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Lesions Is Associated with Invasive Lung Cancer
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Rationale: The development of lung cancer (LC) is accompanied
by field changes in the airway mucosa that may have prognostic
importance.

Objectives: To compare patients with prevalent LC to control subjects
regarding their histologic dysplasia scores and chromosomal aneus-
omy as measured by fluorescence in situ hybridization (FISH).
Methods: The most advanced bronchial histology lesion was assessed
from each of 44 LC cases and 90 cancer-free control subjects using
a four-color FISH probe set encompassing the chromosome 6 cen-
tromere, 5p15.2, 7p12 (epidermal growth factor receptor), and
8924 v-myc myelocytomatosis viral oncogene homolog (MYC) se-
quences. Histology grades were coded as dysplasia (moderate or
severe) or carcinoma in situ (CIS).

Measurements and Main Results: CIS was the highest histologic grade
for 32 subjects, and dysplasia was the highest grade for 102 subjects
(54 moderate, 48 severe). Chromosomal aneusomy was seen in 64%
of the LC cases, but in only 31% of the control subjects (odds ratio
[OR], 4.68; 95% confidence interval [CI]. 1.97-11.04). Among those
with any level of dysplasia, the OR for positive FISH and LC was 2.28
(95% Cl, 0.75-6.86). Among those with CIS, the OR for positive FISH
and LC was 5.84 (95% Cl, 1.31-26.01).

Conclusions: Chromosomal aneusomy is associated with LC. Pro-
spective examination of aneusomy as a precursor lesion that predicts
LCis needed.

Keywords: chromosomal aneusomy; fluorescence in situ hybridization;
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Lung cancer (LC) is the most common fatal cancer in the
United States and most parts of the world. About 160,000
deaths are expected to occur annually in the United States
alone, and the incidence of LC in developing countries con-
tinues to rise (1, 2). Only about 15% of patients with LC survive
5 years with the best diagnostic and treatment options currently
available. The main reason for the poor outcome is that more
than two-thirds of cases are diagnosed at an advanced stage
and, even when diagnosed in stage I, up to 40% of cancers recur
after surgical resection. Smoking is the overwhelming risk fac-
tor, and most studies indicate that about 90% of cases are due to
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Lung cancer (LC) develops through accumulation of mul-
tiple molecular and genetic changes, but the association
between chromosomal aneusomy in bronchial lesions and
LC risk is not well studied.

What This Study Adds to the Field

Carcinoma in situ and chromosomal aneusomy were iden-
tified as predictors of invasive LC in a case-control study of
high-risk subjects. The interaction of these markers may
improve the diagnostic capability in preneoplastic bron-
chial lesions.

smoking (2). Familial and genetic factors also affect the suscep-
tibility to LC development (3, 4).

To substantially improve the outcome for LC, new strategies
of prevention and early detection are required (5). Screening
with low-dose helical computed tomography scanning has been
effective in finding small LC nodules that may be cured by
surgery (6, 7), but the effect of this technique on survival is still
uncertain (8, 9). Detecting radiographically occult intraepithe-
lial bronchial lesions with sputum cytology and autofluores-
cence bronchoscopy (10, 11) could further contribute to im-
proved survival in LC, as seen in other epithelial malignancies,
such as cervical cancer and cancer of the colon (12, 13).

The development of centrally located bronchogenic carci-
noma likely occurs through a stepwise process of carcinogenesis
that is reflected by advancing histologic grade of dysplasia to
carcinoma in situ (CIS) and invasive cancer (14). These changes
are accompanied by the accumulation of chromosomal abnor-
malities throughout the airway mucosa, a process known as
field cancerization (14, 15). The distinction between high-grade
dysplastic lesions is subjective (16), and histologic grade was
shown to be an uncertain predictor of progression to invasive
cancer, reflecting the variability in the biological behavior of
these lesions (17). There is therefore a need for biomarkers that
can be used to more accurately predict the development of
invasive cancer from a preneoplastic lesion than can histologic
grade alone.

Chromosomal aneusomy has long been recognized as a hall-
mark for LC (18). The application of fluorescence in situ hy-
bridization (FISH) technology to interphase cells has greatly
facilitated the study of chromosomal changes in exfoliated cells
and other airway epithelial samples (19). In previous studies, we
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have found that the detection of aneusomy by multitarget FISH
assay increased the sensitivity of sputum cytology as a predictor
of LC in high-risk subjects (20). In the present study, we investi-
gated chromosomal aneusomy in situ in biopsies collected from
heavy smokers by autofluorescence and white-light bronchos-
copy, and correlated this biomarker with the histologic grade of
the lesions and the presence of invasive LC. This study tested
the hypotheses that chromosomal aneusomy is associated with
histologic grade in bronchial epithelium, and that it is also
associated with LC, accounting for histologic grade. Preliminary
reports on the data contained in this article have been presented
in abstract form at the Fourth International Chicago Sympo-
sium on Malignancies of the Chest and Head and Neck (21) and
the 12th World Conference on Lung Cancer (22).

METHODS

Subjects

The study was performed using patient records and histologic sections
that have been collected at the University of Colorado Cancer Center
(UCCC) in Aurora, CO (106 individuals), the British Columbia Cancer
Agency (BCCA) in Vancouver, Canada (19 individuals), and the Uni-
versity of Iceland Hospitals (UIH) in Reykjavik, Iceland (9 individu-
als). This study included all individuals in the UCCC database with CIS
and severe dysplasia (SD) as the highest grade of mucosal abnormality,
and 70% of those with moderate dysplasia (MD). The study population
was specifically enriched with subjects with CIS lesions from the BCCA
(Canada) and the UIH (Iceland).

The subjects studied were all considered to be at high risk for LC
based on a history of at least 30 pack-years of smoking and spirometric
evidence of airflow obstruction documented by an FEV{/FVC ratio of
less than 75% and an FEV; of less than 70% of predicted. Former
smokers were defined as having quit at least 1 year before the time of
enrollment. Pack-years was defined as the average number of packs
smoked per day multiplied by the numbers of years smoked.

Subjects filled out a standard questionnaire, spirometry was per-
formed, and results recorded. Flexible fiberoptic bronchoscopy was
performed with both autofluorescence and white-light examination of
the airways using either a Xillix LIFE II or OncoLIFE systems (Xillix,
Richmond, BC, Canada), as previously described (10, 11), at the
UCCC and BCCA sites; white-light examination alone was performed
at the UIH. The BCCA cases had been diagnosed in a prospective
study of early LC using autofluorescence and white-light bronchoscopy,
or the subjects were enrolled as part of two National Cancer Institute—
sponsored chemoprevention trials; in one case, the CIS biopsy was
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taken before chemoprevention, and in the other, after 6-month
treatment with retinol. The Icelandic cases were identified from the
computerized database of the Department of Pathology, UIH.

Protocols for tissue acquisition by bronchoscopy were approved by
the Colorado Multiple Institutional Review Board, the Research and
Development Committee of the Denver Veterans Affairs Medical Center,
the HealthOne Institutional Review Board, the BCCA-University
of British Columbia Clinical Research Ethics Board, the National
Bioethics Committee of Iceland, and the Icelandic Data Processing
Commission.

The determination of whether or not subjects had invasive LC at
the time of bronchoscopy was made based on biopsy results, review of
the clinical history, and matching to central cancer registries, vital
statistics records, and national death indices at the respective institu-
tions. The clinical information available on each individual included
the following: (1) collection date of specimen studied; (2) collection
site; (3) date of birth; (4) date of diagnosis of invasive LC (if present);
(5) site of invasive LC; (6) histologic grade of preneoplastic lesion; (7)
results of aneusomy detection by FISH analysis.

Histologic Analysis

Archived formalin-fixed and paraffin-embedded biopsies were selected
for having high-grade dysplasia at the time of the bronchoscopy. Blocks
were retrieved and 4-pum sections prepared. One section was stained by
hematoxylin and eosin (H&E) and reviewed by the study pathologist
(W.AF.), who determined the grade of premalignant change in the
available specimen according to a modification of the World Health
Organization criteria (23), in which bronchial dysplasias are assigned
the following numerical scores: (1) normal; (2) reserve cell hyperplasia;
(3) squamous metaplasia; (4) mild dysplasia; (5) MD; (6) SD; (7) CIS;
and (8) invasive carcinoma. When multiple biopsies were available for
a patient, the lesion with the highest dysplastic grade was used for
analysis; only MDs or high-grade lesions (SD and CIS) were included
in this study. Thus, each subject contributed only one biopsy to this
analysis. A total of 134 subjects were included in the study, represent-
ing 32 with lesions determined as CIS, 48 with lesions classified as SD,
and 54 with lesions classified as MD. At the time of the histologic
evaluation, the most appropriate area for FISH analysis was selected
and a computer image (Figure 1A) created and printed to guide selec-
tion of cells for FISH signal enumeration.

FISH Analysis

The H&E-stained sections and one 4-pm-thick unstained section per
subject were transferred to the FISH laboratory, with the accompany-
ing images identifying the lesions. The unstained slide was subjected
to a FISH assay using the LAVysion DNA probe set (Vysis/Abbott
Molecular, Des Plaines, IL), including four DNA targets, 6p11.1-q11

Figure 1.  Bronchial epithe-
lium area selected for fluores-
cence fluorescence in situ
hybridization (FISH) analysis.
(A) Area with carcinoma in situ
stained by hematoxylin and
eosin. Magnification: X20. (B)
The same area in the sequen-
tial slide submitted to the LAV-
ysion FISH assay stained by
4',6-diamidino-2-phenylindole
(DAPI). Magnification: X40.
The area included in the open
rectangle is shown at 100X
magnification for combination
of fluors in (C) DAPI and Spec-
trumRed, (D) DAPI and Spec-
trumGreen, (E) DAPI and
SpectrumGold, and (F) DAPI
and SpectrumAqua. The spec-
imen displayed aneusomy for

(C) epidermal growth factor receptor, (D) 5p15.2, (E) v-myc myelocytomatosis viral oncogene homolog (MYC), and (F) Chromosome Enumeration
Probe 6 (CEP6) regions. Arrows indicate single nuclei with extra copies of the tested target DNA.
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(Chromosome Enumeration Probe CEP6, labeled with Spectrum
Aqua), 5p15.2 (D523, D5S721 labeled in SpectrumGreen, encompasses
the SEMASA gene), 7p12 (labeled in SpectrumRed, encompasses the
epidermal growth factor receptor gene), and 8q24.12-q24.13 (labeled in
SpectrumGold, encompasses the v-myc myelocytomatosis viral oncogene
homolog [MYC] gene).

Initially, the slides were incubated for 2 hours at 56°C, deparaf-
finized in Citri-Solv (Fisher Scientific, Pittsburgh, PA), and washed in
100% ethanol for 5 minutes. The slides were then incubated in 2X
sodium chloride, sodium citrate (SCC) buffer at 75°C for 15 minutes,
digested in 0.25 mg/ml proteinase K/2X SSC at 45°C for 16 minutes,
and washed in 2X SSC for 5 minutes before being dehydrated in an
ethanol series. The probe set was applied according to the manu-
facturer’s instructions to the selected hybridization areas, which were
covered with 12-mm glass coverslips and sealed with rubber cement.
Codenaturation and hybridization were performed in the Hybrite plat-
form (Vysis), with temperature set for 1 minute at 85°C and 24 hours at
37°C. Posthybridization washes were performed with 2X SSC/0.3%
NP40 at 72°C for 2 minutes, followed by wash in 2X SSC for 2 minutes
at room temperature and dehydration in ethanol series. Chromatin
was counterstained with 4’,6-diamidino-2-phenylindole (0.3 pg/ml in
Vectashield Mounting Medium; Vector Laboratories, Burlingame, CA).

Analysis was performed on epifluorescence microscopes (Carl Zeiss
Microlmaging, Thornwood, NY) equipped with single band pass
interference filter sets for blue (4',6-diamidino-2-phenylindole), aqua
(SpectrumAqua), green (fluorescein isothiocyanate), yellow (Spec-
trumGold), and red (Texas red). For documentation, images were
acquired with a cooled charge-coupled device camera (Photometrics,
Tucson, AZ) in monochromatic layers and merged and processed using
the CytoVision software (Applied Imaging, Inc., San Jose, CA). The
areas selected by the pathologist in the H&E-stained sections were
identified in the hybridized slide, and 30-50 nuclei were scored per
area. A total of 30 areas with normal histology was also included in the
experiments and similarly analyzed. A cell was considered abnormal
(aneusomic) when showing three or more signals for two or more of the
DNA targets. A premalignant lesion was considered abnormal (aneu-
somic) based on 100% specificity for the test (e.g., when the frequency
of abnormal cells was higher than the highest frequency of aneusomic
cells found in areas with normal histology [6.7%]).

Statistical Analysis

Categorical data (presence of LC, chromosomal aneusomy, and his-
tologic grade) were summarized using frequencies and percents.
Distribution of differences between cases and control subjects were
examined using the Chi-square test. Logistic regression models were
used to investigate the associations between cancer status and histo-
logic dysplasia score and cancer status and FISH analysis outcome.
Within the categories of histologic dysplasia (MD, SD, CIS), logistic
regression models were developed to explore the associations between
FISH analysis outcome and cancer status. Associations were expressed
as odds ratios (ORs) with corresponding 95% confidence intervals (CI).
MD and normal FISH results (no chromosomal aneusomy) were taken
as reference. Univariate and multivariate models adjusting for cova-
riates were implemented. Covariates included age (continuous), sex,
smoking status (former vs. current), and pack-years. All analyses were
performed using Microsoft Excel and SAS (version 9.1; SAS Institute,
Inc., Cary, NC).

RESULTS

The analyzed population was comprised of 104 males and 30
females, with a mean age of 63.7 years. Subjects had a mean
smoking history of 62.3 pack-years, and the majority of them
(56.7%) were current smokers (Table 1). The distribution of
age, gender, and pack-years of smoking were not different be-
tween LC cases and control subjects. The cell types of the 44 LC
cases included 6 adenocarcinoma, 24 squamous cell, 1 small
cell LC, and 13 unspecified non-small cell LC. Of the 44 cases
with LC, 41 were known to have prevalent LC at the time of
diagnosis, and 3 were diagnosed within 5 years after the bron-
choscopy (12, 30, and 45 mo).

TABLE 1. DEMOGRAPHICS IN THE CASE (INVASIVE LUNG
CARCINOMA) AND CONTROL (FREE OF INVASIVE LUNG
CARCINOMAS FOR AT LEAST 5 YR) COHORTS

P Values
from x2 Test

Abnormal  Cancer
Cases (%)  Controls (%) FISH (%) Status* FISH**
Characteristic (n = 44) (n = 90) (n = 56) (44:90) (56:78)
Age, yr 0.22 0.10
30-59 12 (27.3) 37 (41.1) 19 (33.9)
60-69 18 (40.9) 34 (37.8) 18 (32.1)
=70 14 (31.8) 19 (21.1) 19 (33.9)
Sex 0.41 0.29
Male 36 (81.8) 68 (75.6) 46 (82.1)
Female 8 (18.2) 22 (24.4) 10 (17.9)
Pack-years 0.31 0.07
<50 18 (40.9) 48 (53.3) 22 (39.3)
50-76 11 (25.0) 22 (24.4) 14 (25.0)
=75 14 (31.8) 19 (21.1) 19 (33.9)
Missing 1(2.3) 17.1) 1(1.8)
Smoking status 0.07 0.03
Current 30 (68.2) 46 (51.1) 26 (46.4)
Former 14 (31.8) 43 (47.8) 30 (53.6)
Missing (0.0) 1.(1.1) (0.0)

Definition of abbreviation: FISH = fluorescence in situ hybridization.
* Cases:controls.
** Abnormal FISH:normal FISH.

The relationship between cancer status and both biomarkers,
histologic grade and chromosomal aneusomy, is shown in Table 2.
Differences between LC cases and control subjects are shown
as crude and adjusted OR with 95% CIs. The proportion of
subjects with LC increased from carriers of MD (18.5%) and
SD (22.9%) to carriers of CIS lesions (71.9%). When the OR
for SD and CIS were calculated using MD as a reference, we
found no association for SD (OR, 1.27; 95% CI, 0.47-3.45),
whereas CIS on histologic analysis was strongly associated with
invasive LC (OR, 16.4; 95% CI, 5.02-53.72).

Chromosomal aneusomy (illustrated in Figure 1) was found
in premalignant lesions of 56 subjects (41.8%), whereas the
lesions in the remaining 78 subjects (58.2%) showed normal
FISH results. Among the 44 LC cases, chromosomal aneusomy
was found in 28 (63.6%), whereas, in control subjects, aneuso-
mic lesions were seen in 28 of 90 cases (31.1%; OR, 4.68; 95%
CI, 1.97-11.04). The proportion of subjects with chromosomal
aneusomy increased from MD (22.2%) to SD (41.7%) and CIS
lesions (75%), and showed a similar trend for cases and control
subjects (Figure 2). The odds of the presence of aneusomy were
over 4.5-times greater in LC cases than in those subjects who
remained cancer free (Table 3). These odds were lower among
those with MD (OR, 2.31; 95% CI, 0.27-20.04) and SD (OR,
3.07; 95% CI, 0.45-21.01), but increased among those with CIS
(OR, 5.84; 95% CI, 1.31-26.01). Aneusomy was also signifi-
cantly associated with smoking status in this study population
(P = 0.04), but not with other demographic characteristics.

Of the 23 CIS lesions with a known LC site, 19 (83%)
exhibited chromosomal aneusomy, compared with 5 out of 9
(55%) in CIS lesions occurring in patients without LC. It must
be noted that 14 out of the 23 CIS lesions with a known cancer
site were obtained at biopsy sites adjacent to an invasive LC
diagnosed at the same bronchoscopy. Of these 14 CIS lesions,
11 (79%) were aneusomic. When the 14 cases of CIS with
adjacent LC were excluded, 8 of the 9 cases (89%) with LC at
a site distant (in a different lobe) from CIS exhibited chromo-
somal aneusomy.
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TABLE 2. ASSOCIATION BETWEEN LUNG CANCER STATUS AND THE BIOMARKERS HISTOLOGIC

GRADE AND CHROMOSOMAL ANEUSOMY

Case* Control
(n=44) (n = 90)
Markers No. (%) No. (%) Crude OR (95% CI) Adjusted OR* (95% CI)
Histologic grade
MD 10 (22.7) 44 (48.9) 1 1
SD 11 (25) 37 (41.1) 1.31 (0.5-3.42) 1.27 (0.47-3.45)
ClIs 23 (52.3) 9 (10) 11.24 (4.01-31.56) 16.41 (5.02-53.72)
Chromosomal aneusomy
Negative 16 (36.4) 62 (68.9) 1 1
Positive 28 (63.6) 28 (31.1) 3.88 (1.81-8.28) 4.68 (1.97-11.04)

Definition of abbreviations: Cl = confidence interval; CIS = carcinoma in situ; MD = moderate dysplasia; OR = odds ratio; SD =

severe dysplasia.
* Invasive lung carcinoma.

 Confirmed free of invasive lung cancer since bronchoscopy or to time of death from another cause.

* Adjusted for age, sex, smoking status, and pack-years.

DISCUSSION

In this study, we have investigated histologic preneoplasia grade
and chromosome aneusomy assessed by FISH assay in bron-
chial biopsies as correlates of prevalent LC. Aneusomy was
present in 63.6% of LC cases compared with 31.1% of control
subjects (OR, 4.68; 95%, CI 1.97-11.04), implying a significant
association with invasive LC. Chromosomal aneusomy was asso-
ciated with LC in biopsies with any dysplasia, but was partic-
ularly strongly associated in biopsies with CIS. It is likely that
different probe sets can be defined that will improve the test
characteristics of the FISH assay. FISH analysis on tissue samples
may add valuable information to conventional histology in the
assessment of preneoplastic intraepithelial bronchial lesions, and,
in the future, guide the need for monitoring of high-risk patients
with aneusomic lesions.

There are several limitations to this study. A total of 32
patients with CIS were available from three institutions; 23 had
either a prevalent (20) or incident (3) LC. As 14 of 23 patients
with CIS and invasive LC had the CIS at a site adjacent to the LC,
it is possible that these subjects may have biased our results
toward an association between chromosomal aneusomy and LC.
We do not believe this to be the case, as similar fractions (11/
14 vs. 8/9) of the patients with CIS and invasive LC at either
adjacent or distant sites exhibited aneusomy. A larger study
population will be required to evaluate this definitively. Two
theories prevail regarding CIS adjacent to an invasive LC: that
the CIS represents lateral spread of tumor cells within the epi-
thelium without demonstrated invasion, or, alternatively, these

90 1 M Cases
80

[ Controls

70

60

50

40

30 1

Percent FISH positive

20

Moderate Atypia Severe Atypia CIS

Figure 2. Frequency of moderate dysplasia, severe dysplasia, and carci-
noma in situ (CIS) among cases and control subjects.

CIS lesions may represent a region of advanced dysplasia within
which an invasive carcinoma arose. A second limitation is that
this study was largely cross-sectional. The question of whether
aneusomy predicts the subsequent development of invasive LCin
various histologic grades of premalignancy will require a pro-
spective study. The difficulties of following premalignant lesions
for an adequate length of time are illustrated by the fact that the
present study represents samples from three sites, two of which
(UCCC and BCCA) have performed bronchoscopy in a research
setting for over 15 years each. As additional high-risk patients are
enrolled and followed, adequate numbers of incident cancers
may be accrued to address this in a prospective manner.

A wide variety of chromosomal changes are thought to be
important in the development of LC (15, 24). These involve
tumor suppressor genes, oncogenes, cell regulatory genes, and
DNA repair genes. Chromosomal changes have been known
to affect almost every chromosome, and may be found in all
regions of the bronchial mucosa. These changes have been iden-
tified in airway samples from healthy smokers, from individ-
uals with premalignant dysplastic lesions and in nonmalignant
bronchial mucosa from patients with LCs (25). Multifocal and
unpredictable histologic and molecular changes in the airways
of high-risk smokers have been described as “field cancer-
ization,” a phenomenon particularly reported in epithelial ma-
lignancies, such as oral squamous cell carcinoma, carcinoma of
the pharynx, and LC (14). Multicolor interphase FISH analysis,
as well as spectral karyotyping of metaphases of cultured
bronchial epithelial cells, has enhanced the capacity to study
chromosomal field changes in bronchial epithelium of high-risk

TABLE 3. ASSOCIATION BETWEEN CANCER STATUS AND
CHROMOSOMAL ANEUSOMY AMONG THE
HISTOLOGIC GRADES

Chromosomal Aneusomy

Positive Negative

(n = 56) (n=78)
Histologic Crude OR* Adjusted
Grade Case* Control' Case* Control® (95% CI) OR¥ (95% ClI)

All subjects 28 28 16 62 3.88 (1.81-8.28) 4.68 (1.97-11.04)

MD 3 9 7 35  1.67 (0.36-7.76) 2.31 (0.27-20.04)
sD 6 14 5 23 1.97(0.51-7.68) 3.07 (0.45-21.01)
cis 19 5 4 4 3.80 (0.69-20.81) 5.84 (1.31-26.01)

For definition of abbreviations, see Table 2.

* Invasive lung carcinoma.

" Confirmed free of invasive lung cancer since bronchoscopy or to time of
death from another cause.

* Adjusted for age, sex, smoking status, and pack-years.
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smokers. In a recent study, FISH analysis of exfoliated cells was
found to significantly increase the sensitivity of sputum cytology
as a predictor of LC (26). FISH has also been used successfully
in the diagnosis of breast cancer (27) and carcinoma of the
bladder (28).

The development of autofluorescence bronchoscopy has pro-
vided an opportunity to study the natural history of preneoplastic
lesions in airway epithelium using visual assessment at bronchos-
copy and histologic analysis. Up to the present, the histologic
grade has been the only clinical biomarker to assess the pro-
pensity of preneoplastic change to progress to CIS or invasive
cancer. In a recently published prospective follow-up study of 54
individuals with various grades of premalignant lesions, pro-
gression to CIS or invasive LC was observed in 30% (10/34) of
individuals with low-grade lesions over a median follow-up time
of 52 months (17), and in 39% of those with high-grade lesions
over median follow-up of 39 months. The difference in pro-
gression rate between low- and high-grade lesions was not
significant. Fluctuation of histologic grade on repeat, same-site
biopsy was observed with 26% of low-grade lesions and 61% of
high-grade lesions absent from follow-up biopsies. There are
several possible explanations for this finding, including complete
removal of small lesions by initial biopsy or regression of
dysplasia. Direct observation of continuous, linear progression
to malignancy from low- and even high-grade lesions at specific
bronchial sites is not to be expected in most individuals, partic-
ularly during a short period of observation. The approach to the
treatment of these premalignant early lesions will require better
definition of the natural history of these lesions with longer
follow-up and more comprehensive evaluation of correlative
biomarkers. CIS lesions are rare in the clinical setting. Most
longitudinal studies indicate that the risk of progression of such
alesion to invasive LCis substantial (29, 30). The development of
biomarkers that more accurately predict the progression to
invasive cancer is particularly important in this setting.

On the basis of our cross-sectional data, the presence of chro-
mosomal aneusomy might be hypothesized to denote a higher
risk of developing invasive LC. Additional prospective studies
of FISH analysis for chromosomal aneusomy are required to
establish its potential role in the assessment and clinical man-
agement of preneoplastic bronchial lesions. Future studies in
a larger population are warranted to assess the role of histologic
grade and FISH in the evaluation of these lesions. Chromo-
somal aneusomy may also be one way to identify subjects with
the lesions most suitable for chemoprevention trials.
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