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Long-term efficacy and safety of bronchial thermoplasty in patients
with moderate-to-severe persistent asthma: a systemic review and

meta-analysis

Jian Ping Zhou, MD', Yun Feng, MD, PhD*', Qiong Wang, mD', Li Na Zhou, MD', Huan Ying Wan, mMD', and

Qing Yun Li, MD, PhD'

Department of Respiratory Medicine, Ruijin Hospital, School of Medicine, Shanghai Jiaotong University, Shanghai, P.R. China

Abstract

Objective: To evaluate the long-term efficacy and safety of bronchial thermoplasty (BT) in the
treatment of patients with moderate-to-severe persistent asthma. Methods: We therefore
performed a systematic literature review of peer-reviewed studies focusing on BT intervention
in asthma control published between January 2000 and June 2014. Three randomized
controlled studies and extension studies met the inclusion criteria (n = 6). Outcomes assessed
after BT included spirometric data, adverse respiratory events, emergency room (ER) visits and
hospitalization for respiratory illness. One-year and 5-year follow-up data were defined as V1
and V5, respectively. Results: There were 249 BT-treated subjects in total who had a 1-year
follow-up (V1), whereas 216 of them finished a 5-year follow-up (V5). No evidence of significant
decline was found in pre-bronchodilator FEV, (% predicted) (WMD = 0.75; 95% Cl: 3.36 to 1.85;
p=0.57), or in post-bronchodilator FEV; (% predicted) (WMD =0.62; 95% Cl: 3.32 to 2.08;
p=0.65) between V1 and V5. In addition, the frequency of respiratory adverse events was
reduced significantly during the follow-up (RR=3.41, 95% Cl: 2.96-3.93, p<0.00001). The
number of ER visits for adverse respiratory events remained unchanged (RR=1.06, 95% Cl:
0.77-1.46, p=0.71) after BT treatment. There was no statistically significant increase in
the incidence of hospitalization for respiratory adverse events (V5 vs. V1, RR=1.47, 95% ClI:
0.69-3.12, p = 0.32). Conclusions: These data demonstrate long-term benefits of BT with regard
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to both asthma control and safety for moderate-to-severe asthmatic patients.

Introduction

Asthma is a chronic inflammatory airway disease that affects
300 million people worldwide, and its prevalence increases by
50% every decade [1,2]. Despite current standardized treat-
ment, it has been estimated that approximately 5% of patients
who suffer from severe persistent asthma continue to
experience asthma symptoms [3]. Poorly, and not-well
controlled asthma can cause a significant social and economic
burden [4]; increase healthcare expenses, and have negative
effects on quality of life in asthmatic patients.

Bronchial thermoplasty (BT) is an innovative approach for
the management of severe asthma that specifically tar-
gets airway smooth muscles (ASMs) in order to control
airway hyperresponsiveness. This is accomplished by radio-
frequency-generated heat delivered through a flexible
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bronchoscope [5]. Controlled heat could decrease bronchial
smooth muscle mass, contractility and bronchoconstrictor
response to relieve the symptoms of asthma including
shortness of breath [6]. It has been demonstrated that BT
can achieve significant improvements in lung function and
decrease the incidence of ER visit and hospitalization in
severe asthmatic patients, as a non-pharmacologic interven-
tion [7]. An increasing amount of evidence suggests that
BT could be potential treatment for asthma [8-12], but
information of long-term response to BT in asthmatic
patients is limited by small sample size of current clinical
trials. Thus, the present systematic review was carried out,
along with a meta-analysis of the currently available
clinical trials, to evaluate the long-term safety and effect-
iveness of BT for patients with moderate-to-severe persist-
ent asthma.

Materials and methods
Search strategy

The methods used in this study followed the protocol of
Cochrane Collaboration [13]. We performed a systematic
literature review of peer reviewed studies focusing on BT
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intervention in asthma control published between January
2000 and June 2014. All basic data were searched in multiple
databases, including the Cochrane Library, ClinicalTrials.gov,
MEDLINE®, EMBASE®, Ovid and PubMed. The search
terms included ‘‘bronchial thermoplasty’’, or *‘thermoplasty’’
and ‘‘asthma’ or ‘‘bronchial asthma’’. Trials were not
excluded on the basis of language.

Inclusion criteria

The following criteria were used to select qualified clinical
trials for inclusion in this study.

(1) Target population: All subjects should be between 18
and 65 years old and diagnosed with moderate-to-severe
persistent asthma according to the guidelines of the
Global Initiative for Asthma [14]. All subjects should
require daily therapy with inhaled corticosteroid (ICS)
equivalent to a dose of >200 pg of beclomethasone and
long-acting B-adrenergic agonist (LABA), at a dose of
>100 pg of salmeterol or the equivalent.

(ii) Intervention: All subjects should receive BT procedures
at least once, performed by delivering radiofrequency
energy to the airway wall using the Alair® system
[9.15,16].

Methodological criteria

Three randomized clinical trials and extension studies were
finally included for the analysis (n = 6). Outcomes of interest
assessed after BT included spirometric data, adverse respira-
tory events, emergency room (ER) visits and hospitalization
for respiratory illness. One-year and 5S-year follow-up data
were defined as V1 and V5, respectively. There were 249 BT-
treated subjects in total who had a 1-year follow-up, whereas
216 of them finished a 5-year follow-up. The differences in
outcomes of interest between V1 and V5 were analyzed.

Critical appraisal and quality control of study
inclusion

Clinical trials were appraised by internal and external
validity assessment using a checklist of factors by question-
naire [13,17]. Parameters included in this questionnaire were
the method of allocation and concealment of the random-
ization schedule, the blinding of trial performers, outcome
assessors, follow-up, method of analysis and quality of
results obtained. The quality of randomized controlled study
reporting was assessed using the Jadad scale [18,19].
A Jadad scale score<3 is considered to indicate a low-
quality trial [20,21].

Data extraction and statistical analyses

Two physicians independently extracted the data from all
included clinical trials. Intention-to-treat results were used
whenever available. A meta-analysis was conducted to
quantify the efficacy and safety of BT using Review
Manager, version 5.3 (The Nordic Cochrane Center, The
Cochrane Collaboration 2008, Copenhagen, Denmark) for all
the statistical analyses.

Trial heterogeneity is estimated using the Cochrane Q
statistic. The 12 statistic, which is the proportion of total
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variation among studies that is likely to be explained by
between-study heterogeneity rather than chance [22], is
reported and rejected. When the hypothesis of homogeneity
has not been rejected, a fixed-effects model is used to
calculate summary relative risk (RR), weighted mean differ-
ence (WMD) and 95% confidence intervals (CI). Otherwise, a
random-effects model with inverse variance weighting will be
used [23,24]. A p-value <0.05 is considered to be a
statistically significant publication bias.

Results
Study Inclusion

Three randomized clinical trials and extension studies were
included for the analysis (n=6) (Figure 1). There were 249
BT-treated subjects in total who had a l-year follow-up,
whereas 216 of them finished a 5-year follow-up. The
characteristics and demographic data of all included BT-
treated subjects are presented in Tables 1 and 2 [9-12,15,25].
All clinical trials were of high quality and had the same
follow-up duration of 5 years.

Efficacy of BT in patients with moderate-to-severe
asthma

Maintenance medication changes for worsening of asthma

Overall, most of the subjects have presented different level of
reduction of ICS and LABAs doses. More than 10% (Ranges:
12-49%) patients were completely weaned off LABA treat-
ment, without further maintenance medication for symptom
control.

Spirometric stability

The effect of treatment with BT was assessed using spirom-
etry during 5 years follow-up. No evidence of significant
decline was found in pre-bronchodilator FEV, (% predicted)
(WMD =0.75; 95% CI: 3.36 to 1.85; p=0.57) (Figure 2), or
in post-bronchodilator FEV, (% predicted) (WMD =0.62;
95% CI. 3.32 to 2.08; p=0.65) between V1 and V5
(Figure 3). This result suggested that BT might prevent
moderate-to-severe persistent asthmatic patients from rapid
deterioration in lung function.

Tolerability and safety of BT treatment reflected by
adverse respiratory events

Total adverse respiratory events

During the follow-up period, there was no statistically
significant decrease in the incidence of respiratory adverse
events between V1 and V5 (RR=3.41, 95% CI: 2.96-3.93,
p<0.00001) (Figure 4). The most frequently observed
respiratory adverse events during post-treatment period were
coughing, chest discomfort and dyspnea.

ER visits for adverse events

During the follow-up period, no statistically significant
difference was found in the number of ER visit for respiratory
adverse events between V1 and V5 (RR=1.06, 95% CI:
0.77-1.46, p=0.71) (Figure 5).



Downloaded by [University of Liverpool] at 06:42 27 October 2015

DOI: 10.3109/02770903.2015.1065424

Long-term efficacy and safety of BT 3

Figure 1. The flowchart of identifying studies
through systemic search in multiple
databases.

Potentially relevant studies identified and screened
for retrieval (n=53)

Study excluded (n=19)
Not RCT (n=20)

Y

RCT retrieved for more detailed evaluation

(n=12)
Trials excluded from meta-analysis
(n=6)
Y
RCT included in meta-analysis
(n=6)
Table 1. Designed characteristics of each included study.
Sample  JADAD scale Follow-up
Study [Ref.] Design size 16-18 Variables Inclusion criteria (years)
Pavord et al. [25]  Multicentre, randomized, 14 3 Safety; AE; FEV, Target population (BT group) 1
controlled, parallel-
group study
Pavord et al. [12] Extension study 12 - Safety; AE; FEV, Target population (BT group)
Cox et al. [15] Multicentre, randomized, 45 3 Safety; AE; FEV, Target population (BT group) 1
controlled, parallel-
group study
Cox et al. [11] Extension study 42 Safety; AE; FEV, Target population (BT group)
Castro et al. [9] Multicentre, randomized, 190 3 Safety; AE; FEV, Target population (BT group) 1
double-blind, study
Castro et al. [10] Extension study 162 - Safety; AE; FEV, Target population (BT group) 5

AE, adverse events; FEV, forced expiratory volume in the st second (% predicted).

Hospitalization for adverse respiratory events

During the period in the post-treatment course, no statistically
significant increase was found in the incidence of hospital-
ization for respiratory adverse events (V5 vs. V1, RR =1.47,
95%CI: 0.69-3.12, p=0.32) (Figure 6).

Discussion

Bronchial thermoplasty is a device-based non-pharmacologic
procedure that applies controlled heat to reduce the mass of

the ASM. Such mechanism indicates a potential application of
BT intervention in patients with severe asthma, where ASM
constriction was a common patho-physiological change. The
effectiveness and safety of BT has been evaluated in a series
of studies enrolling subjects with mild to severe-refractory
asthma [8-12,15,25,26].

In this meta-analysis, we examined the long-term safety
and efficacy of BT treatment in asthma control by combining
evidence from several comparative clinical trials. Previously
published data have demonstrated the clinical benefits of BT
in 1 year [27]. Our results have demonstrated the benefits of
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Table 2. Demographics and clinical characteristics of included BT-treated patients.

Pavord et al. [12,25]

Cox et al. [11,15] Castro et al. [9,10]

Study (Ref.) VI (n=14) V5 (n=12) V1 (n=45) V5 (n=42) V1 (n=190) V5 (n=162)
Age (years)* 38.6+13.3 - 40.0+11.2 - 40.7+11.8 41.5+11.0
Sex, n (%)

Male 6 (43) - 19 (42) - 81 (42.6) 68 (42.0)
Female 8 (57) - 26 (58) - 109 (57.4) 94 (58.0)
Race, n(%)
White 14 (100) - 41 (91) - 151 (79.5) 134 (82.7)
African American/black - - 3(7) - 19 (10.0) 13 (8.0)
Other - - 1(2) - 20 (10.5) 15 (9.3)
Weight (kg)b 90.5+19.5 - 76.3+23.3 - 81.7+18.4 81.4+17.1
ICS dose (pg)° 1179 +£421 - 1305 + 880 - 1960.7 +745.2 1958.9+757.9
LABA dose (ug)d1 127 + 62 - 109 + 34 - 116.8 +34.4 120.8 +47.7
ACQ score® 2.8+1.0 - 1.3+0.6 - 2.1+0.87 2.1+0.84
AQLQ score’ 41+13 - 56+0.9 - 430+1.17 432+1.17
SFD (%)*® 5.6+14.1 - 33.3+343 - 16.4+24.0 16.1 +24.1
Total respiratory events 118 (14) 29 (12) 202 (38) 46 (22) 366 (132) 126 (77)
ER visits for respiratory events in prior 54) 1(1) 3(3) 2 (2) 141 (55) 115 (47)
12 months (no. of subjects)
Hospitalization for respiratory events in prior 10 (6) 1(1) 3(3) 1(1) 10 (8) 10 (8)
12 months (no. of subjects)
Lung function measures
FEV, pre-BD% predicted 63.5+12.5 703+11.4 72.5+10.9 732+11.7 77.8+15.7 77.8+15.8
FEV, post-BD% predicted 752+11.9 81.1+10.8 84.4+13.8 852+12.5 86.1+15.8 859+15.8

BT, bronchial thermoplasty; Ref., reference; ICS, inhaled corticosteroid;

LABA, long-acting 2-agonist; ACQ, asthma control questionnaire; AQLQ,

Asthma Quality Of Life Questionnaire; SFD, symptom-free days; ER, emergency room visit; FEV, forced expiratory volume in the first second (%
predicted); pre-BD, pre-bronchodilator; post-BD, post-bronchodilator; —, data not available. The following values are expressed by mean + SD:

“Age,

"Weight,

°CS dose,

YLABA dose,

°ACQ score,

fAQLQ score,

ESFD and

hLung function measures.

Mean Difference Mean Difference

ed, 95% CI [%]

dy © bgroup Mea A & ota ) A A ota eigh X % CI [%6]
AIR 2 Extension Study 778 157 190 778 158 162 62.1% 0.00 [-3.30, 3.30]
AIR Extension Study 72.5 109 45 73.2 1.7 42 29.9% -0.70 [-5.486, 4.06]
RISA Extension Study 63.5 125 14 70.3 114 12 8.0% -6.80 [-15.99, 2.39]
Total (95% CI) 249 216 100.0% -0.75 [-3.36, 1.85]

Heterogeneity: Chi* = 1.86, df = 2 (P = 0.39); F = 0%
Test for overall effect: Z = 0.57 (P = 0.57)

Figure 2. No evidence of significant decline in pre-bronchodilator FEV (
1.85; p=10.57).

BT observed at 1 year remained at 5 years. The long-term
efficacy of BT was further supported by the absence of
decline in lung function, which might imply the protective
role of BT in lung function stability [28-31]. In addition, the
incidence of ER visits and hospitalization for respiratory
adverse events in subjects receiving BT treatment remained
unchanged. All these results indicate that the integrity of the
airways is not compromised over the long term as a result of
BT treatment. This study confirms the persistent benefits of
BT treatment up to at least 5 years and has intensified the
previously established safety and efficacy profiles by other
studies [10-12,25,32,33].

Despite of beneficial role of BT treatment in asthma
control, one might also challenge that BT intervention could
cause potential and transient damage to the airway walls with
initial target only on ASM [34], which appears to play a

100 -50 0 50 100
Favours [1-yr follow-up] Favours [5-yr follow-up]

% predicted) during the long-term follow-up (WMD —0.75; 95% CI: —3.36 to

versatile role in underlying mechanism for asthma. ASM
hyperplasia increases contractility of ASM, and leads to
intermittent airway obstruction. The recurrent episodes of
ASM constriction could possibly initiate an inflammatory
reaction by activating the release of smooth muscle agonists
in a feed-forward loop fashion, and thus airway inflammation
may persist [5]. The BT-induced reduction in the ASM mass
could cause a physical change of the airway, which would be
expected to be of long-term or even permanent [35].
However, such hypothesis was not supported by the findings
from animal studies, which suggested an absence of scar
formation in the treated area after BT intervention, but with a
complete epithelial re-growth instead [5]. The only residual
disruption of airway morphology was the replacement of
ASM at the treatment site by loose connective tissue [5]. All
other tissue elements remained intact or returned to normal
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1-yr follow-up S-yr follow-up Mean Difference Mean Difference
—Study or Subgroup  Mean [%] SD [%] Total Mean [%] SD [%] Total Weight IV, Fixed. 95% CI[%] IV, Fi % Cl [%]
AIR 2 Extension Study 86.1 158 190 85.9 158 162 66.5% 0.20[-3.11, 3.51]
AIR Extension Study 84.4 13.8 45 85.2 125 42 23.9% -0.80 [-6.33, 4.73]
RISA Extension Study 75.2 11.9 14 81.1 10.8 12 96% -5.90 [-14.63, 2.83]
Total (95% ClI) 249 216 100.0% -0.62 [-3.32, 2.08]

Heterogeneity: Chi* = 1.65, df = 2 (P = 0.44); I* = 0%
Test for overall effect: Z = 0.45 (P = 0.65)

~100 -50 0 50 100
Favours [1-yr follow-up] Favours [S-yr follow-up]

Figure 3. No evidence of significant decline in post-bronchodilator FEV, (% predicted) during the period in the post-treatment course (WMD —0.62;

95% CI: —3.32 to 2.08; p=0.65).

1-yr follow-up  5-yr follow-up Risk Ratio Risk Ratio
_Study or Subgroup ~ Events Total Events Total Weight M-H, Fixed, 95% Cl -H. Fi % CI
AIR 2 Extension Study 366 1084 126 1084 62.7% 2.90[2.42, 3.49] |
AIR Extension Study 202 410 46 410 22.9% 4.39[3.29, 5.87] F-
RISA Extension Study 118 221 29 221 14.4% 4.07 [2.84, 5.84] o
Total (95% CI) 1715 1715 100.0% 3.41 [2.96, 3.93] ’
Total events 686 201 . - p .
it iz = = = -2 = ¥ 1 T T 1
Heterogeneity: Chi* = 6.77, df = 2 (P = 0.03); I? = 70% 0.01 01 1 10 100

Test for overall effect: Z = 16.92 (P < 0.00001)

Favours [1-yr follow-up] Favours [5-yr follow-up]

Figure 4. A statistically significant reduction in the frequency of respiratory adverse events after BT treatment (RR =3.41, 95% CI: 2.96-3.93,

p<0.00001).
1-yr follow-up  5-yr follow-up Risk Ratio
-H, Fi % Cl

AIR 2 Extension Study 55 190 47 162 94.2% 1.00 [0.72, 1.39]
AIR Extension Study 3 45 2 42  3.8% 1.40 [0.25, 7.97]
RISA Extension Study 4 14 1 12 2.0% 3.43 [0.44, 26.66)
Total (95% CI) 249 216 100.0%

Total events 62 50

Heterogeneity: Chiz = 1.49, df = 2 (P = 0.47); I = 0%
Test for overall effect: Z =0.37 (P =0.71)

Risk Ratio

M;H._Eiﬁ.}_i% Cl

0.01 0.1 10 100
Favours [1-yr follow-up] Favours [5-yr follow-up]

1.06 [0.77, 1.46) T
1

Figure 5. No statistically significant increase in the number of ER visits for adverse respiratory events (RR 1.06, 95% CI: 0.77-1.46, p=0.71).

1-yr follow-up  5-yr follow-up

AIR 2 Extension Study 8 190 8 162 B80.4%
AIR Extension Study 3 45 1 42  9.6%
RISA Extension Study 6 14 1 12 10.0%
Total (95% CI) 249 216 100.0%
Total events 17 10

Heterogeneity: Chi® = 3.12, df =2 (P = 0.21); I? = 36%
Test for overall effect: Z = 1.00 (P = 0.32)

Risk Ratio
-H, Fi % CI
0.85[0.33, 2.22)

Risk Ratio

. g 0550

2.80 [0.30, 25.88] ¥
5.14 [0.72, 36.94] -

1.47 [0.69, 3.12]

0.01 0.1 1 10 100
Favours [1-yr follow-up] Favours [5-yr follow-up]

Figure 6. No statistically significant increase in the incidence of hospitalization for respiratory adverse events (V5 vs. V1, RR=1.47, 95%CI: 0.69—

3.12, p=0.32).

based on a careful histological assessment [5]. Until now, the
exact pathway that leads to loss of ASM is not well known,
and therefore, further animal studies and clinical investigation
should be designed to examine whether BT-induced ablation
of ASM could become a two-edged sword during the period
in the post-treatment course and to determine the precise
mechanisms through which BT produces beneficial effects on
asthmatic patients. [36,37].

Despite of all data supporting the usage of BT treatment,
the frequency of respiratory adverse events should not be
neglected during the early stage of BT intervention. The most
common side effects were airway irritation, including

worsening asthma symptoms (wheezing, chest discomfort,
cough and chest pain), and upper respiratory tract infections.
The majority of respiratory adverse events occurred
within 1 day of the bronchoscopy and resolved within
7 days [8-11,14,24].

There are several limitations in this study. First of all,
almost all studies included in this meta-analysis did not have a
control group (sham group) for 5-year follow-up. As Pavord
mentioned [12], the ethical consideration is the most import-
ant issue impeding researchers to acquire a matched long-
term follow-up control group for BT treatment. Secondly, the
findings from current studies are still based merely on clinical
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manifestations and outcomes. Histological assessment after
BT treatment could provide more evidence to support our
findings. A study designed to investigate the long-term effect
of BT treatment with pathological examination conducted at
the same time would be very helpful in addressing this
concern.

Conclusions

In summary, through a systematic search, review and analysis
of the currently available literatures, we conclude that
bronchial thermoplasty shows reasonable long-term safety
and efficacy for moderate-to-severe asthmatic patients. A
large scale clinical study should be performed for confirming
the finding.
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