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Abstract

Purpose of Review This review highlights lung denervation procedure as a potential bronchoscopic treatment for patients with

advanced chronic obstructive pulmonary disease (COPD).

Recent Findings To date, clinical studies of bronchoscopic TLD for patients with COPD proved feasibility, demonstrated a good
safety profile, established a therapeutic dose of energy, and identified a potential effectiveness outcome. The AIRFLOW-2,
multicenter, randomized, sham-controlled, double-blinded trial showed fewer respiratory adverse events, including hospitaliza-

tion for COPD exacerbation in patients treated with TLD.

Summary TLD of the parasympathetic airway nerves appears to be safe and shows favorable clinical outcomes in patients with
advanced COPD. Results of the ongoing clinical trial and long-term follow-up of previously treated patients will provide more
information on the efficacy and durability of TLD in the management of this challenging group of patient.
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Background

Chronic obstructive pulmonary obstructive disease (COPD) is
associated with high morbidity and mortality [1]. According
to the Global Burden of Disease (GBD), COPD is currently
the third leading cause of death worldwide [2]. In the USA,
COPD kills more than 120,000 individuals each year [3].
COPD is characterized by persistent respiratory symptoms
of cough, dyspnea, and limited exercise capacity secondary
to peripheral airway obstruction, hyperinflation, and emphy-
sematous parenchyma destruction [4]. Management of COPD
includes smoking cessation, influenza and pneumococcal vac-
cination, supplemental oxygen for severe hypoxemia, phar-
macologic treatment guided by the severity of symptoms,
and pulmonary rehabilitation. Pharmacologic treatment of sta-
ble COPD comprise mainly of inhaled bronchodilators (beta
agonists and muscarinic antagonist) alone, in combination, or
with an added inhaled corticosteroid [5]. In patients with both
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COPD and obstructive sleep apnea, the use of continuous
positive airway pressure (CPAP) was shown to improve both
survival and the risk of hospital admissions. Lung transplan-
tation has been shown to optimize the functional capacity and
improve the quality of life in patients with advanced COPD
[6, 7]. Lung volume reduction surgery (LVRS) has shown to
prolong survival in a selected group of patients with upper
lobe predominant emphysema and low exercise capacity after
rehabilitation [8]. However, many patients with COPD are not
candidates for this surgery because of their multiple comor-
bidities and the specific inclusion criteria that limits the appli-
cability of LVRS [9].

During the past decade, several techniques of broncho-
scopic lung volume reduction (BLVR) emerged as part of
severe COPD and emphysema management, to achieving
lung volume reduction with different degree of reversibil-
ity and whose application is dependent on the emphysema
distribution and presence or absence of interlobar collat-
eral ventilation [10]. Targeted lung denervation is another
bronchoscopic technique for the treatment of COPD. This
technology is under clinical investigation and not yet
commercially available. In 2020 Nuvaira® Lung
Denervation System has been designated as a
Breakthrough Device by the US Food and Drug
Administration (FDA) after reviewing the safety data on
the first 50 patients enrolled in the AIRFLOW-3 clinical
trial [11].
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What is Targeted Lung Denervation

TLD therapy is a bronchoscopic treatment delivered via a
dual-cooled radio frequency (RF) catheter (Holaira,
Minneapolis, MN, USA) (Fig. 1) designed to generate suffi-
cient energy at a limited depth from the inner surface of the
main bronchus to ablate the nerves traveling parallel to the
airways to the lung (Fig. 2). The RF current travels from the
electrodes through the airways and surrounding tissue where
the nerves are located on the outer surface of the bronchus. An
expandable balloon that has continuously running fluid keeps
the electrodes cool, while energy is applied to minimize the
damage to the mucosal surface of the bronchi [12e¢].

The Rationale of Targeted Lung Denervation

Despite all available pharmacologic and non-pharmacologic
therapies available for the management of patients with
COPD, many patients with persistent symptoms and history
of disease exacerbation remain at risk of future respiratory
events. Targeted lung denervation (TLD) is a potential treat-
ment for those patients, in which the parasympathetic airway
nerves are ablated, aiming to achieve sustained bronchodila-
tion and reduced mucous secretion, simulating the effect of
anticholinergic drugs. The ultimate goal of this intervention is
to reduce the rate of COPD exacerbation. TLD is designed as a
potential treatment for GOLD group D COPD patients, those
with FEV1 30-60% predicted, and a history of at least two
moderate or one severe exacerbation in the past 12 months,
and persistent symptoms based on COPD assessment test
(CAT) >10 while on optimal pharmacologic treatment.

Description of the Procedure

The bronchoscopy is done, while the patient is under general
anesthesia. Initially, an esophageal balloon filled with contrast
is inflated to be used to determine the distance between the
outer surface of the esophagus and the TLD catheter under

Fig. 1 The dual-cooled radio frequency (RF) catheter with the balloon
inflated
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Fig. 2 The Nuvaira Console

fluoroscopic guidance to avoid delivering a RF treatment dose
that can damage the esophageal nerve plexus.

The TLD catheter is introduced through a bronchoscope
with a working channel of 3.2 mm. Once the balloon was
inflated, good contact with the airways is visually confirmed
as well as the electrode position using fluoroscopy. The elec-
trodes are activated to treat each main bronchus at four rota-
tional positions to achieve a complete circumferential treat-
ment with up to eight treatments for each patient (Fig. 3).

The technique requires an experienced operator as failing
to visualize a good contact of the cooling balloon with the
inner wall of the airways can lead to serious side effects in-
cluding ulceration and bronchial fistula formation.

Summary of Clinical Evidence

In 2015, Slebos et al. published a pilot study, conducted in
South Africa and the Netherlands [12¢¢]. This was the first-in-
human study in treating patients with moderate to severe
COPD. Twenty-two patients were treated. Twelve patients
were in the 20 Watt (W) cohort and ten patients in the 15 W
cohort. Patients underwent staged TLD, 30 days apart at 20 or
15 W following baseline assessment off bronchodilators. One
year, changes from baseline in the 20 W dose compared to the
15 W dose suggested a larger and more durable improvement
in lung function: FEV1 (+11.6%4+32.3 vs +0.02%=+15.1,
p=0.324), exercise capacity, submaximal cycle endurance
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Fig. 3 The distal catheter balloon
a deflated inside the airways and
then b inflated with the electrode
shown on top of the screen

Catheter shaft

electrode

\
Distal catheter balloon
(deflated)

(+6.8 min+12.8 vs 2.6 min£8.7, p=0.277), and health-related
quality of life represented by the St. George’s Respiratory
Questionnaire (—11.1 points £9.1 vs —0.9 points +8.6,
p=0.044). The primary safety endpoint was achieved in 95%
of patients, and technical feasibility was 93%. There was no
difference in the safety profiles between the two energy doses.
The most common side effect was COPD exacerbation in
59% of the patients in the first year. Three of the 20 W cohort
patients developed asymptomatic airway wall defects after
which the procedure was modified to ensure a more accurate
visual assessment of balloon contact before activation, more
distal treatment to the main carina, and decreasing the overall
power to 15 W. This was a pilot study to prove the concept
and assess the safety of the new technology, and it showed a
non-significant trend toward improved lung function and
quality of life in patients treated with the higher RE energy
dose (20 W vs 15 W); however, no placebo group was
included.

A post hoc analysis was performed to assess bronchodilator
response post-TLD, where an increase in FEV1 following
inhalation of 80 pg ipratropium was assessed at 3, 6, and 12
months. A greater bronchodilator response was observed in
patients treated with 20 W, with a mean response of 355 ml
(43%) that was retained at 12 months follow-up [13]. These
findings suggest that TLD and anticholinergic inhaler treat-
ment might have a synergistic effect in the management of
patients with COPD. This data also suggests that the vagal
denervation of the airways does not result in permanent and
complete suppression of the distal parasympathetic nervous
system in the airways.

In 2018, Valipour et al. conducted a multicenter,
nonrandomized, prospective study to further evaluate the fea-
sibility and long-term safety of TLD when performed in a
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single procedure [14]. The rationale behind was to reduce
the risk of COPD exacerbations induced by bronchoscopy
and reduce the repeated risk to anesthesia. This study had
similar design and inclusion criteria to the pilot study [12e¢]
with the exception that TLD was delivered at a single power of
15 W to both lungs during a single procedure. Fifteen patients
were treated, and the primary safety endpoint of freedom from
worsening of COPD was 100%. There were no procedure-
related complications. The most common respiratory side ef-
fect was COPD exacerbation that occurred in 5 patients at
least 3 months post-TLD. Feasibility was 93%, where one
patient received treatment in seven of eight expected loca-
tions. Two patients had a staged procedure as the proper bal-
loon size was unavailable at the time of the initial procedure.
This small cohort was followed up for 3 years, and the low rate
of COPD exacerbation was noticed in the 9 patients that did
not lose follow-up. This cohort of this study had a significant-
ly lower serious adverse events (SAE) rate than the first-in-
human pilot study which could be attributed to the bilateral
approach, lower energy level used, and a more distal electrode
placement away from the thermally sensitive main carina
which could have reduced the airway complications.

Following the first two feasibility studies [12e¢, 14], a
second-generation TLD system was developed to enhance
the compatibility of the catheter with a flexible bronchoscope
and having a larger electrode to reduce the procedure. In con-
trast to the first-generation larger catheter of TLD, which re-
quired the use of rigid bronchoscopy, the modified catheter
can be placed through the working channel of flexible
bronchoscopy.

In 2019, Valipour et al. published the AIRFLOW-1 trial
that evaluated the safety and the feasibility of this device and
tested the optimal RF treatment dose. Forty-six patients were
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treated. Thirty patients with COPD (FEV1 30-60%) were 1:1
randomized to receive TLD with either 29 or 32 W. Five
patients early in the randomization phase developed symp-
toms of impaired gastric emptying which led to holding the
trial. Procedure modification was implemented to avoid injury
to the esophageal-vagal plexus that supplies the stomach. An
esophageal balloon filled with contrast was used to mark the
distance between the RF electrode and the outer surface of the
esophagus using fluoroscopy. RF energy was decreased at
sites close to the esophagus. After this modification, the inci-
dence of SAEs related to the procedure decreased by more
than half in the remaining patients that were in the randomized
dosing phase. A confirmatory phase of the trial included six-
teen patients treated with 32 W after implementing the new
modification, none of them developed any gastrointestinal
side effects. This study evaluated 2 higher dose power level
compared to the ones used in preclinical work [15—19]; hence,
the primary safety outcome was the rate of acute airway side
effects. Airway wall effects were observed in 15% of treated
patients, with complete recovery at follow-up visits.
Feasibility was achieved in 29/30 patients (97%). At 1-year
follow-up, improvements in FEV1 of 94.2 + 228 mL (p =
0.18), FVC 212 £ 497 mL (p = 0.17), SGRQ-C -7.5 £ 10.3
(p =0.036), and CAT -2.9 £ 6.1 (p = 0.14) were observed in
the 32 W group compared to baseline. The 29 W group had
changes in FEV1 of 57+ 82 mL (p = 0.0272), FVC 238 £316
mL (p=0.0188), SGRQ-C-1.9+12.5 (» =0.6166), and CAT
0.3 £ 7.8 (p = 0.8898) compared to their baseline. There was
no statistically significant difference between the two groups.
The improvement observed in the quality of life and COPD
symptoms scores suggested a dose-response relationship of
TLD; however, the authors acknowledged that the study was
not powered to assess the superiority of efficacy outcomes
between the different dosing groups. There was no control
group in this trial.

Later in 2019, Slebos et al. published the results of the
AIRFLOW-2 trial [20°]. This was a prospective, multicenter,
randomized, sham-controlled, double-blind study in patients
with COPD with similar inclusion criteria as prior studies
[12e, 14, 21] This was a small study but appropriately ran-
domized 1:1, with a sham ablation procedure in the patients
assigned to the control group. Both the patients and the study
assessment team were blinded. Eighty-two patients were in-
cluded, and 41 patients received treatment in the TLD group.
The primary endpoint was the difference between the two
groups in the rate of respiratory events between 3 and 6.5
months after treatment. The TLD group experienced signifi-
cantly fewer respiratory adverse events, 32% (13/41) com-
pared to the sham group 71% (29/41) (p = 0.008). The most
common respiratory events in both groups were COPD exac-
erbation and worsening dyspnea. Between 0 and 12.5 months
post TLD treatment, there were no differences in the rate of
respiratory adverse events between the two groups (83% vs

90%; p = 0.52). The time to first moderate to severe COPD
exacerbation was not statistically different between the two
groups over 12.5 months of follow-up; however, the risk of
COPD exacerbation requiring hospitalization was significant-
ly lower in the TLD group than in the sham group (hazard
ratio, 0.35; 95% confidence interval, 0.13-0.99; p = 0.039)
over the same period.

The longer follow-up period of this study was important to
confirm safety, especially the low number of transient gastro-
intestinal side effects that were not statistically different be-
tween the two groups. Surprisingly, the sham bronchoscopy
group experienced more than twice as many adverse respira-
tory events compared with the TLD group. It is important to
note that the present study did not require a COPD exacerba-
tion history for inclusion, and a possible explanation for this
outcome could be that the relatively small sham bronchoscopy
group experienced an unexpected higher number of respirato-
ry events. Also, for the entire 12.5 months assessment period,
there was no difference in respiratory adverse events between
the two groups.

In summary, TLD is a novel therapeutic concept that
targeted denervation of the parasympathetic airway nerves is
safe and can improve the clinical outcomes in patients with
COPD. A phase 3 randomized controlled trial (AIRFLOW-3)
[22] is currently ongoing, and a history of recent COPD ex-
acerbation is part of the inclusion criteria. This trial should be
appropriately powered and could potentially provide more
information on the efficacy of TLD in the management of this
group of patients. Outcome data of longer follow-up on pre-
viously treated patients will provide more information on the
durability of the effect of TLD.
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