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Abstract

Background: Patients with advanced emphysema often have elevated markers of systemic inflammation, a
phenotype associated with greater clinical compromise and increased mortality. We hypothesized that endoscopic
lung volume reduction using emphysematous lung sealant therapy might attenuate the state of inflammation in patients
with advanced emphysema by eliminating damaged tissue; similar to what has previously been reported following lung
volume reduction surgery.

Methods: To explore this hypothesis, serum C-reactive protein (CRP) was measured at baseline, 12, 24 and
48 weeks following ELVR therapy with Emphysematous Lung Sealant (ELS) at 5 centers participating in clinical trial
NCT00884962 (www.clinicaltrials.gov). Results were correlated with post-treatment changes in BODE Index, systemic
white cell count, and vital status out to 3 years.

Results: Baseline CRP for the 29 patient cohort was elevated (5.3 + 8.7 mg/L) compared to normal. Sixteen (16)
of 29 patients (55%) had serum levels above the “high risk threshold” (3 mg/L). ELS therapy was associated with a
transient increase in CRP followed by a progressive decline. At 48 weeks, the CRP level of the cohort had decreased
t0 2.2 + 3.2 mg/L (p=0.041); only 9 of 29 (31%) showed persistently elevation. 3 years post treatment, 28 of 29 patients
were alive (3.4% mortality), while 24 and 36 month mortality for this cohort predicted from baseline BODE Index was
12% and 35% respectively.

Conclusions: ELS therapy reduces chronic inflammation in patients with advanced emphysema, manifest as
a reduction in CRP. Model predictions suggest this is associated with a reduction in long term mortality risk. Larger

prospective studies are needed to further evaluate this question.
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Introduction

Recent studies have shown that a subgroup of patients with
advanced emphysema experience active chronic inflammation
characterized by an elevation in circulating inflammatory markers [1-
3]. Increased serum levels of interleukin 6 (IL-6), IL-8, IL-16, tumor
necrosis factor alpha (TNFa), fibrinogen, and C-reactive protein
(CRP) have been reported, and imbalances between pro-inflammatory
and pro-remodeling cytokines and growth factors demonstrated.
This “inflammatory” phenotype is associated with more frequent
exacerbations, a more rapid decline in lung function, and higher
mortality than in patients without elevated inflammatory biomarkers
[1,3,4]. While anti-inflammatory medications, including inhaled
corticosteroids and phosphodiesterase-4 inhibitors have been shown to
reduce the frequency of COPD exacerbations in susceptible individuals,
they have not been shown to alter the natural progression of disease in
GOLD Group D patients, and their clinical and biological effects on
chronic systemic inflammation have not been characterized [5].

Lung Volume Reduction Surgery (LVRS) has recently been shown
to reduce circulating mediators of inflammation in patients with
advanced emphysema [6,7]. Independent studies have confirmed that
LVRS reduces exacerbation rates, improves functional outcomes, and
reduces mortality is subgroups of emphysema patients [8,9]. While
a direct link between the clinical benefits of LVRS and its purported
anti-inflammatory effects has not been shown, some of the benefits
associated with LVRS may theoretically occur via down-regulation of
chronic inflammation.

In clinical practice LVRS is now rarely performed, having been
supplanted by endoscopic techniques. While Endoscopic Lung Volume
Reduction (ELVR) can indeed replicate the physiological effects of
LVRS, the effects of ELVR on the inflammatory state of emphysema
have been studied.

We hypothesized that endoscopic lung volume reduction therapy
using Emphysematous Lung Sealant (ELS) might replicate the biologic
effects of LVRS on chronic inflammation in emphysema, since like
surgery, it leads to the elimination of the targeted tissue. To explore this
hypothesis we assessed CRP levels pre- and post- treatment out to 48
weeks, and correlated results with observed and predicted long term
mortality projected from baseline BODE Index.

Materials and Methods

A retrospective analysis of clinical and biomarker data was
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performed on 29 patients with advanced (GOLD Group D patients,
Grade III and IV airflow obstruction) emphysema enrolled in clinical
trial NCT #00884962 (www.clinicaltrials.gov). This cohort includes
all patients who had baseline and follow-up serum CRP levels
measured during the course of the study. The study was conducted
in accordance with GCP guidelines, and all protocols were approved
by the appropriate regional regulatory authorities and hospital ethics
committees. Patients were enrolled at 3 sites in Germany, 1 in Austria,
and 1 in Israel. Complete data sets were available for all 29 patients
from baseline through week 48. Vital status was determined for all 29
patients out to 3 years post treatment.

A complete list of study inclusion/exclusion criteria is presented on
www.clinicaltrials.gov. Qualifying patients were required to have GOLD
Group D emphysema despite optimal medical therapy, and be without
co-morbid conditions that might affect their ability to respond to ELVR
treatment or complete long-term follow-up. Patients with alpha-1
antitrypsin deficiency were excluded. The study cohort included 11
patients with upper lobe predominant heterogeneous disease (ULP),
2 patients with non-upper lobe predominant heterogeneous disease
(NULP), and 16 patients with homogeneous disease (Ho). All patients
received ELS treatment at 4 sub segments administered in divided
doses over 2 treatment sessions 12 weeks apart, with 2 sub segments
treated during each session. Target sites were selected based on pre-
treatment CT imaging, with the most severely damage areas of lung
receiving treatment.

Physiological, functional, and biomarker assessments were
performed at 12, 24 and 48 weeks post treatment. Beyond week 48, vital
status was recorded yearly out to 3 years.

Responses to ELS therapy were expressed as change from pre-
treatment baseline for all outcome measures. Change from baseline was
assessed by paired t-test for continuous variables (CRP values, white
cell count, fibrinogen level, FEV1, SGRQ, and 6 MWT distance) and by
Wilcoxon rank sum test for nominal variables (BODE Index, MRCD
scores). Comparisons of categorical data were performed by Pearson’s

Chi squared test. Statistical significance was assessed by 2-tailed testing
based on P values corrected for multiple comparisons using the method
of Bonferroni where appropriate (i.e. P<0.05/n where n is number of
comparisons performed).

Results

Demographic and pre-treatment physiological characteristics
for the 29 patient cohorts are summarized in Table 1. These baseline
characteristics are representative of patients with advanced emphysema.
All patientshad GOLD Group D disease with severe or very severe airflow
obstruction and persistent symptoms despite optimal medical therapy.

Sixteen (16) of 29 patients had baseline CRP levels considered
to be in the elevated or “high-risk” range (i.e. >3 mg/L) [10]. Table 2
summarizes pre-treatment baseline characteristics of this “high-risk”
group relative to the other 13 patients in the study whose baseline CRP
values were in the “low-risk” range. The 2 groups were similar in age
and gender distribution, medication use throughout the study, oxygen
dependency, had similar baseline pulmonary function, exercise capacity,
(i.e. %predicted FEV1, % predicted RV, %predicted DLco, and 6 minute
walk test distance) and BODE Index values, but had significantly
different smoking histories and CRP levels (“high-risk” group pk
yrs=59.1 + 30.6 vs. “low risk” group=36.8 + 19.4, P=0.022; “high risk”
group CRP=9.2 + 10.2 mg/L, n=16 vs. “low risk” group CRP=0.6 + 0.8
mg/L, n=13, P=0.003). There were no significant differences between
the groups with respect to number of exacerbations during the year
preceding study enrollment, use of inhaled corticosteroids, or use
of oral phosphodiesterase inhibitors. Baseline CRP levels failed to
correlate with post-bronchodilator baseline %predicted FEV 1 (Pearson
correlation r=0.187, n=29, p>0.1), baseline % predicted RV (Pearson
correlation r=0.163, n=29, p>0.1), baseline circulating WBC (Pearson
correlation r=0.079, n=29, p>0.1), or baseline BODE Index (Spearman
correlation r=0.117, n=29, P>0.1) Thus, among patients enrolled in this
trial, baseline CRP appeared to uniquely identify a cohort of GOLD
Group D patients with a pro-inflammatory state not represented by
alternate clinical biomarkers.

DEMOGRAPHICS and 02 Age Fraction males pkyr BMI Exac Prev Yr Oxygen Use
n=29 60.7(8.3) 0.66 49.2(28.2)" 25.4(3.5)" 0.57 (0.66)" 10/29
SABA LABA SAAC LAAC ICS Theophylline
MEDICATION USE
2/29 26/29 2/29 23/29 23/29 3/29

Baseline RV RV/TLC FEV1 DLco 6 MWT MRCD
BASELINE PHYSIOLOGY X " X X N "

224.2(66.6) 0.61(0.12) 33.0(8.4) 349(119) 349(119) 3.0(0.6)
‘Mean values presented with standard deviation in parentheses.

Table 1: Demographics and baseline medical and physiological characteristics of 29 patient cohort with biomarker data.

DEMOGRAPHICS and 02 Age M/F ratio pk yr BMI Exac Prev Yr Oxygen use
High Risk (n=16) 60.2(9.5) 10/6 59.1(30.6) 26.1(3.5) 0.50(0.61) 5/16
Low Risk (n=13) 61.3(7.0) 9/4 36.8(19.4) 24.5(3.3) 0.77(0.72) 5/13
p 0.76 0.02 0.35 0.14
MEDICATION USE SABA LABA SAAC LAAC ICS Phosphodisterase Inhibitor
High Risk (n=16) 12.5% 81.3% 0,00% 87.5% 68.8% 6.3%
Low Risk (n=13) 23.1% 100.00% 15.3% 69.2% 92.3% 15.3%
p
Baseline physiology Baseline RV (% pred) = RV/TLC | FEV1 (% pred) DLco (% pred) 6 MWT (meters) MRCD (units) BODE index
High Risk (n=16) 216.5(66.3) 0.61(0.11) 35.1(9.1) 40.8(18.4) 345(123) 3.0(0.5) 5.4(1.6)
Low Risk (n=13) 233.6(68.3) 0.61(0.13) 30.3(6.7) 37.8(19.0) 353(120) 3.0(0.5) 5.7(1.2)
p 0.46 0.95 0.09 0.69 0.88 1.0 0.52

Table 2: Comparison of baseline demographics, medical use, and physiology of “High Risk” and “Low Risk” subgroups based on pre-treatment CRP values.
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Serum CRP levels during the course of follow-up out to 48 weeks
are summarized in Figure 1. At 12 weeks post treatment, CRP levels
were increased compared to baseline, an expected finding reflecting the
post treatment inflammatory reaction that accompanies ELS therapy
[11]. Elevations in CRP levels at this time point were observed in both
“high risk” and “low risk” populations. By week 24, CRP levels in the
“low risk” group had declined towards baseline, but remained elevated
compared to pre-treatment, although differences from baseline were
not statistically significant. In the “high-risk” group, CRP levels had
decreased below pre-treatment baseline. By week 48, levels in both
groups had decreased further, and mean values had settled below the
“high-risk level” of 3 mg/L. CRP levels in the “high risk” subgroup were
significantly reduced compared to pre-treatment baseline (9.2 + 10.2
mg/L vs. 2.5 £ 2.5 mg/L, n=16, p=0.001), while those in the “low risk”
subgroup were not significantly different from pre-treatment baseline
(0.6 + 0.8 mg/L vs. 1.9 + 3.8 mg/L, n=13, p=0.441). Medication usage
during the course of the study, and exacerbation frequencies in “high
risk” (1.34 + 0.77 events/yr) and “low risk” (1.55 + 0.84 events/yr)
groups were not significantly different (p=0.77).

Circulating white blood cell counts (WBCs) throughout the course
of follow-up are summarized in Figure 2 and show a profile distinct from
that of CRP. WBC levels were equivalent at baseline in “high risk” and
“low risk” populations, and did not change in relation to ELS therapy
during the course of the study at the designated follow-up time points.
BODE Index, summarized in Figure 3, decreased in response to ELS
therapy by the 12 week time point, and remained below pre-treatment
baseline in both low and high risk subgroups through week 48.

Figure 1a CRP vs Time post ELS Treatment (n=29)
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Figure 1b CRP levels in "High Risk" (n=16) and "Low Risk" (n=13)
Subgroups Pre and Post ELS Treatment
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Figure 1: (a: upper) shows serum CRP levels as a function of time out to 48
weeks post ELS therapy in patients with GOLD Group D Emphysema for all
patients in the study. (b: lower) shows serum CRP levels for “High Risk” and
“Low Risk” subgroups separately.
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Figure 2: Circulating WBCs as a function of time following ELS therapy out to
48 weeks for all study patients ((a), upper panel), and for “High Risk” and “Low

Risk” subgroups separately ((b), lower panel).

Baseline BODE Index values were used to predict mortality for
the 29 patient cohort, and “high risk” (n=16) and “low risk” (n=13)
subgroups out to 36 months. Results are presented in Figure 4, along
with the actual vital status of study patients. Mortality among the 29
patient cohorts at 36 months following ELS treatment is substantially
lower than predicted mortality based on baseline BODE Index values.

Discussion

Chronic inflammation associated with inhalation of foreign
particulates is thought to play a central role in the pathobiology of
advanced emphysema [12-15]. While inflammation in active smokers
is expected, inflammation has also been demonstrated in the tissues of
patients with advanced Group D (GOLD Stage III and IV) emphysema
who have abstained from smoking for years [16,17]. These findings
suggest that once established, the inflammatory state in certain patients
with emphysema persists, and contributes to progressive clinical
deterioration. There is evidence from several studies indicating that
persistent inflammation, assessed in terms of elevated inflammatory
biomarkers, is associated with premature mortality in emphysema,
similar to what is observed in patients with coronary heart disease
(CHD). Since CHD is a major cause of death in emphysema patients,
it is possible that chronic inflammation among emphysema patients
contributes to mortality by increasing risk of coronary death [18-20].

LVRS has been shown to alter the inflammatory milieu of patients
with advanced emphysema, and it has been suggested that these
effects may be due to resection of inflamed, damaged tissue that fuels
the inflammatory process6. LVRS has now been largely replaced by
endoscopic approaches which attempt to the replicate the physiological
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Figure 3a
BODE Index vs. Time All Patients (n=29)
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Figure 3: BODE Index as a Function of Time Following ELS Therapy Out to
48 Weeks Post Treatment for all study patients ((a), upper panel) and for “High
Risk” and “Low Risk” patients separately ((b), lower panel).
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Figure 4: Predicted mortality for the 29 patient cohort, “High Risk” subgroup,
and “Low Risk” based on baseline bode index relative to actual vital status.

effects of LVRS by collapsing rather than resecting damaged lung
tissue. Results presented here indicate that collapse of damaged lung
using ELS therapy may have beneficial effects on the state of chronic
inflammation in advanced emphysema similar to surgical resection.
CT imaging of patients receiving ELS therapy indicate that over time,
treatment is associated with scarring of the targeted regions. Treatment
of hyperinflated damaged areas, which results in permanent collapse,
loss of blood flow, and subsequent scarring may be functionally
equivalent to tissue resection with respect to eliminating zones of active
inflammation. Thus ELS therapy may replicate both the physiological as
well as biological effects of lung volume reduction surgery.

Simple “elimination” of inflamed tissue may not fully account
for the benefits of ELS therapy or LVRS on the inflammatory state
of emphysema, however. Both interventions are associated with post
treatment inflammation: with LVRS this relates to the post surgical
condition, while with ELS it relates to the post treatment inflammatory
response associated with treatment, although it is difficult to quantify
the extent to which the 2 procedures differ in this respect [11,21].
In both instances, systemic inflammation is likely associated with a
post treatment Compensatory Anti-Inflammatory Response (CARS).
CARS-linked cytokines have indeed been measured in emphysema
patients following LVRS therapy, and may act to down-regulate
subsequent inflammation [22,23].

While anti-inflammatory cytokines were not measured in this
study, a CARS-associated down-regulation of chronic inflammation
is consistent with the pattern of change in CRP observed following
ELS treatment. At 12 weeks, CRP levels are increased despite normal
circulating leukocyte counts. Thereafter, a progressive decline out to
48 weeks is observed. This was not due to a large decline in CPR in
small subset of patients, but rather represents a uniform decrease in
CRP among the cohort population at large. Eight (8) of 16 patients
initially observed to have CRP values in the “high risk” category (i.e.
>3 mg/L) experienced declines into the healthy normal range by
week 48. Eight additional patients initially in the “high risk” group
experienced declines in CRP that did not result in a drop below 3
mg/L. Only 1 of 29 patients experienced an increase in CRP from <3
mg/L to 23 mg/L at 48 weeks following ELS treatment.

Results presented in Figure 4 suggest that ELS therapy is
associated with better survival out to 3 years post treatment than
predicted based on baseline BODE Index scores. While comparisons
of this type must be validated prospectively, they are consistent with
the emerging belief that, similar to CHD, chronic inflammation may
be an important determinant of long term outcomes in emphysema,
and effective treatments that address both the pathobiology and
pathophysiology of emphysema could substantially impact long term
outcomes in this population.

Although lack of a control group represents an important
limitation in this study, the natural history of advanced emphysema
has been previously well documented6. Among patients with GOLD
Group D emphysema receiving optimal medical therapy, CRP has
been shown to increase over time. Thus the declines in CRP observed
cannot be accounted for simply by changes in medical management
associated with clinical trial participation. Nevertheless, these results
await future validation in randomized controlled trials. If confirmed,
these data would suggest that peri-procedural inflammation
associated with certain types of endoscopic lung volume reduction
may have long-term benefits by altering the immune status of patient’s
which advanced emphysema and active chronic inflammation.
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