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INTRODUCTION

Treatment with bronchial valves in patients with severe emphysema was developed to achieve lobar volume reduction
without the risks of mortality and morbidity associated with surgical procedures. The technical approach to using
bronchial valves has evolved over time, using the learnings from a range of clinical studies.

This educational program, held at the American Thoracic Society (ATS) International Conference in San Francisco
2012, brought together a group of experts in the field of bronchial valve therapy to present an overview of the clinical
experience in this field. The presentations covered the background to the development of valves; a summary of the
clinical data to date, specifically with respect to the IBV Valve System; and the direction for future valve therapy.

The meeting was sponsored by Olympus, and was intended for international attendees from countries where the IBV
Valve System is approved to treat diseased lung in emphysematous patients, or damaged lung resulting in air leaks,
by limiting airflow to selected areas. In the USA, the IBV Valve System is not approved for emphysema, and has a
Humanitarian Device Exemption for the treatment of specific post-surgical air leaks.
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Probability of death

BACKGROUND AND RATIONALE FOR BRONCHIAL VALVES

In 2004, the World Health Organization (WHO) estimated the number of people to have chronic obstructive pulmonary
disease (COPD) to be 64 million and deaths from COPD are projected to increase by more than 30% in the next

10 years [WHO, 2011]. Worldwide prevalence of COPD ranges from 7.6% to 10.1% [Halbert, 2006; Buist, 2007].
Emphysema, characterized by parenchymal destruction, affects an estimated 1.8% of the population worldwide
[Halbert, 20086].

The airflow limitation associated with COPD, and the resulting air trapping and hyperinflation in the lungs, is the result
of both an increase in airway resistance and the reduced driving pressure for lung deflation that comes from static
elastic lung recoil. Hyperinflation has been shown to be directly associated with patient-centered outcomes such as
dyspnea and exercise limitation, both of which have an impact on health-related quality of life (QOL) [Cooper, 2006].

Pharmacological treatment for severe emphysema usually involves a combination of different classes of
bronchodilators and often a third treatment such as an inhaled corticosteroid, roflumilast or azithromycin [Cooper,
2005]. For patients with advanced emphysema who have maximized their medical treatment, other options include
non-pharmacological interventions such as volume reduction strategies and lung transplantation.

Unmet needs in advanced emphysema treatment
The current unmet needs in relation to the treatment of advanced emphysema are:

¢ Need for less invasive options for the most severe patients
e Surgical options have substantial risks with long recovery periods
e Surgical options are available to only a few selected patients
¢ Need for additional options beyond medical therapy for emphysema
¢ Medications alone may not modify the long-term decline in lung function and QOL
¢ Need for improved quality of life
e COPD patients often have poor QOL and functional status despite pharmacological and rehabilitative therapies

Goals of bronchial valve therapy

During the 1990s there was a renewed interest in the treatment of severe emphysema with surgical procedures such
as lung volume reduction surgery (LVRS) [Cooper, 1995; McKenna, 1996]. Subsequently, the National Emphysema
Treatment Trial (NETT) compared the effects of LVRS with medical therapy and showed significant survival benefit in
the LVRS group for a subgroup of patients with upper lobe-predominant disease and low exercise capacity [NETT
Research Group, 2003] (Figure 1).

Figure 1: Probability of death during the NETT (Kaplan-Meier estimates)
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Bronchoscopic methods to treat emphysema with one-way bronchial valves have been developed to achieve similar
benefits as LVRS without the risks in morbidity and mortality associated with surgical procedures [Toma, 2003;
Venuta, 2005]. The original hypothesis for the use of bronchial valves was that the placement of valves in the airways
that supplied the most hyperinflated parts of the emphysematous lungs would result in lobar atelectasis and a
reduction in lung volume, thus mimicking LVRS and its aims to improve pulmonary function and mortality.

The IBV Valve is an umbrella-shaped, one-way valve that is placed via a delivery catheter, introduced through the
working channel of a flexible bronchoscope (Figure 2).

Figure 2: Diagram of the IBV Valve

The valve consists of a Nitinol frame
covered with a polymer membrane and five
anchors that securely engage the airway
walls at the targeted treatment location.
The valve limits airflow into targeted airways
distal to the valve but allows mucus and air
movement in the proximal direction and, if
needed, is removable.

OVERVIEW OF CLINICAL STUDIES

The relative benefits and risks of bronchial valve therapy need to be assessed to identify a suitable approach that has
the most favorable risk-benefit ratio across clinical and economic outcomes (Figure 3).

POTENTIAL RISKS
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The IBV Valve has been investigated in several studies, each with its own patient selection, treatment approach
and study protocol (Table 1). Knowledge of the effectiveness and safety of bronchial valve therapy has evolved with
each study.

Table 1: Summary of studies investigating IBV Valve therapy

Screening for High Heterogeneity or

Clinical Study Treatment Approach Complots Fisstires

Bilateral occlusion without lingula (n=77), Bilateral occlusion

Pilot Studies (2004-2006) with lingula (n=18), Single-lobe, complete occlusion (n=3)

No

European Study (2007-2009) Bilateral, partial occlusion (n=37) v. Sham bronchoscopy (n=36) No

Bilateral, partial occlusion (n=142) v. Sham bronchoscopy

US Trial (2007-2010) n135)

No

Unilateral v. Bilateral Study Single-lobe, complete occlusion (n=11) v. Bilateral, partial

(2009-2011) occlusion (n=11) Yes




Pilot studies

Early pilot studies (h=98) evaluating IBV Valves were based on the hypothesis of achieving lobar atelectasis and a
reduction in lung volume [Wood, 2007; Springmeyer, 2009; Sterman, 2010]. Patients with severe airflow obstruction,
hyperinflation and with severe, upper lobe-predominant emphysema were included; and valves were placed bilaterally,
consistent with the approach used with LVRS [Cooper, 1995]. Patients were not evaluated for high heterogeneity or
complete fissures for collateral ventilation.

Results in all studies showed that the success rate in placing the IBV Valves was high and there was no migration or
expectoration. Overall, there were no significant improvements seen in forced expiratory volume in one second (FEV,)
or 6-minute walking distance (6MWD) but over half the patients showed a clinically meaningful improvement in their
health-related QOL as measured by St George’s Respiratory Questionnaire (SGRQ) scores (Table 2) [Springmeyer,
2009; Sterman, 201Q]. In addition, significant changes in lobar volumes (approximately 300 mL or 10% change) were
demonstrated in both the treated (volume decrease) and untreated (volume increase) lobes, but the total lung volume
remained unchanged [Coxson, 2008; Sterman, 2010].

Despite the lack of screening for collateral ventilation and a partial-occlusion approach in the majority of patients,
atelectasis was reported in approximately 10% of patients, and in just over half of these patients there was an
accompanying pneumothorax [Springmeyer, 2009]. The overall incidence of pneumothorax was reduced in those
patients where the lingula was not treated. Improvements in FEV, were observed in the small group of patients who
had atelectasis but, interestingly, the improvements in SGRQ scores were observed with and without the presence
of lobar atelectasis (Table 2).

Table 2: Pulmonary function and SGRQ changes for subjects at 6 months, with and without atelectasis (ATX)

ATX - Yes (n) ATX - No (n) Total (n)
TLC change (L) -0.4+£0.7 (6) -0.1 + 0.6 (66) -0.07 + 0.6 (72)
RV change (L) -0.7 +1.0(8) 0.1 £0.8 (66) 0.0+0.8(72)
FEV, change (L) 0.14 + 0.06 (6) -0.04 £ 0.16 (68) -0.02 £ 0.16 (74)
SGRQ change -16.3 £ 14 (6) -7.3+£16 (64) -8.0 £16 (70)
SGRQ responders 5/6 (83%) 34/64 (53.1%) 39/70 (55.7%)

TLC: total lung capacity; RV: residual volume; FEV1: forced expiratory volume in 1 second; SGRQ: St George’s Respiratory Questionnaire.
Adapted from: Springmeyer, Thorac Surg Clin 2009;19:247-253.

The conclusions from the pilot studies with the IBV Valve System suggested that a bilateral, partial-occlusion treatment
with IBV Valves could mitigate the risk of pneumothorax while enabling a significant redirection of lung volumes from
the treated upper lobes to the non-treated lobes, and moderate improvements in health status for a proportion of
patients. The subsequent studies were therefore designed using a bilateral, partial-occlusion treatment approach.

European Study for the Treatment of Advanced Emphysema with Bronchial Valves

This study was the first multicenter, blinded, sham-controlled study to assess the safety and effectiveness of IBV Valve
therapy in patients with upper lobe-predominant severe emphysema, using a bilateral, partialocclusion treatment
approach without the goal of lobar atelectasis [Ninane, 2012]. Patients were not evaluated for high heterogeneity or
complete fissures for collateral ventilation. A composite primary endpoint was used; a positive responder was defined
as having both a > 4 point improvement in SGRQ and a lobar volume shift as measured by quantitative computed
tomography (QCT) at 3 months.

Seventy-three patients were randomized to bronchoscopy with (n=37) or without (h=36) bronchial valves. The
procedure and devices were well tolerated; there was no valve migration or erosion, and no expectoration of valves.
The incidence of adverse events was similar in the treated and control groups and there was no atelectasis and/or
pneumothorax.

At the end of three months’ blinded treatment, a positive treatment response was seen in 8 of 33 patients (24%), in the
treatment group, compared with 0 of 35 patients in the control group (p=0.002) (Table 3). Treatment with the valves
resulted in a significant decrease in upper lobe lung volumes, and a significant corresponding increase in non-treated
lobe volumes compared with minimal changes in the control group. There were no significant changes in other efficacy
endpoints following treatment including mean values for FEV,, BMWD or modified Medical Research Council (MMRC)
dyspnea scale scores.



Table 3: Percent responders and change from baseline in CT lung volumes and SGRQ score at 3 months (European Study)

Treatment (n=33) Control (n=35) p-value
CT volumes + SGRQ responders (patients) 8 of 33 0 of 35 0.002
CT lung volumes (% change)
Upper lobes (treated) -7.3+£9 0.7+52 <0.0001
Non-upper lobes (untreated) 6.7 £14.5 02+78 0.027
SGRQ total score -4.3 £16.2 -3.6 £10.7 0.837

CT: Computed tomography; SGRQ: St George’s Respiratory Questionnaire.
Adapted from: Ninane, Eur Respir J 2012;39:1319-1325.

US IBV Valve Bilateral-Partial Treatment Trial

In parallel, a multicenter, randomized, blinded, controlled trial was conducted in the US, which also evaluated the
safety and effectiveness of a bilateral, partial-occlusion treatment approach in patients with severe, upper lobe-
predominant emphysema [Nader, 2012; Elstad, 2012; Coxson, 2012; Wood, 2012]. As with previous studies, patients
were not evaluated for high heterogeneity or complete fissures for collateral ventilation. A positive responder was
defined as having both a >4 point improvement in SGRQ and a lobar volume shift (10% increase in non-upper lobe
and any decrease in upper lobe) as measured by QCT at 6 months.

A total of 277 patients were randomized, 142 to treatment with valves and 135 to sham bronchoscopy; 121 and 134
patients respectively, completed the 6 month follow-up visit. The technical performance of the IBV Valve System was
successful and consistent with earlier studies: 99% of valves were successfully placed at target locations; and no valve
migration, erosion or expectoration occurred.

The incidence of serious adverse events was significantly higher in the treated (20 patients [14%)]) versus control

(5 patients [4%)]) groups [Elstad, 2012]. During the 6 month study, there were six deaths in the treated group versus
one in the control group, of which 1, in the treated group, was assessed as probably related to the procedure and
none were assessed as device-related. Serious pneumothorax occurred in 3 treated patients versus none in the
control group but this incidence was mitigated when the treatment algorithm was changed after enroliment of the 37th
patient from using a total right and partial left occlusion algorithm to partial right and partial left occlusion algorithm.
Conscious sedation used by some sites was associated with a higher incidence of serious procedural adverse events
(19%) compared with the overall study incidence (6%). The use of anesthesia with intubation and mechanical ventilation
resulted in a shorter procedure duration and was found to be safer than conscious sedation.

After 6 months’ blinded treatment, the responder rate was significantly higher after treatment (6/121 [5.0%)) versus
control (1/134 [0.7%]), but this improvement was not considered clinically meaningful (Table 4). In patients who received
valves, there was a significant shift in lobar volume from the treated upper lobes to the untreated lobes but this was
smaller than expected and was not associated with any significant changes in SGRQ scores. There were no significant

improvements in other endpoints (lung function and exercise capacity) in the treated versus control groups.

Table 4: Percent responders and change from baseline in CT lung volumes and SGRQ score at 6 months (US Trial)

— _ 95% BCI of
Treatment (n=142) Control (n=135) treatment difference

CT volumes + SGRQ responders, n(%) 6 of 121 (5.0) 10f 134 (0.7) (0.048%, 9.212%)
CT lung volumes, n 120 133

Upper lobes, mL -224 + 299 -17 + 204 (-272, -143)

Upper lobes, % -6.4 +£8.0 -04+53

Non-upper lobes, mL 214 + 384 -27 + 292 (155, 326)

Non-upper lobes, % 7.0+13.8 -0.9+9.1
SGRAQ total score +2.15 +16.36 -1.41 £11.26 (0.4, 7.0)

CT: Computed tomography; SGRQ: St George’s Respiratory Questionnaire.

Data on file



The results of the US IBV Valve Trial confirmed that the bilateral, partial-occlusion approach with bronchial valve
therapy mitigated the incidence of atelectasis and/or pneumothorax, but may also have contributed to the reduced
target lobe volume changes and the lack of clinically meaningful responder rates.

Predictors of response to bronchial valve therapy, and implications for patient selection

The lessons from the IBV Valve studies have been augmented by the VENT study, a multicenter trial evaluating
Endobronchial Valve (EBV) treatment in 321 patients with advanced heterogeneous emphysema, using a single-lobe,
complete-occlusion approach. That trial showed modest improvements in the primary endpoint (percent change in
FEV,) for the whole group but an enhanced treatment response in a subgroup of patients with greater radiographic
evidence of emphysema heterogeneity and fissure completeness (Table 5) [Sciurba, 2010]. There was an increased
rate of COPD exacerbations in the first 90 days in the EBV-treated group compared with the control group, receiving
standard medical care (7.9% v. 1.1%, p=0.03). At 6 months, there were six deaths (2.8%) in the EBV-treated group
compared with none in the control group; at 12 months the rate of deaths was similar in the two groups (3.7% v. 3.5%
respectively). These findings revealed that careful screening of patients with high heterogeneity and complete fissures
may be an important predictor of good outcomes with bronchial valve treatment.

Table 5: Percent changes in the FEV1 and distance on the 6-Minute Walk Test at 6 and 12 months, according to subgroup
of disease severity (VENT study)

Percent change from baseline at 6 mo Percent change from baseline at 12 mo
Difference between EBV and Difference between EBV and
- t -valuet
UL CLCTTIEE I R control group % (95% CI) p-value control group % (95% CI) p-value
High heterogeneity
FEV, 10.7 (3.5t0 17.9) 0.004 13.3 (6.7 10 20.9) <0.001
Distance walked on 6-min walk test 12.4 (4.8 t0 20.1) 0.002 7.1 (-0.8 to 14.9) 0.08
Low heterogeneity
FEV, 2.5(-3.1108.2) 0.38 1.5(-4.7t07.6) 0.64
Distance walked on 6-min walk test -1.0(-6.4 t0 8.4) 0.80 -0.6 (-6.41t07.7) 0.84
Complete fissure
FEV; 16.2 (8.8 10 23.8) <0.001 17.9 (9.8 10 25.9) <0.001
Distance walked on 6-min walk test 7.7 (-1.8t017.2) 0.14 3.9(-4.0t011.8) 0.31
Incomplete fissure
FEV, 2.0(-3.9t07.9) 0.51 2.8(-3.8109.4) 0.41
Distance walked on 6-min walk test 53(-1.51t012.2) 0.13 4.5 (-2.7t011.8) 0.20

tAll p-values are two-sided.
Adapted from: Sciurba, N Engl J Med 2010;363:1233-1244.

Complete Unilateral Versus Partial Bilateral Endoscopic Lung Volume Reduction Study

In light of these findings, an illuminating study was conducted comparing single-lobe, complete-occlusion versus
bilateral, partial-occlusion approaches with the IBV Valve to determine which technique achieved the greatest
improvements in efficacy among patients with bilateral heterogeneous emphysema [Eberhardt, 2012]. In addition,
patients were screened using CT and perfusion scan analysis for high heterogeneity. Twenty-two patients were
randomly assigned to IBV Valve treatment with either unilateral, complete occlusion of the single worst lobe

(11 patients) or bilateral treatment of either the lower or upper lobes leaving one segment not treated on each side
(11 patients). The primary endpoint was based on improvements in FEV; and BMWD after treatment.

The IBV Valves were placed successfully in both groups, and there was no migration of valves. Four exacerbations,
two per group, requiring antibiotic treatment and/or steroids but not hospitalization, were reported; one patient in the
unilateral group experienced a pneumothorax and two patients in the bilateral group were treated for respiratory failure.
No other complications were observed and no deaths were reported.

Significant improvements in lung function and 6MWD were observed after 30 and 90 days in the unilateral group but
not the bilateral group; these changes were accompanied by improvements in SGRQ scores and mMRC dyspnea
scores (Table 6).

The lessons from this trial suggest that an optimal treatment approach may involve complete occlusion of the single
most diseased lobe, and careful selection of appropriate patients using CT and perfusion scan analysis.




Table 6: Mean changes of the different parameters after 30 and 90 days in the unilateral and bilateral treatment groups

Unilateral Group Bilateral Group
30 day p-value 90 days p-value 30 days p-value 90 days p-value
A FEV1 (mb) +267+154 0.001 +180+90 0.002 +13+140 0.717 -24+117 0.624
A IVC (mL) +425+451 0.019 +453+300 0.019 +2+388 1.000 +15+349 0.918
ARV (mL) -546+1307 0.537 -872+796 0.005 -61+990 0.765 +85+446 0.700
A TLC (mL) -86+1222 0.175 -357+874 0.175 -117+1038 | 0.831 +122+563 0.747
A RV/TLC (%) -6.3+7.1 0.082 -7.4£3.2 0.002 +0.7+£5.8 0.765 +0.1+£3.6 0.831
A 6BMWD (m) +47.8+55.7 0.014 +48.9+53.0 | 0.024 -25.0+81.5 | 0.557 -52.3+¢81.2 | 0.080
A SGRQ total score -12.2+13.4 0.003 -11.8+10.6 0.007 -0.3+9.8 0.831 +2.12+8.5 0.577
mMRC (points) 11211 0.070 -1.2+1.25 0.023 0.0£1.0 1.000 0.0+1.3 1.000
BODE index (points) -2.0+1.3 0.004 -1.8+1.47 0.022 +0.5+1.1 0.219 +0.6+£1.6 0.289

A: change from baseline; data presented as mean+SD; values in bold indicate statistical significance; FEV,: forced expiratory volume in
1 second; IVC: inspiratory vital capacity; RV: residual volume; TLC: total lung capacity; 6MWD: 6-minute walking distance; SGRQ: St George’s
Respiratory Questionnaire; mMRC: modified Medical Research Council dyspnea scale; BODE: body-mass index, degree of airflow obstruction,

dyspnea, and exercise capacity.
Adapted from: Eberhardt, Chest 2012 (online ahead of print).

Evaluation of long-term survival in patients following bronchial valve treatment

One of the prime concerns relating to treatment by the single-lobe, complete-occlusion approach is the treatment-
induced atelectasis and associated risks such as pneumothorax. However, recent long-term data on patients who
received bronchial valves showed that patients with atelectasis following bronchoscopic lung volume reduction (BLVR)
had a survival benefit compared with patients who did not have atelectasis (Figure 4) [Hopkinson, 2011]. CT-visible
interlobar fissures have also been shown to be a favorable prognostic factor of long-term survival (Figure 5) [Venuta,
2012]. Nonetheless, the samples were small and further investigation is needed on the mortality benefit of bronchial

valve treatment.
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Figure 4: Atelectasis following BLVR was associated with
improved survival (p=0.026)
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Management of pneumothorax

Given that treatment using the complete occlusion of a single lobe would be expected to be associated with an
increased incidence of pneumothoraces, a clear procedure for the management of pneumothorax is recommended.
This may be especially the case in patients with a rapid atelectasis, which in itself may be a predictor of good
outcomes and thus should not preclude patients from consideration [Hopkinson, 2011].

Obtaining a chest radiograph 2 hours after the valve placement procedure and the following day is recommended. An
asymptomatic, small pneumothorax should be monitored with no immediate action required. For patients with larger
pneumothorax and associated symptoms, they should receive drainage with or without suction. If the air leak persists
up to 1 week after lung expansion, it is recommended to remove one valve, leaving the target lobe partially occluded to
facilitate resolution of the pneumothorax. If the air leak then resolves within a week, the valve should be replaced after
6 weeks to reinstate full occlusion of the target lobe; however, if it persists beyond another week of the valve being
removed, all valves should be removed. In the rare instance that this does not resolve the air leak, video-assisted
thoracoscopic surgery [VATS] with pleurodesis and/or stapling surgery is recommended.

Conclusions

The key learnings from these clinical data indicate that maximum benefits from bronchial valve therapy are achieved
with greater target lobe volume reduction, as evidenced by improvements in clinical outcomes including FEV;, 6BMWD
and RV. Significant lobar volume reduction is achieved following the complete occlusion of a single lobe due to the
accompanying lobar volume decrease.

The development of lobar volume reduction has been shown to be most successful in patients with complete fissures
due to the achievement of a ‘closed system’ [Sciurba, 2010, Gompelmann, 2010]. In addition, patients with high
heterogeneity have also been shown to benefit more significantly from valve therapy [Eberhardt, 2012, Sciurba, 2010].

This approach has been shown to be significantly superior to bilateral, partial-occlusion treatment, and is associated
with clinically relevant improvements in lung function, exercise capacity and quality of life. When targeting the left upper
lobe, the lingula should be included. When targeting the right upper lobe, consider occluding the right middle lobe if
there is an incomplete fissure between the upper lobe and the middle lobe.

Pneumothorax is a known complication of single-lobe, complete occlusion, but may be a predictor of success and can
be managed by use of clear management guidelines. A higher rate of pneumothorax should be evaluated in relation to
the potential to significantly improve a patient’s exercise capacity and quality of life.

Future treatments with bronchial valve therapy should use a single-lobe, complete occlusion approach in appropriately
selected patients using an assessment of complete fissures and emphysema heterogeneity to increase the chances
of achieving maximum lobar volume reduction, pronounced improvement in patient outcomes, and a favorable risk-
benefit ratio.
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