
Summary. The computed tomography (CT)-based early
lung cancer diagnostic technologies allow the detection
of very small stage I lung tumors. As part of these
screening protocols any suspicious nodule has to be
diagnosed morphologically, which requires CT-guided
Fine Needle Aspiration, open biopsy or surgery. Fine
Needle Aspiration (FNA) cytology is a well-recognised
method for a rapid and accurate diagnosis of small lung
tumors. Molecular analysis of the FNA specimens could
complement cytology diagnosis by the characterization
of the biological traits at the preoperative stage. In this
study, we aimed to characterize the biological profile of
33 paraffin-embedded transthoracic FNA samples
obtained from three groups of lung cancer patients: two
groups of small early-detected lung adenocarcinomas
(radiologically subsolid and solid nodules) and a third
group of small metastatic adenocarcinomas. Genetic
analysis was performed by fluorescence in situ
hybridization using the four-color LAVysion probe. p53
and Ki-67 protein expression was also evaluated by
immunocytochemistry. The samples showed gains for all
targets analyzed; two cases had EGFR gene
amplification and two cases had MYC amplification.
There were no significant differences in the percentage
of genetically malignant cells and the expression of Ki-
67 among the three groups. However, p53 accumulation
was significantly higher in the metastatic group
compared to the subsolid early-detected group (P =
0.001). In conclusion, molecular analysis of FNA
specimens may provide useful information at
preoperative stages. In our series, a good prognostic
profile in subsolid early detected adenocarcinomas is
suggested. 
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Introduction

Survival rates for lung cancer are still low because a
high percentage of patients have disseminated disease at
diagnosis (Boyle and Ferlay, 2005; Jemal et al., 2006);
therefore, tests for early diagnosis are required.
Diagnostic technologies based on spiral computerized
axial tomography (spiral CT) allow for the detection of
progressively smaller lung tumors (Mulshine, 2003;
Bastarrika et al., 2005; Mulshine and Sullivan, 2005)
with very good survival (T.I.E.L.C.A.P. Investigators,
2006). As part of these screening protocols suspicious
nodules have to be morphologically diagnosed through
Fine Needle Aspiration cytology (FNA), open biopsy, or
surgery. Transthoracic CT-guided FNA cytology is a
very useful tool in the diagnosis of peripheral lung
nodules (Aviram et al., 2005). It is an accurate and fast
procedure with a low rate of severe complications
(Chandan et al., 2004), and improving its sensitivity and
specificity may reduce to minimal levels the rate of
unnecessary invasive procedures in a screening program.
An expert team including radiologists and
cytopathologists is essential for the success of this
procedure. However, FNA diagnosis can become a
challenge in some lung cancer cases due to the paucity
of cells obtained from small lung nodules. This
limitation could be overcome by complementing
cytology diagnosis with immunocytochemistry and
molecular analysis. 

Interphase fluorescence in situ hybridization (FISH)
is a sensitive and reliable technique which detects
numerical and structural chromosomal abnormalities in a
cell-to-cell analysis (Varella-Garcia, 2003; Mundle and

Molecular characterization of small peripheral lung
tumors based on the analysis of fine needle aspirates
I. Zudaire1,2, M.D. Lozano3, M.F. Vazquez4, M.J. Pajares1,5, J. Agorreta1,5, 
R. Pio1,6, J.J. Zulueta7, D.F. Yankelevitz8, C.I. Henschke9 and L.M. Montuenga1,5
1Oncology Division, Center for Applied Medical Research, 3Departments of Pathology, and 7Neumology, Clínica Universitaria de
Navarra and 2Departments of Genetics, 6Biochemistry and 5Histology and Pathology, Schools of Medicine and Sciences, University
of Navarra, Pamplona, Spain, Departments of 4Pathology and 8Radiology, Weill Medical College of Cornell University, New York,
USA

Histol Histopathol (2008) 23: 33-40

Offprint requests to: Luis M. Montuenga, Área de Oncología, Centro
para la Investigación Médica Aplicada, University of Navarra, Avenida
Pío XII, 55, 31008 Pamplona, Spain. e-mail: lmontuenga@unav.es.

DOI: 10.14670/HH-23.33

http://www.hh.um.es

Histology and
Histopathology
Cellular and Molecular Biology



Sokolova, 2004). It is a powerful and versatile molecular
cytogenetic research tool and it is becoming an
important adjunct to tumor diagnosis, prognosis and
response to treatment (Heselmeyer-Haddad et al., 2002;
Cappuzzo et al., 2005; Piccart-Gebhart et al., 2005). In
lung cancer, some recent reports illustrate its usefulness
to detect the presence of abnormal cancer cells in
biopsies, bronchial brushings, bronchial washings and
sputum specimens (Sokolova et al., 2002; Romeo et al.,
2003; Varella-Garcia et al., 2004; Barkan et al., 2005;
Bubendorf et al., 2005; Woenckhaus et al., 2005; Halling
et al., 2006; Kettunen et al., 2006). Nowadays, the same
FISH techniques that are applied to surgical pathologic
samples are equally applicable to cytologic specimens
(Oliveira and Frenoh, 2005). In FNA samples, FISH
analysis has improved the sensitivity of cytology
diagnosis of hematological neoplasms, such as B-cell
non-Hodgkin lymphoma (Safley et al., 2004), multiple
myeloma (Avva et al., 2001; Mukunyadzi et al., 2001),
and breast cancer (Beatty et al., 2004; Bofin et al.,
2004). 

Recent CT studies have tried to establish
correlations between CT features, pathology and survival
in lung nodules (Travis et al., 2005). The molecular
analysis of these nodules may provide useful
information on their biological traits at the preoperative
stage that can minimize the risk of overdiagnosis, thus
improving the management of these patients. Using
surgical resected specimens, we have recently shown
that early stage lung cancer detected in a CT-based
research screening program has similar molecular
features to nonscreen-diagnosed stage I non-small cell
lung cancer (NSCLC) (Pajares et al., 2006). 

The aims of the current study were: (1) to test
whether paraffin embedded transthoracic FNA samples
are suitable for FISH and immunocytochemical analysis;
and (2) to compare the biological profile of three
different cohorts of small peripheral pulmonary nodules:
a) subsolid nodules (non solid and part solid) diagnosed
as adenocarcinomas, b) small solid adenocarcinomas,
and c) aggressive adenocarcinomas with documented
lymph node metastasis or pleural involvement.
Materials and methods

Patients and samples

We studied a series of 33 patients diagnosed with
lung cancer at Cornell-Weill Medical Center between
2001 and 2004. The samples were collected according to
an approved institutional protocol (IRB 0504007849).
Seven of the 33 original cases were excluded from the
statistical analysis because of several reasons: In 4 of the
original 33 FNA specimens (12.1%) we found very little
informative material, so they were classified as non-
contributory samples as neither cytological diagnosis nor
immunocytochemistry could be performed. Additionally,
other two samples were excluded due to weak FISH
signals and a third case because only reactive bronchial
cells were found (see results). Finally, 26 samples were
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included in the statistical analysis. Specimens were
grouped in three cohorts: Cohort A was comprised of 7
nonsolid or part-solid nodules (based on CT
morphology) diagnosed as adenocarcinoma,
bronchioloalveolar subtype or adenocarcinoma-mixed
subtype; cohort B consisted of 9 small adenocarcinomas
(solid nodules by CT scan images); and cohort C
included 10 cases of aggressive adenocarcinomas (one
part-solid and 9 solid nodules), with either pleural or
lymph node invasion. The patients include 17 women
and 9 men, with a median age at the time of resection of
69 years (range, 44 to 85 years). 

Aspirates for cytological analysis were obtained
using a 22 gauge needle supported by a 20 ml syringe.
All procedures were performed under CT guidance by
the same radiologist (DY) and reviewed by the same
pathologist (MV) at Cornell-Weill Medical Center. The
procedures were performed with a cytologist on site.
Smears of the aspirate were air-dried and stained by the
Diff-Quik method (Dade AG, Dudingen, Switzerland).
In some cases, when samples were judged to be
insufficient for diagnosis, the cytologist requested
additional needle passes. Additionally, Papanicolaou
staining was performed in alcohol fixed smears. Once
cytological diagnosis was reached, the remaining
aspirate sample was fixed in formalin and paraffin
embedded for cell block preparation. The initial concern
was the identification of cancer and if possible, its
classification as small cell or non-small cell carcinoma.
A diagnosis of adenocarcinoma was subclassified
whenever possible. Table 1 summarizes the clinical
features of the specimens analyzed.
Fluorescence in situ hybridization

FISH analysis was performed using the LAVysion
set probe (Vysis/Abott Laboratories, Downers Grove,
IL). The set contains probes to the centromere of
chromosome 6 (labeled with SpectrumAqua), and to the
loci 5p15.2 (containing the markers D5S721 and D5S23,
labeled with SpectrumGreen), 8q24 (MYC gene;
SpectrumGold) and 7p12 (Epidermal growth factor
receptor, EGFR gene; SpectrumRed). For FISH analysis,
4 µm paraffin-embedded tissue sections were prepared
from FNA cell blocks. Briefly, sections were dewaxed
and pretreated with 10 mM citric acid buffer, pH = 6, for
25 minutes and 0.5% pepsin solution at 37°C for 13
minutes. After dehydration, the slides were co-denatured
at 75°C for 5 minutes followed by incubation at 37°C for
24 hours in a humidified chamber. Posthybridization
washes were performed in 2x SSC/0.3% NP-40 at 73°C
for 2 minutes. DAPI stain was applied as a nuclear
counterstain.

The samples were evaluated on a Zeiss AxioImager
fluorescent microscope (Zeiss, Welwyn Garden City,
UK) and multifocus images were acquired for all probes
using the ISIS software (Metasystems, Altlussheim,
Germany). The FISH study was performed completely
blindly to the cytological diagnosis. Enumeration of the
signals was performed in 12 to 60 non-overlapping
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nuclei that appeared morphologically abnormal. 
A cell was considered abnormal if three or more

signals were found in at least two of the four FISH
probes (Woenckhaus et al., 2005). We established the
statistically significant cut-off to consider a sample as
positive for malignancy using the LAVysion set probe in
tissue sections, as the average number of abnormal cells
plus three times the standard deviation determined in
five normal-appearing bronchiolar epithelium coming
from the histologically normal regions of tumor samples
(Pajares et al., 2006) (Table 2). 
Immunocytochemistry

p53 and Ki-67 immunocytochemistry analysis were
carried out in the Pathology Department of the Clínica
Universitaria de Navarra. For immunocytochemical
analysis, 3 µm formalin-fixed paraffin embedded
sections were dewaxed and rehydrated. Endogenous
peroxidase activity was blocked and antigen retrieval
was carried out in 10 mM Tris/HCl, 1 mM EDTA, pH 9,
for 20 minutes (for Ki-67), and 10 mM citric acid buffer,
pH 7, for 20 minutes (for p53). Tissues were incubated
in normal serum to block non-specific staining and the
diluted primary antibody was applied overnight at 4°C

(dilution 1:80 for Ki-67, Dako, Glostrup, Denmark, and
1:200 for p53, Novocastra, Newcastle, UK). Sections
were incubated with monoclonal Envision complex
(Dako), and developed with diaminobenzidine.
Immunocytochemistry evaluation was performed
considering the extension of the staining (percentage of
positive cells) for each antibody.
Statistical analysis

Statistical analysis was performed using SPSS
software Version 11.0. The Kruskall-Wallis test was used
to compare the percentage of positive cells for p53 and
Ki-67, and the percentage of abnormal cells by FISH
among the three cohorts. Independent groups were
compared using the Mann-Whitney U test.
Results

FISH analysis

Fluorescent signals with proper quality for analysis
were found in 31/33 specimens (93.9%); among them, 4
cases were classified as non informative because of the
limited relevant material present in the section (two of
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Table 1. Clinicopathological features of the 26 patients. 

Samples Gender Age FNA cytology diagnosis Pathology diagnosis of the resected tumor CT features

Cohort A
1 M 69 ADC with BAC features BAC* NS
2 F 62 ADC with BAC features ADC, mixed subtype NS
3 F 70 ADC No surgery NS
4 M 64 ADC BAC* NS
5 F 74 ADC with BAC features ADC, mixed subtype PS
6 F 52 ADC ADC, acinar PS 
7 F 78 ADC ADC, mixed subtype PS

Cohort B
1 F 68 ADC with papillary features ADC, papillary subtype S
2 F 59 ADC with BAC features BAC S
3 F 73 NSCLC, favor ADC No surgery S
4 F 59 ADC BAC S
5 M 85 ADC ADC, mixed subtype S
6 F 73 ADC No surgery S
7 M 78 ADC No surgery S
8 M 75 ADC with BAC features ADC, mixed subtype S
9 M 69 ADC ADC, mixed subtype S

Cohort C
1 F 56 ADC ADC, mixed subtype S
2 M 84 ADC ADC S
3 F 78 NSCLC, favor ADC ADC, mixed subtype S
4 F 44 ADC ADC, mixed subtype S
5 M 83 ADC ADC, mixed subtype PS
6 F 84 ADC No surgery S
7 F 57 ADC No surgery S
8 M 51 ADC ADC, acinar S
9 F 69 ADC No surgery S
10 F 68 ADC ADC S

M, male; F, female; NSCLC, non-small cell lung cancer; ADC, Adenocarcinoma; BAC, Adenocarcinoma, bronchioloalveolar subtype; NS, non-solid; PS,
part-solid; S, solid. *: possible micro-invasion.



them with ≤ 3 tumor cells). Among the 27 contributory
cases, genetically abnormal cells were detected in 26
cases (average number of abnormal cells > 15%, Table
2), and one case showed a normal FISH pattern.
Conventional cytology report for this case called for
reactive bronchial cells only but not cancer. Thus, this
case was excluded from the final statistical analysis.
Most of the samples showed gains of few copy number
signals (range 3-6) for each of the four probes analyzed.
We did not detect chromosomal loss for any of the four
targets. We found two cases with EGFR gene
amplification (B3 and C4) and two cases with MYC
amplification (A6 and B7) (Fig. 1). The percentage of
abnormal cells detected is summarized in Table 2.
Statistical analysis of the FISH results showed that there
were no significant differences in the percentage of

abnormal cells among the three cohorts (p=0.550). The
Kruskal-Wallis test did not detect significant differences
for any of the four probes (p=0.376 for 5p15, p=0.571
for EGFR, p=0.668 for MYC and p=0.561 for CEP6;
Table 2).
Immunocytochemistry

Significant differences in p53 expression were
detected among the three cohorts (p=0.008). The Mann-
Whitney U test showed that there was a significant
difference in p53 expression between cohort A and
cohort C (subsolid tumors vs. metastasized tumors;
p=0.001). Conversely, non significant differences were
detected among the cohorts for Ki-67 expression
(p=0.828).
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Table 2. Results of FISH and Immunocytochemical staining for p53 and Ki-67.

SAMPLES FISH ICC
n 5p15 EGFR MYC CEP6 Abnormal cells(3.6;3.6)(14.4)* p53 Ki-67

Cohort A
1 17 77 41 59 12 88 - 1
2 24 54 25 13 0 54 - 5
3 50 80 82 94 78 98 5 60
4 17 53 42 71 65 76 - -
5 50 90 76 94 98 100 - 10
6 37 97 75 97 15 100 - 25
7 34 56 10 38 9 50 - 1

Median (range) 72 (53-97) 50 (10-82) 67 (13-97) 40 (0-98) 81 (50-100)

Cohort B
1 44 96 87 100 86 100 - 10
2 15 73 SO 56 44 63 - 25
3 50 80 98 96 80 100 80 80
4 24 96 42 63 63 96 - -
5 36 67 28 78 39 83 5 5
6 25 76 64 76 84 84 70 70
7 60 77 87 100 53 97 1 1
8 52 58 67 73 64 88 - 5
9 40 78 60 75 50 98 80 40

Median (range) 78 (58-96) 97(28-98) 80 (56-100) 63 (39-86) 90 (63-100)

Cohort C
1 31 10 32 48 10 42 10 10
2 41 68 71 95 83 100 10 10
3 60 93 100 92 93 100 30 80
4 39 74 95 95 72 100 50 80
5 12 100 67 84 75 100 70 10
6 28 82 50 67 61 79 1 -
7 33 97 20 73 12 89 5 -
8 60 95 18 82 55 98 25 -
9 27 86 89 82 63 100 5 5
10 15 93 20 80 47 87 20 90

Median (range) 80 (10-100) 56 (20-95) 80 (48-95) 57 (10-93) 90 (42-100)

**P 0.376 0.571 0.668 0.561 0.550 0.008 0.828

Data are given as percentage of abnormal cells for FISH and immunocytochemistry analysis. n, number of cells analyzed by FISH; SO, suboptimal
FISH signal intensity; -negative staining. *: (Average;SD)(Cut-off) value to consider a sample as positive for malignancy. **: P value of the Kruskal-
Wallis test.



Discussion

The recent development of screening approaches for
early diagnosis of lung cancer is creating new challenges
for cytopathologists and radiologists who have to deal
with very small tumors that yield even smaller samples.
These challenges have stimulated research and technical
development on molecular analysis of relevant
biomarkers on the small specimens. Unequivocal
probing of the biological profile of the tumor can be
achieved only by direct biopsy either after resection,
bronchoscopy or FNA, especially in the case of
peripheral nodules. FNA cytology is considered a safe,
accurate, reliable and fast procedure for lung nodule
characterization with a sensitivity of 62 to 97%, and a
specificity of 93% to 100% (Chandan et al., 2004;
Chhajed et al., 2005). At present, CT-guided

transthoracic FNA is a well recognized tool in the
diagnosis of peripheral lung nodules (Aviram et al.,
2005). 

One of the aims of this study was to determine
whether formalin-fixed, paraffin embedded tissue
procured by transthoracic FNA from small nodules was
suitable for molecular analysis by FISH and
immunocytochemistry. Alternatively, two other
preparation methods, Cytospin and ThinPrep have been
used for diagnostic cytology of lung cancer patients.
ThinPrep methodology has gained acceptance in recent
years and some publications have shown an excellent
performance of the ThinPrep technique applied to FNA
specimens from lung nodules (Konofaos et al., 2006). In
our case, excellent FISH results are regularly obtained
using ThinPrep slides of sputum and bronchial washings
(data not shown). In the present study we have used the
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Fig. 1. Representative images of the B3 FNA sample (solid adenocarcinoma). A. Hematoxylin and eosin staining. B. Ki-67 expression. C. p53
expression. D. LAVysion multicolor FISH analysis: the cell presents an abnormal FISH pattern with EGFR gene amplification (red signals), 5 copies of
CMYC gene (yellow signals), 4 copies of the 5p15.2 locus (green signals) and 5 copies of the chromosome 6 (white signals). A, x 310; B and C, x 500



available archival material preserved as paraffin blocks
of fixed FNA samples. Although FISH analysis of
paraffin samples is technically more demanding than for
ordinary alcohol-fixed cytospins, we obtained good
quality FISH signals in a high proportion of specimens
(31/33; 93.9%). Moreover, chromosomal aberrations
(gains of 5p15.2 probe and amplification of MYC probe)
were also detected in two of the 4 excluded cases with
extremely limited material (≤ 3 cells) (data not shown)
where immunocytochemistry analysis and cytology
diagnosis was not informative, confirming the
effectiveness of the FISH analysis even with suboptimal
sample conditions.

Our second purpose was to compare the molecular
profile of small peripheral lung adenocarcinomas
diagnosed by CT. Some efforts have been made in order
to highlight the potential diagnostic role of CT-features
of lung peripheral nodules. Among others, the total
tumor volume, the proportion of nonsolid component
(Tateishi et al., 2005) and the shape of the nodule (Li et
al., 2004) have been tested as potential markers of tumor
aggressiveness. Some reports have suggested that solid
nodules could have a worse prognosis than non solid
tumors (Asamura et al., 2003; Henschke et al., 2006;
Ohta et al., 2006). Furthermore, the presence of areas of
ground glass opacity and histology compatible with
bronchioloalveolar carcinoma seems to correlate with a
favorable prognosis (Aoki et al., 2001; Takashima et al.,
2002).

In our study, transthoracic FNA samples from
peripheral lung tumors provide useful material to
analyze their molecular profiles. LAVysion multicolor kit
has been used recently in lung tumor characterization by
us and other groups (Sokolova et al., 2002; Romeo et al.,
2003; Varella-Garcia et al., 2004; Barkan et al., 2005;
Bubendorf et al., 2005; Woenckhaus et al., 2005; Halling
et al., 2006; Kettunen et al., 2006; Pajares et al., 2006).
Most of the previous reports recognized the usefulness
of the LAVysion kit in lung cancer detection and
suggested that the FISH strategy renders higher
sensibility than conventional cytology in bronchial
washings (Sokolova et al., 2002), bronchial brushings
(Bubendorf et al., 2005) and sputa (Varella-Garcia et al.,
2004). Two previous papers have examined lung cancer
FNA specimens by FISH; Bubendorf et al. (2005)
analyzed 25 transbronchial FNA (not CT-guided
transthoracic FNA) using the LAVysion probe set.
Nakamura et al. (2005) evaluated chromosome 3 and 17
aneuploidy (not LAVysion probe set) in transbronchial
FNAs (5 cases) and CT-guided percutaneus biopsies (17
cases). As mentioned above, these studies focused their
results on comparing sensitivity and specificity between
FISH and conventional cytology. Our study is aimed to
analyze the genetic profile of three groups of lung
nodules, but also provides information about the
performance of the LAVysion set of probes in paraffin
embedded FNA material.

In the present study, we showed a similar FISH
pattern in early-diagnosed small adenocarcinomas and

small metastatic adenocarcinomas; moreover, significant
differences in chromosomal aberrations were not found
between early detected subsolid nodules and non solid
nodules. These results suggest that aberrations affecting
the four chromosomal regions analyzed by the LAVysion
set probe are already present in the early stages of lung
carcinogenesis. 

In our study, most of the cases showed gains of few
copy number signals (range 3-6) for each of the four
probes analyzed but we also found two cases carrying
bona-fide EGFR amplification and two showing MYC
amplifications. EGFR amplification identified by FISH
and EGFR gene mutations have emerged as effective
predictive markers for Gefitinib and Erlotinib sensitivity
(Paez et al., 2004; Cappuzzo et al., 2005; Hirsch et al.,
2005). EGFR mutations are apparently more frequent in
lung adenocarcinomas, in non-smoker females, and
within the East Asian ethnic origin (Herbst et al., 2004;
Mitsudomi et al., 2005). In the current report, one case
from cohort B (solid adenocarcinomas) and one from
cohort C (metastatic adenocarcinomas) showed EGFR
amplification. Both cases were females and case C4 was
a non smoker. These data provide a relevant example on
how FISH analysis of FNA samples may provide
information on key biological aspects of the tumor that
may be used to design specific molecular targeted
therapies.

Changes in proliferation-related markers, especially
Ki-67 overexpression, dysregulation of the Rb-cyclin
D1-p16 pathway and p53-p21WAF1 alterations are very
common events in lung cancer (Singhal et al., 2005) and
have been suggested by some groups as a useful marker
with significant prognostic potential in lung cancer
survival (Burke et al., 2005). Due to the limited material
obtained in FNAs, no more than six sections could be
obtained from a standard cell block of the remaining
aspirate sample; this is the reason why we selected p53
and Ki-67 immunocytochemical evaluation among the
panel of well established lung cancer biomarkers. In
accordance with previously published reports (Steels et
al., 2001; Burke et al., 2005), we observed significant
differences in the p53 protein accumulation between
already metastasized tumors and subsolid early-detected
tumors. However, no differences were seen between
solid early detected nodules and the group of
metastasized nodules, supporting the previous
hypothesis that solid nodules could present a worse
prognosis than subsolid tumors. Our data also support
that p53 protein accumulation is a later event in the
progression towards metastatic lung tumors. However,
the results presented herein should be interpreted with
caution considering the small size of the series and the
small number of molecular biomarkers analyzed. 

In summary, the present study shows that cytology
cell blocks obtained by FNA provide good material to
perform molecular and genetic analysis. The finding of
genetic aberrations and Ki-67 expression in small early
detected nodules suggests that these molecular
alterations may happen in the earlier stages of peripheral
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lung carcinogenesis.
In the future, the analysis of sections from FNA cells

blocks may be useful to better understand the biology of
small nodules within a screening program and, if a set of
validated biomarkers is available, to obtain diagnostic
and prognostic information and to suggest therapeutic
strategies. 
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