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Bronchoscopic lung-volume reduction with Exhale airway
stents for emphysema (EASE trial): randomised,
sham-controlled, multicentre trial

P L Shah, D-J Slebos, P F G Cardoso, E Cetti, K Voelker, B Levine, M E Russell, ] Goldin, M Brown, J D Cooper, G W Sybrecht, on behalf of the
EASE trial study group*

Summary

Background Airway bypass is a bronchoscopic lung-volume reduction procedure for emphysema whereby
transbronchial passages into the lung are created to release trapped air, supported with paclitaxel-coated stents to ease
the mechanics of breathing. The aim of the EASE (Exhale airway stents for emphysema) trial was to evaluate safety
and efficacy of airway bypass in people with severe homogeneous emphysema.

Methods We undertook a randomised, double-blind, sham-controlled study in 38 specialist respiratory centres
worldwide. We recruited 315 patients who had severe hyperinflation (ratio of residual volume [RV] to total lung
capacity of =0- 65). By computer using a random number generator, we randomly allocated participants (in a 2:1 ratio)
to either airway bypass (n=208) or sham control (107). We divided investigators into team A (masked), who completed
pre-procedure and post-procedure assessments, and team B (unmasked), who only did bronchoscopies without
further interaction with patients. Participants were followed up for 12 months. The 6-month co-primary efficacy
endpoint required 12% or greater improvement in forced vital capacity (FVC) and 1 point or greater decrease in the
modified Medical Research Council dyspnoea score from baseline. The composite primary safety endpoint
incorporated five severe adverse events. We did Bayesian analysis to show the posterior probability that airway bypass
was superior to sham control (success threshold, 0-965). Analysis was by intention to treat. This study is registered
with ClinicalTrials.gov, number NCT00391612.

Findings All recruited patients were included in the analysis. At 6 months, no difference between treatment arms was
noted with respect to the co-primary efficacy endpoint (30 of 208 for airway bypass vs 12 of 107 for sham control;
posterior probability 0-749, below the Bayesian success threshold of 0-965). The 6-month composite primary safety
endpoint was 14-4% (30 of 208) for airway bypass versus 11-2% (12 of 107) for sham control (judged non-inferior,
with a posterior probability of 1-00 [Bayesian success threshold >0-95]).

Interpretation Although our findings showed safety and transient improvements, no sustainable benefit was recorded
with airway bypass in patients with severe homogeneous emphysema.

Funding Broncus Technologies.

Introduction

Surgery to reduce lung volume in patients with
pulmonary emphysema can increase residual volume
(RV) and improve breathing mechanics and dyspnoea,
even in individuals with homogeneous disease. However,
with substantial surgical morbidity, adoption of this
procedure has been low."

Airway bypass is a bronchoscopic procedure to reduce
lung volume that is designed for treatment of severe
homogeneous emphysema. With this technique,
passages are created in the bronchial airways to deflate
air trapped in the emphysematous regions, and paclitaxel-
eluting stents are placed to maintain passageway
patency.*” In preclinical, ex-vivo, and pretransplant
studies, airway bypass released trapped air by
bronchoscopic creation of transbronchial passageways.”*
In a feasibility study’ efficacy was shown for airway
bypass at 6 months in patients with a ratio of RV to total
lung capacity (TLC) of more than 67%, a proportion that
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is also predictive of improvement in forced vital capacity
(FVC) after lung-volume reduction surgery.’

The Exhale drug-eluting stent (Broncus Technologies,
Mountain View, CA, USA) is composed of stainless steel
and silicone and contains paclitaxel, which is intended to
inhibit fibrotic responses.” We designed the Exhale airway
stents for emphysema (EASE) trial to investigate safety
and efficacy of airway bypass for patients with severe
homogeneous emphysema.

Methods

Participants

We undertook a multicentre, double-blind, randomised,

sham-controlled trial at 38 specialist respiratory centres

worldwide. The adaptive study design of the EASE trial

and screening process to select patients with severe

homogeneous disease has been published previously.”
Panel 1 summarises key inclusion and exclusion

criteria. We focused inclusion criteria on definition of a

Lancet 2011; 378: 997-1005
See Comment page 966

*See end of report for details of
the EASE trial study group

National Institute for Health
Research (NIHR) Respiratory
Biomedical Research Unit at
Royal Brompton and Harefield
NHS Foundation Trust, and
Imperial College, London, UK
(P L Shah MD); University
Medical Center (UMC)
Groningen, Groningen,
Netherlands (D-) Slebos MD);
Heart Institute (InCor)-Hospital
das Clinicas da Faculdade de
Medicina da Universidade de
Sao Paulo, Sdo Paulo, Brazil

(P F G Cardoso MD); Royal
Brompton Hospital, and
Imperial College, London, UK
(E Cetti MA); Sarasota Memorial
Hospital, Sarasota, FL, USA

(K Voelker MD); Pulmonary
Associates, Phoenix, AZ, USA
(B Levine MD); Broncus
Technologies, Mountain View,
CA, USA (M E Russell MD);
David Geffen School of
Medicine, University of
California at Los Angeles
(UCLA), and MedQIA,

Los Angeles, CA, USA

() Goldin MD, M Brown PhD);
Hospital of the University of
Pennsylvania, Philadelphia, PA,
USA () D Cooper MD); and
Universitatsklinikum des
Saarlandes, Homburg/Saar,
Germany

(Prof G W Sybrecht Dr.med.habil)

Correspondence to:

Dr Pallav L Shah, Royal Brompton
Hospital, London SW3 6NP, UK
pallav.shah@imperial.ac.uk

997



Articles

Panel 1: Key inclusion and exclusion criteria

Inclusion criteria

»  Smoking history =20 pack-years

« 216 sessions of pulmonary rehabilitation over 6-10 weeks

«  RV/TLC20-65, RV >180% predicted

« FEV,/FVC <70%

» FEV, <50% of predicted or FEV, <1 L

«  Striking dyspnoea (=2 on modified Medical Research
Council scale)

» DL 215% of predicted

» Pa0, =45 mm Hg

» Homogeneous emphysema verified by CT core laboratory™

Exclusion criteria

+ Body-mass index greater than 31-1 for men or
32-3 forwomen

« Changein FEV, (pre-bronchodilator to
post-bronchodilator) >20%, or >200 mL if FEV,<1 L

+  Pulmonary hypertension

« Arterial blood pH <735 or PaC0O, >60 mm Hg

+ Uncontrolled hypertension (systolic >200 mm Hg or
diastolic >110 mm Hg)

« (linically significant bronchiectasis

+ Three or more respiratory infections requiring admission
in the past 12 months, or respiratory infection <30 days
before randomisation

RV=residual volume. TLC=total lung capacity. FEV,=forced expiratory volume in 1.
FVC=forced vital capacity. DL =diffusing capacity of the lung for carbon monoxide.
Pa0,=partial pressure of oxygen. PaCO,=partial pressure of carbon dioxide.

Masked

Unmasked

Subject-level  Participant

Participant’s family
Participant’s personal doctor or caregivers

Site-level

Sponsor-level

PFT=pulmonary function test.

Team A (all post-procedure assessments)
PFT technicians
Exercise technicians

Executive management

Trial database manager

Internal statisticians

All other staff except those specified

None

Team B (bronchoscopy team)
Procedure room hospital personnel
Radiologists

Safety director: aggregate data

Personnel maintaining investigational
devices: aggregate data

External statisticians

Study monitors: site-specific data only
Procedural case support: site-specific data only

Table 1: Masking scheme
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population with severe hyperinflation. All participants
had to undergo at least 6 weeks of pulmonary
rehabilitation pre-procedure. Pulmonary rehabilitation
entailed at least 16 sessions of instruction on
individualised exercise, respiratory care, diaphragmatic
breathing, nutrition, and group education to obtain the
highest level of independent function. We measured
pulmonary function tests with Crapo" normal values and
did these tests according to guidelines of the American
Thoracic Society and the European Respiratory Society.”

All study participants gave their written informed
consent. Every centre’s ethics committee approved the
trial protocol. An independent data safety and monitoring
board monitored the progress of the study, including
maintenance of the double blind. Independent
adjudicators reviewed adverse events according to a
prespecified charter.

Randomisation and masking

On confirmation of study eligibility, we allocated
participants randomly in a 2:1 ratio to either airway
bypass or sham control using an independent,
automated, internet-based service (Advance Research
Associates, Mountain View, CA, USA), with a permuted
block size of six and sequential assignment, stratified by
investigational site.

To maintain the study blind, investigators were divided
into team A (masked), which completed pre-procedure
and post-procedure assessments, and team B (unmasked),
which only did bronchoscopies without further interaction
with patients. We communicated randomisation assign-
ments to members of team B only. Participants were
unaware of their assigned study arm for the first year of
the trial. We informed them of their randomisation
assignment at month 12. At every follow-up visit (day 1
post procedure and months 1, 3, 6, and 12), participants
and personnel from team A completed questionnaires to
assess maintenance of the double blind; all instances of
unmasking were reported to the study sponsor. Table 1
presents the masking scheme.

Procedures

We did airway bypass and sham control (the index
procedure) under general anaesthesia 1 day after
randomisation took place. For airway bypass, we created
passages and placed up to six stents (maximum of two
stents per lobe, excluding the right middle lobe) per
individual. Pre-procedure assessment of CT images by
team A allowed for planning of stent placement, although
team B decided on the final number of stents and their
location during the procedure, according to local
conditions and safety. We did the sham control in a
similar manner to airway bypass, except no passages
were created and no stents were placed. Post procedure,
pulmonary rehabilitation of at least ten sessions was
needed for 8 weeks or longer.

Study endpoints

The co-primary responder efficacy endpoint was met if
the participant’s FVC increased by at least 12% and their
modified Medical Research Council dyspnoea score
(mMRGC; table 2) fell by 1 point from baseline at the
6-month follow-up visit. The primary safety composite
endpoint was met with any of the following serious
adverse events: major haemoptysis (=200 mL estimated
blood loss or requiring transfusion, or needing arterial
embolisation or surgical or endoscopic intervention);
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Description
0 “l only get breathless with strenuous exercise”
1 “I get short of breath when hurrying on the level or walking up
aslight hill”
2 “I walk slower than people of the same age on the level because of

breathlessness or have to stop for breath when walking at my own
pace on the level”

3 “I stop for breath after walking about 100 yards or after a few
minutes on the level”

4 “I am too breathless to leave the house” or “l am breathless
when dressing”

Table 2: Modified Medical Research Council dyspnoea score

respiratory failure needing ventilation for more than 24 h;
pulmonary infection or exacerbation of chronic obstructive
pulmonary disease (COPD) needing admission for longer
than 7 days; pneumothorax for longer than 7 days, needing
drainage; or death within 30 days of procedure or initial
admission (if longer than 30 days), or death from
respiratory causes.

Prespecified secondary efficacy endpoints included
pulmonary function tests: measurements for RV, TLC,
RV/TLC, FVC, and forced expiratory volume in 1 s
(FEV,); St George’s respiratory questionnaire (SGRQ);
6-min walk test; and endurance cycle ergometry, set to
75% of maximum workload. We have described
performance of these tests previously.” We did post-hoc
analyses to assess endpoint outcomes at day 1 and
months 1, 3, and 12.

CT methods

We calculated lung volumes (RV and TLC) from
standardised CT chest images.® We assessed
homogeneity with a modified National Emphysema
Treatment Trial definition.” We derived the emphysema
score per lobe by converting the proportion of pixels less
than —910 Hounsfield units into a Likert scale, whereby
homogeneity needed fewer than 2-unit differences
between adjacent lobes.* A minimum total score of 8
was needed for entry into the trial. For measurement of
lung volumes in voxels, we used a validated three-
dimensional technique to guide automated lobar
segmentation, as described previously on thick-section
CT images, and then we tabulated by lobe, stents per
patient, and stents per lobe. To assess stent patency, we
did binary classification of every stent with at least two
views. We defined “lumen completely clear” as an
internal lumen that is visualised completely and is clear
of CT density, whereas “not completely clear” included
visualisation of CT density above that of air that occluded
(partly or completely) the lumen.

Statistical analysis

We used a Bayesian adaptive approach to sample size,
with interim looks scheduled at 225, 270, 315, 360, 405,
and 450 participants. Bayesian statistics is an axiomatic
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1522 assessed for eligibility

1207 excluded
1028 did not meet inclusion criteria
87 withdrawn because enrolment closed
65 withdrew consent 4
13 died
3 underwent lung transplantation
11 other reasons

A4

| 315 underwent random allocation

v v
208 allocated airway 107 allocated sham
bypass control
6-month + +
follow-up 195 follow-up visits 90 follow-up visits
completed completed
13 visits not completed 17 visits not completed
6 died 4 died
3 withdrew consent 5 withdrew consent
1underwent lung 3 underwent lung
transplantation transplantation
3 comorbidities 5 comorbidities
Primary + +
endpoint | 208 analysed | | 107 analysed |
analysis

Figure 1: Trial profile

Airway bypass Sham control

(n=208) (n=107)
Age (years) 64-1(7-29) 65-2 (7-16)
Men 105 (50%) 56 (52%)
White ethnic origin 208 (100%) 104 (97%)
Smoking history (pack-years) 57-65 (28-82) 56-67 (27-11)
BMI (kg/m?) 2327 (3:97) 23-61 (3-69)
BODE index 5.96 (1-26) 5.93(12)
FEV, (L) 0-65 (0-19) 0-66 (0-21)
FEV, (% predicted) 2323 (6-08) 23.55(7-22)
FVC (L) 2:30 (0-68) 2:22 (0-60)
RV (L) 5.25 (1-16) 5-40 (1-24)
RV (% predicted) 24414 (52-81) 24846 (51-35)
TLC (L) 7-64 (1.56) 7:70 (1-54)
RV/TLC ratio 0-69 (0-06) 0-70 (0-06)
DL, (% predicted) 30-59 (11-45) 2839 (10-44)
mMRC (0-4) 2:64 (0-62) 2:65 (0-57)
SGRQ (0-100) 566 (12-9) 58.04 (13-25)
Endurance cycle ergometry (s) 320 (235) 318 (220)
6-min walk test (m) 302 (88) 297 (85)

Data are number of patients (%) or mean (SD). BMI=body-mass index.
BODE=BMI, airway Obstruction (measured by FEV,), Dyspnoea (measured by
mMRC), and Exercise tolerance (measured by 6-minute walk test). DL,=diffusing
capacity of the lung for carbon monoxide. FEV,=forced expiratory volume in 1s.
FVC=forced vital capacity. MMRC=modified Medical Research Council dyspnoea
scale. RV=residual volume. SGRQ=St George's respiratory questionnaire. TLC=total
lung capacity.

Table 3: Baseline demographic, pulmonary, and functional
characteristics
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Figure 2: Stent distribution (A) and change in percent predicted RV (B)
Error bars in (B) represent SD. RV=residual volume.

Airway bypass Sham control

(n=208) (n=107)
Participants having a composite safety 30 (14-4%) 12 (11-2%)
event
Respiratory failure requiring mechanical 4 (1-9%) 0 (0%)
ventilation for 24 h or longer
Pneumothorax requiring intercostal 2 (1-0%) 0 (0%)
tube drainage for more than 7 days
Major haemoptysis 1(0-5%) 0 (0%)
COPD or infection needing admission 22 (10-6%) 9 (8:4%)
for longer than 7 days
Death at 30 days or earlier and 4(1-9%) 4 (37%)

respiratory death after 30 days

Data are number (%). Three patients assigned airway bypass and one allocated
sham had several events. COPD=chronic obstructive pulmonary disease.

Table 4: Composite primary safety endpoint, 6 months post procedure

approach that provides the probability of hypotheses
conditional on observed data, compared with the
traditional approach of calculating the probability of data
conditional on hypotheses. The posterior probability is a
central measure of uncertainty within the Bayesian
approach and is used to quantify strength of evidence
about hypotheses, such as the probability of superiority,
which we used in our study. With available data, an

Airway bypass  Sham control

(n=208) (n=107)
Pneumothorax 3 (1-4%) 1(0-9%)
Haemoptysis 1(0-5%) 0 (0%)
COPD exacerbation or infectiont 33 (15-9%) 9 (8-4%)
Non-respiratory death at 30 days 0(0%) 0 (0%)

or later

Data are number (%). COPD=chronic obstructive pulmonary disease. *Events
meeting the definition of a primary safety composite endpoint are excluded.
‘tNumber reporting at least one COPD exacerbation or infection.

Table 5: Respiratory serious adverse events, at 6 months post procedure*

external statistical group (Berry Consultants, College
Station, TX, USA) wundertook predictive power
calculations of trial success or futility for the planned
number of participants, to ascertain whether to stop or
continue accrual. After the 315th index procedure, the
statistical group communicated that accrual of patients
was complete.

We did primary endpoint analyses 6 months after the
last patient completed the index procedure. We defined
success for the primary intent-to-treat efficacy analysis
when the posterior probability of responding to treatment
in the airway bypass arm (Pt) was superior to the posterior
probability of responding to treatment for the sham
control arm (Pc), with probability (Pr) of 96-5%. Trial
success requires that n>0-965, where n=Pr[Pt>Pc].
Additional prespecified analyses included: sensitivity for
participants lost to follow-up; effects of unmasking;
complete 6-month data, excluding loss to follow-up;
treatment and control and time-modelled data, with
logistic regression; and secondary endpoints. For
continuous variables, we calculated p values with the two-
sample t test, whereas for binary variables we used Fisher’s
exact test. For the composite primary safety endpoint, we
used Bayesian methods to compare rates of serious
adverse events between the airway bypass and sham
control arms, in specified time binds. Non-inferiority for
the 6-month primary safety endpoint required that the
posterior probability be greater than 0-95.

This study is registered with ClinicalTrials.gov,
number NCT00391612.

Role of the funding source

Broncus Technologies funded the trial and was
responsible for trial design and coordination and data
analysis. The corresponding author and writing
committee had full access to all data and had final
responsibility for the decision to submit for publication.

Results

Between Oct 18, 2006, and April 8, 2009, 1522 people
were screened for the study and 319 underwent
randomisation. 212 participants were randomly assigned
airway bypass (four were allocated after enrolment closed
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so did not receive the intervention) and 107 were allocated
sham control (figure 1). 6-month follow-up data were
available for 195 (94%) patients in the airway bypass

Airway bypass Sham control
(n=208) (n=107)

Day 1to month 6

>1 exacerbation or infection 33(15-9%) 9 (8:4%)

1 exacerbation or infection 27 (13-0%) 8 (75%)

2 exacerbations or infections 6 (2:9%) 1(0-9%)

>3 exacerbations or infections 0 (0%) 0 (0%)

Month 6-12

>1 exacerbation or infection 29 (13:9%) 12 (112%)

1 exacerbation or infection 23 (11-1%) 12 (11-2%)

2 exacerbations or infections 3(1-4%) 0 (0%)

>3 exacerbations or infections 3(1-4%) 0 (0%)

Day 1 to month 12, cumulative

>1 exacerbation or infection 52 (25:0%) 18 (16-8%)

1 exacerbation or infection 36 (17:3%) 15 (14-0%)

2 exacerbations or infections 10 (4-8%) 2 (1.9%)

>3 exacerbations or infections 6 (2:9%) 1(0:9%)
Data are number (%). COPD=chronic obstructive pulmonary disease. *Events
meeting the definition of a primary safety composite endpoint are excluded.
Table 6: COPD exacerbation or infection, up to 12 months post procedure*

arm and 90 (84%) who were assigned sham control.
Seven (3%) participants in the airway bypass arm and
seven (7%) who were assigned sham control were lost to
follow-up due to death or lung transplantation.
Demographic and baseline characteristics were matched
between groups (table 3).

Mean (SD) procedure time (min) for airway bypass was
higher than for sham control (107 [29] vs 60 [5]; p<0-001).
In individuals allocated airway bypass, insertion of
1280 stents was attempted (mean [SD] passages,
6-2 [1-8] per patient, range 2-14) and 981 (76-6%) stents
were placed in total (4-7 [1-4] per patient). Placement of
stents was unsuccessful in three patients allocated to the
airway bypass arm. For participants receiving three or
more stents, no correlation was noted between RV
reduction and increasing stent number (r=—0-05;
figure 2). Small sample sizes limit interpretation for
individuals with two stents or fewer.

In the pre-procedure period, 14 (7%) patients assigned
airway bypass and eight (8%) allocated sham control had
a respiratory-related serious adverse event, indicative
of morbidity associated with emphysema. Despite
1280 attempted stent placements, serious adverse events
arising 0-7 days post procedure were reported in seven
(3-4%) participants in the airway bypass arm versus none
in those allocated sham control. One periprocedural death

FVC RV % predicted
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25 - 21
2 6
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=) = 7101
v 234 =
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Figure 3: Primary and secondary efficacy endpoints

Data are mean values by follow-up visit. FVC=forced vital capacity. mMRC=modified Medical Research Council dyspnoea score. RV=residual volume.

SGRQ=St George’s respiratory questionnaire.

www.thelancet.com Vol 378 September 10, 2011

1001



Articles

Day 1 Month 1 Month 3 Month 6 Month 12
Co-primary efficacy endpoints
FVC (L)

Airway bypass 0-27 (0-6) 0-06 (0-4) 0-02(0-4) -0-03(0-4) -0-08 (0-5)

Control 0-00 (0-4) 002 (0:3) 004(03) -0-04(0-4)  0-00(0-4)

p value* <0-001 0-329 0-551 0-870 0-208

mMRC (0-4)

Airway bypass -0-41(0-9)  -0-63(1:0) -053(0:9) -0-47(1:0)  -0-41(1:0)

Control -0-41(0-8)  -0-43(0-9) —0-42(0-9) -022(0:9)  -0-25(1-0)

p value* 0-960 0-085 0357 0-045 0212

Pulmonary function endpoints
RV (L)

Airway bypass -0-38(0-8) -0-15 (0-6) -012(0-6)  -0-061(0-7) -0-06(07)

Control -0-12 (0-6) 0-01(07) -014(0-6)  003(05)  -0-10(0-6)

p value* 0-017 0-083 0-803 0-705 0-718

RV (% predicted)

Airway bypass -17-9(38) -6-8(29) -6:0(29) -47 (31) 56 (32)

Control -5.8(25) -1.2(31) -7-5(26) -37(25) -7-4(27)

p value* 0-016 0-121 0-654 0781 0-677

FEV, (L)

Airway bypass 0-09 (0-2) 0-02 (0-1) 001(01) -0-01(01)  -0-02(02)

Control 0-00 (0-1) 0-01(0-1) -001(01) -0-02(01)  -0:04(01)

p value* <0-001 0-217 0-110 0-406 0-186

FEV, (% predicted)

Airway bypass 31(6) 07 (4) 03 (4) -0-3(4) -0-15(7)

Control 01(3) 03(3) -0-2(3) -0-6 3) -11(3)

p value* <0-001 0-277 0-231 0-445 0-269
Data are mean (SD) change from baseline. FVC=forced vital capacity. mMRC=modified Medical Research Council
dyspnoea scale. RV=residual volume. FEV,=forced expiratory volume in 1 5. *From a two-sample t test.

Table 7: Changes from baseline for co-primary efficacy and secondary endpoints
Baseline Month 1 Month 3 Month 6 Month 12
6-min walk test (m)
Airway bypass 302(88) 314(95) 310(105) 295 (105) 281(109)
Control 297(85) 302 (90) 307 (85) 296 (90) 297 (94)
p value* 0-644 0-291 0-793 0-893 0-256
SGRQ (mean)
Airway bypass 57 (13) 50 (15) 54(16) 55(17) 56 (16)
Control 58 (13) 55(17) 56 (17) 57 (14) 58 (15)
p value* 0-349 0-006 0-303 0-448 0-339
Data are mean (SD). SGRQ=St George's respiratory questionnaire. *From a two-sample t test.
Table 8: Functional outcomes over time
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arose related to a ruptured aortic aneurysm on day 1.
One major haemoptysis in the airway bypass arm was
controlled during bronchoscopy. Two patients developed
pneumothorax requiring intercostal drainage for more
than 7 days, and two developed COPD exacerbations and
were admitted for longer than 7 days. One patient with
respiratory failure was ventilated for more than 24 h.

30 (14-4%) participants assigned airway bypass had at
least one composite safety endpoint compared with
12 (11-2%) allocated sham control (table 4). Most events
were COPD exacerbations or pulmonary infections
needing admission for longer than 7 days. Of individuals
who had a composite safety endpoint event, four
patients (three in the airway bypass arm and one
assigned sham control) had more than one. Composite
6-month death rates were similar between the two
groups, with most deaths due to respiratory causes.
Overall, 12-month mortality was 6-7% in the airway
bypass arm and 6-5% for sham control, with similar
Kaplan-Meier curves.

Beyond composite events, rates of respiratory serious
adverse events were higher for pneumothorax, haem-
optysis, and COPD exacerbations in patients assigned
airway bypass than in those allocated sham control
(table 5). The raised overall COPD rate in the airway
bypass arm is attributable to more participants having
events and with one or more exacerbation. At 12 months,
rates of COPD exacerbation and pulmonary infection
were similar between treatment arms (table 6)._

With respect to co-primary efficacy endpoint measures,
mean FVC increased from baseline to day 1 in patients
allocated airway bypass but returned to baseline values
by month 3 (figure 3). Mean mMRC scores decreased
from baseline to day 1 in both groups and remained
lower than baseline up to 12 months.

Bayesian analysis therefore failed to show any
superiority of airway bypass, with a posterior probability
of 0-749, below the Bayesian success threshold of 0-965.
Bayesian analysis also showed non-inferiority for the
6-month composite safety endpoint, with a posterior
probability of 1-00, compared with the success threshold
of greater than 0-95.

On day 1 post procedure, significant improvements in
RV, RV/TLC, and FEV, were noted in patients assigned
airway bypass compared with those in the sham control
arm (table 7). However, the acute benefits in pulmonary
function tests in the airway bypass arm declined by
month 1. SGRQ total score was improved significantly
with airway bypass compared with sham control, but
only at month 1 (figure 3, table 8).

At baseline, homogeneity of CT-based lung volumes, as
measured by percent point difference in density mask
from lower to upper lobes, was similar for patients
allocated sham control (right —5-4%; left —4-7%) and
airway bypass (right —6-1%; left —5-2%). At day 1, total
CT-based percent reductions in RV from baseline were
significantly greater in the airway bypass arm (—6-8%)
than in the sham control arm (-1-1%, p<0-001). Percent
changes in RV per lobe were significantly greater with
airway bypass compared with sham control for all lobes
at day 1, but not at month 6 (figure 4).

To investigate potential explanations for the loss of
treatment benefit at 6 months, CT analyses of stent
patency and associated RV changes were completed for
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133 of 208 patients assigned airway bypass who had
clinically meaningful reductions in RV (more than -10%
at day 1 from baseline). At day 1, 45% (60/133) of those
with CT scans available had six stents identified,
compared with only 25% (35/133) at 6 months, indicating
loss of stents over time, presumably due to expectoration.
Clinically, 24 (11-5%) participants reported stent expec-
toration, similar to the stent loss rate of 13% at 6 months
measured by CT.

To gauge the effect of stent occlusion on late RV changes,
638 stent lumens were graded as either completely clear
or containing tissue density at some level. On day 1,
66% (n=421) of stents were graded as completely clear,
which fell to only 21% (n=124) by 6 months. Percent
reduction in RV in lobes in which stents were graded as
completely clear at 6 months was —8-4% (n=57), similar to
the —10% (n=115) at day 1, indicating that reduction in RV
is preserved if the stent is free from tissue density.
CT analyses showed that stent placement conferred
lobe-based RV reductions that were not maintained at
6 months, with return-to-baseline RV values in association
with tissue density within the stent.

By month 6, 12 reports had been made of accidental
unmasking of team A, with eight attributable to patient-
reported stent expectoration. Unmasking happened in
24 (11.5%) patients after expectoration of a stent. A
Bayesian analysis to assess the effect of unmasking
showed that the posterior probability that the unmasked
airway bypass outcome was superior to masked airway
bypass outcomes was 0-339, whereas the probability that
unmasked sham control outcomes was inferior to
masked sham control outcome was 0-41. Neither
probability exceeded the 0-95 level needed to suggest
that unmasking altered findings of the EASE trial.

Discussion

Findings of the EASE trial showed that at day 1, airway
bypass released trapped gas from hyperinflated regions,
thereby improving pulmonary function. However,
durability was limited by pulmonary function tests and
subjective, functional, and post-hoc CT measures.
Outcomes for sham control and airway bypass were
similar at months 3, 6, and 12. Although the EASE trial
failed to show a difference between treatment arms with
respect to the 6-month primary efficacy endpoint,
invaluable lessons were learned (panel 2).

The high morbidity and mortality rate reported for
lung-volume reduction surgery underlies the quest for
bronchoscopic alternatives. In the National Emphysema
Treatment Trial,' the death rate (when the high-risk
group was excluded) was 5-2% within 90 days of the
index procedure, compared with 0-5% for airway bypass
and 1-9% for sham control in the EASE trial over the
same timescale. Mortality in the Endobronchial Valve
for Emphysema Palliation Trial” was 2-8% at 6 months,
similar to findings of the EASE trial (1-9% for airway
bypass and 3-7% for sham control). Despite very severe
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Figure 4: CT-based lobar RV changes

(A) RV changes by lobe. (B) RV changes in AB lobes with at least one clear visible stent. RUL=right upper lobe.
RLL=right lower lobe. LUL=left upper lobe. LLL=left lower lobe. RV=residual volume. AB=airway bypass.

COPD, participants in our study tolerated the airway
bypass procedure and anaesthesia, with a 7-day
composite safety rate of only 3-4%. EASE procedural
safety data show that this very unwell population can
tolerate general anaesthesia and a complex bronchoscopy
procedure. During the first year, individuals assigned to
airway bypass had both more respiratory serious adverse
events and more events per patient compared with sham
control. However, follow-up reports of respiratory
serious adverse events were about 21% in year 2 for the
airway bypass arm, similar to levels seen with sham
control in year 1.

Procedural variability could have restricted the initial
reduction in lung volume achieved. Participants
assigned to airway bypass underwent between two and
14 passages and received up to six stents (0-3 stents per
lobe). Wide variation in RV reduction was noted (+8 to
—29%) between lobes. Unique to the EASE trial, RV
reductions were seen in lower and upper lobes,
indicating that bronchoscopic reduction can be achieved
in homogeneous disease. Stents were not always placed
at the passage site because of friable mucosa, difficult
stent access, delivery, or doppler evidence of blood flow.
Improvements are needed for identification of and
navigation to desired target areas and definition of
procedural success.
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Panel 2: Research in context

Systematic review

We searched for all studies (up to the year 2011) on
bronchoscopic lung-volume reduction to identify case reports,
series, and clinical trials in which airway bypass was used.
Previous studies showed that use of stents for airway bypass
was technically feasible and seemed to be safe. A feasibility
study in 35 patients showed reduction in the amount of
hyperinflation, with corresponding improvement in
pulmonary function and dyspnoea. We identified no previous
randomised controlled trial that assessed safety or efficacy of
the Exhale stent in the airway bypass procedure.

Interpretation

This double-blind randomised study of airway bypass for
end-stage emphysema failed to show durable benefit by
pulmonary function tests or functional measures. Its
relevance to the clinical community lies in detailed and
time-dependent data gathered to establish the natural
history and lessons for future interventions. Complex
bronchoscopic procedures can be completed in this high-risk
population with an acceptable safety profile. Release of
trapped gas provides transient relief to patients with severe
emphysema when drugs, nutritional support, rehabilitation,
and supplementary oxygen only have limited effect.

The main limitation of the airway bypass procedure
was the short duration of the initial benefit. All primary
and secondary measures, including regional assessments
by CT, returned to baseline by 6 months, except mMRC.
Loss of the initial benefit is probably attributable to a
combination of factors: passages that were created but
not stented, which contributed to initial release of trapped
air but which then closed within 7-14 days; stents that
were expectorated; and loss of stent patency between
day 1 and month 6. Factors that might have contributed
to stent occlusion are mucus, granulation tissue, and
collateral ventilation, with insufficient pressure gradient
to maintain airflow” The most probable cause of stent
occlusion at day 1 is mucus collection. In a few patients
who underwent repeat bronchoscopy after 6 months,
stents were occluded by thickened mucus filling the
proximal end of the stent or by a tissue layer formed
across the distal end of the stent. Either way, the paclitaxel-
silicone polymer dose-release combination was inade-
quate at maintaining stent patency.

The co-primary efficacy endpoint based on dual response
to FVC (12%) and mMRC (1 point) posed a very high
threshold for clinical success and masks the ability to
interpret effects on pulmonary function and quality of life
independently. The mMRC was developed to assess level
of disability suffered by emphysema patients, using a
limited subjective scale for changes in dyspnoea.”

Variation in selection, definition, and endpoints used
for surgical and bronchoscopic emphysema trials makes

comparison of findings difficult.” Ideal endpoints would
be clinically relevant, objective, continuous variables that
could guide individual responses and interventional field
development. Uniform reporting of procedural success
and inclusion of further interval follow-up are needed to
define and optimise the treatment response and advance
the area.

Despite the acute reduction in regional air trapping
with an acceptable safety profile, the EASE trial failed to
showed sustained long-term effects in patients with
severe homogeneous emphysema. The future use of
airway bypass will require improvement of durability to
preserve RV reduction.

Contributors

PLS, D-JS, PFGC, EC, KV, BL, and GWS recruited and treated patients
in this trial. All authors helped to write the report. The corresponding
author had full access to all data in the study and had final responsibility
for the decision to submit for publication.

EASE trial study group

Royal Brompton Hospital and Imperial College: Pallav L Shah,

David Alexander, Emma Cuerden, Michael Dusmet, Matthew Hind,
Nicholas S Hopkinson, Samuel Kemp, Onn Min Kon, Michael I Polkey;
University Medical Center Groningen: Dirk-Jan Slebos, Rob Douma,
Huib Kerstjens, Peter Vennik, Karin Klooster, Alie Smidt,

Sandra Snijders; Irmandade da Santa Casa de Misericordia de Porto Alegre:
Paulo F G Cardoso, Adalberto Rubin, Paula Berto, Manuela Cavalcanti,
Fernanda Brum Spilimbergo, Fernando Frosi, Marcia Schmitt,

Patricia R Soares; Sarasota Memorial: Kirk Voelker, Gregory Ferreira,
Todd Horiuchi, Kisha Morgan, Mary Bradley, Nancy Clapp,

Karen Gormley, Amanda Miller, Kathy Pope-Nix; Pulmonary Associates:
Bernard Levine, David Baratz, Robert Comp, Mark Gotfried, Burr Ross,
Vincent DelaCruz, LiYi Fu, Sherry Harker; Universititsklinikum des
Saarlandes: Gerhard Sybrecht, Karin Franzen, Andreas Groschel,
Katharina Rentz, Heinrike Wilkens, Iris Schaeck, Marion Sollgan,
Bettina Weingard; Veritas Clinical Specialties: William Leeds,

Laura Ludlow, Osman Malik, Suzanne Nicklin, Dusty Griggs; New York
Presbyterian Hospital-Columbia University Medical Center: Roger Maxfield,
William Bulman, Angela DiMango, David Lederer, Frances Brogan,
Patricia Jellen; Otto Wagner: Otto Burghuber, Hubert Koller,

Arschang Valipour, Irene Firlinger, Maria Ruis; Southern Illinois
University: Stephen Hazelrigg, Theresa Boley, Jeffrey Christy,

Cathy Leslie; Beth Israel Deaconess Medical Center: Armin Ernst,
Gaetene Michaud, Malcolm DeCamp, Arthur Dea, Christina Carbone,
David Kopman, Paula Mulkern; Hospital Universitario Clementino Fraga
Filho: Marina Lima, Alexandre P Cardoso, Jose R L Silva, Amir Szlko,
Marcia Luduvice, Lilian Rodrigues; Henry Ford Hospital: Michael Simoff,
Jennifer McCann-Swiderek, Cynthia Ray, Geneva Tatem, Roel Almario,
Wanda Bibbs, Kimberly Dempsey; University of Michigan: Steven Gay,
Kristy Bauman, Kevin Chan, Andrew Chang, Fernando Martinez,
Cheryl Majors; National Jewish Health: Ali Musani, Barry Make,

Kim McPeak, Diane Rhodes; University of Iowa: Geoffrey McLennan,
Kimberly Baker, Scott Ferguson, Karl Thomas, Andrea Chapman,

Janet Keating, Phyllis Pirotte, Kimberly Sprenger; Hospital Prof Edmundo
Vasconcelos: Luis Losso, Sonia Gasques, Tais Frizzo Vieira; University of
California-Davis: Andrew Chan, Mark Avdalovic, Timothy Albertson,
Roblee Allen, Richart Harper, Brian Morrissey, Nicholas Stollenwerk,
Sandy Algaze, Krysta Chaldekas, Maya Juarez, Macey Kelly; The Alfred
Hospital: Greg Snell, Dominic Keating, Glen Westall, Helen Whitford,
Trevor Williams, Tania Dunn, Sue Fowler, Lynda Holsworth,

Bronwyn Levvey, Christianne Manterfield; Duke University:

Momen Wahidi, Thomas D’Amico, Monica Kraft, Njira Lugogo,

Scott Shofer, Christine Willis, Denise Beaver, Matthew Beyea,
Catherine Foss, Catherine Hathcock, Jane Stiles; Papworth Hospital:
Jas Parmar, Mike Davies, Dennis Wat, Heather Millington-Parrish,
Alison Mitchell; Hospital of the University of Pennsylvania:

John Kucharczuk, Colin Gillepsie, Andrew Haas, Daniel Sterman,
Holly McConville, Marie Kromplewski, Janet Riggs, Sally Thompson;

www.thelancet.com Vol 378 September 10, 2011



Articles

Illinois Lung Institute: William Tillis, Patrick E Whitten, Mary Dorrington,
Kimberly L Hartwig, Ashley L Scott; Mater Misericordiae University
Hospital: Jim Egan, Huzaifa Adamali, Waldemar Bartosik, Eoin Judge,
Majella Tuohy, Yusuf Vapra, Crona Bolger, lain Lawrie, Lorna Murphy,
Sara Winward; Cedars-Sinai Medical Center: Zab Mosenifar, David Balfe,
George Chaux, Jeremy Falk, Michael Lewis, Carol Geaga, Lisa Freiler;
International Heart Institute of Montana: Richard Sellman,

W B Bekemeyer, Rolf Holle, Shull Lemire, Kelli Hoffman,

Brooke Krininger; University of California, San Francisco-Fresno:

Karl Van Gundy, Kathryn Bilello, Timothy Evans, Jose Joseph,

Michael Peterson, Janna Blaauw, Rebekah Garcia; Sentara Norfolk
General Hospital: Joseph Newton, Catherine Brisland, Kirk Fleischer,
Carolyn Fruci, Nadeem Inayat, Michelle Collier, Melissa Connolly,
Marci Holladay, Laura Pine; London Health Sciences Centre:

David McCormack, Donald Farquhar, Sandra Halko, Chris Licskai,
Leila MacBean, Ruth Strapp; Emory University: Rabih Bechara,

David Berkowitz, Daniel Miller, Christopher Parks, Rafael Perez,

Linda Wolfenden, Jane Guidot, Tamra Perez, Cicely Ross; Laval Hospital:
Michel Laviolette, Francois Maltais, Simon Martel, Julie Milot,

Marthe Belanger, Marie-Josee Breton, Luce Trepanier; The Cleveland
Clinic: Thomas Gildea, Michael Machuzak, Brian Mann, David Mason,
Atul Mehta, Omar Minai, Sudish Murthy, Georgean Krizmanich,
Yvonne Meli, Joseph Parambil, Richard Rice; University of Heidelberg:
Felix Herth, Ralf Eberhardt, Jutta Kappes, Brigitte Rump; Lungenklinik
Hemer: Franz Stanzel, Patric Littersk; Mayo Clinic: K Robert Shen,
Stephen Cassivi, Eric Edell, Sanjay Kaira, David Mithun, James Utz,
Dennis Wigle, Kathy Mieras; Fundacion Jimenez Diaz Hospital:

Javier Flandes, Iker Fernandez-Navamuel, Sarah Heili, Maria | R Nieto.

Conflicts of interest

The sponsor of the study (Broncus) reimbursed all clinical trial expenses
incurred by the study centres. MER is chief medical officer and sits on
the board of directors for Broncus. JDC is a consultant for Broncus. All
other authors declare that they have no conflicts of interest.

Acknowledgments

We thank Anjali Jalota for final data cleaning, analysis, and manuscript
editing. We acknowledge the work of the late Prof Peter Macklem, whose
ideas inspired the airway bypass procedure.

References

1  Fishman A, Martinez F, Naunheim K, et al. A randomized trial
comparing lung-volume-reduction surgery with medical therapy
for severe emphysema. N Engl | Med 2003; 348: 2059-73.

2 Naunheim KS, Wood DE, Mohsenifar Z, et al. Long-term follow-up
of patients receiving lung-volume-reduction surgery versus medical
therapy for severe emphysema by the National Emphysema
Treatment Trial Research Group. Ann Thorac Surg 2006; 82: 431-43.

www.thelancet.com Vol 378 September 10, 2011

10

11

12

13

14

15

16

17

Weder W, Tutic M, Lardinois D, et al. Persistent benefit from lung
volume reduction surgery in patients with homogeneous
emphysema. Ann Thorac Surg 2009; 87: 229-37.

Choong CK, Cardoso PF, Sybrecht GW, Cooper JD. Airway bypass
treatment of severe homogeneous emphysema: taking advantage
of collateral ventilation. Thorac Surg Clin 2009; 19: 239-45.

Cardoso PF, Snell GI, Hopkins P, et al. Clinical application

of airway bypass with paclitaxel-eluting stents: early results.

J Thorac Cardiovasc Surg 2007; 134: 974-81.

Choong CK, Haddad FJ, Gee EY, Cooper JD. Feasibility and safety
of airway bypass stent placement and influence of topical mitomycin
C on stent patency. | Thorac Cardiovasc Surg 2005; 129: 632-38.
Choong CK, Phan L, Massetti P, et al. Prolongation of patency

of airway bypass stents with use of drug-eluting stents.

J Thorac Cardiovasc Surg 2006; 131: 60—64.

Lausberg HF, Chino K, Patterson GA, Meyers BF,

Toeniskoetter PD, Cooper JD. Bronchial fenestration improves
expiratory flow in emphysematous human lungs. Ann Thorac Surg
2003; 75: 393-98.

Fessler HE, Scharf SM, Permutt S. Improvement in spirometry
following lung volume reduction surgery: application of a
physiologic model. Am Rev Respir Dis 2002; 165: 34-40.

Shah PL, Slebos DJ, Cardoso PF, Cetti EJ, Sybrecht GW, Cooper JD.
Design of the exhale airway stents for emphysema (EASE) trial:

an endoscopic procedure for reducing hyperinflation.

BMC Pulm Med 2011; 11: 1.

Crapo RO, Morris AH, Gardner RM. Reference spirometric values
using techniques and equipment that meet ATS recommendations.
Am Rev Respir Med 1981; 123: 659-64.

American Thoracic Society. Lung function testing: selection

of reference values and interpretative strategies. Am Rev Respir Dis
1991; 144: 1202-18.

Brown MS, McNitt-Gray MF, Pais R, et al. CAD in clinical trials:
current role and architectural requirements.

Comput Med Imaging Graph 2007; 31: 332-37.

Muller NL, Staples CA, Miller RR, Abboud RT. “Density mask”:

an objective method to quantitate emphysema using computed
tomography. Chest 1988; 94: 782-87.

Sciurba FC, Ernst A, Herth FJ, et al. A randomized study of
endobronchial valves for advanced emphysema. N Engl ] Med 2010;
363: 1233-44.

Bestall JC, Paul EA, Garrod R, Garnham R, Jones PW, Wedzicha JA.
Usefulness of the Medical Research Council (MRC) dyspnoea scale
as a measure of disability in patients with chronic obstructive
pulmonary disease. Thorax 1999; 54: 581-86.

Cooper JD. “All that glitters...”: evaluating interventions

for emphysema. Chest 2010; 138: 243—45.

1005



	Bronchoscopic lung-volume reduction with Exhale airway stents for emphysema (EASE trial): randomised, sham-controlled, multicentre trial
	Introduction
	Methods
	Participants
	Randomisation and masking
	Procedures
	Study endpoints
	CT methods
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


