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Abstract
There are no established chemopreventive agents for lung cancer, the leading cause of cancer
death in the United States. Prostacyclin levels are low in lung cancer and supplementation
prevents lung cancer in preclinical models. We carried out a multicenter double-blind,
randomized, phase II placebo-controlled trial of oral iloprost in current or former smokers with
sputum cytologic atypia or endobronchial dysplasia. Bronchoscopy was performed at study entry
and after completion of six months of therapy. Within each subject, the results were calculated by
using the average score of all biopsies (Avg), the worst biopsy score (Max), and the dysplasia
index (DI). Change in Avg was the primary end point, evaluated in all subjects, as well as in
current and former smokers. The accrual goal of 152 subjects was reached and 125 completed both
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bronchoscopies (60/75 iloprost, 65/77 placebo). Treatment groups were well matched for age,
tobacco exposure, and baseline histology. Baseline histology was significantly worse for current
smokers (Avg 3.0) than former smokers (Avg 2.1). When compared with placebo, former smokers
receiving oral iloprost exhibited a significantly greater improvement in Avg (0.41 units better, P =
0.010), in Max (1.10 units better, P = 0.002), and in DI (12.45%, P = 0.006). No histologic
improvement occurred in current smokers. Oral iloprost significantly improves endobronchial
histology in former smokers and deserves further study to determine if it can prevent the
development of lung cancer.

Introduction
Lung cancer is the leading cause of cancer death globally and in the United States (1). The
majority of diagnoses in the United States are made in former smokers (2). Although
avoidance of tobacco abuse and smoking cessation clearly will have the greatest impact on
lung cancer development, effective chemoprevention could prove to be more beneficial than
treatment of established lung cancers, particularly in former smokers. Chemoprevention is
defined as the use of dietary or pharmaceutical agents to reverse or inhibit the carcinogenic
process and has been successfully applied to common malignancies other than lung. The
World Health Organization classification for lung cancer recognizes distinct histological
lesions which are precursors of lung cancer (3). For example, the development of squamous
cell lung cancer starts with normal epithelium and progresses through hyperplasia,
metaplasia, dysplasia (mild, moderate, and severe), and carcinoma in situ. Although no
intermediate biomarker has been validated for the prevention of lung cancer, in part because
of the lack of proven therapy, histology has been considered the best marker (as it is in other
malignancies; ref. 4). By identifying and focusing therapy on premalignant stages of the
disease, rather than the current focus on invasive disease, effective treatment and improved
survival may become a more attainable goal (4).

The arachidonic acid pathway is critical in carcinogenesis. Large epidemiologic studies have
shown an association between regular aspirin use and decreased rates of certain cancers,
although evidence regarding lung cancer and aspirin use is not clear. There is a decrease in
colon cancer rates in subjects taking aspirin [an irreversible cyclooxygenase (COX-1 and
COX-2) inhibitor] and selective COX-2 inhibitors decrease the incidence of colonic polyps,
a premalignant lesion (5, 6). COX inhibition, however, decreases levels of all downstream
arachidonic acid metabolites, including prostacyclin, which has anti-metastastic and
antiproliferative properties (7, 8). Prostacyclin and prostaglandin E2 exhibit a reciprocal
relationship in normal lung and Kras mutant non–small cell lung carcinoma (NSCLC) cell
lines, with the former high in normal lung and the latter elevated in tumor cell lines (9).
Prostacyclin supplementation (genetic overexpression of prostacyclin synthase or
administration of the oral analogue iloprost) prevents the development of lung cancer in a
variety of murine models, including cigarette smoke exposure (10–12). Prostaglandin E2 has
been implicated in colon carcinogenesis, but overexpression of prostaglandin E2 synthase
does not increase lung carcinogenesis in murine models (13, 14). Tissue microarray studies
have shown that the majority of NSCLC have decreased expression of PGIS and that PGIS
expression is associated with a superior outcome, whereas prostaglandin E2 synthase
expression is frequent and associated with poor survival. Therefore, multiple preclinical
studies suggest that prostacyclin supplementation might be chemopreventive.

All prior lung cancer chemoprevention studies proved negative, but several studies have
revealed differences between current and former smokers regarding amount and extent of
central airway damage (15–17). Subjects with tobacco smoke exposure, chronic obstructive
lung disease, and sputum cytologic atypia have rates of lung cancer greater than 1% yearly
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and are a high risk group in which chemoprevention may have utility (18). We therefore
instituted a multicenter, double-blind, placebo-controlled phase II trial of the oral
prostacyclin analogue iloprost in current and former smokers with sputum cytologic or
endobronchial atypia by using 6-month change in average biopsy score (Avg) as the primary
end point.

Materials and Methods
Study design

The iloprost lung cancer chemoprevention study was a multicenter, phase II, randomized,
double-blind, placebo-controlled trial of iloprost in subjects at increased risk for lung cancer
(defined as current or former smokers with 20 pack year or more smoking history, at least
mild sputum cytologic atypia, or a history of biopsy proven endobronchial dysplasia). The
majority of subjects were recruited from pulmonary medicine clinics. Exclusion criteria
included prior history of cancer, significant comorbid disease or inability to undergo 2
bronchoscopies, hypoxemia with the required use of supplemental oxygen, use of inhaled
steroids within 6 weeks of trial enrollment, and carcinoma in situ or invasive cancer on
endobronchial biopsy. Sputum was collected and cytology was graded by a single
cytopathologist (W. A. Franklin) as previously published (18). Autofluorescence and/or
white light bronchoscopy was carried out before randomization and after 6 months of
treatment, with 6 standard endobronchial sites biopsied (all were carini, identified as RUL,
RML, RB6, LUL, LUDB, and LB6), along with all other visually suspicious appearing
areas.

The trial sample size was 152 subjects and, after obtaining written informed consent,
participants were block randomized based on smoking status (current vs. former) and study
center. The randomization sequence was generated prior to trial initiation and stored in a
password-protected spreadsheet accessible only to the trial biostatistician and study
administrator. Subjects were randomized only after confirmation of eligibility, and blinding
was maintained throughout the trial. Following randomization, subjects were started on
either iloprost or placebo at an initial dose of 1 tablet BID (50 μg iloprost clathrate per
tablet). The subjects had a monthly clinical evaluation and if well tolerated, iloprost or
placebo was dose escalated by 1 tablet monthly to a maximum dose of 3 tablets BID.
Following 6 months of treatment, a second bronchoscopy was carried out with repeat
biopsies at all of the baseline sites. Adverse events were monitored and reported twice
yearly to an independent data and safety monitoring board (DSMB). A final clinical visit
occurred 1 month after completing the trial and subjects are currently undergoing passive
follow-up (i.e., yearly questionnaires). The trial involved 7 clinical centers (listed in the
Appendix) funded by the National Cancer Institute as the Lung Cancer Biomarkers and
Chemoprevention Consortium and individual site SPORE grants. The institutional review
boards at each study center approved the study protocol. This trial was listed and registered
on ClinicalTrials.gov (Identifier: NCT00084409). Bayer-Schering Pharma AG (Berlin)
provided the study medication and placebo tablets.

Biopsy analysis
All endobronchial biopsies were formalin fixed, paraffin embedded, and stained with
hematoxylin and eosin for subsequent morphologic evaluation and classification. Biopsies
were classified into 1 of 8 categories as defined by the WHO classification (3) and assigned
a score according to the following system: 1, normal; 2, reserve cell hyperplasia; 3,
squamous metaplasia without atypia; 4, mild dysplasia; 5, moderate dysplasia; 6, severe
dysplasia; 7, carcinoma in situ; and 8, invasive carcinoma. All biopsies were graded by the
study pathologist (WAF) in a blinded fashion as to treatment group and were read after the
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completion of each bronchoscopy. Blinded reproducibility studies in which 191 bronchial
biopsy specimens were scored twice by the main study pathologist and a third time
independently by an additional pathologist (D. T. Merrick) were completed. For
intraobserver reproducibility, 86% (164/191) were given a diagnosis within 1 unit on the
WHO scale (weighted κ test statistic = 0.71; 95% CI: 0.65–0.77). For the interobserver
reliability, 84% (160/191) of the biopsies were scored within 1 unit (weighted κ test statistic
= 0.66 (95% CI: 0.59–0.73)).

In addition to WHO histology scoring, epithelial proliferation, measured by Ki-67
immunostaining, was conducted on biopsies from former smokers carried out by techniques
previously described and implemented in our laboratory. In brief, the most dysplastic region
of a biopsy was selected, at least 400 cells were graded for Ki-67 positivity throughout the
entire epithelium and the percentage of positive cells recorded as the Ki-67 proliferative
index. The primary antibody used for Ki-67 was Dako clone mib-1 BM28 mouse
monoclonal (#B58720) at a dilution of 1:100.

Statistical design and analysis
Endobronchial histology was summarized within each bronchoscopy by using 3 separate
measures: Avg of all biopsy scores; worst biopsy score (Max); dysplasia index (DI; defined
as the percentage of biopsies with a score of 4 or worse). The prespecified primary end point
was Avg histology calculated by using all biopsies. All other end points and biopsy site
groupings were predefined to be secondary, but are necessary to evaluate whether the results
are sensitive to the approach used to summarize histology. The 3 summary end points were
analyzed within 4 different biopsy site groupings: all biopsies (1,883 biopsies), biopsies
from the 6 standard endobronchial sites only (1,450 biopsies), site-matched biopsies from
both bronchoscopies (1,708 biopsies), and site-matched biopsies where the baseline biopsy
was non-normal (1,122 biopsies).

The iloprost trial was designed to enroll 152 subjects with 76 in each treatment group and an
equal number of current and former smokers (38 in each treatment group). On the basis of
the standard deviation (SD = 0.9) from a previous chemoprevention trial in a similar
population (15), the planned sample size provided 90% power for a difference in the 6-
month change in Avg histology scores of 0.67 with 38 subjects per group (i.e., for
comparisons within the current or former subgroups) and a difference of 0.47 with 76
subjects per group (i.e., for comparisons in the total population). As the trial neared
completion, the decision was made to enroll slightly more current smokers to achieve the
target sample size of 152 subjects. The trial was monitored by an independent DSMB, and
no interim analyses of treatment effects on histology were planned or conducted.

All analyses were prespecified in a written statistical analysis plan (SAP) that followed from
the trial protocol. The primary end point (and statistical analysis) measured the effects of
iloprost by a test of the difference in Avg change between the 2 treatment groups (adjusted
for baseline Avg histology by using linear regression; i.e., ANCOVA). The interaction
between treatment effect and smoking status was also tested to determine if the effect of
iloprost differed between former and current smokers. In accordance with the SAP, the
primary conclusion of this trial was to be based on the combined results unless the
interaction test was significant (P < 0.05). Ultimately, this test was borderline significant (P
= 0.051), and because there are known differences between current and former smokers
from previous trials, the primary conclusions reported here are based on the separated
results. Secondary analyses were conducted to evaluate the consistency of the primary
results across other measures of histologic change. Subject response, defined as an
improvement in histology (measured separately by Avg, Max, or DI), was also analyzed as a
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secondary end point. Results are reported as point estimates, 95% CI, and 2-sided P-values
without adjustment for multiple comparisons.

Results
Study population

A total of 821 subjects were screened from 2002 until 2008, and 152 subjects were enrolled
(Fig. 1). The main reasons for not entering the trial included lack of sputum cytologic atypia;
reluctance to undergo multiple bronchoscopies; and travel issues. The study group consisted
of 81 current smokers and 71 former smokers, with 75 subjects randomized to oral iloprost
and 77 to placebo. There were no significant differences in baseline demographic or clinical
characteristics, including tobacco exposure, time since smoking cessation, age, sputum
cytology, and endobronchial histology, between the 2 treatment groups (Table 1). Seventy-
two percent of the study subjects were male. Baseline bronchoscopy was completed in all
152 subjects, and both bronchoscopies were completed in 125 subjects. Similar dropout
rates were observed between the treatment groups (20% versus 16%, P = 0.18), with the
main reason given as “refusing further treatment.” The complete list of reasons for failing to
complete the study is contained in Figure 1. No subjects successfully quit smoking during
the trial.

Histologic analysis of baseline and follow-up bronchoscopy specimens
At baseline, there were no significant differences between the iloprost and placebo groups in
any of the summary measures (Avg, Max, and DI; Table 1). At baseline, current smokers
had more endobronchial dysplasia than former smokers as evidenced by significantly higher
Avg score (3.0 vs. 2.1, P < 0.0001), Max (4.6 vs. 3.4, P < 0.0001), and DI (44% vs. 21%, P
< 0.0001). Follow-up bronchoscopy was carried out on 60 iloprost subjects (29 former
smokers, 31 current smokers) and 65 placebo subjects (28 former smokers, 37 current
smokers).

Overall results combining current and former smokers (Table 2) showed no significant
difference between treatment groups by 6-month change in the primary end point (Avg
histology adjusted difference: −0.15; 95% CI: −0.39–0.09; P = 0.21; Fig. 2A). There was a
statistically significant difference among former smokers: with iloprost treatment Avg
scores improved by −0.39, and with placebo treatment they showed minor progression of
0.04 (adjusted difference = −0.41; 95% CI: −0.71–−0.11, P = 0.01; Fig. 2B). In contrast,
among current smokers, there was no change in Avg score in either treatment group (iloprost
change: −0.07; placebo change: −0.06; adjusted difference; 0.06; 95% CI: −0.30–0.42; P =
0.74; Fig. 2C). Formally, the test for interaction between smoking status and treatment
effects on Avg histology was not statistically significant (P = 0.051). Although this
interaction test did not reach our prespecified threshold (P < 0.05), the magnitude of the
effect in former smokers was large and consistent across all primary and secondary end
points (Table 2, Supplementary Table S1, Supplementary Fig. S2). Conversely, among
current smokers there were no remarkable effects on any end point.

Prespecified secondary analyses show that the results based on all biopsy specimens are
similar in biopsy subsets (Supplementary Fig. S2). Restricting the analysis to the 6
prespecified sites (n = 1,450; 77% of the data), “matched” biopsy sites sampled at both
baseline and follow-up bronchoscopy (n = 1,708; 91% of the data), or sites that were
nonnormal (histology score ≥1) at baseline (n = 1,222; 60% of the data; 107 subjects) gives
the same pattern of highly significant treatment effects among former smokers receiving
iloprost, no effects among current smokers, and smaller (nonsignificant) effects when the
groups are combined (Supplementary Table S1).

Keith et al. Page 5

Cancer Prev Res (Phila). Author manuscript; available in PMC 2012 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Histologic response
Among former smokers, the iloprost group showed a significantly higher response rate when
compared with placebo [Avg histology improved in 58.6% (17/29) with iloprost vs. 28.6%
(8/28) with placebo, P = 0.025]. Response rates were also significantly better with iloprost if
response was defined by using Max (48.3% (14/29) improved with iloprost versus 14.3%
(4/28) placebo, P = 0.009). If dropouts are counted as nonresponders, the response rate with
iloprost remains significantly greater than placebo for both Avg histology [48.6% (17/35)
vs. 22.2% (8/36); P = 0.023] and Max histology [40.0% (14/35) vs. 11.1% (4/36); P =
0.008]. Among all study participants, the response rates were significantly different between
treatment groups when response was based on Max histology. There were no differences in
the response rates among current smokers (data contained in Supplementary material, Table
S1).

On a per subject analysis, there were 95 subjects who completed the trial and had at least 1
site of dysplasia at baseline (48 iloprost, 47 placebo). Within this group, 36 (37.9%) of the
subjects had their maximum histology regress (defined as improving by at least 1 grade; 23
iloprost, 13 placebo, P = 0.042); 39 subjects (41.1%) had their maximum histology
remaining stable (17 iloprost, 22 placebo); and 20 subjects (21.1%) had their maximum
histology progress (defined as worsening by at least 1 grade; 8 iloprost, 12 placebo). The
maximum histology analysis by smoking status showed the following distributions of
subjects (iloprost versus placebo): In former smokers, regression (13/18 versus 4/14), stable
(4/18 versus 6/14), and progression (1/18 versus 4/14; P = 0.038); in current smokers,
regression (10/30 versus 9/33), stable (13/30 versus 16/33), and progression (7/30 versus
8/33; P = 0.87).

Ki-67 analysis—Ki-67 proliferative index was determined by staining all endobronchial
biopsies taken from former smokers receiving either iloprost (n = 29) or placebo (n = 28).
Former smokers who received iloprost had slightly greater declines in Ki67 labeling index
(13.0% vs. 11.8%, a decline of 1.2%) compared with placebo (13.7% vs. 13.3%, a decline of
0.4%), but the differences were not significant (P = 0.63).

Adverse events
Study subjects were evaluated before the initial bronchoscopy and then had monthly clinic
visits to evaluate for dose escalation and adverse events of treatment. Dose escalation was
successful in 82% of subjects who completed the trial (n = 102). In the iloprost group, 44
subjects (73%) reached complete dose escalation (total dose of 3 tablets BID), as compared
with 58 (89%) in the placebo group, a statistically significant difference (P = 0.022). There
were no differences in dose escalation between former (81%) and current smokers (82%; P
= 0.81). For our primary end point of average biopsy score, both iloprost groups showed
similar improvement (−0.20 in those fully dose escalating and −0.29 in the group not
reaching the maximum dose). For the placebo group, improvements in average histology
were not observed in those reaching maximum dose and those failing to dose escalate. The 3
most common adverse events were headache (52% in the iloprost group vs. 23% in the
placebo group, P < 0.001), flushing (23% in the iloprost group vs. 8% in the placebo group,
P = 0.006), and nausea (16% in the iloprost group vs. 8% in the placebo group, P = 0.117).
This is consistent with previously published trials of the oral vasodilator iloprost (19). There
were no serious adverse events (grade 4 or 5) in the treatment group, and no significant
differences were observed between the 2 treatment groups for grade 3 adverse events
(Supplementary Table S2 contains the most common adverse events by treatment group).
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Discussion
In this randomized, double-blind, placebo-controlled trial of oral iloprost for the reduction of
endobronchial histologic changes we found that 6 months of oral iloprost significantly
improved the prespecified primary histologic end point Avg in former smokers, but had no
effect in current smokers. This chemopreventive intervention for lung cancer showed a
treatment effect similar in magnitude to the baseline difference between current and former
smokers in our trial population.

Multiple preclinical studies by using both carcinogen and tobacco smoke-induced murine
models have shown that manipulation of prostacyclin production and oral supplementation
can prevent lung cancer, even when iloprost chow is introduced 5 weeks after carcinogen
administration (10–12). Human lung cancer studies have shown that prostacyclin synthase
expression is low in most lung cancers and low expression is associated with a worse
outcome (9, 20). Prostacyclin analogues, such as iloprost, bind the single IP receptor and
increase cAMP levels (21). Prostacyclin also is a ligand for peroxisomal proliferator-
activated receptors (PPARs), which are members of the nuclear receptor superfamily of
regulated transcription factors (22). Studies in IP receptor null mice show that the
chemopreventive effect of prostacyclin synthase overexpression is independent of the IP
receptor (12). Furthermore, mice overexpressing PPARγ exhibit chemoprevention compared
with wild type littermates (12). Epidemiologic studies also support the role of PPARγ in
human lung tumorigenesis as reported in a study of diabetics treated with PPARγ agonist
thiazolidinedione medications. Lung cancer incidence in those treated with PPARγ agonists
was decreased 33% when compared with diabetics on non-PPARγ modulating therapy (23).
The combination of pre-clinical and epidemiologic data strongly supported a phase II trial of
oral iloprost.

Several large placebo-controlled phase III chemoprevention trials assessing promising
agents, including retinoids and combinations of vitamins and minerals, have been completed
in the past. These include CARET (β-carotene and retinol), ATBC (β-carotene and α-
tocopherol), Euroscan (β-carotene and N-acetyl cysteine), Intergroup (13 cis-retinoic acid),
and a trial conducted in a vitamin deficient population in Linxiang, China (24–27). All
proved negative and some showed adverse effects, particularly among current smokers (25,
28, 29). More recently, a phase III trial evaluating selenium for subjects with resected
NSCLC has been reported in abstract form as negative (30).

Phase II trials with intermediate end points such as histologic dysplasia, metaplasia, or
epithelial proliferation measured by Ki-67 immunostaining have been undertaken to more
rapidly assess potential chemopreventive interventions. These have included anethole
dithiolethione (a green tea component,), 13 cis-retinoic acid, fenretinide, celecoxib, and
inhaled budesonide (15, 31–34). Our group conducted a phase II study of 13 cis-retinoic
acid by using a similar SAP and we observed no statistically significant effect on histology
in either current or former smokers (15). This agent proved ineffective in a phase III
chemoprevention trial (26). In a post hoc analysis, anethole dithiolethione decreased the rate
of progression of dysplasia (32). Two placebo-controlled trials assessing 13 cis-retinoic acid
were in agreement on lack of histologic response, but differed in regard to an effect on Ki-67
index; the lack of efficacy of this agent in a phase III trial suggests that only agents with
greater efficacy in phase II trials should be considered for phase III (15, 35) A single arm
trial reported a decrease in Ki-67 index in heavy smokers after receiving celecoxib for 6
months (36). A subsequent placebo-controlled trial of celecoxib showed small but
statistically significant reductions in Ki-67 index in current (−1.10%) and former (−3.75%)
smokers (34). A single arm phase I trial of myoinositol showed promising results compared
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with historical controls (37). Iloprost is the first agent to show improvement of
endobronchial dysplasia.

The choice of intermediate end point biomarkers for phase II chemoprevention trials has
proven problematic. Sustained smoking cessation is the only known intervention to impact
lung cancer death rates (38). In the absence of proven effective chemoprevention agents,
intermediate end points such as endobronchial dysplasia and Ki-67 index cannot be
validated by the Prentice criteria (39), but still represent a reasonable approach to
assessment for further study in phase III trials (4). Most recent phase II studies have chosen
to evaluate the effects of intervention on premalignant lesions or inhibition of the
carcinogenic progression. The current study confirms the finding that histology is less severe
in former smokers [as is Ki-67 index (17)] and supports its feasibility for use as a biomarker.
Endobronchial histology can be assessed by using a variety of measures, including Avg,
Max, and DI, all of which improved in the current trial. Although we chose Avg as the
primary end point in this trial because it estimates the within-subject mean condition of the
sampled bronchial epithelium, one could argue that Max or DI might be equally or more
biologically plausible.

The natural history of dysplastic endobronchial lesions is difficult to predict, with published
reports failing to reach consensus on the risk of progression of severely dysplastic or
carcinoma in situ lesions to invasive cancer (40, 41). Molecular or immunohistochemical
analysis may improve prediction of lesions that will progress or which are associated with
invasive lung cancer as a manifestation of a field effect (42–44). The placebo group in our
trial helps to further define this natural history and illustrates that merely obtaining an
endobronchial biopsy does not produce a significant therapeutic effect, as the histology
scores did not improve between the first and second bronchoscopies. Most importantly, this
report shows that dysplastic lesions can be targets of chemoprevention trials and, because
they typically contain fewer genetic derangements and signaling abnormalities, they may be
amenable to treatment aimed at blocking progression.

For effective chemoprevention to impact outcome, high-risk populations must be clinically
identifiable. Several groups have published models based on age, gender, smoking history,
airflow obstruction, family history, and radiographic emphysema which can risk stratify
current or former smokers for lung cancer risk (40, 41, 45). The development of COPD (as
evidenced by airflow obstruction on spirometry or CT detected emphysema) also
significantly increases lung cancer incidence (46, 47). Our group reported that a cohort of
high-risk current and exsmokers with airflow obstruction exhibited an overall rate of
incident lung cancer of 1.85 per 100 person-years on longitudinal follow-up (18). Survivors
of a previous tobacco-induced cancer are an additional high-risk population appropriate for
phase II or III chemoprevention trials. Therefore, groups with a significant risk for the
development of lung cancer can be identified for prevention trials, although further
refinement of risk assessment would be desirable.

The current study has similar limitations to other phase II trials in that it was not powered to
provide information about the clinically important end point of lung cancer incidence (no
participants developed lung cancer during this trial). The potential for confounding was
controlled through full concealment of the treatment allocation/randomization system.
Information bias was controlled through careful blinding, in particular, a blinded central
pathology review of all biopsy specimens. The potential for false positive conclusions (type
I statistical errors) was controlled through prespecification and prioritization of all trial end
points and analyses. In addition, we required that the results be reproducible regardless of
the particular method chosen to summarize histologic response. Dropout rates were similar
between treatment groups, although the iloprost group may have had an increased tendency
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for treatment termination because of an increased risk of grades 1 and 2 adverse events
(summarized in Supplementary Table S2).

Our recruitment model for this trial showed that we were successful in identifying subjects
with endobronchial dysplasia. Of the 152 enrolled subjects, 74% (113/152) had at least 1
mildly dysplastic or worse biopsy, and 54% (1,120/2,088) of our matched sites were from
histologically non-normal areas. Ki-67 did not improve significantly in any of the treatment
groups, consistent with iloprost’s prodifferentiation properties and lack of effect on NSCLC
cell line proliferation (48).

Previous phase III chemoprevention trials were undertaken with agents without prior
positive results in phase II trials, and some of these agents had not shown strong
chemopreventive efficacy in animal models (49, 50). Iloprost is therefore an attractive agent
for additional studies. Follow-up studies are warranted to better evaluate the duration of
treatment, durability of response, optimal route of delivery (inhaled compared with oral) and
reproducibility of findings in different populations of former smokers (such as survivors of
early stage lung and head and neck cancer who are at extremely high risk for second primary
lung tumors).

Although avoidance of tobacco use and smoking cessation clearly will have the greatest
impact on lung cancer reduction, effective chemoprevention could have a major effect,
particularly in the large population of former smokers. Manipulation of prostaglandin
production distal to the COX enzymes may represent an attractive lung cancer
chemopreventive strategy, and the results of our randomized phase II trial are supportive of
continued studies of iloprost in former smokers.

Supplementary Material
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Figure 1.
Trial flow diagram.

Keith et al. Page 13

Cancer Prev Res (Phila). Author manuscript; available in PMC 2012 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Six-month histology as a function of baseline average histology in all subjects (A), former
smokers (B), and current smokers (C) comparison of average histology measures on initial
and follow-up bronchoscopy of subjects completing the trial (60 iloprost subjects and 65
placebo subjects). Illustrates consistent improvement across the entire histologic spectrum in
former smokers receiving iloprost (P = 0.010) and a lack of effect in all subjects (P = 0.210)
and current smokers (P = 0.743).
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