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Abstract

Introduction: In animal models of lung carcinogenesis, inhaled 
corticosteroids appear to reduce the number of new lung tumors. In a trial 
of budesonide in smokers with bronchial dysplasia, the proportion of 
indeterminate CT detected pulmonary nodules that resolved was larger in the 
treatment group. We performed a secondary analysis of CT data of subjects at 
risk of lung cancer, enrolled in a chemoprevention trial of fluticasone.

Methods: subjects with bronchial squamous metaplasia or dysplasia had 
a baseline chest CT scan. They were randomized to fluticasone or a placebo. 
After 6 months a repeat CT was performed and the change in number and size 
of nodules was evaluated.

Results: Twohundred and one subjects were screened. Of the 108 volunteers 
included in the study, 74 were male, mean age was 53 years and mean number 
of pack-years 48. Baseline: 35subjects had 91 nodules in total, 62 % <4mm. 
In the fluticasone arm more subjects had a decrease and fewer had an increase 
in number of nodules, however this trend did not reach statistical significance.

Conclusion: In this preliminary study there was a tendency of nodules to 
resolve, however, studies with CT detected nodules as inclusion criterion are 
needed.
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Introduction

Of all malignancies, lung cancer is the most important cause of mortality1. 
It is also the most amenable to lifestyle changes, since tobacco smoking is 
the main causative agent2. Despite attempts to reduce smoking behaviour, 
lung cancer will remain an important problem in the foreseeable future. Many 
smokers find it difficult to quit and even though the risk of lung cancer decreases 
after smoking cessation, it remains higher than in never-smokers. Subsequently 
many former smokers are diagnosed with lung cancer 3. The most prevalent 
type is non-small cell lung cancer and within this category the proportion 
of adenocarcinoma is on the rise 4. Against this histological subtype several 
studies have shown a chemopreventive effect of both inhaled and ingested 
corticosteroids in animal models5, 6. Corticosteroids also inhibit growth of lung 
cancer cell lines, with a more pronounced effect on the adenocarcinoma cell 
line A549 7. Since inhalational corticosteroids have few side effects they are 
a candidate for chemoprevention; counteracting the effects of carcinogenic 
substances by the use of medication. 

Three recent studies have investigated the chemopreventive potential of 
inhalational corticosteroids in humans. A cohort study of COPD patients has 
found a dose dependent decrease of lung cancer risk associated with inhalational 
corticosteroid use 8. Lam et al. 9 have studied the effect of budesonide inhalation 
on dysplastic bronchial lesions in high risk smokers and found it does not 
affect histology of bronchial lesions. However, in the group treated with 
budesonide the proportion of CT detected non-calcified nodules that resolved 
was larger. We tested fluticasone in a randomized trial and found no beneficial 
effect on bronchial squamous metaplasia/dysplasia or secondary markers of 
carcinogenesis of the central airways 10. Here we report on a secondary analysis 
of our trial data, now focused on CT detected pulmonary nodules in our trial 
subjects and whether these are affected by inhaled fluticasone.
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Materials and methods

Subjects and screening
Two sites were involved in recruitment and follow up; VU University 

Medical Center (VUMC) and the Netherlands Cancer Institute (NKI). 
Institutional ethics committees gave their approval. We recruited volunteers 
by advertisements in local and national newspapers as well as patients with a 
history of head and neck or lung cancer. Subjects underwent a lung function 
test with measurement of the forced expiratory volume in 1 s (FEV1¬) and 
the vital capacity. After obtaining signed informed consent we screened 
participants by bronchoscopy, taking bronchial biopsies from three to five 
sites. Staff pathologists assessed histology according to WHO guidelines. 
The inclusion criteria were as follows. 1) Subjects should be at risk of lung 
cancer, i.e. they should have A) a smoking history of over 20 pack years (one 
pack year was defined as one pack or 20 cigarettes a day for over 20 years or 
equivalent) or B) a history of lung- or head and neck cancer, while clinically 
free of disease. 2) Subjects should have at least one site of bronchial squamous 
metaplasia or dysplasia. CT scans were made of eligible subjects, in order 
to exclude those with pre-existing peripheral lung tumors. We also excluded 
subjects with FEV1 <1000 ml, serious comorbidity or use of corticosteroids in 
the year prior to enrolment. Women of childbearing potential could participate 
if they used an approved method of birth control for the duration of the study 
and had a negative pregnancy test.

Randomization and treatment
A centralized trial service assigned subjects to the treatment or placebo 

arm by blocked stratified randomization with institution as stratification 
factor. Subjects received an inhalation device (diskus inhaler) containing sixty 
doses of either 500 μg fluticasone or a placebo. GlaxoSmithKline (Zeist, the 
Netherlands) kindly provided all inhalers free of charge. We demonstrated use 
of the inhaler and instructed subjects to use it twice daily. Once a month, for 
six months, subjects visited the hospital where a new inhaler was provided. 
Inhalation technique was evaluated and participants were interviewed to 
monitor smoking behaviour and side-effects. We monitored compliance by 
registering the number of doses left in the inhaler that was returned. After six 
months of treatment subjects underwent a second CT scan.
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CT-scanning
Baseline and follow up CT scans were done in the same centre using the 

same scanning parameters. At the VUmc, chest CT-scans were made on a 
Somatom plus 4 CT scanner (Siemens, Erlangen, Germany) with the following 
parameters: 140 kV, 155 mAs, slice thickness 5.0 mm, reconstruction interval 
5.0 mm. At the NKI, scans were made using a Philips AVE Expander, single-
slice scanner (Philips Medical Systems, Eindhoven, The Netherlands) with the 
following parameters: 120 kV, 200 mAs, slice-thickness 7mm, reconstruction 
interval 3.5 mm, table-index 10mm (pitch 1.4). All scans were retrospectively 
assessed for presence of non-calcified pulmonary nodules by one experienced 
radiologist (HJT) who was blinded to the subjects’ assigned treatment group. 
Nodules were categorized as <4mm, between 4 and 10mm and 10 mm or 
larger).

Statistics
Differences in Categorial variables were tested by Chi-square tests. We 

tested the difference between the number of patients in the fluticasone and 
placebo groups who had a net increase, a net decrease and no change in number 
of nodules using a Cochrane-Armitage Trend test. 
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Results

Characteristics
In total 201 subjects were screened for bronchial metaplastic and dysplastic 

lesions. Included in the trial were 108 subjects. Characteristics were generally 
well balanced among the intervention and the placebo group with the exception 
of history of cancer (table 1). More subjects in the placebo group had a history 
of lung or head and neck cancer, however 3 of these had been disease free 
for over 7 years. For different reasons, 23 subjects failed to complete the trial 
according to protocol (see figure 1). There was no observable relation between 
non-compliance of subjects and assigned treatment arm. After completion of 
the study, two subjects in the placebo group were treated for lung malignancy: 
one subject had surgical treatment for bronchioloalveolar carcinoma discovered 
on the second CT and the other underwent local treatment for a pulmonary 
carcinoid tumor.

Placebo 
N=54

Fluticasone 
N=54

Total  
N=108

Institute NKI/AVL 27 (50) 25 (46) 52 (48)
VUMC 27 (50) 29 (54) 56 (52)

Gender Male 37 (69) 37 (69) 74 (69)
Female 17 (31) 17 (31) 34 (31)

Age 54.31 ± 8.3 51.89 ± 8.3 53.10 ± 8.4
Range 38-71 35-70 35-71

Current smokers 49 (91) 54 (100) 103 (95)
History of cancer (n)

NSCLC 2 0 2
Head&neck 2 2 4
Both 3 0 3
Other 0 2 2

Pack years 48.3±17.3 47.9±20.7 48.1±19.0
Range 24-100 18-125 18-125

Data presented as mean ± SD or n (%) unless otherwise indicated.

Table 1 
Subject 
characteristics
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Pulmonary nodules
For the analysis provided in this report both baseline and follow up CT data 

were available for 85 subjects. At baseline, 17 of the subjects allocated to the 
fluticasone group had one or more nodules, against 18 in the placebo group. 
Out of 91 nodules found at baseline, 57 were smaller than 4 mm (table 2). In 
the fluticasone group slightly more nodules were found. There was an overall 
increase in the number of nodules in the placebo group and a decrease in the 
fluticasone group. Seven out of 43 subjects in the fluticasone group improved 
against 3 out of 42 in the placebo group (p trend = 0.094 see table 3). There 
was no relationship between change in the number of nodules and regression 
of bronchial histological abnormalities (data not shown).

 

Bronchoscopy: 201 subjects 

Randomized (n = 108) 

Allocated to placebo group (n = 54) 
All received allocated intervention 

Lost to follow up; 
Failed to attend FU visits (n = 1) 
Refused 2nd bronchoscopy (n = 2) 
Discontinued intervention; 
Excluded for systemic steroid use (n = 1) 
Discontinued because of intercurrent 
illness (n = 1) 

Analysed (n = 42) 
Excluded from analysis; 
No CT data at T = 0 (n = 2) 
No CT data at T = 6 months (n = 5) 

 
 

Allocated to fluticasone group (n = 54) 
All received allocated intervention 

Lost to follow up; 
Failed to attend FU visits (n = 3) 
Refused 2nd bronchoscopy (n = 1) 
Discontinued intervention; 
Side effects (n = 2) 
 

 

 
Analysed (n = 43) 
Excluded from analysis; 
No CT data at T = 0 (n = 1) 
No CT data at T = 6 months (n = 4) 
 

 

Figure 1 
Flow chart of trial 

subjects

Fluticasone Placebo
Baseline T=6 months Baseline T=6 months

<4mm 37 15 20 32
4-9mm 10 22 20 25
>10mm 2 1 2 2
GGO 2 2 0 1
Total 51 40 42 60

GGO: lesions with a ground glass opacity-like aspect

Table 2 
Number of nodules 
and nodule size per 

treatment group
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Difference Baseline 6 months fluticasone placebo
Decrease +++ 0 1 1

++ 0 1 1
+ 0 1 1

++ + 3 0
+++ ++ 1 0

Total 7 3
Equal 0 0 23 20

+ + 6 3
++ ++ 2 7

+++ +++ 1 1
Total 32 31

Increase 0 + 2 3
+ ++ 1 0

++ +++ 0 3
0 ++ 0 1
+ +++ 0 1
0 +++ 1 0

Total 4 8
0: no nodules, +: 1 nodule, ++: 2-3 nodules, +++: >3nodules 
Cochrane-Armitage Trend test: p=0.094 

Table 3 
Subject specific analysis
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Discussion

Data from animal studies5, 6 as well as one retrospective study of COPD 
patients8, point to a chemopreventive effect of inhalational corticosteroids on the 
risk of adenocarcinoma in smokers. A recent publication of a chemoprevention 
study using budesonide reported that the proportion of CT detected pulmonary 
nodules that resolved was larger in the treatment arm9. In the current study 
we present data on small indeterminate CT detected lung nodules in a trial of 
fluticasone in subjects with bronchial metaplasia and dysplasia.

In the fluticasone arm the number of subjects responding to treatment as 
well as the number of nodules that resolved was greater than that in the placebo 
group whereas the number of new nodules found on the second CT was smaller. 
This trend did not reach statistical significance. However, since resolving of 
CT detected nodules was not originally an endpoint in the study protocol we 
did not not select our subjects based on their presence and consequently there 
were only a small number of subjects with nodules. This study, like the CT data 
from the budesonide study, should therefore be considered very preliminary. A 
statistical analysis of the overall increase or decrease of the number of lesions 
in the treatment arms may yield a significant result, however, such an analysis 
will cause subjects with a large difference between baseline and follow up to 
have a disproportionate influence on the outcome11 which is why we chose 
to perform only a subject specific analysis. Additional limitations: a large 
number of nodules at baseline were smaller than 4 mm; these are at the limit 
of detection for the CT scans made in this study which also interferes with its 
ability to determine whether there was an effect of the treatment.

Advances in CT scanner technology, like the introduction of multi-detector 
row helical scanners, have increased the sensitivity of CT for detection of 
pulmonary nodules12. In the future the introduction of automated techniques for 
processing CT images may further improve sensitivity13 leading to an increase 
of the number of small (<10mm) pulmonary nodules found on CT scans made 
for screening or staging purposes. The significance of most of these nodules 
is unknown and since obtaining material for histology is rarely feasible only 
follow up will determine whether these lesions are truly (pre-)malignant. 
The authors of the budesonide trial9 present the nodules found in their study 
subjects as areas of atypical adenomatous hyperplasia (AAH), referring to a 
publication by Miller et al.14. AAH is considered a precursor lesion to BAC and 
adenocarcinoma15. However, the lesions Miller describes will not always be 
visible on CT. In a study of subjects with NSCLC and coexisting histologically 
confirmed AAH, the AAH lesions could be detected in preoperative CT scans 
in eight out of 24 patients16. Conversely, CT detected lesions will not always 
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represent AAH. A prospective study of preoperative high resolution CT scans 
of 10 patients undergoing surgery for NSCLC found 139 opacities < 5mm in 
the removed lung lobe of which just 7 were histologically confirmed to be 
AAH17. Another study in which CT scans of patients who had surgery for lung 
cancer were retrospectively examined for nodules coexisting with the tumor, 
diagnosed AAH in 3 out of 60 nodules18. In autopsy series the incidence of 
AAH lesions ranges from 3% in an unselected cohort19 to 7% in an elderly 
cohort about half of which died of a malignancy20. Lesions that show a lepidic 
growth pattern (like AAH and BAC) often present as areas of ground glass 
opacity (GGO) on high resolution CT scan. In studies of resected pure GGO 
lesions the percentage of AAH is between 18 and 58%21, 22.

How many nodules in the present study represent areas of AAH is unclear. 
Since we did not perform high resolution screening CT-scanning of the entire 
lung, we have no data on the number of GGO lesions in our trial subjects. A 
limited number of opacities had a GGO-like aspect. 

Since it is unknown if the nodules found in either the current study or the 
budesonide study are premalignant AAH lesions it is impossible to say if any 
effect on these nodules is also evidence of a chemopreventive effect, i.e. of 
an effect on cancer risk. New developments in CT technology enable more 
detailed imaging than was possible in this study. This improves the capability 
of CT scans to detect specific AAH features23. Chemoprevention studies of 
inhalational corticosteroids specifically focused on CT detected pulmonary 
lesions with AAH features are in our opinion worth undertaking.
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