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Abstract 

Inhaled corticosteroids and long-acting ß2-agonists are recommended as maintenance 
therapy in COPD given their separate and supplemental clinical efficacy. We tested whether 
fluticasone propionate (FP) reduces airway inflammation in COPD and whether salmeterol 
augments this. One-hundred-and fourteen patients with moderate to severe COPD were 
randomized to FP 500 µg BID, fluticasone propionate/salmeterol (FSC) 500/50 µg BID, 
or placebo during 6-months double-blind treatment. Bronchial biopsies, induced sputum, 
pc20 methacholine, and lung function were obtained at baseline and 6 months. Eighty-two 
patients (FP n=42; FSC n=19; placebo n=21) with a complete dataset were included in 
a multiple linear regression analysis. After 6 months, numbers of bronchial CD3+, CD4+, 
CD8+, and mast cells were significantly lower with FP and FSC (cell counts in percentage 
of placebo): FP CD3+ -49.9%, p=0.001; CD4+ -64.6%, p<0.001; CD8+ -47.5%, p=0.001; 
mast cells -40.7%, p=0.001; FSC CD3+ -55.3%, p=0.001; CD4+ -62.0%, p=0.003; CD8+ -
41.7%, p=0.01; mast cells -48.0%, p<0.001. FSC increased bronchial neutrophils compared 
to placebo (+104.6%, p=0.009) and FP (+79.0%, p=0.02). Both active treatments increased 
2log PC20 methacholine (FP +1.47 doubling doses, p=0.02; FSC +1.59, p=0.049). Neither 
treatment had a significant effect on sputum inflammatory cells or lung function, except for 
a decrease in lung hyperinflation by fluticasone/salmeterol. In conclusion, FP and FSC during 
6 months reduce bronchial T lymphocyte and mast cell infiltration, and improve airway 
hyperresponsiveness in COPD. FSC additionally improves hyperinflation. Future studies 
need to assess whether these changes persist and are associated with clinical benefits 
during longer term treatment with these drugs. 
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Introduction

Chronic obstructive pulmonary disease (COPD) is worldwide the only major disease with 
increasing mortality rates (1). Clinical hallmarks of COPD are a never fully reversible and 
usually progressive airflow limitation (2). Moreover, the majority of patients demonstrates 
airway hyperresponsiveness (AHR) (3), which is associated with accelerated lung function 
loss (4). This highly prevalent disease is characterized by an abnormal inflammatory re-
sponse in the airways to noxious particles and gases, which is dominated by neutrophils, 
macrophages, T lymphocytes (mainly CD8+ cells), and B lymphocytes (5-7). In addition, spu-
tum CD8+ cells in patients with COPD have increased cytotoxicity (8) and the number of 
bronchial CD8+ cells is positively associated with the severity of the disease (5;9). 

International guidelines recommend bronchodilators, such as long-acting ß2-agonists, 
as first-line pharmacological therapy in patients with COPD (2) since they improve air-
way obstruction, symptoms, and health status (10-12), and reduce lung hyperinflation (13). 
Moreover, addition of inhaled corticosteroids (ICS) is advised for patients with more severe 
COPD and/or frequent exacerbations (2). This is supported by clinical improvements, i.e. 
short-term treatment (6 months) with the ICS fluticasone provides a significant improve-
ment in prebronchodilator FEV1 and symptoms in patients with mild to severe COPD (14), 
and long-term treatment (> 12 months) additionally improves exacerbation rates (15;16) 
and reduces mortality in moderate to very severe COPD (17). Individual studies do not 
report significant effects of ICS on lung function decline, but demonstrate that ICS produce 
a small increase of postbronchodilator FEV1 in the first months which is sustained during 
follow-up (15;18). One meta-analysis suggested that decline in FEV1 is diminished, yet with 
an extremely small effect (19). Study results on the effects of ICS on AHR in COPD show 
variable results, i.e. no effect (20) or a positive effect (21). In contrast to their clinical efficacy, 
effects of ICS on airway inflammation in COPD appear to be limited. So far, ICS have been 
suggested to reduce the percentage of neutrophils in bronchoalveolar lavage (22) and the 
number of bronchial mast cells, yet without an effect on the number of bronchial CD8+ 
lymphocytes and macrophages or the number of sputum neutrophils (23-25). 

Treatment with a combination of ICS and long-acting β2-agonists in patients with 
moderate to (very) severe COPD resulted in significantly greater improvement in lung 
function than monotherapy with either of these drugs (16;26;27). In addition, combined 
therapy resulted in fewer exacerbations (16) and a clinically significant improvement in 
quality of life compared to placebo (16;27). To our knowledge, no studies have investigated 
the effect of combination therapy on the severity of AHR, and only one recent study 
assessed its effect on airway inflammation in COPD (28). It demonstrated a decrease in 
several inflammatory cells, including the number of sputum neutrophils and bronchial CD4+ 
and CD8+ cells, after three months treatment with fluticasone/salmeterol versus placebo, 
accompanied by an improvement in prebronchodilator FEV1. However, these results were 
not compared with effects of fluticasone monotherapy. 

The aim of the present study was to compare the effect of six months treatment with 
fluticasone monotherapy (FP) with fluticasone/salmeterol combination therapy (FSC) and 
placebo on inflammatory cell counts in bronchial biopsies and induced sputum, airway hy-
perresponsiveness, and lung function in patients with COPD. 
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Methods and materials

The extended version of the methods is available in the online data supplement (ODS). 
One-hundred-and-fourteen patients with clinically stable COPD were included (29). Pa-
tients had irreversible airflow limitation, were current or ex-smokers with > 10 pack-years 
smoking, and had no history of asthma. They did not use a course of inhaled or oral corticos-
teroids within 3 months, or maintenance treatment with these drugs within 6 months prior to 
randomization. The study was approved by the local university medical center ethics com-
mittees; all participants gave their written informed consent. 

The GLUCOLD study is a two-center, randomized, double-blind, placebo-controlled, 
parallel-group study (figure E1 ODS). Baseline measurements included spirometry, body 
plethysmography, bronchial responsiveness to methacholine, sputum induction, and bron-
choscopy with bronchial biopsies. Subsequently, half of our patients were randomized to FP 
(500 µg), a quarter to FSC (500/50 µg) (Seretidetm/Advairtm), and a quarter to placebo via 
the Diskus device twice daily for 6 months. After six months treatment all measurements 
were repeated. 

Paraffin embedded bronchial biopsies were cut in 4µm thick sections. The two mor-
phological best biopsies per patient were selected for analysis. We used specific antibodies 
against T lymphocytes (CD3, CD4, CD8), macrophages (CD68), neutrophil elastase (NE), 
mast cell tryptase (AA1), and eosinophils (EG2). Fully automated inflammatory cell counting 
procedures were performed according to previously described methods (30). Numbers of 
sub-epithelial positively staining inflammatory cells were counted per biopsy section, and 
expressed as the mean number of cells/0.1 mm2 of the two biopsies.

Sputum induction and whole sample processing were performed according to a vali-
dated technique (31), as described in detail previously (29).

Pulmonary function tests have been described previously (29). Study medication was 
withheld for at least 24 hrs and inhaled bronchodilator use for at least 8 hours, prior to 
measuring lung function and airway hyperresponsiveness. Methacholine challenge tests were 
performed with the 2-minute tidal breathing method (32) and expressed as the provocative 
concentration of methacholine causing a 20% fall in FEV1 (PC20). 

Treatment effects were analyzed by statistical evaluation of the per-protocol groups, 
defined as all randomized patients fulfilling the following criteria: matching inclusion/exclu-
sion criteria, no major protocol violations, compliance with study medication regimen (> 
70% of the prescribed dose over 6 months), and primary outcome variables i.e. neutrophils, 
eosinophils, macrophages, and CD8+ lymphocytes in biopsies available at baseline and after 
6 months. Four patients in the placebo group had a compliance rate of below 70%, but were 
included in the analysis. Excluding these four patients did not affect the results. Multiple linear 
regression analyses were performed to investigate the differences after 6 months treatment 
between fluticasone, fluticasone/salmeterol, and placebo on the outcome variables, with 
adjustment for the baseline value of the outcome parameter. Other independent variables 
included in the model were age, gender, pack-years, and smoking status. All cell counts were 
logarithmically transformed in order to obtain normally distributed regression residuals. 
By exponentiating the resulting regression coefficients, the estimated cell-counts for the 
actively treated groups were expressed as percentage of the estimated cell counts in the 
placebo-group (see ODS). 
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Results 

Patients 
From the 114 patients with moderate to severe COPD who were randomized to receive 
study medication, 82 patients were evaluable for the present analysis. The remaining patients 
did not match the per-protocol analysis criteria (figure 1). The percentage of non-evaluable 
patients per treatment group was not different between the treatment groups and there 
were no significant differences in baseline characteristics between the non-evaluable and 
evaluable patients, except that the latter were more often male (75% versus 91%, p=0.03). 

Figure 1:  
The number of evaluable and non-evaluable patients per treatment group. * Four patients in the placebo group 
had a compliance rate < 70% (66%, 54%, 50%, and 46% , respectively) but were included in the present analysis.

Patient characteristics of the 82 evaluable patients at baseline and after 6 months of 
treatment are shown in table 1. All patients were classified as having stage II and III COPD 
according to Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria (2), 
and the majority consisted of currently smoking, middle-aged males. There were no signifi-
cant differences in patients characteristics between the three treatment groups at baseline, 
apart from a higher residual volume/total lung capacity (RV/TLC) ratio in the FSC group 
compared to placebo (p=0.02) and a higher forced residual capacity (FRC) as percent of 
the predicted value (% pred) in the FSC group compared to the FP group (p=0.01). 

Multivariate analysis on the effect of treatment on bronchial inflammatory cells 
Table 2 shows the number of bronchial inflammatory cells at baseline and after 6 months 
per treatment group. After 6 months, the number of CD3+, CD4+, and C8+ lymphocytes 
in bronchial biopsies were significantly lower in the actively treated groups compared with 
placebo, as shown by the regression analysis (adjusted for baseline values): CD3+ FP: -
49.9% [95% confidence interval: -66.4;-25.2], p=0.001 FSC: -55.3% [-72.2;-28.0], p=0.001; 
CD4+ FP: -64.6% [-79.0;-40.2], p<0.001 FSC: -62.0% [-79.5;-29.4], p=0.003; CD8+ FP: -47.5% 
[-63.2;-25.3], p=0.001 FSC: -41.7% [-61.7;-11.1], p=0.01 (figure 2a). The number of CD3+, 
CD4+, and CD8+ cells after 6 months did not significantly differ between the two active 
treatment groups (FSC versus FP: p=0.58, p=0.80, and p=0.57, respectively). There was a 
significant reduction in the number of mast cells in both active treatment groups compared 
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with placebo (FP: -40.7% [-55.7;-20.6], p=0.001 FSC: -48.0% [-63.3;-26.4], p<0.001; figure 
2a), but not compared with each other (FSC versus FP: p=0.39). Treatment with fluticasone/
salmeterol tended to reduce the CD4+/CD8+ ratio compared with placebo (FSC: = -37.1% 
[-60.6;+0.3], p=0.05; figure 2a) but not compared with fluticasone monotherapy (p=0.43), 
whereas fluticasone monotherapy had no significantly different effect on the CD4+/CD8+ 
ratio compared to placebo (FP: -25.7% [-49.7;+9.9], p=0.13; figure 2a). The number of 
neutrophils after 6 months was significantly higher in the fluticasone/salmeterol group both 
compared with placebo (+104.6% [+20.6;+247.3], p=0.009; figure 2b) and fluticasone 
monotherapy (+79.0% [+11.9;+186.6], p=0.02); fluticasone monotherapy had no significant 
effect on the number of bronchial neutrophils (+14.3% [-27.1;+79.1], p=0.56; figure 2b). 
Finally, we did not find any significant effects of the active treatments versus placebo or 
versus each other on the number of bronchial eosinophils or macrophages.

Table 1.  Patient characteristics at baseline and after 6 months of treatment per treatment 
group*

Placebo (n=21) fluticasone (n=42) fluticasone/Salmeterol 
(n=19)

Baseline 6 months Baseline 6 months Baseline 6 months

Clinical characteristics

Male gender, n (%) 19 (90.5) - 38 (90.5) - 18 (94.7) -

Age (yrs) 60.3 ± 7.7 - 62.3 ± 6.9 - 63.0 ± 7.4 -

Current smoker, n (%) 13 (61.9) 13 (61.9) 23 (54.8) 20 (47.6) 14 (73.7) 13 (68.4)

Pack years 43.1 ± 15.9 43.4 ± 15.9 43.8 ± 16.6 44.1 ± 16.6 45.9 ± 27.5 46.3 ± 27.5

Lung function

Postbd FEV1 (% pred) 61.5 ± 8.6 61.1 ± 9.9 63.8 ± 9.6 64.4 ± 10.3 60.1 ± 10.8 59.8 ± 12.4

Fev1 reversibility (% pred) 7.2 ± 4.2 - 6.9 ± 4.6 - 5.9 ± 6.1 -

Postbd FEV1/IVC (%) 46.5 ± 9.1 46.3 ± 10.6 49.0 ± 8.7 49.1 ± 9.5 45.4 ± 9.2 46.0 ± 8.3

pc20 methacholine (mg/ml) 0.5 (3.9) 0.4 (6.6) 0.6 (6.1) 1.4 (8.3) 0.5 (8.9) 1.8 (9.0)

RV/TLC (%) 45.3 ± 5.0 47.8 ± 9.9 47.9 ± 8.5 47.3 ± 7.5 51.1 ± 8.9** 46.2 ± 8.9

FRC (% pred) 142.8 ± 19.5 147.0 ± 22.6 134.2 ± 24.3 136.8 ± 25.1 151.6 ± 25.2† 139.5 ± 24.6

*  Data are presented as mean ± standard deviation or (for PC20 methacholine) geometric mean (% sd);  
** p = 0.02 compared to placebo; † p = 0.01 compared to fluticasone. Definition of abbreviations: Postbd 
= postbronchodilator; FEV1 = forced expiratory volume in one second; % pred = percentage of predicted 
value; FEV1/IVC = forced expiratory volume in one second/inspiratory vital capacity; PC20 methacholine = the 
provocative concentration of methacholine that causes a decrease in FEV1 of 20%; RV/TLC = residual volume/
total lung capacity; FRC = forced residual capacity
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Table 2. The number of bronchial inflammatory cells per 0.1 mm2 sub-epithelial area at 
baseline and after 6 months treatment per treatment group *

Placebo (n = 21) Fluticasone (n = 42) Fluticasone/Salmeterol 
 (n = 19)

Baseline 6 months Baseline 6 months Baseline 6 months

CD3+ cells 155.0 (42.7-479.6) 56.0 (32.1-125.6) 120.8 (38.5-265.0) 26.0 (8.1-110.8) 94.5 (24.0-241.0) 33.0 (3.5-74.5)

CD4+ cells 45.0 (7.9-391.4) 34.5 (7.1-127.1) 58.0 (18.2-204.8) 10.3 (2.7-132.9) 42.5 (15.5-354.0) 11.5 (3.0-75.5)

CD8+ cells 17.0 (3.2-188.9) 13.0 (2.4-57.5) 21.0 (1.3-130.4) 5.3 (1.1-43.5) 17.0 (4.0-103.0) 8.5 (0.0-25.5)

Neutrophils 5.5 (1.5-72.7) 3.5 (0.6-27.3) 3.5 (0.5-32.4) 5.8 (0.5-21.4) 5.0 (0.5-27.0) 10.0 (2.0-34.0)

Macrophages 8.0 (1.7-218.4) 6.5 (1.0-35.0) 10.3 (2.6-38.2) 4.0 (1.0-27.1) 8.5 (1.0-59.5) 4.5 (0.5-26.5)

Mast cells 23.5 (12.6-55.4) 11.0 (3.1-18.4) 23.5 (10.5-63.2) 6.3 (0.5-13.4) 26.0 (12.0-102.5) 6.0 (0.0-12.5)

Eosinophils 1.5 (0.0-221.6) 0.5 (0.0-38.2) 1.8 (0.0-57.4) 0.0 (0.0-2.4) 1.0 (0.0-14.0) 0.0 (0.0-24.0)

* Data are presented as median (5th-95th percentile)

a. b.
Figure 2: 
Bronchial inflammatory cells after 6 months treatment in the fluticasone monotherapy group (solid line) and 
the fluticasone/salmeterol group (dashed line). Figures represent the outcome of a multivariate linear regression 
analysis on the logarithmically transformed cell counts at 6 months, adjusted for baseline cell counts, age, gender, 
pack-years, and smoking status. Data are presented as percentage of the 6 months cell counts in the placebo 
group. Black squares represent the exponentiated regression coefficient B; vertical bars represent the 95% 
confidence interval.
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Multivariate analysis on the effect of treatment on sputum inflammatory cells
Table 3 shows the number and percentage of inflammatory cells in sputum at baseline and 
after 6 months per treatment group. Multiple linear regression analysis showed no signifi-
cant differences between the treatment groups for the total number of sputum cells or the 
sputum cell differential count.

Table 3:  The number and percentage of sputum inflammatory cells at baseline and after 6 
months treatment per treatment group *

Placebo (n = 21) fluticasone (n = 42) fluticasone/Salmeterol  
(n = 19)

Baseline 6 months Baseline 6 months Baseline 6 months

Numbers  
(104/ml)

Total cell count ** 191.1(15.6-1170.7) 93.9 (17.8-1188.0) 149.1 (30.2-725.6) 109.3 (16.2-618.3) 138.8 (24.3-882.2) 93.8 (19.3-1482.8)

Neutrophils 128.6 (6.1-903.8) 52.1 (10.8-906.4) 105.5 (11.9-640.6) 62.5 (7.6-477.3) 89.5 (4.5-651.1) 70.6 (13.3-1220.3)

Lymphocytes 2.7 (0.2-25.8) 2.0 (0.0-21.4) 2.2 (0.3-22.4) 2.3 (0.1-15.5) 1.9 (0.1-24.7) 2.6 (0.0-50.1)

Macrophages 35.2 (3.5-231.8) 17.6 (0.9-229.3) 39.6 (6.7-230.2) 30.8 (1.2-147.0) 30.4 (4.5-165.0) 24.6 (2.8-247.2)

Eosinophils 1.0 (0.0-7.7) 0.9 (0.0-34.9) 2.4 (0.0-13.4) 1.2 (0.0-9.7) 1.4 (0.0-32.6) 0.9 (0.0-8.4)

Percentage (%) 

Neutrophils 67.3 (26.8-94.7) 68.2 (28.3-97.7) 72.8 (34.8-86.5) 67.2 (26.7-91.5) 72.9 (18.5-91.0) 77.5 (32.8-90.3)

Lymphocytes 1.8 (0.5-4.2) 1.7 (0.0-8.2) 2.0 (0.5-6.0) 1.8 (0.5-5.3) 1.4 (0.2-4.0) 2.0 (0.0-4.7)

Macrophages 23.3 (3.0-69.8) 23.0 (2.0-55.8) 22.3 (8.7-46.7) 23.5 (2.8-55.3) 21.7 (5.8-75.3) 18.5 (7.8-61.5)

Eosinophils 0.5 (0.0-3.7) 0.8 (0.0-8.8) 1.3 (0.0-10.8) 1.0 (0.0-4.7) 1.3 (0.0-3.7) 0.7 (0.0-5.7)

*  Data are presented as median (5th-95th percentile); 
**  total cell count refers to the total number of non-squamous cells in induced sputum

Multivariate analysis on the effect of treatment on airway hyperresponsiveness and lung 
function
Lung function measurements at baseline and after 6 months treatment for each treatment 
group are demonstrated in table 1. Multiple linear regression analysis demonstrated a sig-
nificant increase of 2log PC20 methacholine in both active treatment groups compared with 
placebo (FP: B = +1.47 [+0.20;+2.74] doubling dose, p=0.02 FSC: B = +1.59 [+0.01;+3.18] 
doubling dose, p=0.049), without a significant difference between active treatments (FSC 
versus FP: p=0.86). Additional adjustment for FEV1 % pred, either pre-or postbronchodilator, 
did not affect these results.

There were no significant differences in prebronchodilator FEV1 % pred, postbronchodi-
lator FEV1 % pred, and postbronchodilator FEV1/IVC between the three groups after six 
months of treatment. 

After adjustment for baseline values, RV/TLC after 6 months was significantly smaller 
in the FSC group compared with placebo (B = -5.3 [-9.6;-1.1], p=0.01) and tended to be 
smaller compared with FP monotherapy (B = -3.5 [-7.2;+0.2], p=0.06). In addition, FRC % 
predicted after 6 months was significantly smaller in the FSC group both compared with 
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placebo (B = -14.6 [-22.7;-6.4], p=0.001) and FP monotherapy (B = -11.2 [-18.7;-3.7], 
p=0.004). FP had no significant effect on either RV/TLC or FRC % pred compared to pla-
cebo (p=0.30 and p=0.33, respectively). 

discussion

The present study in patients with moderate to severe COPD demonstrates that 6 months 
treatment with fluticasone or fluticasone/salmeterol both reduce the total number of bron-
chial T lymphocytes, T lymphocyte subsets, and mast cells as compared to placebo, but 
neither affects inflammatory cells in sputum. In addition, fluticasone/salmeterol treatment 
increases the number of bronchial neutrophils. Both treatments improve airway hyperre-
sponsiveness compared to placebo, without an effect on airflow limitation. Finally, combina-
tion therapy with fluticasone/salmeterol improves lung hyperinflation, both compared with 
placebo and fluticasone monotherapy. 

To our knowledge, this is the first study comparing the effects of inhaled corticosteroids 
alone and in combination with a long-acting β2-agonist, on bronchial inflammatory cells in 
patients with COPD. Previously, Hattotuwa et al. (24) compared FP and Barnes et al. (28) 
compared FSC with placebo on bronchial airway inflammation. The strength of the current 
study is that we compared the two active treatment strategies, i.e. FP monotherapy and FSC 
combination therapy with placebo. We found a decrease in bronchial CD3+, CD4+, CD8+, 
and mast cells in both the FP and FSC group. Hattotuwa et al. (24) observed a decrease in 
bronchial mast cells and the CD8+/CD4+ ratio after FP treatment, but no significant effect 
on the number of lymphocytes. The discrepancy in findings may be explained by either a 
higher power of the current study (42 subjects in our FP group versus 16 subjects in the 
other study), or a longer duration of treatment (6 months and 3 months treatment, respec-
tively). Interestingly, we find similar results with FSC treatment as Barnes et al, although we 
had a smaller number of subjects (19 versus 55 subjects) and treated patients longer (6 
versus 3 months treatment). Taken together, these results suggest that the anti-inflammatory 
effects of FSC after 3 months treatment persist after 6 months treatment. Importantly, our 
data show that the effects that Barnes et al. attributed to treatment with combined FSC in 
similar doses, are also found with FP alone. This could suggest that the reported supplemen-
tal clinical efficacy of combination therapy on e.g. exacerbations (16), can not be explained 
by an effect on inflammatory markers that we have assessed in the present study. A possible 
advantage of FSC therapy over FP monotherapy might be that combination therapy has 
an earlier onset of effect on bronchial inflammatory cells. However, we need to emphasize 
that this can not be deducted from the data as described in the present study and needs 
further investigation. 

We found higher numbers of bronchial CD4+ than CD8+ cells. Although it is generally 
assumed that CD8+ cells outnumber CD4+ cells in bronchial biopsies of patients with 
COPD, several other studies have also reported a predominance of CD4+ over CD8+ 
cells (20;33;34). A possible explanation for the discrepancies in the literature is the use of 
different antibodies in various COPD studies. Alternatively, differences in duration of the 
steroid free period before entry in the study may play a role. We would like to emphasize 
that, whatever the exact reason turns out to be, this does not affect our results, since we 
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determined the reduction in the number of bronchial cells before and after treatment, using 
the same validated methods. 

T lymphocytes, and in particular CD8+ lymphocytes are thought to play a key role in 
the pathogenesis of COPD. Both CD4+ and CD8+ cells are increased in surgical specimens 
from patients with severe COPD (35). In addition, CD8+ lymphocytes are increased in the 
airway wall of smokers with COPD (36;37) and higher numbers are correlated with more 
severe airflow limitation (9). T lymphocytes may (in)directly lead to lung damage by the 
release of cytokines. Activated CD4+ cells are able to secrete interferon-γ, the most potent 
macrophage-activating cytokine, and CD8+ cells are able to produce cytokines, such as 
tumor necrosis factor-α , which enhances neutrophil chemotaxis and migration. Assuming 
that lymphocytes have a detrimental effect in COPD, a decrease in their number may thus 
be beneficial. FP is probably responsible for the reduction in bronchial lymphocytes in the 
current study, since we had similar findings in the FP and FSC group. This reduction could be 
due to a stimulatory effect of FP on resident T cell apoptosis (38) or due to an inhibitory 
effect on lymphocyte recruitment, via the suppression of cytokine and chemokine produc-
tion in epithelial and other structural cells in the lung (39-41). 

In addition to the effect on lymphocytes, we found a decrease in the number of mast 
cells by both active treatments. The exact role of mast cells in COPD is yet unknown. 
Others and ourselves have previously demonstrated higher numbers of mast cells in 
patients with COPD than in smokers without airflow limitation (37;42-44). The spectrum of 
mediators released by activated mast cells is diverse and includes cytokines, growth factors, 
and potent proteases such as tryptase, known to increase mucus production in the airways. 
Increased mucus production in combination with decreased mucus clearance may increase 
the likelihood or severity of COPD exacerbations. This could be one underlying mechanism 
of the known beneficial effects of ICS on exacerbations in long-term studies (15). 

Surprisingly, numbers of bronchial neutrophils increased in the FSC group compared 
to both placebo and FP monotherapy. Other studies have suggested an inhibitory effect of 
salmeterol on neutrophils (45;46), yet we seem to find the opposite. The reason for the 
increase in neutrophils is unclear, as is its clinical implication. This finding certainly warrants 
replication and observations after longer term treatment. 

In the current study, sputum inflammatory cells were not affected by active treatment. 
Barnes et al. found a significant reduction of eosinophils and neutrophils in sputum by FSC 
(28). However, the latter finding could be primarily attributed to an increase of these cells 
in the placebo group, possibly caused by the short steroid-withdrawal period (4 weeks) 
before randomization in their study. Our steroid withdrawal period was longer (at least 6 
months in those using steroids prior to the study), which may explain the absence of such 
an increase of sputum cells in our placebo group. A recent meta-analysis demonstrated 
that prolonged therapy with inhaled corticosteroids (cumulative dose >60 mg) effectively 
reduces sputum inflammatory cells in stable COPD (47). However, the summarized effect 
of long-term treatment could be largely ascribed to the outcome of one study (48), 
demonstrating a decrease in sputum neutrophils and an increase in sputum macrophages 
after treatment with budesonide. We found significant changes in bronchial inflammatory 
cells, but no changes in sputum inflammation. This can be due to several reasons. Firstly, 
sputum may represent a different lung compartment than bronchial biopsies. Secondly, we 
did not measure the same inflammatory cell types in sputum and in bronchial biopsies. In 
particular, we did not measure sputum CD4+, CD8+, and mast cells since their numbers in 
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sputum are usually too low. Thus, the effect of ICS on sputum inflammatory cells in COPD 
has not been fully established. 

In the current study, the severity of airway hyperresponsiveness was improved in both 
active treatment groups compared to placebo. This is in line with results from the Lung 
Health Study using triamcinolone (21), and in contrast to Verhoeven et al. using similar doses 
of fluticasone in COPD (20). The latter discrepancy might be explained by the fact that 
patients in Verhoeven’s study had milder hyperresponsiveness than ours, leaving less room 
for improvement. Airway hyperresponsiveness is thought to result from an inflammatory 
process in the airways in addition to geometric changes due to airway smooth muscle 
hypertrophy, mucus hypersecretion, and loss of alveolar attachments (49). The improvement 
in airway hyperresponsiveness in both active treatment groups may result from the reduction 
in airway wall inflammation, and decreased mast cell numbers with associated reduction in 
mucus secretion.

Fluticasone/salmeterol improved lung hyperinflation both compared to placebo and flu-
ticasone monotherapy. This may have important implications for COPD patients, since this 
may improve exercise tolerance, an important feature for daily living in COPD. Moreover, 
the degree of lung hyperinflation is an independent predictor of all-cause and respiratory 
mortality in patients with COPD (50). Opposite to other, larger studies, we found no effect 
of the active treatments on pre- or postbronchodilator FEV1 (14;15). However, it needs to 
be emphasized that the current study was not designed to assess the effect of treatment on 
lung function, but used the severity of airway inflammation as primary outcome. 

In conclusion, this study is the first to compare effects of FP alone and in combination 
with salmeterol on airway inflammation in patients with moderate to severe COPD. Our 
results demonstrate that both FP monotherapy and FSC during 6 months reduce bronchial 
inflammation and improve the severity of airway hyperresponsiveness, but have no effect on 
sputum inflammatory cells, or the severity of airflow limitation in patients with moderate to 
severe COPD. Unexpectedly, FSC increased the number of bronchial neutrophils, a finding 
that needs further confirmation. In addition, FSC improves lung hyperinflation both com-
pared to placebo and FP monotherapy. Future studies are needed to assess whether the 
overall reduction in bronchial inflammation and airway hyperresponsiveness persists and is 
associated with clinical benefits during longer term treatment with these drugs. 
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