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Lung cancer is the most common cause of cancer-related death in

both men and women,1 and smoking is the largest avoidable cause of

death worldwide.2 Smoking has consistently been recognised as the

main aetiological factor for lung cancer, accounting for ~85–90% of

cases, and the increased risk of developing lung cancer persists many

years after stopping smoking.3 Thanks to smoking cessation

programmes, the rate of decrease in the prevalence of adult smoking

in the US increased significantly in recent years, but from 2004 to

2007 this rate remained at about 20%.4 This plateau of decline in

smoking has been explained by a possible levelling-out in smoking

cessation success,5 suggesting that the remaining population of

smokers can be considered unable or unwilling to quit.6 Both current

and former smokers are the target population who may benefit from

a chemopreventative strategy because of its potential to arrest or

revert the cancerogenesis progression. Unfortunately, researchers

have yet to succeed in developing an effective chemopreventative

strategy against lung cancerogenesis. Moreover, the majority of trials

conducted so far were focused on the potential effect on bronchial

dysplasia and not on the peripheral lung, where most lung cancers

actually arise.7

Computed Tomography and Screening
The screening computed tomography (CT) is a non-invasive test with

low radiation exposure and no contrast medium. It provides the

opportunity to study the peripheral lung area despite the limitations

of characterising the nature of small lesions that cannot undergo

biopsy. So far, many observational studies have demonstrated that

low-dose CT is a sensitive tool for the identification of early lung

cancer,8–13 and a 10-year survival rate of 88% was estimated for stage

I screen-detected cases.14

The Corticosteroid Budesonide and 
Lung Cancer Chemoprevention
Inflammation is a common reaction in local tumour environments.15

On the one hand, inflammatory diseases increase the risk of

developing many types of cancers; on the other, oncogenic

alterations can induce an inflammatory microenvironment that has

many tumour-promoting effects.16 Inflammatory networks may in fact

influence survival, growth, mutation, proliferation, differentiation and

motility of both tumour and stromal cells. Furthermore, promotion of

angiogenesis and metastasis and subversion of adaptive immune

responses and hormone sensibility seem to be modulated by

flogosis.17 For all these reasons, drugs that could target cancer-

related inflammation, such as inhaled corticosteroids, have the

potential to modulate a tumour-promoting inflammatory infiltrate or

to prevent such cells from migrating to the tumour site. They may also

be able to re-align a tumour-promoting microenvironment to become

a tumour-inhibiting microenvironment and to enhance tumour-

specific adaptive immune response.17

Budesonide is a glucocorticoid (see Figure 1), a compound that binds

to and activates the cytosolic glucocorticoid receptors. Inhaled

budesonide is a potentially important approach to cancer

chemoprevention that is widely used in asthmatic patients, and it
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has been demonstrated to inhibit all stages of lung carcinogenesis in

various mouse models.18–20

A long-term epidemiological trial on chronic obstructive pulmonary

disease (COPD) suggested that patients treated with budesonide had

a lower incidence of lung cancer, although the low number of events

did not allow a definitive conclusion.21 In 2004, Lam et al.22 conducted

a phase IIb trial to determine the effect of budesonide in smokers with

bronchial dysplasia, which is considered the main precursor of

squamous cell carcinoma. A total of 112 smokers with ≥1 site of

bronchial dysplasia >1.2mm in size identified by autofluorescence

bronchoscopy-directed biopsy were randomly assigned to receive

placebo or budesonide 800μg twice daily inhalation for six months. The

primary end-point was the change in the histopathological grade on

repeat biopsy of the same sites at six months. Despite the lack of

efficacy in reversing bronchial dysplasia, a subgroup analysis indicated

that inhaled budesonide had a favourable tendency in reducing

peripheral lung nodules detected by CT. Eleven subjects (21%) in the

budesonide group and 19 subjects (36%) in the placebo group had one

or more non-calcified lung nodule on their spiral CT at baseline.

Retrospectively, 30 nodules were observed in nine of 11 subjects in the

budesonide group in the baseline or follow-up CTs, whereas 74 nodules

were observed in 15 of 19 subjects in the placebo group. The nodules

that were seen in retrospect were very small (>80% were ≤4mm).

Interestingly, 16 of the 60 nodules (27%) in the budesonide group

became smaller or resolved by the final follow-up compared with 14 of

117 (12%) in the placebo group. The difference in the percentage of

nodules that were smaller was statistically significant (p=0.024),

although the absolute number of nodules that were smaller was no

different between the budesonide and the placebo groups. Recently, in

another randomised study,23 subjects with bronchial squamous

metaplasia or dysplasia who received fluticasone, another

glucocorticoid, showed a decrease in nodule size and fewer had an

increase in the number of nodules detected at chest CT, although this

trend did not reach statistical significance.

The European Institute of Oncology
Experience – Randomised Phase II Clinical 
Trial of Budesonide Pulmicort Turbuhaler
versus Placebo in High-risk Population with
Undetermined Lung Nodules Detected at
Computed Tomography Scan 
Since October 2004 at the European Institute of Oncology we have

been conducting a single-centre screening study (the Continuous

Observation of Smoker Subjects [COSMOS] study), which in the first

year enrolled 5,201 volunteers at high risk of lung cancer. Subjects

underwent baseline multidetector low-dose CT, repeated annually

according to protocol for five or more years.13 In particular, our

group analysed ‘persistent’ nodules detected at low-dose CT scan

at the second year (see Figure 2) as target markers to test the

activity of budesonide.

Design
We conducted a randomised, double-blinded phase IIb study in which

subjects received either budesonide 800μg twice daily or placebo

using a turbuhaler device. Randomisation was stratified according to

sex, smoking status (current versus former smokers) and type of

nodule (non-solid and partially solid versus solid nodules). The trial

design is summarised in Figure 3.

Eligibility Criteria
Participants were asymptomatic current smokers or former

smokers who had stopped within the last 15 years with a smoking

history of more than 20 pack-years and >50 years of age. Subjects

should have had persistence of lung nodules (>4mm) detected on

low-dose CT scan in the second year of the screening trial; that is,

the nodule(s) should be stable in two serial CT scans. Subjects with

solid nodules >8mm should have had a negative positron emission

tomography (PET) scan. We excluded subjects with lung nodules

with clearly benign morphological features at CT scan (i.e.
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Figure 1: Skeletal Formula of Budesonide 
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Figure 2: Undetermined Lung Nodule Detected at
Computed Tomography (CT) Scan and Persistent at
Second-year CT Scan

Figure 3: Study Design
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homogenous calcifications, solid nodules with regular and round or

polygonal margins and distance from the pleura <1cm), subjects

currently suffering from malignant disease or having had malignant

disease within the last five years and regular/chronic users of oral

or inhaled corticosteroids.

End-points
The primary end-point of the study was the response rate in target

nodules in a per-person specific analysis. Secondary end-points

included the evaluation of per-lesion analysis by application of

Response Evaluation Criteria In Solid Tumors (RECIST) criteria and the

average decrease in size of the target lesions, the modulation of

biological markers of lung cancer in serum and sputum after

treatment (aberrant promoter methylation of retinoic acid receptor

beta [RARβ], p16 and RASSF1A genes, ultrasensitive C-reactive

protein) and the correlation of these findings with modification of lung

nodule sizes. The toxicity of budesonide was also assessed in this

cohort of subjects; in addition, since a link between lung cancer and

COPD has been documented,24 we evaluated the effect of budesonide

on COPD by both spirometry and spiral CT. The effect of inhaled

budesonide on respiratory function was studied by comparison of

pulmonary function tests (PFTs), diffusing capacity of the lung for

carbon monoxide (DLCO) and oxygen saturation (SaO2) before and

after one year of treatment; the role of the CT scan in estimating the

grade of respiratory impairment and emphysema was analysed by

comparing it with PFTs and symptoms.

Patient Characteristics
Among the 4,821 subjects who underwent the second annual low-

dose CT screening in the COSMOS study, a total of 527 subjects were

screened for protocol inclusion given the presence of persistent

undetermined nodules at second CT, and 392 were eligible according

to nodule characteristics. Two hundred and two were randomised

from April 2006 to July 2007; 101 participants were allocated to each

study arm. The characteristics of the participants are shown in

Figure 4. There was no statistically significant difference in median

age, sex, smoking history, type of nodule, size of nodule and risk

assessment for lung cancer. Overall, 198 subjects completed the 

12-month study and were included in the analysis. Three subjects

were lost to follow-up and one participant withdrew consent to the

trial (drop-out rate 2%).

What We Know So Far
Lam’s results are definitely encouraging, but there are some

important matters that should be mentioned about the trial. Over 80%

of nodules were <4mm, most nodules on low-dose CT were evaluated

retrospectively, only three nodules were non-solid type and the vast

majority were new nodules, most of which may represent acute

inflammation. Thus, the degree of reduction in nodule size obtained

Budesonide versus Placebo in a High-risk Population with Screen-detected Lung Nodules

E U R O P E A N  O N C O L O G Y 17

Figure 4: Subject Characteristics (n=202)
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Figure 5: Accrual – April 2006 to July 2007
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in Lam’s study may be attributable in part to the effect of budesonide

on inflammatory lesions. To avoid this misinterpretation, the nodules

we used as target lesions were stable after one year in two

consecutive CTs, one-third were of sub-solid/ground-glass opacity

type and all had a diameter >4mm. Although the histology of these

nodules cannot be determined and there are other causes for small

lung nodules, including adenomatous hyperplasia, all of these latter

characteristics were supposed to be less attributable to an

inflammatory tissue alteration and more probably to precursor

lesions of adenocarcinoma.

Our preliminary results indicate the feasibility of an innovative

approach to testing chemopreventative agents in high-risk

individuals. While prior chemoprevention trials addressed central

squamous carcinogenesis by the use of bronchial dysplasia as an

outcome measure,22,23,25,26 this was the first attempt to focus on

prevention of lung cancer by using CT-detected peripheral lung

nodules. The study was nested into a screening project with clear

advantages in terms of participant accrual and reduction of costs.

The study methodology has been successful, with a single-centre

accrual of 13 cases per month, showing that the screened population

was highly motivated to participate in a chemoprevention trial (see

Figure 5). Furthermore, the retention rate and compliance were

extremely high due to the excellent toxicity profile. In fact, treatment

was well tolerated, with the vast majority of adverse events being

grade 1, according to the most recent version of the National Cancer

Institute (NCI) toxicity criteria (CTCAE version 3.0, published 12

December 2003). The only significant drug-related events were

altered taste, voice change and cortisol suppression. No serious

adverse events were considered drug-related. Compliance was

similar in the two groups, with 84.6% of the population receiving at

least half of the study drug dose (83.1% in the budesonide arm and

86% in the placebo arm; p=0.697).

The aim of testing the potential activity of budesonide on sub-solid

nodules (partially solid and non-solid) is an important factor,

especially if we consider that these lesions represent a frequent

finding of CT screening and have a higher probability of progressing

to lung malignancies.27,28 In addition, some of these lesions may

represent multifocal indolent bronchioalveolar adenocarcinoma,29 for

which local systemic treatment is not always successful. The use of a

chemoprevention intervention to limit progression of these lesions

may have important clinical implications. The detailed results of the

study will be published shortly. n

Matteo Lazzeroni is a Medical Oncology Resident in 

the Division of Cancer Prevention and Genetics at the

European Institute of Oncology in Milan. In 2005, 

he won the American Association for Cancer Research

(AACR) Scholar in Training Awards and the American

Italian Cancer Foundation Award. 

Bernardo Bonanni is Director of the Division of Cancer

Prevention and Genetics at the European Institute of

Oncology in Milan. He is a member of the Italian Society

of Cancerology (SIC), the European Society of Mastology

(EUSOMA), the International Society for Cancer

Chemoprevention (ISCAC), the American Association for

Cancer Research (AACR) and the American Society of

Clinical Oncology (ASCO). 

Giulia Veronesi is Director of the Lung Cancer Early

Detection Unit in the Department of Thoracic Surgery at

the European Institute of Oncology in Milan. She is an

active member of several professional and scientific

organisations and principal investigator on National

Cancer Institute (NCI)-supported chemoprevention

trials, and leads one of the largest lung cancer

screening with low-dose computed tomography

research trials in Europe. 

1. Jemal A, Thun MJ, Ries LA, et al., Annual report to the

nation on the status of cancer, 1975–2005, featuring

trends in lung cancer, tobacco use, and tobacco control, 

J Natl Cancer Inst, 2008;100(23):1672–94.

2. Ezzati M, Henley SJ, Lopez AD, Thun MJ, Role of smoking

in global and regional cancer epidemiology: current

patterns and data needs, Int J Cancer, 2005;116(6):963–71.

3. Yang L, Fujimoto J, Qiu D, Sakamoto N, Trends in cancer

mortality in the elderly in Japan, 1970–2007, Ann Oncol,

2010;21:389–96.

4. Giovino GA, The tobacco epidemic in the United States,

Am J Prev Med, 2007;33(6 Suppl.):S318–S326.

5. Giovino GA, Epidemiology of tobacco use in the United

States, Oncogene, 2002;21(48):7326–40.

6. Warner KE, Burns DM, Hardening and the hard-core

smoker: concepts, evidence, and implications, Nicotine Tob

Res, 2003;5(1):37–48.

7. Kaneko M, Eguchi K, Ohmatsu H, et al., Peripheral lung

cancer: screening and detection with low-dose spiral CT

versus radiography, Radiology, 1996;201(3):798–802.

8. Henschke CI, McCauley DI, Yankelevitz DF, et al., Early

Lung Cancer Action Project: overall design and findings

from baseline screening, Lancet, 1999;354(9173):99–105.

9. Henschke CI, Naidich DP, Yankelevitz DF, et al., Early lung

cancer action project: initial findings on repeat

screenings, Cancer, 2001;92(1):153–9.

10. Swensen SJ, Jett JR, Sloan JA, et al., Screening for lung

cancer with low-dose spiral computed tomography, Am J

Respir Crit Care Med, 2002;165(4):508–13.

11. Diederich S, Wormanns D, Semik M, et al., Screening for

early lung cancer with low-dose spiral CT: prevalence in

817 asymptomatic smokers, Radiology, 2002;222(3):773–81.

12. Pastorino U, Bellomi M, Landoni C, et al., Early lung-

cancer detection with spiral CT and positron emission

tomography in heavy smokers: 2-year results, Lancet,

2003;362(9384):593–7.

13. Veronesi G, Bellomi M, Mulshine JL, et al., Lung cancer

screening with low-dose computed tomography: a non-

invasive diagnostic protocol for baseline lung nodules,

Lung Cancer, 2008;61(3):340–49.

14. Henschke CI, Yankelevitz DF, Libby DM, et al., Survival of

patients with stage I lung cancer detected on CT

screening, N Engl J Med, 2006;355(17):1763–71.

15. Balkwill F, Mantovani A, Inflammation and cancer: back to

Virchow?, Lancet, 2001;357(9255):539–45.

16. Coussens LM, Werb Z, Inflammation and cancer, Nature,

2002;420(6917):860–67.

17. Mantovani A, Allavena P, Sica A, Balkwill F, Cancer-

related inflammation, Nature, 2008;454(7203):436–44.

18. Pereira MA, Li Y, Gunning WT, et al., Prevention of mouse

lung tumors by budesonide and its modulation of

biomarkers, Carcinogenesis, 2002;23(7):1185–92.

19. Wang Y, Zhang Z, Kastens E, et al., Mice with alterations

in both p53 and Ink4a/Arf display a striking increase in

lung tumor multiplicity and progression: differential

chemopreventive effect of budesonide in wild-type and

mutant A/J mice, Cancer Res, 2003;63(15):4389–95.

20. Alyaqoub FS, Tao L, Kramer PM, et al., Prevention of

mouse lung tumors and modulation of DNA methylation

by combined treatment with budesonide and R115777

(Zarnestra MT), Carcinogenesis, 2007;28(1):124–9.

21. Parimon T, Chien JW, Bryson CL, et al., Inhaled

corticosteroids and risk of lung cancer among patients

with chronic obstructive pulmonary disease, Am J Respir

Crit Care Med, 2007;175(7):712–19.

22. Lam S, le Riche JC, McWilliams A, et al., A randomized

phase IIb trial of pulmicort turbuhaler (budesonide) in

people with dysplasia of the bronchial epithelium, Clin

Cancer Res, 2004;10(19):6502–11.

23. van den Berg RM, Teertstra HJ, van ZN, et al., CT detected

indeterminate pulmonary nodules in a chemoprevention

trial of fluticasone, Lung Cancer, 2008;60(1):57–61.

24. Punturieri A, Szabo E, Croxton TL, et al., Lung cancer and

chronic obstructive pulmonary disease: needs and

opportunities for integrated research, J Natl Cancer Inst,

2009;101(8):554–9.

25. The Alpha-Tocopherol BCCPSG. The effect of vitamin E

and beta carotene on the incidence of lung cancer and

other cancers in male smokers, N Engl J Med, 1994;330(15):

1029–35.

26. Lee JS, Lippman SM, Benner SE, et al., Randomized

placebo-controlled trial of isotretinoin in chemoprevention

of bronchial squamous metaplasia, J Clin Oncol, 1994;12(5):

937–45.

27. Kim HY, Shim YM, Lee KS, et al., Persistent pulmonary

nodular ground-glass opacity at thin-section CT:

histopathologic comparisons, Radiology, 2007;245(1):

267–75.

28. Lee HJ, Goo JM, Lee CH, et al., Predictive CT findings of

malignancy in ground-glass nodules on thin-section chest

CT: the effects on radiologist performance, Eur Radiol,

2009; 19(3):552–60.

29. Pelosi G, Sonzogni A, Veronesi G, et al., Pathologic and

molecular features of screening low-dose computed

tomography (LDCT)-detected lung cancer: a baseline and

2-year repeat study, Lung Cancer, 2008;62(2):202–14.

Matteo_EU Oncology  06/05/2010  09:33  Page 18


