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Abstract

Rationale: Roflumilast, an investigational, targeted phosphodiesterase 4 inhibitor,
reduces the in vitro and in vivo inflammatory activity of cells such as neutrophils, eosinophils,
macrophages, and monocytes.

Objectives: The aim of this study was to explore the anti-inflammatory properties of
roflumilast in a human model of segmental bronchial endotoxin challenge.

Methods: In a randomized, placebo-controlled, double-blind, single-center parallel-
group study, 37 healthy subjects of either sex were treated for 28 days with either oral
roflumilast 500 ug once daily or placebo. At Day 29, a baseline bronchoalveolar lavage was
performed, followed by segmental endotoxin challenge (4 ng/kg) and saline control challenge.
After 24 h, bronchoalveolar lavage fluid was sampled from the challenged segments and cells
were counted and differentiated.

Results: After endotoxin challenge, influx of total cells (difference from baseline) in
bronchoalveolar lavage of roflumilast treated subjects was 36% lower than with placebo
(p=0.02). Correspondingly, the influx of neutrophils and eosinophils of roflumilast treated
subjects was 39% (p=0.02) and 74% (p=0.01) lower than with placebo, respectively. In
contrast, endotoxin-induced influx of monocytes was not different between roflumilast and
placebo treated subjects. No significant differences existed between the groups pertaining to
endotoxin-induced influx of macrophages and lymphocytes. Roflumilast was well tolerated.
No unexpected or serious treatment-emergent signs and symptoms were observed.

Conclusions.: Roflumilast attenuated the endotoxin-induced influx of neutrophils and
eosinophils into the airways. This study demonstrates the anti-inflammatory properties of
roflumilast on bronchoalveolar granulocytes in endotoxin-induced airway inflammation in
healthy subjects. (Word count: 240 words)

Keywords: randomized controlled trial; bronchoscopy; bronchoalveolar lavage;

phosphodiesterase inhibitors; experimental lung inflammation
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a leading cause of chronic
morbidity and death world-wide with a predicted further increase of prevalence and mortality
in the coming decades [1]. The disease is characterized by airflow limitation that is not fully
reversible, progressive, and associated with an abnormal inflammatory airway response to
inhaled noxa, mainly cigarette smoke [2]. The cellular inflammatory response in the airways
is predominated by neutrophils [3], monocytes, and macrophages as well as CD8+ T-
lymphocytes. These inflammatory cells produce a variety of cytokines and chemokines,
which stimulate the inflammatory processes and attract further inflammatory cells to the site
of inflammation. Apart from the aforementioned cells, eosinophils may also play a role in
course of acute exacerbations of COPD [4].

Endotoxin, a cell wall component of gram-negative bacteria, is ubiquitously present as
contaminant on airborne particles including cigarette smoke [S]. Upon inhalation, endotoxin
challenges the innate immune system thereby inducing a robust inflammatory response in
human airways, which is predominated by neutrophils [6]. After segmental bronchial
instillation of endotoxin, elevations of neutrophils, monocytes, macrophages, and
lymphocytes as well as pro-inflammatory mediators such as interleukin (IL)-8 and tumor
necrosis factor alpha (TNF-a) occur in the bronchoalveolar lavage (BAL) fluid [7]. Endotoxin
could thus initiate and sustain the inflammation in smoking COPD patients and might be
involved in the pathophysiology of gram-negative bacterial exacerbations of the disease.

Given the similarities between the endotoxin-induced inflammatory response in the
lung and the airway inflammation seen in COPD patients, endotoxin challenge could be a
valuable pharmacodynamic model for the characterization of the anti-inflammatory properties
of novel investigational drugs developed for the treatment of COPD. Hitherto, the model of
endotoxin-induced airway inflammation in humans has been used to determine the anti-

inflammatory drug effect of salmeterol, prednisolone and the PDE4 inhibitor cilomilast [8, 9].
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While prednisolone and cilomilast failed to reduce airway inflammation in induced sputum,
salmeterol reduced cell recruitment in bronchoalveolar lavage following endotoxin inhalation.
However, a proof for salmeterol or B-agonists as antiinflammatory drugs in patients with
COPD is missing.

Roflumilast is a targeted oral, once-daily phosphodiesterase 4 (PDE4) inhibitor under
investigation for the treatment of COPD [10]. Inhibition of PDE4 increases intracellular
cyclic adenosine monophosphate (cAMP) concentrations, which in turn leads to activation of
protein kinase A. Subsequent phosphorylation and inactivation of target transcription factors
ultimately results in attenuation of cellular inflammatory activity [11, 12]..'/Accordingly,
roflumilast inhibits the release of inflammatory cytokines and chemokines in human cells in
vitro and in animal models of COPD and asthma in vivo [13-16]. In these animal models,
roflumilast also reduces the pulmonary accumulation of neutrophils, eosinophils, monocytes,
and macrophages after endotoxin or allergen challenge. In recent clinical studies, roflumilast
was shown to reduce eosinophils in induced sputum of patients with asthma [17] and to
reduce the number of neutrophils and eosinophils in induced sputum of patients with COPD,
which was paralleled by an improvement of post-bronchodilator FEV; [18]. Furthermore,
large clinical studies in COPD.indicate that roflumilast 500 pg once daily results in significant
improvements in lung function and may potentially reduce the rate of the exacerbation in
patients with COPD [19].

The aim of this randomized, placebo-controlled, double-blind, single-center study in
healthy subjects was to investigate the effects of roflumilast on the recruitment of
inflammatory cells into the airways and associated inflammatory markers following

segmental bronchial endotoxin challenge. (553 words)
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METHODS
Subjects

Forty-eight healthy subjects of either sex aged 18 to 45 years with normal body weight
according to body mass index between 18 and 28 kg/m? and normal pulmonary function
(FEV,>80% of predicted) were included in the study. All subjects were non-smokers, they
had negative skin prick tests and none had respiratory tract infection four weeks prior to
inclusion. Except for concomitant medications required for bronchoscopy, paracetamol for
treatment of headache or other painful conditions, and hormonal contraceptives in female
subjects with childbearing potential, no other concomitant medications were allowed
throughout the study.

The protocol was approved by the Ethics Committee of the Hannover Medical School,
Germany. The study was conducted in accordance with the Declaration of Helsinki (Somerset
West Amendment, 1996) and the ICH Guideline on Good Clinical Practice (Note for
Guidance on Good Clinical Practice (CPMP/ICH/135/95), Jan. 17, 1997) and performed at
the Clinical Research Unit of the Fraunhofer Institute for Toxicology and Experimental
Medicine, Hannover, Germany. Written informed consent was obtained from each subject

before any study-related procedures started.

Study Design

This study was conducted according to a randomized, double-blind, placebo-
controlled, parallel-group, single-center, 4-week design (Figure 1). Forty-three subjects were
randomized to receive oral roflumilast 500 ug once daily or placebo for 28 + 3 days. Study
medication was taken at home and subjects were seen weekly to check treatment compliance
by drug accountability and blood sampling for retrospective assessment of roflumilast and its
primary active metabolite roflumilast N-oxide. On the last day of treatment, subjects

underwent bronchoscopy with BAL and segmental instillation of endotoxin and saline.
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Twenty-four hours later, subjects underwent a second bronchoscopy for the collection of BAL
fluid from the challenged segments. The 24-h interval between endotoxin challenge and post-
challenge BAL was chosen because the change of inflammatory cell counts from baseline was
the main study objective and cellular changes in BAL fluid after endotoxin challenge were
reported to be maximal at this time point [7]. BAL fluid from both days was processed and

analyzed for inflammatory cells and mediators as described below.

Bronchoscopic Procedure

Bronchoscopies were performed according to the Fraunhofer Institute study site
standard operating procedure, which is based on guidelines for investigative bronchoscopies
[20]. Details of the principal bronchoscopic procedure with BAL and segmental bronchial
instillation have been described previously [21, 22]. Briefly, BAL was performed with 6 x
20 ml warmed saline (0.9%) whereof the first recovered aliquot was discarded. On the last
day of treatment with roflumilast, baseline BAL was done in the anterior segment of the left
lower lobe. Clinical Center Reference Endotoxin (National Institute of Health - Warren Grant
Magnuson Clinical Center, Bethesda, MD, USA) at a dose of 4 ng/kg body weight was
diluted in 10 ml of saline (0.9%) and instilled to the medial segment of the middle lobe using
a sterile catheter introduced through the working channel of the bronchoscope. As a control
challenge, 10 ml of saline (0.9%) were applied to the medial segment of the lingula using a

new catheter for instillation. BAL was obtained 24 h later from both challenged segments.

Assessment of Anti-inflammatory Pharmacodynamic Effects

Total cells, neutrophils, eosinophils, monocytes, macrophages, and lymphocytes in
BAL were counted and differentiated using light microscopy [21]. Because monocytes could
not be differentiated from macrophages by light microscopy, monocytes were counted by

flow cytometry using granularity and expression of CD14 for identification as described
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before [22]. Cell-free BAL supernatants were stored frozen in aliquots at -70°C until further
analysis.

BAL supernatants were analyzed for TNF-a, IL-6, IL-8, matrixmetalloproteinase
(MMP)-9 and monocyte chemoattractant protein (MCP)-1 using commercially available
ELISA (enzyme-linked immunosorbent assays) kits (all obtained from R&D Systems GmbH,
Wiesbaden, Germany except, MMP-9 from Amersham Biosciences, Freiburg, Germany).
Nitrate and nitrite were determined by using the Sievers Nitric Oxide Analyzer (NOA 280i ©,
General Electric Analytical Instruments, Urmston, UK), which is a high-sensitivity detector

for measuring nitric oxide based on a gasphase chemiluminescent reaction [23].

Assessment of Safety

Physical examinations and electrocardiogramms (ECG) were conducted at the
screening visit and at a final visit. Clinical laboratory parameters were also assessed at
screening and end-of-study examination and they were additionally monitored weekly during
the treatment phase. Vital signs (blood pressure, pulse rate) were measured at screening,
before randomization, before bronchoscopy, and at a final visit. At each visit, subjects were
asked whether or not they had experienced any adverse event (AE). Any use of concomitant
medication was recorded.

Lung function was measured according to standard procedures [24] by spirometry
(Masterscope, Viasys Healthcare, Hochberg, Germany) at screening, prior to bronchoscopy,
and at study termination. Following bronchoscopy with segmental endotoxin instillation,
monitoring of lung function was additionally performed every 2h with a hand-held

spirometer (Asthma Monitor AM1, Viasys Healthcare, Hochberg, Germany) until bedtime.
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Sample Size and Statistics

The main interest of our study was to explore cellular changes and to assess potential
effects of roflumilast on the influx of neutrophils, eosinophils, monocytes, macrophages and
lymphocytes after endotoxin challenge.

Assuming a normal distribution of the aforementioned cell variables, a sample size of
34 subjects (total of both treatment groups) is considered sufficient to ensure a power of at
least 80% in correctly detecting a difference of 20% between the two treatments under the
following assumptions: 0=0.025 one-sided and a coefficient of variation of the respective
target variable(s) of < 20%.

The statistical comparisons between the two treatments were based on the mean
differences of the target variables between baseline BAL and BAL obtained 24 h after
endotoxin challenge. Statistical analysis was performed with an ANCOVA model. The
dependent variable was change of the respective variable from baseline to 24 h after
endotoxin challenge, while sex, age, baseline value, and treatment were used as independent
co-variables. Based on the underlying hypothesis that roflumilast would reduce the influx of
inflammatory cells compared to placebo, the level for the type I error rate of the test was set in
accordance with a one-sided test-procedure at a level of <2.5% (in accordance with the ICH
E9 Statistical Principles for Clinical Trials, Note for Guidance on Statistical Principles for

Clinical Trials CPMP/ICH/363/96, March 18, 1998).

Data are presented as mean + standard deviation (SD). Statistical analyses were carried

out using SAS®, release 8.02 (SAS Institute Inc., Cary, NC, USA).
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RESULTS
Study Population

Forty-eight subjects were enrolled into the study (Figure 2). Five subjects were not
randomized at visit V1 because they were found ineligible according to predefined inclusion
and exclusion criteria. Of the 43 subjects in the treatment phase, four subjects discontinued
the study prematurely due to respiratory tract infection and one subject due to moderate
headache. In addition, one subject discontinued the study due to elevated liver enzymes. This
abnormality was already observed during baseline (at visit V0). The subject had been
randomized by mistake and was excluded on the second day of treatment. The remaining
37 subjects underwent bronchoscopy with segmental endotoxin challenge on the last day of
the treatment phase. After endotoxin challenge, in one subject of the roflumilast group BAL
fluid was mistakenly obtained from a non-challenged segment. Therefore, the data was
excluded from efficacy analysis. Subjects in both treatment groups were well matched with

regard to demographic data and baseline characteristics (Table 1).

Analysis of Anti-inflammatory Pharmacodynamic Effects

Endotoxin but not saline induced a remarkable and significant influx of inflammatory
cells into the airways. Neutrophils and eosinophils showed the most pronounced increases
from baseline upon bronchial endotoxin challenge (about 885- and 440-fold, respectively, for
placebo-treated subjects; Table 2). In contrast, lymphocytes and macrophages/monocytes
were only modestly increased upon endotoxin challenge (Table 2). When the mean
endotoxin-induced changes in the total number of inflammatory cells in BAL are considered,
about 16- to 17-fold increases relative to baseline were noted.

Compared with placebo, roflumilast treatment showed a statistically significant
reduction of the endotoxin-induced change from baseline of total cells in BAL by about 36%

(p=0.02, Figure 3a). Analysis of the individual cell types indicated that the observed
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roflumilast effects on total cell count were mainly driven by a significant attenuation of
neutrophil (-39%) and eosinophil (-74%) influx (change from baseline) when compared with
placebo (p=0.02 and p=0.01, respectively, Figure 3b and 3c, respectively). Further, a
numerical trend towards attenuation of monocyte influx by roflumilast could be noted,
however, the difference between both treatment groups was not statistically significant
(p=0.21, Figure 3d). Also for lymphocytes, no significant treatment difference between the
roflumilast and placebo could be noted upon endotoxin challenge (5.44 + 2.96 x 10° cells/ml
versus 7.27 + 2.78 x 10° cells/ml in BAL fluid, respectively; p=0.34).

Soluble inflammatory markers in BAL fluid at baseline and 24 h after saline or
endotoxin challenge are presented in Table 3. Except for nitrate and nitrite, all inflammatory
markers in BAL fluid were significantly increased after endotoxin challenge, but only slightly
elevated after saline instillation in both treatment groups. There were no statistically
significant differences between the treatments for any of the soluble inflammatory markers in

BAL fluid.

Safety Analysis

Five subjects discontinued the study prematurely due to AEs: four subjects due to mild
respiratory tract infections (three subjects in the roflumilast group and one subject in the
placebo group) and one subject due to moderate headache (roflumilast group). All AEs
resolved completely.

Adverse events were reported by 22 (100.0%) subjects in the roflumilast group and
17 (81.0%) subjects in the placebo group. A relevant proportion of the AEs were
procedure-related and due to bronchoscopy with endotoxin challenge (e.g. throat irritation and
decreased lung function test). Other frequent AEs in the roflumilast group were headache in
11 subjects (50.0%), diarrhea in 8 subjects (36.4%) and nausea in 7 subjects (31.8%). In the

placebo group, headache and nausea were reported in 2 (9.5%) subjects each, while diarrhea
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was not observed. These adverse events, which were observed with a higher frequency in the
roflumilast treatment group, are part of the known safety and tolerability profile of
roflumilast. All AEs were mild with the exception of three moderate AEs (one episode of
headache in a subject of the roflumilast group and two episodes of fever following
bronchoscopy with BAL in one subject of the placebo group). No AE was of severe intensity
and there was no serious AE. All AEs in this study resolved completely.

Physical examination, blood pressure, heart rate, and laboratory measurements did not
reveal any treatment-emergent alterations by the study medication, except for a trend towards
a slight decrease of mean body weight in the roflumilast group with a difference of
-1.4+ 1.7 kg versus baseline when compared with the placebo group (-0.1 1.8 kg). The

subjects’ lung function as measured at screening and at study termination was not altered.

DISCUSSION

Chronic airway inflammation is regarded as a key factor in the pathogenesis of COPD.
Currently available treatments for COPD allow to prevent and control symptoms, reduce
exacerbations, increase exercise tolerance, and improve health status [25]. However, many
COPD patients do only benefit in terms of modest symptomatic improvements from currently
available therapies. Therefore, new treatment approaches that target more effectively the
specific inflammation characteristics in COPD are still warranted.

The identification and development of novel anti-inflammatory treatment concepts in
COPD until proof-of-concept is lengthy, labor-intensive, and costly. This is mainly due to the
apparent lack of well-established human pharmacodynamic models that would allow the
identification of promising drug candidates in short-term studies with a reasonably low
number of subjects. The model of induced pulmonary inflammation by segmental instillation
of endotoxin in healthy subjects as first described by O’Grady et al. [7] could be a useful

approach to effectively characterize the clinical potential of an apparent anti-inflammatory
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drug candidate already at an early development stage. However, to the best of our knowledge,
segmental endotoxin challenge has not been used and validated as yet for the characterization
of anti-inflammatory COPD treatment effects. Therefore, it was the purpose of our study to
apply this model for the placebo-controlled assessment of treatment effects of roflumilast, a
targeted PDE4 inhibitor. Further, we aimed at putting the results into perspective with
previously observed roflumilast effects in pre-clinical COPD models as well as clinically
obtained anti-inflammatory characteristics in COPD patients.

In our study, we found that roflumilast — compared with placebo — significantly
reduced the endotoxin-induced influx of neutrophils, eosinophils, and total cells into the
broncho-alveolar compartment. In contrast to the effect on granulocytes, endotoxin-induced
recruitment of monocytes/macrophages and lymphocytes was only numerically lowered by
roflumilast, but did not achieve statistical significance versus placebo. This predominance of
roflumilast effects towards inhibition of granulocyte influx rather than lymphocyte and
monocyte/macrophage increase has also been observed in animal models after cigarette
smoke and endototoxin exposure [15, 26, 27]. Further, the roflumilast effect pattern in BAL
observed in response to the segmental endotoxin challenge is also consistent with the
previously demonstrated ability of roflumilast to reduce the number of neutrophils and
eosinophils in induced sputum of patients with COPD and asthma, respectively, whereby the
reduction of sputum neutrophilia in COPD patients was paralleled by improvements in lung
function [18, 19]. Taken together, the modulation of cellular inflammatory responses upon
endotoxin challenge by roflumilast appears to be largely consistent with the previously shown
pre-clinical and clinical anti-inflammatory characteristics of this targeted PDE4 inhibitor.

However, a randomized controlled clinical study in COPD patients with cilomilast,
another investigational PDE4 inhibitor, showed that treatment for 12 weeks compared with
placebo was associated with reductions in CD8+ T-lymphocytes and CD68+ macrophages in

bronchial biopsies. In contrast to roflumilast, cilomilast did not alter the number or fraction of
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neutrophils in bronchial biopsies nor in induced sputum [28]. For a more detailed
understanding whether this apparent discrepancy between predominant inhibition of
neutrophilic versus monocytic inflammation may signify specific compound characteristics
(roflumilast versus cilomilast) within the class of PDE4 inhibitors or rather reflecting
differential PDE4 inhibitor effects in different compartments (bronchial mucosa versus BAL),
the conduct of a roflumilast bronchial biopsy study in COPD patients would be required. We
have not taken bronchial biopsies in our study because we enrolled healthy subjects in whom
airway inflammation is virtually absent at baseline and bronchial biopsies after segmental
instillation of endotoxin is hampered due to the fact that biopsy sampling from the
subsegmental level (distal from endotoxin instillation) is very limited and often of poor
quality.

In contrast to the observed significant and consistent treatment effects of roflumilast
on cellular outcome variables in our study, cytokine/chemokine markers in BAL were
apparently unaffected by roflumilast. However, the study by O’Grady and colleagues [7]
indicated that the time courses of cellular and cytokine/chemokine inflammatory responses in
BAL wupon segmental endotoxin challenge are distinctly different, with maximum
cytokine/chemokine increases occurring already at 6 h post challenge, while maximum
cellular responses only occurring at 24 h post challenge. This observation implies that the
investigation of drug effects on inflammatory cell and cytokine/chemokine responses by
endotoxin challenge would require post-challenge bronchoscopies at different time points (i.e.
at 6 h and 24 h). From this methodological perspective, the present study using the 24-h
bronchoscopy interval was therefore designed to primarily and adequately address the
influence of roflumilast on cellular inflammatory markers but not on cytokine/chemokine
responses, the latter were assessed only for exploratory purposes. This view is confirmed by
our finding that post-challenge cytokines/chemokines at 24 h were numerically close to

baseline levels.

13



Roflumilast attenuates pulmonary inflammation Hohlfeld et al.

Two recent studies used a controlled clinical setting in humans with inhaled endotoxin
to study the anti-inflammatory effect of salmeterol, prednisolone and the PDE4 inhibitor
cilomilast [8, 9]. Currently, there are no data published on the use of segmental endotoxin
challenge for the characterization of anti-inflammatory effects of either established drugs or
new drug candidates for the treatment of chronic inflammatory airway diseases such as
COPD. Therefore, it is at present not possible to directly compare the pattern of the observed
roflumilast effect in the endotoxin challenge model with already established COPD treatments
(e.g. corticosteroids). However, our group conducted a study with a novel monoclonal MCP-1
antibody (ABN912) in patients with mild COPD. Here, we used the identical methodological
approach of segmental instillation of endotoxin (i.e. at the identical dose of 4 ng/kg) to
investigate the anti-inflammatory characteristics of the compound  in the airways.
Interestingly, ABN912 significantly reduced BAL monocytes upon endotoxin challenge when
compared to placebo, but did not alter the number of BAL neutrophils, macrophages, and
lymphocytes [29]. This observation of distinctly different cellular effects of two anti-
inflammatory compounds with a different mode of action strongly suggests that the endotoxin
challenge model indeed allows to distinguish between as well as to properly characterize
differential anti-inflammatory drug effects.

In our study, roflumilast 500 ug once daily was generally well tolerated. Safety results
did not reveal any unexpected adverse treatment-emergent effect in terms of frequency or
intensity of AEs. The observed trend towards a modest decrease of body weight may need
further attention in future clinical studies with PDE4 inhibitors.

In conclusion, roflumilast significantly reduced the endotoxin-induced influx of total
cells, neutrophils, and eosinophils into the airways of healthy subjects. This finding is
consistent with anti-inflammatory properties of roflumilast shown in previous pre-clinical
COPD models and clinical studies in COPD patients. The demonstrated anti-inflammatory

potential of roflumilast may provide therapeutic benefits for the treatment of COPD, but
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needs to be further characterized at the level of cytokine/chemokine involvement and in
additional compartments relevant to airway inflammation such as bronchial mucosal. Finally,
we propose that the segmental endotoxin challenge model allows for a rapid, safe, and well-
standardized characterization and differentiation of anti-inflammatory drug effects in human

airways.
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TABLE 1. Demographic data and lung function characteristics of the study population.

Placebo Roflumilast 500 pg
(n=19) (n=18)
Median age (range), years 25(20-41) 27 (23 -43)
Height, cm ’ 176 +9 176 +9
Weight, kg . 73+ 14 74 +£10
BMI, kg/m? 23+2.8 24+19
Sex, n (%)
male 9(47) 10 (56)
female 10 (53) 8 (44)
Smoking habit, n (%)
non-smokers 17 (89) 17 (94)
ex-smokers 2(11) 1(6)
FEV,, L’ 4.19£0.85 4.21+0.78
FEV, % predicted " 105.7 + 10.8 107.1+9.6
FVC, L~ 506+ 1.12 513+ 1.03

Definition of abbreviations: BMI = body mass index; FEV, = forced expiratory volume in one second;
FVC = forced vital capacity; SD = standard deviation.

" Data presented as mean = SD. No significant differences between groups were found.
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TABLE 2. Cell counts in bronchoalveolar lavage fluid at baseline and following
segmental bronchial challenge with saline or endotoxin in healthy subjects treated with

placebo or roflumilast. Differential cell counts were analysed by light microscopy, while

monocytes’ were additionally counted by flow cytometry. Values are given as mean + SD.

Subjects Total cells Macrophages  Neutrophils Eosinophils Lymphocytes ;MonocytesJr

/ Monocytes '
(n) (x 10° /ml) (x 10° /ml) (x 10°/ml) (x 10°/ml) x10°/mD) | (x10°/ml)

Placebo
Baseline 19 100 £ 50.0 97.1+49.1 1.42 £2.00 0.02 +0.08 5334620 | 2.06+1.50
Saline 19 110 £ 60.0 96.4 +49.6 5324103 0.20 +0.33 4334390 | 2.65+238
Endotoxin 19 1720 + 960t 447+ 1531 1256 +870f  8.83+11.0t 133+147f | 148 +85.3t
Roflumilast 500 ug
Baseline 18 80.0 +40.0 79.5 +36.6 0.64 +0.85 0.07 £0.14 3024272 1 133+1.14
Saline 18 140 + 160 128 +139 7.02+18.8 0.09 £ 0.20 467+517 | 435+9.63
Endotoxin 17 1280 + 480*t 435 +239t 836 £314*t  3.43 +£7.10% 7714112 © 126+59.8%

Definition of abbreviations: SD = standard deviation; * p<0.025 for mean difference between roflumilast and placebo of change

from baseline to 24 h after endotoxin challenge. T p<0.01 compared to baseline.
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TABLE 3. Inflammatory markers in bronchoalveolar lavage fluid at baseline and

following segmental bronchial challenge with saline or endotoxin in healthy subjects treated

with placebo or roflumilast. Values are given as mean = SD.

Subjects TNF-a IL-6 IL-8 MMP-9 MCP-1 Nitrate Nitrite
() (pg/ml) (pg/ml) (pg/ml) (ng/ml) (pg/ml)  (umoll)  (umol/1)
Placebo
Baseline 19 162+29 47+22 305+28 1.6x12 358%£135 0.7+£03 0.110.1
Saline 19 16.2+2.6 7.1£80 315+27 20+09 36.6+163 05+02 02+£02
Endotoxin 19 552+ 191 £ 119t 67.1+21.6f 7.2+25F 77914501 06+£03 02+£02
22.2%
Roflumilast 500 ug
Baseline 18 16.1+£1.6 3.7£19 31210 1.0£0 334+950 06+£03 0305
Saline 18 16.0+£ 1.6 70+£68 314+39 1.5+£09 407£233 06+£03 0.110.1
Endotoxin 17 56.5 + 219+£147Ft 79.7+342% 73+27t 81.0+37.0f 0.7+0.3 0.1+0.1
20.81

Definition of abbreviations: TNF-a = tumor necrosis factor alpha; IL-6 = interleukin 6; IL-8 = interleukin 8;

MMP-9 = matrixmetalloproteinase 9; MCP-1 = monocyte chemoattractant protein 1, SD = standard deviation.

T p<0.01 compared to baseline. No significant differences between groups were noted.
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FIGURE LEGENDS

Figure 1: Study design

Figure 2: Disposition of study subjects

Figure 3: Change of bronchoalveolar lavage cells after endotoxin challenge: change

(mean and SEM) from baseline to 24 h after challenge with endotoxin compared to saline for

total cells (A), monocytes as determined by flow cytometry (B), neutrophils. (C), and

eosinophils (D). * one-sided p < 0.025 for differences vs. placebo; n.s. = not significant.
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Figure 1
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