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Abstract
Background—Screening-CT is able to discover small peripheral lung nodules. The nature of these
nodules is uncertain but it is reasonable that some of them, in particular the non solid ones, could
represent precancerous lesions. A previous trial showed a reduction in size of peripheral nodules by
inhaled budesonide in subjects with bronchial dysplasia.

Objective—The primary objective of the study was the evaluation of the effect of Budesonide as
a chemopreventive agent for lung lesions. The primary endpoint was the modification of lung lesions
at ld-CT scan (according to RECIST criteria) after one year of treatment in a person-specific analysis.

Methods—We performed a randomized, double-blind, placebo controlled trial to evaluate whether
inhaled budesonide was able to reduce size and number of persistent, undetermined CT-detected lung
nodules in high-risk asymptomatic subjects currently undergoing a five-year CT scan screening
program at the European Institute of Oncology.

Results—Trial enrollment started in April 2006 and ended in July 2007 with the randomization of
202 current or former smokers with stable CT detected lung nodules set to receive budesonide 800µg
or placebo twice-daily for 12 months.

Conclusion—Our trial represents the first phase II study of a chemopreventive intervention
focusing on the peripheral lung, where the majority of lung cancers arise. The research was nested
into a screening project with clear advantages in participant accrual and reduction of costs. This paper
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describes the rationale and design of the study, thus focusing on the methodology and operational
aspects of the clinical trial. (Clinicaltrials.gov number. NCT00321893)
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1. Introduction
Lung cancer is one of the most common cancers in humans. The annual incidence is steadily
growing largely due to tobacco use. In addition to smoking cessation programs,
chemoprevention may play a role in high risk individuals in as much as it has the potential to
arrest or revert the cancerogenesis progression.

Budesonide is a widely used glucocorticoid for the treatment of asthma and it proved to inhibit
all stages of lung carcinogenesis in various mouse models.[1–3] A long-term epidemiological
trial on COPD suggested that patients treated with inhaled budesonide had a lower incidence
of lung cancer, though the low number of events did not allow any definitive conclusion.[4]

In 2004 Lam et al.[5] conducted a phase IIb trial to determine the effect of inhaled budesonide
in smokers with bronchial dysplasia, which is considered the main precursor of squamous cell
carcinoma.[6] Subgroup analyses of the trial showed a favorable outcome in reducing the size
of non calcified peripheral lung nodules detected by computed tomography (CT).

Spiral low-dose CT scan (ld-CT) of the chest is currently considered the most promising lung
cancer screening modalities, thus effectively detecting early-stage and surgically resectable
lung cancer in high-risk individuals.[7,8]

Unfortunately, the high rate of benign nodules and issues on making a differential diagnosis
are critical factors that currently hamper introduction of large-scale screening programs. Small
pulmonary nodules are in fact a frequent finding in the subjects submitted to ld-CT for early
detection of lung cancer and have no clinical implications. Our data demonstrated an incidence
of undetermined lung nodules in more than 50% of high risk individuals. The nature of these
nodules remained uncertain but it is reasonable that some of them could represent precancerous
lesions.

In particular, literature suggests that ground glass opacities (GGO), as compared to solid
nodules, can represent either localized bronchoalveolar carcinoma without foci of active
fibroblastic proliferation or atypical adenomatous hyperplasia[9], i.e. a known putative
adenocarcinoma precursor lesion.[10] Kim et al. reported that of 53 persistent ground-glass
opacities in 49 patients who underwent resection, 68% proved to be bronchoalveolar
carcinoma, 7.5% were adenocarcinoma with predominant brochoalveolar components, 6%
were atypical adenomatous hyperplasia, and 19% were nonspecific fibrosis or organizing
pneumonia[11]. Similarly, Ohtsuka et al. reported that of 26 patients who underwent resection,
bronchoalveolar carcinoma was diagnosed in 10 patients (38%), atypical adenomatous
hyperplasia was diagnosed in 15 patients (58%), and focal scar was seen in 1 patient (4%)
[12]. Based on this literature we decided to focus on persistent screen detected peripheral lung
nodules as target markers to test inhaled budesonide by nesting the chemoprevention trial
among the screening study. We conducted a randomized trial to evaluate if administration of
Budesonide to individuals at high-risk for lung cancer with undetermined lung nodules at ld-
CT was able to determine a shrinkage of lung nodules. Furthermore, in order to explore the
hypothesis of a link between lung cancer and COPD - as suggested by literature publications
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[13] - we also evaluated the effect of budesonide on COPD both by spirometry and spiral CT.
The present manuscript describes the design of the trial.

2. Methods
2.1. Design overview

We conducted a randomized double-blinded phase IIb study in which high risk subjects
received either budesonide 800 mg or placebo twice a day for one year using a turbuhaler
device. Randomization was stratified according to sex, smoking status (current vs. former
smokers) and kind of nodule (non solid and partially solid vs. solid nodules). Participants,
investigators, and data managers were blinded to treatment allocation. The primary endpoint
was the modification of lung lesions at ld-CT scan after one year of treatment (+/− 2 months)
in a person-specific analysis (RECIST criteria). A total of 202 subjects were expected to be
recruited in 12 months period; 101 per arm.

A schema of the trial design is presented in Figure 1.

2.2 Participants selection
Eligible participants were asymptomatic current or former smokers (people who quit smoking
within the last 15 years) with a smoking history of more than 20 pack/years and older than 50
years, with persistent lung nodules of more than 4 mm detected at low dose CT scan of the
second year on the screening trial. Subjects with solid nodules larger than 8 mm, should have
a negative PET scan. Subjects with lung nodules with clearly benign morphological features
at CT scan - i.e., homogenous calcification, solid nodules with regular and round or polygonal
margins and distance from the pleura < 1 cm - or currently suffering from malignant disease
or having had malignant disease within the last 5 years, or with a regular/chronic use of oral
or inhaled corticosteroids, were excluded.

The candidates were contacted by phone by trained personnel illustrating the possibility of
taking part in a chemoprevention trial and scheduling an appointment for an outpatient visit at
the Institute. Randomization was performed within 2 months (i.e., 61 days) from the CT scan.
Inclusion and exclusion criteria are here summarized in Figure 2.

2.3 Recruitment and retention strategy
Pre-Initiation phase—subjects with persistent lung nodules at second or third year of the
screening program that were potentially eligible for the trial were indicated to the radiologists.
While waiting for the CT scan, the potential candidate was given a leaflet about the possibility
of being contacted for taking part in a prevention trial.

Active Recruitment phase—after the evaluation of CT scan by both the radiologist and
the thoracic surgeon, the potential candidate was contacted by the staff of the Division of
Cancer Prevention and Genetics for a first phone interview and the verification of all inclusion
criteria. The trial design was explained and willingness to participate was asked. Candidates
accepting to participate or interested in the study were invited for a visit at European Institute
of Oncology (EIO) for informed consent and baseline visit.

Retention phase (which include adherence strategies)—a month after
randomization, participants received a phone call to check whether the drug was correctly
administered. Subjects were scheduled for periodic visits (at 6 months) during which a
complete physical exam and lab tests (only at 6 months) were performed. A couple of weeks
before the following scheduled appointment, participants were reminded about the visit, blood
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test and sputum sample and physical exam of month 12. Recruitment and retention effort were
evaluated routinely by the site coordinator and the study staff.

2.4 Treatment groups
Patients who signed an informed consent and who met the eligibility criteria were randomly
assigned to one of two groups for 12 months of treatment:

Group 1: Budesonide (800 micrograms/twice daily), administered by inhalation through
a Turbuhaler® (Each Turbuhaler® contains a total of 200 doses of 400 µg of budesonide
each).

Group 2: Budesonide-placebo. A similar appearing Turbuhaler® containing placebo was
used daily (two puffs twice a day) by participants assigned to the placebo group.

Given that the only available data about budesonide in humans refer to a 800 µg twice daily
dose,[5] and also that the incidence of side effects with once daily dosing versus twice daily
dosing was not much different, and a good compliance was observed in the Lam’s study, we
decided to use 800 µg/twice-daily with the intent of confirming Lam’s results. Toxicity was
evaluated at each visit using the most recent version of the NCI toxicity criteria (CTCAE
version 3.0, published 12/12/03). No run-in procedures took place in the trial. Known
hypersensitivity to budesonide, lung tuberculosis, and other infection of the airways were the
only contraindications. Other inhaled or systemic corticosteroids were avoided or limited
during the year of treatment. Any use of systemic or inhaled steroids was clearly documented
(time, doses, routes, indications) and strictly followed by the physician. All medications
(prescription and over-the-counter), vitamin and mineral supplements, and/or herbs taken by
the participant were documented on the concomitant medication CRF and included: start and
stop date, dose and route of administration, and indication for use. Medications taken for a
procedure (e.g., biopsy) were included. Patients were discouraged from taking unspecified
medications.

2.5 Adherence / Compliance to treatment
Although drug concentration was not be measured in the blood, compliance was monitored in
the following ways:

Patient Self-Report—patient's history - the most direct source of information - is the most
widely employed measure of a patient's adherence to their medical regimen. However, patient
self-reporting has been criticized as being too subjective, with patients tending to over-report
their adherence by as much as two to fourfold. Positive information is helpful, but false
negatives are common.

Calendar completion—Each subject was given a 7-month calendar as a reminder of
inhalation. Each subject was asked to cross the corresponding day of the calendar (1 cross for
each inhalation, i.e. four crosses per day). Subjects were asked to fill the calendar and some
additional space was left for patient’s notes. Each calendar was returned at the next scheduled
visit.

Dose count—Each subject received a 3-month supply (at baseline and 3 month visits) or 6-
month supply (at 6 month visit) of the drug or placebo and they were asked to return all full
and empty Turbuhaler®, irrespective of their use. Doses were counted from turning the grip
until the red mark was shown in the dose indicator window indicating that 20 doses were left
in the inhaler. Compliance was measured as follows: number of doses taken (i.e., number of
doses given-number of doses returned)/number of doses that should have been taken during
that period of time. If inhalers were not returned, the compliance was calculated from the
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calendar. In case of discrepancy between the dose counts of the turbuhaler and the calendar,
dose count was taken as the superseding compliance measure.

3. Clinical evaluation and procedures
The visit and data collection schedules are summarized in table 1. Complete physical exam,
and safety lab tests were performed at 0, 6 and 12 months. Participants were asked to retest
blood cortisol level should they have cortisol value below LLN at month 12. At month 3 an
additional visit or phone contact depending on geographical accessibility was performed A
phone call at month 13 (i.e., 1 month after the final CT scan) was performed to monitor safety
and concomitant medications. Blood and sputum for biomarkers analysis were collected at 0,
6 and 12 months. Lung lesions were measured with ld-CT at 0 and 12 months.

4. Outcome measures
CT scan evaluation

Investigations were performed with low-dose technology, with a multidetector (8 or 16 slices)
High Speed Advantage CT scanner (General Electric Corporation, Milwaukee, Wl, USA) with
140 Kvp, 30 Ma, pitch 1.75, 2.5 mm thickness, single breath, retro-reconstruction at 3mm
interval and an effective dose equivalent to patient estimated to be 0.7mSv. Number, minor
and maximum diameter, volume and type of lung nodules were registered before treatment and
after 12 months.

Quantitative analysis of emphysema was based on attenuation values of CT numbers
expressing Hounsfield Units (H.U.) calculated over the entire lung volume. Multiplannar
reconstruction and 3-dimensional volume reconstruction were performed on the workstation
(Advantage Windows 4.2, General Electric medical system). Lung parenchyma was isolated
using a −200 H.U: threshold. Lung representation of voxel values were calculated on the voxel
between −1023 H.U: and −200 H.U. Graphic representations of voxel values were calculated
as well as minimum and maximum densities, volume and percentage of emphysema were
automatically calculated.[14,15]

Laboratory endpoint measurement and respiratory function
Sputum and blood specimens were obtained from enrolled subjects at baseline and after 6 and
12 months of treatment for circulating biomarker measurement and gene methylation
assessment.

The induction and treatment of sputum has been accomplished according to the method by
Fahy et al.[16] Briefly, the method consisted in aerosol of 3% hypertonic saline solution for
20 minutes and collection of sputum in a previously weighted sterile container (50 ml). Before
sputum collection, individuals were asked to rinse their oral cavity with saline solution and to
clean their nose to avoid any sputum contamination with salival cells. Aerosol was delivered
by an ultrasonic nebulizer producing particles with mean diameter of 2.5 micron at 1 ml/min.

All subjects underwent Pulmonary Function Tests (PFTs), single breath DLCO (Carbone
Monoxide Lung Diffusion) and percutaneous arterial saturation. Lung volumes and flow rate
were measured in the sitting position according with the American Thoracic Society
recommendations[17]. Values were expressed as absolute and a percentage of predicted normal
values. The single breath DLCO was measured by infrared CO analyzer and corrected for
barometric pressure and temperature according to the American Thoracic Society
recommendations. Results were expressed as percentage of the predicted values forced
expiratory flow in 1 second (FEV1%) [18]. Percutaneous arterial saturation was assessed by a
continuous pulse oximeter.
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5. Toxicity and dose modification
Subjects were asked to maintain the full dose throughout the treatment period. However, in
case of toxicity, dose modification was applied and recorded.

Toxicity was evaluated at each visit using the most recent version of the NCI toxicity criteria
(CTCAE version 3.0, published 12/12/03). If grade 1 toxicity occurred, the patient was to be
maintained on full dose. Toxicity was checked depending on clinical relevance. In case of grade
2 toxicity or higher, the dose was changed according to the potential relationship to study drug
as listed in the table 2. Since a prolonged use of the drug might cause suppression of adrenal
function which could appear after therapy cessation, drug interruption had to be gradual. After
treatment completion each participant was provided with a new turbuhaler containing the same
drug/placebo as provided during treatment period - i.e., placebo participant got placebo, while
budesonide participant got budesonide -. Subjects were instructed to taper-off the study drug
by 50% on the first week (one inhalation in the morning and one inhalation in the evening) and
by an additional 50% reduction on the second week (1 inhalation in the evening). Drug was
then stopped. After an additional week of wash out, each participant with a 12 month cortisol
level below the LNL was asked to repeat blood cortisol test.

6. Statistical consideration
6.1 Criteria for evaluation and endpoint definition

The primary endpoint was the shrinkage of lung nodules in a per-subject analysis according to
RECIST Criteria[19] measured by two observers. A partial response was considered a
reduction of 30% or more of the longest diameter for any single nodules larger than 5 mm. For
single nodules with longest diameter equal to or less than 5 mm, thought to be less precisely
measurable, complete disappearance was considered as a treatment response. In case of
multiple lesions a success of treatment was considered a complete or partial response -
according to RECIST criteria -. In detail: a complete response when disappearance of all target
lesions occurred; partial response when at least a 30% decrease in the sum of the longest
diameter of target lesions, taking as reference the baseline longest diameter , was obtained;
progression disease when the sum of the longest diameter of target lesions increase at least a
20% (to take into account of measurement error), taking as reference the smallest sum longest
diameter recorded since the treatment started or the appearance of one or more new lesions;
stable disease: neither sufficient shrinkage to qualify for partial response nor sufficient increase
to qualify for progressive disease, taking as reference the smallest sum longest diameter since
the treatment started.

6.2 Sample size justification
The planned sample size was 202 subjects (101 per arm), in order to show a treatment effect
in 20% of subjects in the budesonide arm, i.e., a nodule shrinkage in 30% in the treated arm
versus 10% in the placebo arm (α = 0.05, 1–β = 0.90, chi-square two-sided test). These
assumptions were based on previous data on a pilot early detection study with low-dose CT,
where the rate of spontaneous regression of undetermined lung nodules in the follow-up was
as high as 10%.[20] The sample size was adjusted considering a 10% of non-informative drop-
out rate. Accrual rate was expected to be 17 subjects/month. Considering 20% of acceptance
rate of the pool of eligible subjects at the CT scan, the trial was proposed to 85 subjects every
month (20 cases a week).

6.3 Randomization, stratification and statistical analysis
In order to keep at minimum the imbalance in treatments a stratified blocked randomization
strategy was used thus considering only the relevant prognostic factors. Subjects were stratified
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according to gender, smoking habits (current vs. former smokers) and nodule characteristics
(solid vs. GGO, represented by semisolid or non solid nodules). If a subject had both solid and
GGO nodules, the patient was stratified as GGO. In Lam’s study a slightly better outcome was
indeed demonstrated in females and former smokers. Regarding the nodule type a GGO was
expected to be more frequently a precancerous lesions (a more specific target of treatment)
than solid nodules. A blocked randomization was done within each stratum.

All randomized patients who received at least one dose were included in the study analysis
with an intent-to-treat approach. An efficacy analysis was carried out after excluding non-
compliers and subjects who dropped-out and who refused treatment after randomization.
Subjects were considered compliant with at least 50% of the drug taken. On a more conservative
approach, patients who dropped-out or had missing final CT scans were considered in the
failure group. Both the intent-to-treat and efficacy analyses were conducted on a per subject
basis. An adjusted chi-square test was used to compare response rates in the two arms. Multiple
logistic regression analysis was used in order to determine the simultaneous effects of various
potential risk factors on disease progression (e.g. age, smoking history).

Summary statistics by timetables with mean, median, standard deviation, min and max for
change in size for target and non-target lesions and sputum biomarkers were produced for the
secondary endpoints statistical analysis. Furthermore patterns for missing data were checked
for randomness (e.g. MCAR, MAR, MNAR) and repeated measures analysis were performed
after checking for the most appropriate covariance model. In case of non-normality non-
parametric alternatives were considered. For all measurements of response, the 95% confidence
intervals were also provided. No interim analysis was planned.

7. Results
Among the 4821 subjects who underwent the second yearly low dose CT screening in the EIO
CT screening trial, a total of 527 subjects were evaluated for protocol inclusion and 443 were
eligible according to nodule characteristics. The flow diagram of study of the randomized trial
is shown in Figure 3. Two hundred and two were randomized in a 16 month period (from April
2006 – July 2007) with an average accrual of 13 subjects per month (figure 4). Men and women
were 153 and 49 respectively; 167 participants were current smokers, 35 were former. The
total number of detected nodules was 279 (solid 77%, partially solid 16% and non solid 9%).
There was no difference in the distribution of subtype nodules between the two groups (data
not shown). Overall 198 subjects completed the 12 months study and will be included in the
analysis. Three subjects were lost to follow up and one participant withdraw consent to the
trial (drop out: 2%). 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). Most common side effects related to budesonide (mainly grade 1) were
oral infections (thrush), voice changes and cough.

8. Discussion
Well established clinical trial models are mandatory to provide preliminary evidence of
efficacy in humans and their development represents a major issue to proceed to definitive
phase III trials for the progress in preventing lung cancer. Prior chemoprevention trials
addressed central squamous carcinogenesis using of bronchial dysplasia as outcome measure,
resulting the peripheral lung inaccessible to study.[5,6,21].

The current trial represents the first phase II study of a chemopreventive intervention
specifically focusing on the peripheral lung nodules, where the majority of lung cancers arise.
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The effect of inhaled budesonide on lung nodules had in fact already been analyzed by Lam
and colleagues[5]. However the shrinkage of nodules was analyzed retrospectively as a
secondary endpoint. As a consequence, compared to our current study, only eleven subjects in
the budesonide group and nineteen subjects in the placebo group were analyzed; the nodules
identified by CT scanning were mainly very small (<4 mm), frequently new, and only rarely
non-solid. Such new nodules may well represent acute inflammation that resolves
spontaneously or with inhaled corticosteroids. In order to exclude from our intervention trial
the small inflammatory lesions that resolve spontaneously, we selected only persistent nodules
over two successive yearly CT scans. Treatment duration is another important difference (six
months vs. one year). All these features make our trial unique.

The real identity of these nodules cannot be established without histological examination.
However, if previous authors [11,12] considered these GGOs sufficiently suspicious to warrant
surgery, it is possible that even smaller nodules, such as those identified in the context of our
study of CT screening might represent less advanced cancers than those described in the
literature.

Even though there are other causes for small lung nodules beside adenomatous hyperplasia,
the aim of testing the potential activity of Budesonide on sub-solid nodules (partially solid and
non solid) is an important issue, especially if we consider that these lesions represent a frequent
finding of CT screening and have a higher probability to progress to lung malignancies. [11,
22] In addition, some of these lesions may represent multifocal indolent bronchoalveolar
adenocarcinoma[23] for which local systemic treatment is not always successful.

Our study was nested into a screening project with clear advantages in terms of participant
accrual and reduction of costs. The study methodology was successful with a single center
accrual of 13 cases per month showing that the screened population was highly motivated to
participate into a chemoprevention trial.

Retention rate and compliance were extremely high. 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 toxicity criteria (CTCAE version 3.0, published 12.12.03). The only
significantly drug-related events were altered taste, voice change and cortisol suppression. No
serious adverse event was considered drug related.

We estimate that the impact of our randomized trial on the outcomes of the screening study
will be minimal, even in case of treatment success. The small number of subjects treated with
budesonide (100), compared with the population of the COSMOS Study (more than 5000
subjects) being the main reason. However, a therapeutic success will lead us to develop new
studies, possibly focusing exclusively on a subgroup of participants with such nodules.

Further studies are in fact needed to improve risk assessment, integrating demographic, CT,
and eventually molecular information to optimize the identification of individuals with the
highest short term lung cancer risk who may benefit the most from chemopreventive
interventions.

The detailed results of the trial will be published shortly.
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Fig. 1.
Trial Design
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Fig. 2.
Inclusion and exclusion criteria
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Fig. 3.
Number of subject for each phase of the randomized trial
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Fig. 4.
Accrual (from April 2006 – July 2007)
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