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The aim of the study was the evaluation of the efficiency of cytological examina-
tion of the material obtained by endobronchial ultrasound-guided transbronchial 
needle aspiration (EBUS-TBNA) and endoscopic ultrasound bronchoscope-guid-
ed fine needle aspiration (EUSB-FNA) methods in the diagnosis of lung carcinoma. 
The usefulness was also assessed of the material obtained in that way for immuno-
cytochemical and molecular tests in the diagnosis of non-small cell lung carcinoma. 
The material included cytological preparations obtained by EBUS and EUS meth-
ods. It was demonstrated that the technique made it possible to obtain diagnostic 
material from 94% of patients. A retrospective thorough analysis of those cases was 
the basis for the discussion of diagnostic difficulties.
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Introduction

According to the  National Registry of  Tumours, 
in 2013 in Poland, 21,524 new cases of  lung carci-
noma were diagnosed; the tumour was registered in  
14,609 men and 6915 women [1]. In view of ana-
tomical-topographic conditions, the diagnosis of lung 
carcinoma is very complex; therefore, obtaining of 
tissue material, establishing the diagnosis, and assess-
ment of the degree of tumour progression require in-
vasive procedures. In recent years minimally-invasive  
examinations have been introduced to the clinical 
practice, including EBUS-TBNA (endobronchial 
ultrasound-guided transbronchial needle aspiration) 
and EUSB-FNA (endoscopic ultrasound-guided fine 
needle aspiration). These methods enable cytological 
material to be obtained by means of  transbronchial 
biopsy from the tumour and, what is particularly im-
portant for the  assessment of  the progression stage 
of non-small-cell lung carcinoma (NSCLC), also from 
the mediastinal lymph nodes. Diagnostic efficiency is 

an  important question, which, according to current 
requirements, is not only limited to making the diag-
nosis of a tumour but also should provide predictive 
data, important for planning the therapeutic process, 
such as the subtype of non-small-cell carcinoma and 
analysis of genetic mutations.

Material and methods

The cytological material obtained by EBUS-TBNA  
and EUSB-FNA methods in the Department of Lung 
and Chest Tumours, Maria Skłodowska-Curie Cen-
tre of Oncology – Institute (CO-I) in Warsaw from 
1 January 2013 to 31 December 2014 were sub-
jected to retrospective analysis. The  examinations 
were carried out as part of  routine diagnostic pro-
cedures in patients with: 1) lung tumour, not ver-
ified morphologically; 2) mediastinal lymph node 
enlargement of  undetermined character; 3) suspi-
cion of a recurrence after surgery for NSCLC; 4) di-
agnosed NSCLC, in order to assess the lymph node  
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status and possibly to qualify the patients for a surgi-
cal procedure. A total of 324 patients were examined 
by the  EBUS-TBNA and EUSB-FNA methods in 
the CO-I, taking 710 aspirates by the EBUS-TBNA 
and 18 by the  EUSB-FNA method. The  examina-
tions were carried out in 146 women and 178 men. 
The preparations were initially examined by nine pa-
thologists. The microscopic preparations (2970 smears  
in total), which had been archived in the Division of  
Pathology and Laboratory Diagnostics, Centre 
of Oncology – Institute in Warsaw, were subjected 
to retrospective consultation assessment. In 25 cases 
lack of at least one preparation was found, and these 
preparations were sent to the Laboratory of Molec-
ular Tests, DPLD, CO-I, which was taken into ac-
count during assessment of the diagnostic value and 
of the usefulness for molecular tests. Two consultants 
in pathology performed the simultaneous evaluation 
assessment. Apart from establishing the microscopic 
diagnosis and qualification for immunocytochemical 
tests, also the usefulness of  the cytological material 
for molecular tests, and diagnostic difficulties that 
occurred in the  examined cytological smears, were 
determined.

The endoscopic examinations, both EBUS-TBNA 
and EUSB-FNA, were performed with an EVIS EX-
ERA II (OLYMPUS BF-UC180F) ultrasound video 
bronchofibrescope. The  aspirates were taken from 
the mediastinal lymph nodes, pulmonary hilar lymph 
nodes, and interlobar lymph nodes. The obtained as-
pirates were fixed in 95% alcohol and all smears were 
routinely stained with haematoxylin and eosin (HE).

The aspirate was assumed as diagnostic positive if 
malignant cells were found in the smears. The crite-
ria of assessment of tumour cell atypia were accept-
ed according to commonly known criteria used in 
the cytological diagnostics [2]. Positive diagnoses (i.e. 
diagnoses of malignant tumour) included non-small 
cell lung carcinoma, small-cell lung carcinoma, car-
cinoma cells (type indefinable), and malignant cells. 
The conditions of making the diagnosis of a malig-
nant tumour included the presence of numerous dis-
persed malignant cells or at least five groups formed 
of  several malignant cells.  As diagnostic negative 
cases, such preparations were assumed, in which only 
lymph node structure was found, including lympho-
cytes and macrophages, without the presence of ma-
lignant cells.

As non-diagnostic, these preparations were re-
garded, in which no malignant cells were present and 
no diagnostic counts of lymph node cells were found. 
Simultaneously, as a criterion of diagnostic positivity, 
at least one smear was accepted containing numerous 
lymphocytes and/or macrophages with pneumoco-
niotic changes. In doubtful cases at least five fields 
of vision in cell-rich areas were assessed at object glass 
magnification 40 × and, as non-diagnostic, these cases  

were accepted, in which in the  cell-rich fields less 
than 40 lymphocytes / 1 field of vision were present 
(40 × objective lens power).

A diagnostic result of  even one group of  lymph 
nodes with the presence of malignant cells was treat-
ed as a positive case, irrespective of whether the aspi-
rates of other groups of lymph nodes in that patient 
were negative or non-diagnostic. Similarly, each case 
in which in at least one group of diagnostic lymph 
node cells were found was treated as a  diagnostic 
negative result, on condition that in other groups 
of lymph nodes no malignant cells were seen. Cases 
were regarded as non-diagnostic if in all smears done 
in the patient, irrespective of their number, no diag-
nostic material was found. It should be mentioned 
that apart from the  absence of  malignant cells or 
the presence of a diagnostic count of lymph node cells, 
other reasons for acceptance of  the  smears as non- 
diagnostic included non-optimal fixation of the cells 
or their damage, e.g. as a result of crushing at the time 
of making the smears.

Results

The EBUS-TBNA and EUSB-FNA examinations 
were carried out by three bronchoscopy specialists, 
described as A, B, and C, who performed 16, 167, 
and 175 procedures, respectively. 

The analysis of  non-diagnostic, diagnostic nega-
tive, and positive results obtained by individual bron-
choscopists demonstrated no statistically significant 
differences (χ2 test, p = 0.6158), which was evidence 
of the repeatability of the method irrespective of indi-
vidual skills of the doctor performing the procedure, 
and of  the  fact that the  procedures were only per-
formed by the doctors, who had acquired adequate 
skills during the training courses.

Most frequently, the material was taken from two 
groups of lymph nodes – 159 cases, while examina-
tion of  only one group of  lymph nodes was done 
in 102 cases, and the  biopsy of  three lymph node 
groups was carried out in 92 patients. The biopsy 
of four locations was done in seven cases, and in one 
patient the  biopsy was taken from five locations  
(Table I).

In 33 cases the  examination was repeated, most 
frequently due to absence of diagnostic material. For 
that reason, the  procedure was repeated in 30 pa-
tients. Two patients had a repeated biopsy in order to 
obtain material that could be qualified for molecular 
tests. In one case of diagnosed tumour metastasis to 
the N1 group of lymph nodes a repeated examination 
was performed to rule out or confirm a metastasis in 
a lymph node from the N2 group.

In four patients the repeated procedure was done 
two times because the  first biopsy failed to pro-
vide diagnostic material. As a result of the repeated  
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biopsies, in 19 out of 30 cases positive results were 
obtained. In two patients the obtained repeated cyto-
logical material was qualified for molecular tests. On 
the other hand, in one patient, based on the repeat-
ed examination, the lymph node status was changed 
from N1 to N2. In 11 patients in the repeated biop-
sies only the cellular elements of lymph node struc-
ture were found.

In 20 patients no diagnostic material was obtained 
and no repeated biopsy by the  EBUS-TBNA/ 
EUSB-FNA method was performed.

Significant differences were observed in the  fre-
quency of  performing biopsies of  various groups 
of  lymph nodes. Most frequently, biopsies of  lymph 
node group 4 were done, the second in the frequency  
of  the  biopsies was group 7, and least frequently  
biopsies were taken from groups 6, 8, and 5.

The greatest number of diagnostic aspirates were 
also obtained in group 4, while most non-diagnostic 
results were found in group 7 (Fig. 1).

Taking into account the proportions of the exam-
inations performed, the highest percentage of diag-
nostic results was also obtained in group 4, while 
the highest percentage of non-diagnostic results was 
found in group 7. Jointly, the non-diagnostic biopsies 
accounted for 20% of all examinations.

In the  cytological assessment of  728 examina-
tions in 324 patients, malignant cells were found in 
198 patients (61.1%). In 106 patients (32.7%) no 
malignant cells were found, only cellular elements 
of lymph node structure were seen. The material was 
assessed as non-diagnostic in 20 patients (6.2%). 

The positive cases, in which malignant cells were 
found, were divided into the  following groups:  
1) small cell carcinoma; 2) squamous cell carcinoma;  
3) adenocarcinoma; 4) non-small cell lung carcinoma 
not otherwise specified (NSCLC NOS) (no possibility 
of  type determination in microscopic examination); 
and 5) tumour cells (this group included non-epithe-
lial primary lung tumours and malignant metastases 
to the lungs) (Table II).

Malignant tumours were detected in 349 out 
of 728 biopsies aspirates.

In 106 examinations only cellular elements of 
lymph node structure were found: lymphocytes and  

Table I. Number of biopsies performed during single EBUS 
and EUS examination

Number of simultaneous biopsies Number of cases

One location 104

Two locations 159

Three locations 92

Four locations 7

Five locations 1

Grou
p 3

Fig. 1. Number of diagnostic and non-diagnostic aspirates 
in groups of lymph nodes and in other locations

Fig. 2. Nuclear TTF-1 positivity in adenocarcinoma cells

Fig. 3. Immunoexpression of p40 in squamous cell carcinoma
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histiocytes, the  latter ones frequently contained 
pneumoconiotic material.

Immunocytochemical stains were performed only 
in 13 cases. A  specific reaction was observed and 
usefulness for the determination of the type of non-
small-cell carcinoma (Fig. 2, Fig. 3) was found. Also, 
confirmation of  metastasis of  large bowel cancer, 
seminoma, and prostatic cancer was obtained. Im-
munohistochemical tests were only done in doubtful 
cases, without unequivocal signs of glandular or pla-
noepithelial differentiation, preserving the diagnostic 
material for predictive testing.

An assessment of EGFR gene status was done in 
32 patients out of 91 with diagnosed adenocarcino-
ma or non-small cell not otherwise specified (NOS) 
carcinoma. In five cases an examination was ordered 
of  the  available histological material: in two cases 
of the material from cell-blocks and in the remaining 
25 cases, from cytological preparations. The  cyto-
logical material made it possible to obtain diagnos-
tic results of the molecular test. Only in one patient 
was the  presence of  EGFR gene mutation found; 
the test was done on cytological material. In two cas-
es, in view of  absence of  the material, which could 
have been qualified for molecular testing in the pa-
tients with diagnosed lung adenocarcinoma, a  re-
peated EBUS-FNA biopsy was carried out in order 
to obtain cytological smears, which could have been 
qualified for the  assessment of  EGFR gene status. 
In the  remaining 56 cases of  adenocarcinoma and 
33 cases of  non-small-cell carcinoma without signs 
of  squamous epithelial differentiation, at least one 
of the smears obtained by the EBUS-TBNA or EU-
SB-FNA method was qualified for molecular tests. 
The usefulness of the material obtained by the EBUS 
and EUS method for molecular tests has been well 
documented in the literature [3, 4, 5, 6, 7, 8, 9, 10].

Discussion

The analysis of  the  retrospectively assessed cases 
made it possible to call attention to the difficulties 

encountered by cytopathologists reagrding the cyto-
logical material. 

One of the most frequent problems is the difficulty 
in distinguishing squamous cell carcinoma from meta- 
plastic cells of the squamous epithelium, often seen 
in the bioptates of lymph nodes carried from the re-
spiratory tract during biopsies. It results from the ab-
sence of  an  evident cytological atypia of  the  cells 
of highly-differentiated squamous cell carcinoma. In 
such cases immunohistochemical stains only allow 
confirmation of a squamous epithelial differentiation 
but without the possibility to demonstrate the neo-
plastic character of the cells. The presence of necrosis 
and mitotic activity in tumour cells is of help in dis-
tinguishing metaplasia from cancer. Also, the bron-
chial epithelial cells, particularly the reserve cells, can 
show signs of reactive atypia. Of key importance in 
distinguishing reactive changes from cancer is finding 
the  intermediate stages, from normal cells to more 
and more atypical cells; such stages are present in 
the reactive changes. In the case of cancer, we usually 
encounter two populations of cells: normal and car-
cinomatous. Even more difficult is distinguishing, in 
cytological smears, lymph node structure cells from 
non-Hodgkin lymphoma cells; the  latter are usual-
ly monomorphic and of similar size and stainability 
of cell nuclei. Lymph node lymphocytes are charac-
terised by diversity, with predominance of  mature 
lymphocytes, which are accompanied, among other 
cells, by histiocytes and plasmocytes. 

Poorly differentiated tumours lose the cytological 
features typical of  the  tissues they originate from, 
which renders the diagnosis of cancer type difficult. 
In order to establish the direction of differentiation it 
may be necessary to use immunocytochemical meth-
ods, although in that situation it should be stressed 
that it is the immunocytochemical profile that corre-
sponds to the given type of cancer [11, 12, 13, 14].

Carcinoma of the lung is the most frequently de-
veloping primary malignancy of that organ. It should, 
however, be kept in mind that the lung is a very fre-
quent location of  metastases from other organs. In 
order to avoid making a mistake that is very unfa-
vourable for the patient, in the assessment of the pri-
mary and metastatic tumour, the clinical data from 
possible oncological history of  the  patient should 
always be learned. It may be indispensable to per-
form differentiating immunocytochemical stains. In 
the case of squamous cell carcinoma, even on the ba-
sis of the immunoprofile, it cannot be established by 
cytological evaluation whether the tumour is primary 
or metastatic. The detection of HPV infection may be 
helpful, which is typical of uterine cervical cancer and 
cancer of the head and neck, while lung carcinoma is 
usually hrHPV negative [15]. Intestinal adenocarci-
noma is characterised by a high morphological sim-
ilarity to primary mucus-producing lung carcinoma  

Table II. Number of patients with the diagnosis of a tu-
mour including its type, non-diagnostic result, and diag-
nostic negative result

Small-cell carcinoma 41

Squamous cell carcinoma 57

Adenocarcinoma 58

Non-small-cell carcinoma 33

Tumour cells 9

Lymphonodular structure cells 106

Non-diagnostic material 20
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of TTF1-negative, CK20-positive immunoprofile; 
therefore, the  basic immunoprofile may not give 
a decisive result [16]. Besides that, in primary lung 
adenocarcinoma of intestinal type, a positive expres-
sion is possible of the antibody typical of gastrointes-
tinal adenocarcinoma – CDX2. In such situations, 
the clinical data including information on the onco-
logical history of the patient are of key importance.

The analysis of  the  false negative cases demon-
strates the role of the quality of smears in establishing 
the correct diagnosis. Non-optimal fixation, drying, or 
mechanical damage cause the cells (both normal and 
malignant) to become difficult to assess in cytological 
examination – the morphological details of  the  cell 
nucleus are blurred and the nucleus/cytoplasm ratio 
is also disturbed. For that reason, the certainty is fre-
quently lacking as to whether the malignant cells are 
changed to such a degree, or the atypia is only appar-
ent. In such situations the best preserved diagnostic 
cells should always be sought in the preparation. If 
such cells are absent, then, in spite of  the presence 
of suspected cells, the preparation should be regarded 
as non-diagnostic. That will help avoid false positive 
results. In the reports by the authors of many papers 
false positive results are extremely rare, accounting 
for less than 3% of the diagnoses [17].

There is no commonly accepted criterion making 
it possible to confirm with certainty that an aspirate 
comes from a  lymph node. If among the  cells very 
numerous lymphocytes are present, among which 
small mature lymphoid cells predominate, accom-
panied by larger cells of lymphatic follicles and his-
tiocytes, it can be said with a high probability that 
the aspirate comes from a lymph node. Unfortunate-
ly, such smears were very few in the analysed mate-
rial; usually lymphocytic cells were mixed in various 
proportions with blood corpuscular elements. In such 
a situation clusters of lymphocytes should be looked 
for, and in those regions at least five large fields of vi-
sion should be found (40 × objective, 400 × mag-
nification), in which more than 40 lymphocytes are 
present. However, it is an arbitrary criterion, and it 
is not commonly recognised  [18, 19]. Other crite-
ria have been recommended by Patelli [18], accord-
ing to whom, a  preparation should be regarded as 
lymph node smear if lymphocytes account for more 
than 30% of  all cells in the  smear. On the  other 
hand, Nayak  [19] suggests that an  aspirate comes 
from a lymph node if in more than five fields of vision 
(10 × objective; 100 × magnification) more than  
100 lymphocytes/one field of  vision are present. 
All those criteria assume that lymphocytes are al-
ways present in the  lymph nodes, but it is known 
that lymph nodes undergo fibrosis, hyalinisation, or 
pneumoconiotic changes. In such nodes it is difficult 
to find preserved lymphocytes, and then the presence 
of  histiocytes containing pneumoconiotic material 

may be helpful. It should be kept in mind, however, 
that such cells may be present, e.g., in pulmonary 
alveoli. In a situation when the lymphonodular origin 
of  the  aspirate cannot be unequivocally confirmed, 
that information should be included in the cytologi-
cal diagnosis. We used in our practice a combination 
of criteria according to Kramer (at least one smear with 
an area of small lymphocytes or dendritic cells) [20], 
and in doubtful cases we used the  Alsharif criteria 
(more than 40 lymphocytes in a large field of vision 
in the most cell-rich areas)  [21]. The  requirements 
of  modern oncology impose the  necessity of  deter-
mination of non-small cell cancer subtype, which is 
difficult and sometimes even impossible in cytologi-
cal examination. A limitation of the EBUS and EUS 
methods, similarly as in the case of cytological mate-
rial obtained in other ways, is the lack of the possi-
bility of determination of histoformative structures, 
which are helpful in histological assessment. Anoth-
er important feature of  the  tumour, which cannot 
be assessed in cytology, is the spread of the tumour 
through the  alveolar space (STAS)  [21]. Negative 
and non-diagnostic results are an important problem 
in EBUS-TBNA and EUSB-FNA examinations. In 
various centres the percentage of non-diagnostic ma-
terial obtained by the EBUS-TBNA method ranges 
from 5% to 12.5%  [22, 23, 24, 25]. It should be 
mentioned that the  percentage of  non-diagnostic 
materials could have been influenced by various cri-
teria of smear diagnosticity and application (or not) 
of rapid on-site evaluation and cell-block.

 Negative results require a  clinical-radiological 
correlation and a  possible histological verification 
whether they are true negative, or false negative. 
On the other hand, non-diagnostic cases always re-
quire verification in another cytological or histo-
logical examination. It should be stressed that lack 
of histological verification is a limitation of the anal-
ysis discussed, which results from the  specificity 
of  the  oncological centre, which most frequently 
deals with patients with advanced disease, usually at 
an  inoperable stage. Fifty-two patients in the study 
group had histopathological diagnoses, but only in 
10 of  them the  lymph nodes were verified by his-
tological examination, while in the  remaining cases 
the  histological examinations concerned bronchial 
oligobioptates and tumours of  extrapulmonary ori-
gin. In the examination of nine lymph nodes assessed 
as negative based on EBUS/EUS method, absence 
of tumour structure was confirmed, and in one case 
assessed cytologically as positive, a  carcinomatous 
metastasis to the lymph node was confirmed. In view 
of the very low number of histological examinations 
of lymph nodes previously examined by EBUS/EUS 
method, no statistical analysis of those cases has been 
conducted. EBUS-TBNA and EUS-FNA are meth-
ods recently introduced to routine diagnostics of lung 
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tumours, which, as with any cytological examination, 
require close co-operation of the radiologist, clinician, 
and pathologist. The conditions of diagnostic success 
include adequate qualification of patients, indication 
of lymph node groups most suspected on radiography, 
skilful biopsy of the aspirate, and professional micro-
scopic assessment of the smears. The role of the doc-
tor taking the  material for cytological examination 
includes acquiring of  the maximal possible amount 
of diagnostic material indispensable for microscopic 
and immunocytochemical diagnostic procedures and, 
more and more frequently and to a greater and great-
er extent, for molecular diagnostics [26].

Conclusions

Based on two years of observations, we can say that 
cytological materials obtained by the EBUS-TBNA 
and EUSB-FNA methods are useful for the  diag-
nosis of lung cancer, particularly for the assessment 
of  the  stage of  primary non-small cell lung carci- 
noma.

The material obtained by EBUS-TBNA and EUSB- 
FNA methods usually makes it possible to determine 
the histological type of the cancer, which sometimes 
requires application of immunohistochemical tests.

The cytological material obtained in that way 
can be qualified for molecular tests indispensable 
in modern diagnostics of non-small cell lung cancer 
and so-called targeted therapy. The results obtained 
demonstrate that EBUS-TBNA and EUSB-FNA are 
examinations providing data indispensable for mak-
ing therapeutic decisions. The co-operation between 
an experienced bronchoscopy specialist and patholo-
gist is necessary to obtain optimal results.

The authors declare no conflict of interest.
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