
of a Prospective Multicenter Study
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Objectives/Hypothesis: To assess the long-term (12-24 months) safety and effectiveness of cryoablation of the posterior
nasal nerve as treatment for chronic rhinitis.

Study Design: A multicenter, prospective, single-arm clinical study.

Methods: The study was conducted from February 2017 to April 2020. Study endpoints included change from baseline in
the reflective Total Nasal Symptom Score (rTNSS), Rhinoconjunctivitis Quality of Life Questionnaire (RQLQ), physician assessment
of improvement using the Clinical Global Impression-Improvement (CGI-I), and the incidence of treatment-related adverse events.

Results: Ninety-one participants completed the study through the initial 12-month study period. Sixty-two participants con-
sented to the long-term follow-up with 57 completing the 24-month follow-up. Significant improvements in the total rTNSS were
reflected in a median change from baseline of —3.0 or —4.0 at all timepoints (P <.001). Greater than 80.0% of participants
achieved the minimum clinically important difference (MCID) of improvement by >1 point on the rTNSS at all follow-ups. Total
RQLQ scores indicated significant improvement (P <.0001) in quality of life. Over 77% of participants achieved the MCID (>0.5
points) for the total RQLQ score. According to the CGI-I, >83.0% experienced improvement at all but the 12-month visit (61.9%).
One participant experienced two treatment-related serious adverse events (epistaxis and retained pledget). A total of 29 nonserious
treatment-related AEs were reported in 23 participants; most events were transient and resolved with little to no intervention.

Conclusions: Cryotherapy significantly and clinically improves rhinitis symptoms and quality of life with outcomes that

are durable through 24 months after treatment.

Level of Evidence: 4

Key Words: Allergic rhinitis, chronic rhinitis, nonallergic rhinitis, cryotherapy, posterior nasal nerve cryoablation.

Laryngoscope, 131:1952-1957, 2021

INTRODUCTION

Chronic rhinitis is a common disease with an esti-
mated 2 billion people affected worldwide, including
nearly 87 million in the United States.! The cardinal
symptoms of rhinitis—rhinorrhea, congestion, itching,
and sneezing—have a significant impact on the quality of
life and productivity of people affected.?

Pharmacologic interventions are usually the first line
of therapy; however, these first-line therapies frequently fail
to control symptoms due to lack of efficacy or intolerance to
treatment.® For these patients, surgical interventions may

This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial License, which permits use, distri-
bution and reproduction in any medium, provided the original work is
properly cited and is not used for commercial purposes.

From the Sacramento Ear, Nose, and Throat (r.A.0.), Roseville, CA,
U.S.A.; Clinical Affairs, Stryker ENT (g.M.0.), Plymouth, MN, U.S.A;
Otolaryngology (J.K.H., K.K.L.), Eastern Virginia Medical School, Norfolk,
VA, U.S.A.; and the Specialty Physician Associates (p.M.Y.), Bethlehem,
PA, US.A.

Editor’s Note: This Manuscript was accepted for publication on
January 29, 2021

The study was funded by Arrinex (now part of Stryker ENT). Dr
Ow is a consultant for Stryker ENT, Aerin Medical, Optinose, and Smith
Nephew. Ms O’Malley is an employee of Stryker ENT. Dr Yen is a consul-
tant for Stryker ENT. Drs Han and Lam have no conflicts to disclose. The
authors have no other funding, financial relationships, or conflicts of inter-
est to disclose.

Send correspondence to Randall A. Ow, MD, Sacramento Ear, Nose,
and Throat Roseville, CA 95661.

E-mail: row@sacent.com

DOI: 10.1002/1ary.29453

Laryngoscope 131: September 2021
1952

be indicated. Surgical options, such as vidian neurectomy
and posterior nasal nerve (PNN) sectioning, have been
shown to provide symptom relief but typically require gen-
eral anesthesia in an operating room setting, and serious
complications can occur.® Cryoablation of the PNN has been
known to be an effective treatment since the 1970s, but the
devices were not fully optimized for endoscopic use and did
not gain wide adoption.*

In June 2016, the United States Food and Drug Admin-
istration (FDA) cleared a novel cryotherapy device (Clarifix,
Stryker Corporation, Plymouth, MN) designed specifically
to facilitate an office-based, transnasal approach for
cryoablation of the PNN. Hwang et al published a pilot study
demonstrating the safety and feasibility of the device.®
Recently, the 9-month outcomes were reported for a larger
cohort.® Procedural success was high (100%) in this larger
study performed under local anesthesia. Because peripheral
neuroregeneration can occur at a rate of 1 to 6 inches per
month,”® evaluating results beyond a year is important to
determine durability of the treatment. We now report
longer-term outcomes (12-month through 24-month) of this
larger cohort of rhinitis patients to evaluate the safety and
durability of the treatment modality.

MATERIALS AND METHODS
Study Design and Population

This prospective, multicenter, interventional, single-arm
study was conducted at six US investigational centers from
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February 2017 to April 2020. The protocol was reviewed and
approved for all centers by Advarra IRB, Columbus, MD
(Pro00034526). All participants provided written informed con-
sent before study participation. The study was registered at
www.clinicaltrials.gov with the unique identifier NCT03181594.

Adult (>18 years) patients with chronic rhinitis for
6 months or longer who were dissatisfied with medical manage-
ment (minimum of 4 weeks on intranasal steroids) were consid-
ered for enrollment. Minimum enrollment requirements for the
reflective Total Nasal Symptom Score (rTNSS)? were two for
rhinorrhea, one for congestion, and four overall. Participants
were also required to have an allergy test on file or have one
completed during the study period. Relevant exclusion criteria
included clinically significant anatomic obstructions or previous
sinonasal surgery that limited access to or modified the anatomy
of the posterior nose, active infection or open wounds in the nasal
or sinus cavities, nosebleeds in the past 3 months, coagulation
disorders, or conditions with sensitivity to cold (eg, cryo-
globulinemia, paroxysmal cold hemoglobinuria, cold urticaria,
Raynaud’s disease). Participants taking ipratropium bromide at
enrollment were required to discontinue use a minimum of
3 days before the procedure and all participants were asked not
to use ipratropium bromide for the duration of the study.

All participants were expected to undergo bilateral treatment
with the commercially available ClariFix Cryotherapy device in accor-
dance with the manufacturer’s Instructions for Use (IFU). Treatment
times varied from 30 to 60 seconds per location. All investigators were
trained on the protocol and procedure before treating any study
participants.

Participants underwent follow-up visits at 1, 3, 6, 9, and
12 months after treatment by office visit. An extended follow-up
amendment was added to evaluate participants at 15, 18,
21, and 24 months after treatment by office visit or phone.
Results of this study through the 9-month follow-up have been
previously reported.® Here, we focus on the 12-month through
24-month results.

The safety and efficacy analyses are based on all partici-
pants who received the ClariFix treatment.

Assessments

Efficacy endpoints of the study were the change from base-
line in the reflective TNSS,® change from baseline in the
Rhinoconjunctivitis Quality of Life Questionnaire (RQLQ),'° and
physician perception of improvement using the Clinical Global
Impression—Improvement (CGI-I).}! The changes from baseline
in the individual symptoms of the rTNSS (rhinorrhea, conges-
tion, sneezing, and itching) were also evaluated.

Safety endpoints were the incidence of treatment-
related serious adverse events (SAEs) and nonserious
treatment-related adverse events (AEs).

Statistical Analysis

The calculated sample size of 100 participants was based
on a 90% power to detect a one-point change in the rTNSS
(assuming a within participant 2.5-point SD) with an alpha level
of 0.05 indicating statistical significance.

Continuous data are summarized using descriptive statis-
tics: n, mean + SD for normally distributed data or median
(interquartile range [IQR]) for non-normally distributed data.
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TABLE 1.
Demographics and Baseline Characteristics.
All Long-term
participants follow-up
Characteristic n=100 participants n = 62
Age (yn 58.8 + 16.2 571 +£13.4
Sex
Female 64 (64.0%) 40 (64.5%)
Male 36 (36.0%) 22 (35.5%)
Race
White 90 (90.0%) 57 (91.9%)
Black/African American 3 (3.0%) 2 (3.2%)
Asian 2 (2.0%) 2 (3.2%)
Other or unreported 5 (5.0%) 1(1.6%)
Ethnicity
Not Hispanic or Latino 96 (96.0%) 62 (100.0%)
Hispanic or Latino 2 (2.0%) 0 (0.0%)
Unreported 2 (2.0%) 0 (0.0%)
Rhinitis type
Allergic 30 (30.0%) 19 (30.6%)
Nonallergic 70 (70.0%) 43 (69.4%)

Duration of rhinitis (yr)

Ocular symptoms 22 (22.0%

12 (12.0%

15 (24.2%)
8 (12.9%)

<5 18 (18.0%) 9 (14.5%)
5-10 18 (18.0%) 11 (17.7%)
>10 64 (64.0%) 42 (67.7%)
Mean baseline rTNSS 6.1 +1.87 6.1 +2.01
score
Mean baseline RQLQ score 3.1+ 1.01 3.0+ 1.04
Medical history
None 24 (24.0%) 13 (21.0%)
Asthma 16 (16.0%) 11 (17.7%)
Migraine 20 (20.0%) 15 (24.2%)
Sinusitis 63 (63.0%) 40 (64.5%)
Facial pain 24 (24.0%) 17 (27.4%)
)
)

Epistaxis

Results are presented as mean + SD or n (%).
TNSS = reflective Total Nasal Symptom Score (fTNSS);
RQLAQ = Rhinoconjunctivitis Quality of Life Questionnaire.

Categorical variables are summarized using frequency counts
and percentages. Ordinal-scaled variables are summarized
using the frequency and percentage of observations within a
category.

Significance of the change from baseline for participant-
reported assessments is determined using a two-sided paired ¢-
test. For data that are not normally distributed, Wilcoxon signed
rank tests are used in place of the ¢-test. Normality is assessed
by the Shapiro-Wilk test. Minimal clinically important differ-
ences (MCID) have been established as a reduction of 1 point in
the rTNSS?® and 0.5 points for the RQLQ.'?

All analyses are based on available data; no imputation for
missing data was conducted and no adjustments for multiplicity
were performed.

Subgroup analyses were conducted for TNSS outcomes by
rhinitis type (allergic vs. nonallergic), baseline rTNSS (<7
vs. >7), and duration of rhinitis (<5, 5 to 10, and >10 years).
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TABLE II.
Change from Baseline to Follow-up in the Total rTNSS.

Follow-up period (mo) n Baseline rTNSS score* Follow-up rTNSS score Change from baseline in rTNSS score P value® >1 point improved
12 91 6.0 [5.0; 7.0] 3.0[1.0; 4.0] -3.0[-4.0; -1.0] <.001 73 (80.2%)
15 56 6.0 [5.0; 7.0] 2.0[1.0; 4.0] —4.0 [-5.0; -3.0] <.001 50 (89.3%)
18 57 6.0 [5.0; 7.0] 2.0[1.0; 4.0] -3.0 [-5.0; —2.0] <.001 50 (87.7%)
21 55 6.0 [5.0; 7.0] 2.0[1.0; 4.0] —4.0 [-5.0; —2.0] <.001 48 (87.3%)
24 57 6.0 [5.0; 7.0] 2.0 [1.0; 4.0] —4.0 [-5.0; —2.0] <.001 46 (80.7%)

Results are presented as median [IQR] or n (%).

*The rTNSS has a range of 0 (no symptoms) to 12 (severe symptoms). A change from baseline of >1 point is considered the minimal clinically important
difference (MCID).®

TP value is based on the Wilcoxon signed rank test.

IQR = interquartile range; rTNSS = reflective Total Nasal Symptom Score.

An ad hoc analysis using the last observation carried for- The median changes from baseline in the rTNSS are
ward (LOCF) was used to assess the effect of discontinued partic- shown in Table II and Figure 1. There are statistically
ipants on the rTNSS outcome. In this analysis, the last rTNSS significant improvements in the total rTNSS at all
available from each discontinued participant is carried forward timepoints between 12- and 24-month follow-ups. Greater
through the remaining follow-up periods. The median change than 80.0% of participants achieved the MCID at all
from baseline and the percent achieving MCID were calculated follow-ups. All rTNSS subscores were significantly
using this imputation method. improved (P <.01) at all timepoints except nasal itching

All statistical analyses were performed by an independent at the 18-month (P = .054) and 24-month periods
statistician using SAS (version 9.4), unless otherwise noted. (P = .133). The LOCF analysis demonstrated only a slight

reduction in the median change from baseline (-3.0
vs. —4.0) at 24 months and percent of participants who

RESULTS met the MCID for the change from baseline in rTNSS
A total of 100 participants were enrolled at six US (77.0% vs. 80.7%) at 24 months.
investigational sites between February 2017 and April Subgroup analyses found that there were no statisti-
2018. Ninety-one participants (91.0%) completed the study cally significant differences (P>.05) in the rTNSS
through the initial 12-month study follow-up period (four median change from baseline between the allergic and
withdrew, four lost to follow-up, and one died). Sixty-two nonallergic participants or by duration of rhinitis
participants consented to the long-term follow-up exten- (<5 years, 5-10 years, >10 years) at follow-ups through
sion with 57 (91.9%) completing the 24-month follow-up 24 months. There were statistically significant differences
(three died, one withdrew, and one lost to follow-up). (P <.05) in the rTNSS median change from baseline
Demographic and baseline characteristics of the between participants with baseline TNSS values <7 and
enrolled participants and the long-term extension cohort those with baseline values >7, with higher baseline scores
are presented in Table I. The baseline rTNSS of 6.1 indi- resulting in more improvement at all follow-ups except
cates a moderate level of disease. The demographics and 12 and 24 months (both P = .059).
medical history of the participants in the long-term Participants completed the RQLQ at baseline and at
follow-up are consistent with the initial population. the 18- and 24-month follow-up visits. RQLQ results are
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Fig. 1. Change in median total reflective Total Nasal Symptom Score (rTNSS) over time. Error bars indicate the interquartile range at each time
point. Follow-up periods through 9 months were reported previously by Chang et al.®
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TABLE IIl.
Change from Baseline to Follow-up in Total RQLQ Scores.

Follow-up period (mo) n Baseline RQLQ score* Follow-up RQLQ score Change from baseline in RQLQ score P value' >0.5 point improved
18 54 3.2[2.4; 3.8 0.8 [0.3; 1.7] -2.1[-3.1; -1.1] <.0001 45 (83.3%)
24 57 3.0 [2.4; 3.7] 0.5[0.3; 1.4] -2.1[-3.0; -0.8] <.0001 44 (77.2%)

Results are presented as median [IQR] or n (%).

*The 28 items on the RQLQ are rated on a seven-point scale from 0 (no impairment) to 6 (maximum impairment). The total RQLQ score is the mean of all
28 responses and the seven individual domain scores are the means of the items within those domains. A reduction from baseline of >0.5 point is considered the

minimal clinically important difference (MCID).
TP values are based on the Wilcoxon signed rank test.

IQR = interquartile range; RQLQ = Rhinoconjunctivitis Quality of Life Questionnaire.

presented in Table III. The total RQLQ scores indicate
significant improvement (P < .0001) in quality of life at
18 and 24 months post procedure. Over 75% of partici-
pants achieved the MCID (>0.5 points) from baseline in
the total RQLQ score at both time periods post procedure.
All RQLQ domains demonstrated statistically significant
improvements (P < .01) at both time periods; eye symp-
toms were the least impacted scores.

Clinician perception of the participants’ improve-
ment (as measured by the CGI-I, Fig. 2) indicate that,
with the exception of the 12-month visit, over 80% of par-
ticipants were judged by the physician to have improved
over baseline at each long-term visit. At the 12-month
visit, more participants were assessed as showing no
change (26.1%).

During the study duration, a total of five partici-
pants started using ipratropium bromide due to persis-
tent rhinitis symptoms. Three of the five were included in
the 9-month results paper by Chang et al.® Two addi-
tional participants started ipratropium bromide during
the longer-term follow-up.

A total of 29 treatment-related AEs (including two
serious events) were previously reported by Chang et al.®
Two additional related nonserious AEs were identified since

100%

90%

80%

70%

60%

50%

40%

Percentage of Participants

30%

20%
10% I I
0%
X
Q’Q oAQ,b OAQ’b OAQ’b
& & & &
o S S S
&K & & »
N O O Q2
?S\* c\(‘\ ] &
@ <

their report: dizziness during the procedure and sinusitis at
28 days post procedure. Including these two events, all the
related AEs occurred within the initial 90-day follow-up
window after treatment. The four unrelated deaths were all
due to various cancers in participants older than 65.

DISCUSSION

This is the first report of long-term safety and effi-
cacy outcomes beyond the 1-year follow-up for partici-
pants treated with the ClariFix Cryotherapy device. A
previous pilot study reported 1-year outcomes on a small
group of participants (n = 15).%> Chang et al reported out-
comes through 9 months on the current population.® Here
we report the longer-term outcomes from 12 months
through 24 months for the population Chang et al
reported on.

In the pilot study, Hwang et al reported statistically
significant (P < .001) rTNSS mean changes from baseline
of -3.6, —3.5, —3.9, and —4.3 at 30, 90, 180, and 365 days
after treatment, respectively.? However, since only 15 of
the 30 participants were available at the last follow-up,
the 365-day outcome was deemed suggestive, not defini-
tive. Yen et al reported rTNSS median change from

m 12 Months
15 Months
18 Months
21 Months

W 24 Months

Fig. 2. Clinical global impression of improvement (CGI-l). The CGl-l is a physician-completed survey indicating the perception of patient
improvement compared with baseline. The any improvement category is the sum of the very much improved, much improved, and minimally

improved categories.
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baseline of —4.0 at 3 months in a cohort of 30 chronic rhi-
nitis patients treated with cryotherapy at both the infe-
rior and middle meatus.’® In the earlier outcomes of this
study, Chang et al reported rTNSS mean changes from
baseline of —3.2 at 30 days, and —3.1 at 90, 180, and
270 days after treatment.® Our continued follow-up of
these participants demonstrates that the improvement in
this population is durable with the median changes from
baseline of —3.0 in 91 participants at 12 months. Follow-
up in 62 participants who continued in the extension
study demonstrates continued durability and suggests
the possibility of more improvement (median change from
baseline —4.0) at follow-ups after 12 months.

We did not detect any significant difference in
rTNSS outcomes between allergic and nonallergic rhinitis
participants. However, we did find significantly greater
symptom improvement in participants with baseline
r'TNSS >7 compared with baseline rTNSS <7. This may
help physicians set realist expectations for rhinitis
patients with baseline rTNSS score that are <7. This phe-
nomenon is similar to that observed in chronic
rhinosinusitis patients, in that those with higher SNOT-
22 scores demonstrate significantly greater improvement
after endoscopic sinus surgery.'*

Yen et al reported significant quality of life improve-
ments after cryotherapy using the mini RQLQ. They
noted a median change from baseline of —1.8 (IQR: —-2.3,
-0.7, P <.0001) at 3 months.'® Chang et al previously
reported a significant improvement over baseline in the
mean total RQLQ of —1.5 at 90 days (P <.001).® Our
results indicate further quality of life improvements with
median total RQLQ changes from baseline of —2.1 at both
18 and 24 months after treatment (P < .0001).

All related AEs were reported within the initial
90-day post procedure period, supporting the long-term
safety of the cryotherapy treatment.

The transnasal application of cryotherapy to the
PNN serves as an effective and minimally invasive alter-
native to conventional surgical methods, such as vidian
neurectomy and posterior nasal neurectomy, to manage
chronic rhinitis. Both vidian neurectomy and posterior
nasal neurectomy are meant to reduce the autonomic
innervation of the nasal cavity through the transection of
their targeted nerves under general anesthesia in the
operative setting. Vidian neurectomy, however, can be
associated with the potential development of dry eyes or
facial numbness as a surgical complication, while poste-
rior nasal neurectomy may result in incomplete clinical
responses if reinnervation of the PNN occurs. The advan-
tage of the current cryotherapy technology is its
intended in-office use with local anesthesia, reducing
the time and costs of surgical options for chronic rhini-
tis. The duration of therapeutic effect of cryotherapy, in
comparison to that of vidian neurectomy and posterior
nasal neurectomy, nonetheless, has not been clearly
established.

Strengths of this study include the relatively large
population of participants, many who were followed
through 24 months after treatment, and the use of
multiple validated assessments to evaluate various
participant outcomes. Limitations include the single-
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arm design without a concurrent control arm and the
loss nearly 30% of the participants after the 12-month
follow-up because of the requirement for additional con-
sent for the study extension protocol. However, using
the LOCF analysis, there did not appear to be a
substantial impact on the rTNSS outcomes from
participants who did not continue into the long-term
follow-up. At 24 months, between the observed and
imputed rTNSS outcomes, there was a —1 difference
(—4.0 vs. —3.0) in the change from baseline and 3% dif-
ference (80% vs. 77%) in the percent of participants
who achieved the MCID. Despite these limitations, we
believe the longer-term outcomes of this study provide
valuable information to clinicians interested in pursu-
ing this therapy for their rhinitis patients.

CONCLUSION

Cryotherapy with the ClariFix device significantly
and clinically improves rhinitis symptoms and quality of
life that are durable through 24 months after treatment.
Symptom improvement is comparable in patients with
allergic and nonallergic rhinitis. Higher baseline rTNSS
is associated with greater improvement at follow-up.
Adverse events are typically transient, nonserious, and
resolve with little to no intervention. Compared to alter-
nate surgical therapies, cryoablation is a safe, effective,
office-based therapy providing sustained clinical improve-
ment for chronic rhinitis patients.
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