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ABSTRACT

Outcomes in early trials of bronchoscopic lung volume reduction using endobronchial valves
for the treatment of patients with advanced emphysema were inconsistent. However
improvements in patient selection with focus on excluding those with interlobar collateral
ventilation and homogeneous emphysema resulted in significant benefits in the BeLieVeR-
HIFi study compared to sham treated controls. In this manuscript we present data from the
control patients in the BeLieVeR-HIFi study who went on to have open label endobronchial
valve treatment after completion of the clinical trial (n=12), combined with data from those in
the treatment arm who did not have collateral ventilation (n=19). Three months after
treatment the forced expiratory volume in the 1° second increased by 27.3(36.4)%, residual
volume reduced by 0.49(0.76)L, the 6 minute walk distance increased by 32.6(68.7) m, and
the St George Respiratory Questionnaire for COPD score improved by 8.2(20.2) points.
These data extend the evidence for endobronchial valve placement in appropriately selected

patients with COPD.
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1

2

3 INTRODUCTION

4

5

6 Patients with emphysema are breathless because of gas trapping and hyperinflation due to
7

8 the loss of lung elastic tissue and resultant expiratory airways collapse. Surgical lung volume
9

12 reduction (LVRS) can improve survival, lung function and quality of life in selected patients
ig with exercise limitation and heterogeneous emphysema'?. The placement of endobronchial
13 valves (BLVR) as a means to reduce lung volume is a potential alternative to LVRS. BLVR
i? has been shown to improve lung function, reduce chest wall asynchrony, and reduce the
ig work of breathing.>* Atelectasis following BLVR is associated with improved survival.>® The
3(1) BeLieVeR-HIFi study, a double-blind sham-controlled trial,”® found that BLVR led to

5:2,) significant improvements in lung function, exercise capacity and health status at three

24 . [ . . . .

25 months when performed in patients with a higher chance of developing atelectasis - those
26

27 with intact interlobar fissures and heterogeneously distributed emphysema. In this research
28

29 letter we present data from the control patients in the BeLieVeR-HIFi study who went on to
30

31 have open label endobronchial valve treatment after completion of the clinical trial. We also
32

33 combine these data with patients from the original treatment arm who had been found to be
34

35 collateral ventilation negative (CV-) using the Chartis catheter system and completed trial
36

37 follow-up.

38

39

40 METHODS

41

42

43 The study protocol, design, randomisation, assessments, procedure, and details of the

44

jg participants have been previously published® and further details of the methods and

j; statistical analyses are in panel S1 of the online supplement.

49

50

51 RESULTS

52

53 . . . Lo

54 Baseline characteristics of the open label treated patients (n=14) are detailed in Table S1.
55 . . .

56 Three month follow-up data were available for 12 open-label patients. One died 4 days

57

58 3

59

60
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following treatment due to a pneumothorax occurring at their home; one developed a
persistent intractable cough necessitating valve removal and did not return for follow-up
evaluation. Clinical outcomes are detailed in Tables 1 and S2, and illustrated in figures 1(A-
D) and S1(A-D). FEV, increased by 24.2(27.3)% from baseline following endobronchial
valve treatment. The patients also experienced statistically significant improvements in TLco
and the CAT score as well as measures of exercise capacity. Table 1 also includes data
from the 19 CV-ve patients from the original treatment arm of the BeLieVeR-HIFi trial for
whom follow up data were available (“original CV- treatment arm patients”) and for the two

groups combined (“all CV-ve treated patients”) (n=31).

Responder rates for achievement of minimal clinically important differences were similar in
the open label patients to those in original treatment group of the trial (table S3). Eight of 12
patients treated with valves developed atelectasis or complete lobar collapse on CT, and

another two had significant volume loss. Details of adverse events are in Panel S2.

DISCUSSION

These data further support the view that treating patients with heterogeneous emphysema
and without interlobar collateral ventilation with endobronchial valves leads to improved lung
function, exercise capacity and quality of life. The benefits are more impressive where
stricter patient selection criteria are employed, although there is still significant variability in
response.. The improvement in gas transfer is of particular interest as this is the lung

function measure most strongly associated with survival in people with COPD.°

In the original BeLieVeR-HIFi trial, eligibility for valves was based on the results of CT fissure
analysis. Collateral ventilation was measured directly using the Chartis system, but by
design patients in the intervention arm were still treated even if they were CV positive. In this
open label follow up however, patients had had a previous bronchoscopy which confirmed

airway anatomy suitable for adequate valve placement and prior Chartis measurements

4
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1

2

3 confirming the absence of collateral ventilation. The proportion of open-label treated patients
4

5 with radiological evidence of volume loss was 83% (10 of 12), higher than the 65% in the

6

7 original treatment cohort (15 of 23) with rates of responders achieving MCIDs in the various
8

9 outcomes broadly similar to the original group.

10

11

ig The development of bronchoscopic lung volume reduction techniques has been driven by
13 the desire to offer patients safer and cheaper alternatives to LVRS. As patient selection

13 improves, increasing the likelihood of successful lung volume reduction, there is a

ig significantly higher rate of pneumothorax than the 5% reported in earlier trials. In this series
3(1) the rate was 10.3%, including one fatal event, though others have reported rates of 20-

gg 25%."° Although a marker of procedural effectiveness, with eventual clinical benefit in the
gg majority after treatment of the pneumothorax,'’ pneumothorax can be fatal in people with
g? advanced lung disease and little respiratory reserve. Thus, the mortality risk of BLVR may
gg not be lower than that of surgical intervention, especially when compared with unilateral

30 -

31 LVRS." Pooled data suggests that 70% of pneumothoraces occur within 72 hours'? and

32

33 therefore it may be prudent to observe patients in hospital for 4 days post treatment. Patients
34

35 who do suffer pneumothoraces are initially managed conservatively and patiently in hospital
36

37 but may ultimately require valve removal or surgery.'® This also reduces the advantage of
38

39 BLVR over LVRS in terms of hospital length of stay, though the level of dependency during
40

41 this observation period is low.

42

43

44 Our series highlights that fissure completeness, assessed visually on CT thorax (even by
45

46 dedicated thoracic radiologists) is not a perfect surrogate for the absence of interlobar

47

48 collateral ventilation. Out of 50 patients enrolled in the original trial and all judged to have
49

50 intact fissures, eight patients (16%) had positive collateral ventilation on Chartis assessment.
51

52

gi In conclusion, bronchoscopic lung volume reduction using endobronchial valves leads to

gg clinically significant improvements in lung function, exercise capacity and quality of life in the
57

58 5

59

60
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majority of patients when appropriately selected. The risk of pneumothorax needs to be
considered and a period of close observation is recommended. Longer follow-up to assess
durability of clinical benefits and effect on survival is needed as well as direct comparison of

endobronchial valve placement against surgical approaches.
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Table 1 Change in lung function, health status and exercise tolerance at 90 days

Original All CV —ve
Open label valve Chartis CV — treated
treated patients | p value | ve treatment | p value | patients (per | p value
(n=12) arm patients Chartis)
(n=19) (n=31)
%AFEV, 24.2 (27.3) 0.06 28.9(40.1) | 0.001 | 27.3(36.4) | 0.0002
AFEV; (L) 0.14 (0.20) 0.06 0.23 (0.28) | 0.001 | 0.19(0.25) | 0.0002
%AFVC 5.1 (13.0) 0.5 7.51(16.9) | 0.03 6.5 (15.6) 0.02
ATLC (L) -0.23 (0.49) 0.13 -0.37 (0.56) | 0.01 | -0.33(0.53) | 0.002
ARV (L) -0.42 (0.80) 0.41 -0.54 (0.76) | 0.01 | -0.49(0.76) | 0.007
ARVITLC % -3.50 (6.77) 0.10 -4.6 (6.9) 0.03 | -4.3(6.85) 0.004
AFRC (L) -0.28 (0.83) 0.27 -0.42(0.69) | 0.04 | -0.38 (0.75) | 0.009
ATLco (absolute | 5 5677y | 0005 | 345(62) | 002 | 3.62(5.16) | 0.0007
percentage points)
AKco
(mmol1.rrL1_i1n)'1.kPa' 0.10 (0.07) 0.007 | 0.05(0.07) | 0.009 | 0.07 (0.07) |<0.0001
ACAT -3.9 (5.5) 0.05 -4.2(10.1) | 0.20 -4.1 (8.5) 0.03
ASGRQc total -7.5 (14.9) 0.08 -7.5 (20.8) 0.3 -8.5 (20.2) 0.05
AB6MWD 29 (48) 0.16 33.2(80.2) | 0.02 | 32.6(68.7) 0.01
ATLim 138 (312) 0.08 165 (260) 0.07 155 (275) 0.01

Data are presented as mean (SD). P values are for Wilcoxon signed rank test. FEV+, forced

expiratory volume in 1 second; FVC, forced vital capacity; TLC, total lung capacity; RV,

residual volume; TLco, carbon monoxide transfer factor; Kco, carbon monoxide transfer

coefficient; MRC, Medical Research Council dyspnoea score; CAT, COPD assessment test

score; SGRQc, St George’s Respiratory Questionnaire for COPD; PYH, pack year smoking

history.; 6MWD, six minute walk distance; Tlim, endurance time on cycle ergometry at 70%

of peak workload; Chartis CV —ve: No interlobar collateral ventilation on Chartis assessment.

10
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Figure Legends

Figure 1 Response to bronchoscopic lung volume reduction in open label treated patients, in

the original BelLieVeR-HIFi treated patients who were collateral ventilation negative and in

©CoO~NOUTA,WNPE

10 both groups combined. Panel A, forced expiratory volume in one second; Panel B,
12 endurance time on cycle ergometry at 70% maximal work rate; Panel C, St George’s
Respiratory Questionnaire; Panel D, Residual volume assessed by body plethysmography.

16 P values are for Wilcoxon signed rank test. * P<0.05, ** P<0.01, *** P<0.001.

58 11
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Panel S1: METHODS

The BelLieVeR-HIFi study was a 1:1 randomised, parallel group, double-blind sham
bronchoscopy controlled trial of unilateral, endobronchial valve placement (Zephyr valves,
PulmonX, California) in patients with heterogeneous emphysema and intact interlobar
fissures. The study was approved by the London — Bentham Research Ethics Committee
(REC No. 11/LO/1608), the sponsor was Imperial College, London. There was a trial
steering group and an independent data monitoring committee. All patients provided written
informed consent and were recruited between March 2012 and September 2013. The
procedures were performed using moderate sedation with Midazolam and Alfentanyl in the
bronchoscopy suite at the Royal Brompton Hospital. Endobronchial valves were placed to

occlude all segmental bronchi leading to the target lobe

Patients with optimally medically managed and stable severe or very severe COPD were
included (forced expiratory volume in one second (FEV,) <50% predicted, residual volume
(RV) >150% predicted, 6 minute walk distance (6MWD) <450m, and significant
breathlessness (MRC dyspnoea score >3)). Their CT scans demonstrated heterogeneous
emphysema with a defined target lobe, and intact adjacent interlobar fissures. Assessments
were performed at baseline and 3 months after bronchoscopy, by an assessment team blind
to treatment allocation. Assessments included complete lung function testing, endurance
cycle ergometry with metabolic measurements at 70% of their maximal workload determined
on an initial incremental test, a 6MWD test, and quality of life questionnaires (SGRQc[1] and

CAT[2 3)).

https://mc.manuscriptcentral.com/thorax
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Target lobe volume change was assessed by a thoracic radiologist (DC) and scored as

follows:

0 — No change,

1 - Some volume loss (Fissures shift)

2- Segmental atelectasis (Band of collapsed lung)

3 — Complete atelectasis (Complete collapse).

Open Label group

Measurements of collateral ventilation using the Chartis™ (PulmonX, California) balloon
catheter system were made in all participants during the initial sham bronchoscopy. At the 3
months end of study visit, all treatment options available to the control group patients were
discussed. Only patients where collateral ventilation was not detected (CV —ve) were offered
open label valve placement. Treatment was performed within 2 weeks of the end of study
visit. Of 25 control patients, 14 had BLVR treatment and of the remaining 11, two had died,
four had positive collateral ventilation during Chartis assessment (of these two had no further
treatment, one had LVRS and one was enrolled into another bronchoscopic LVR trial), and
of the five without collateral ventilation on Chartis assessment two preferred LVRS, one had
recurrent infections and much airway secretions on initial bronchoscopy and thus valves
were avoided in favour of LVRS, one was felt to have a very high risk of pneumothorax due
to the presence of ipsilateral paraseptal bullae in the non-target lobe, and one was found to

have airway anatomy which did not support endobronchial valve placement.
Statistical Analysis
The primary endpoint in this follow-up study is the difference in the percentage change in

FEV, measured 3 months post procedure. Secondary endpoints included: (1) change in the
3

https://mc.manuscriptcentral.com/thorax
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Residual Volume (RV), (2) change in endurance time (Tlim) on cycle ergometry at 70% of
maximum achieved workload, (3) change in six minute walk distance, and (4) changes in

health status (CAT, SGRQc).

Statistical analysis performed by ZZ using PASW (Predictive Analytics Software; 1BM)
version 20 for Windows. Categorical data are presented as percentages and comparisons
done using the Pearson chi-squared test. Normally distributed numeric data are presented
as mean (SD). Non-normally distributed numeric data are presented as median
(IQR). Statistical analysis for differences between baseline values (at the final control visit)
and 3 months following endobronchial valve treatment was assessed by Wilcoxon signed
rank tests. A p value <0-05 was taken to indicate statistical significance. For responder
analyses minimum clinically important differences (MCID) were pre-specified as a 15%
increase for FEV4, 350mls reduction for the residual volume[4], 4 points decrease for the
SGRQc[1 5], 2 points decrease for the CAT[3 6] an increase of 105 seconds for endurance

cycle Tlim[7] and an increase of 26m for the 6MWDI8].
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1

2

3 Table S1 Baseline characteristics of study participants

4

5

6 Open label valve Original treatment All valve treated
7 treated patients Arm patients

g (n=14) (n=25) (n=39)

10 Age 63.9 (7.2) 62.3 (7.0) 62.7 (6.9)
g Gender (M/F) 717 17/8 24/15

13 BMI 241 (5.0) 24 5(5.1) 24.4 (4.9)
14 PYH 55.6 (27.0) 56 (26) 55.5(25.4)
15 Exacerbation rate/yr 2.79 (2.36) 3 (3) 3.24 (2.74)
16 FEV; (L) 0.83(0.34) 0.93 (0.35) 0.89(0.33)
17 FEV1%pred 31.1(9.7) 31.6 (10.2) 32.0(10.3)
18 TLC %pred 141.0 (15.5) 132 (12) 135.1 (13.6)
19 RV %pred 241 (47) 219 (39) 226.5 (41.8)
20 RV%TLC 64.1 (8.1) 60.23 (8.06) 61.7 (8.0)
21 TLco %pred 33.5 (11.5) 33.8 (10.8) 34.1(10.9)
22 Kco %pred 43.7 (13.9) 45.8 (12.8) 45.9 (13.5)
gi PaCO, (kPa) 4.99 (0.69) 4.81 (0.86) 4.85 (0.79)
o5 PaO, (kPa) 9.32 (0.61) 9.74 (1.45) 9.56 (1.20)
26 MRC 3.64 (0.50) 4 (1) 3.59 (0.50)
27 CAT 25.7 (5.2) 24 (5) 24.7 (5.5)
28 SGRQc - total 69.7 (12.4) 67.8 (13.2) 69.0 (12.8)
29 6MWD (m) 335.3 (80.4) 342.3 (94.6) 337.2 (89.8)
30 Tlim (s) 286.4 (200.3) 306.1 (166.7) 299.3 (176.4)
31

32

33

34 Data are presented as mean (SD). BMI, body mass index; PYH, tobacco pack year history; FEV4,
gg forced expiratory volume in 1 second; TLC, total lung capacity; RV, residual volume, TLco, carbon
g; monoxide transfer factor; MRC, Medical Research Council dyspnoea score; CAT, COPD assessment
Zg test score; SGRQc, St George’s Respiratory Questionnaire for COPD; PYH, pack year smoking
j; history.; MWD, six minute walk distance; Tlim, endurance time on cycle ergometry at 70% of peak
43 workload.

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58 5

59

60
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Table S2 Change in lung function, health status and exercise tolerance at 90 days

Open label Original Chartis All CV -ve
valve treated CV -ve treatment treated
patients p value arm patients p value patients (per p value
(n=12) (n=19) Chartis) (n=31)
PAFEV; (-2.23%31.6) 0.06 | 50 ?6436.8) 0.001 (4.81229.7) 0.0002
AFEV: (L) (-0.13 '3310.29) 0.06 (0.050i<1:30.38) 0.001 (0.040i<1:80.32) 0.0002
%AFVC (-5.40{;1 ﬁa.e) 05 | (14 fo'81 13) | 003 (-4.0?6113.8) 0.02
ATLC (L) (-0.2-60£50.01) 0.13 (-0.6-50&?)’20.05) 0.01 (-0.660£;60.03) 0.002
ARV (L) (-0.950i260.15) 0.41 (-1.2-50330.12) 0.01 | 4 .1-60%10.15) 0.007
ARVITLC % (-7.§2t692.5) {-10 (-8.4;Lt670.3) 0.03 (-8.43541.2) 0.004
AFRC (L) (-o.e-eoigzo.m) 7.2, (-1.2-50%40.04) 0.04 (-0.9;10%20.09) 0.009
ATLco (absolute
pe;‘;?:tt:‘)ge (1 .8?;635.5) 0.005 (-0.52£§ 55) | 902 (0.93té35.6) 0.0007
(mmoﬁf‘ﬁ%'kpa_ (0.070&1)10.15) 0.007 (o.o1oi260.10) 0.009 (0.010i280.13) <0.0001
ACAT 85605 | °% | (85010 | °2 | (85t010) | O3
ASGRQG total | (153% 20)| 0% | (455i071) | °3 | (155106.9) | O
AGMWD (-6.7;?6570.5) 0-16 (12.03?6076.5) o2 (-2.53?6075.0) 0.01
ATLim 116.0 0.08 42.0 0.07 79.0 0.01

(4.0 to 161.5)

(-26.5 to 321.0)

(-18.8 to 264.5)

Data are presented as median (IQR). P values are for Wilcoxon signed rank test. FEV4,

forced expiratory volume in 1 second; FVC, forced vital capacity; TLC, total lung capacity;

RV, residual volume; TLco, carbon monoxide transfer factor; Kco, carbon monoxide transfer

coefficient; MRC, Medical Research Council dyspnoea score; CAT, COPD assessment test

score; SGRQc, St George’s Respiratory Questionnaire for COPD; PYH, pack year smoking

history.; 6MWD, six minute walk distance; Tlim, endurance time on cycle ergometry at 70%

of peak workload; Chartis CV —ve: No interlobar collateral ventilation on Chartis assessment.
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Table S3 Responder rates according to lung function, health status and exercise

criteria

Cross-over Original treatment AllChartis CV —ve
valve treated | arm Chartis CV —ve | valve treated
patients patients patients

(n=12) (n=19) (n=31)

0 o o
20 >15% improvement 7 (58%) 9 (47%) 16 (33%)

22 RV
23 >0.35L reduction 4 (33%) 10 (53%) 14 (45%)

26 6MWD
27 >26m improvement 6 (50%) 11 (58%) 17 (55%)

29 Endurance cycle time
30 >105 secs improvement 6 (50%) 9 (47%) 15 (48%)

32 SGRQc
33 >4 points reduction 8 (67%) 11 (58%) 19 (61%)

35 CAT

>2 points reduction 6 (50%) 12 (63%) 18 (58%)

FEV, forced expiratory volume in one second, RV residual volume, 6MWD six minute walk
distance, SGRQc St George’s respiratory questionnaire, CAT COPD assessment test score,

a4 Chartis CV —ve: No interlobar collateral ventilation on Chartis assessment.

53 Panel S2: Adverse events
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There was one death secondary to a pneumothorax directly attributable to treatment with
endobronchial valves. Changes to our admission and follow-up protocols were subsequently
implemented as described above. There was one other pneumothorax in an open label
patient. This occurred 5 days post treatment (one day after discharge), and the patient was
treated conservatively with intercostal chest tube drainage. He had excellent clinical
outcomes at his 3 months follow-up visit. One patient developed a persistent cough
necessitating bronchoscopy and valve removal. Two other patients required repeat
bronchoscopy to investigate clinical deteriorations, and in one case valves were repositioned

and the other mucus plugs cleared with good outcomes in both cases.

Figure S1 (A-D): Response to valve placement CV —ve patients.
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Panel S3: Limitations of the study

Limitations of this extension study include the small sample size and open-label and
unblinded nature of the treatment and follow-up. Furthermore, analysis does not account for
missing data from patient who died. However the primary and most secondary outcomes
were objective rather than subjective. All treatments were undertaken at a single highly
specialised centre with extensive experience of treating patients with end stage emphysema
using LVRS and a variety of bronchoscopic lung volume reduction techniques, as part of
clinical trials and in routine clinical care. The set-up at our centre includes a pre-existing
multidisciplinary team that meets on a weekly basis involving dedicated thoracic radiologists,
thoracic surgeons, pulmonologists and physiotherapists. It may not be possible to achieve

similar outcomes at other centres without this infrastructure or clinical experience
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