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Introduction

The traditional approach to the diagnosis of lung and 
mediastinal diseases has included different noninvasive 
and invasive techniques performed to obtain diagnostic 
cytological and/or histological material. Among invasive 
techniques, aspiration cytology including transbronchial 
needle aspiration (TBNA) and computed tomography 
(CT)-guided transcutaneous fine needle aspiration/core 

biopsy have been used for many decades as an alternative to 
more invasive surgical procedures. However, in recent years, 
endobronchial ultrasound-guided TBNA (EBUS-TBNA)  
has emerged as an innovative technique and has been 
successfully introduced into daily clinical practice (1). This 
procedure has joined the use of conventional bronchoscopy 
and ultrasound imaging, which are two techniques well 
managed for decades, with needle aspiration beyond the 
bronchial wall to get material from both lung parenchyma 
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and mediastinal lymph nodes. Indeed, this procedure is 
of particular interest either to confirm the diagnosis of 
radiologically detected central lung cancer, or for the 
staging of known lung cancer by sampling mediastinal 
lymph nodes. Moreover, EBUS-TBNA can be particularly 
useful for the diagnosis of localized mediastinal disease 
or other lung diseases associated with mediastinal 
lymphadenopathy like sarcoidosis (2).

The results just obtained after the introduction of 
this novel technique in terms of diagnostic accuracy and 
safety has convinced clinicians that it may represent an 
innovative diagnostic tool with several advantages including 
minimally invasive approach, safe, cost-effective, real time 
image guidance, broad sampling capability, and rapid on-
site evaluation (ROSE) (3,4). EBUS-TBNA has also 
acquired importance in cases in which surgical procedures 
are contraindicated or unnecessary, like patients with co-
morbidity which increase surgical risks, and it is more 
suitable for patients with disease not requiring surgery such 
as lymphomas, germ cell neoplasms or metastatic lung 
cancers.

Using the EBUS-TBNA approach it is possible to obtain 
either cytological material (with or without ROSE) or 
histological cores. Although literature data comparing the 
diagnostic accuracy between the two material typologies 
are limited, available information has not demonstrated 
a significant difference. A perspective study comparing 
EBUS-TBNA with EBUS biopsy without aspiration has not 
demonstrated differences in sample quality and diagnostic 
yield for malignancy (5). Consequently, the choice of the 
type of material (cytological versus histological) mainly 
depends on the local expertise and organization. 

In this study we give a review on the practical approach 
to EBUS-TBNA procedure including cytological, 
histological, and molecular aspects. The new era of EBUS-
TBNA may be resumed as “do more with less” because with 
a relatively small material we are now able to perform an 
accurate diagnosis associated with prognostic and predictive 
morphological and molecular markers.

Cytology approach to EBUS-TBNA specimens

Considering the cytological approach to EBUS-TBNA 
specimens, sensitivity in the diagnosis of lung cancer is 
recorded to be up to 90% after learning curve (4) and 
diagnostic accuracy for this technique is reported to be higher 
than that for CT and PET (98% vs. 60.8% and 72.5%, 
respectively). The benefit of ROSE during EBUS-TBNA 

has been matter of debate in the last years. Indeed, although 
some studies concluded that ROSE does not increase the 
diagnostic efficacy of EBUS-TBNA (6), other several 
investigations have demonstrated that it allows to improve 
the diagnostic yield of the procedure up to 30% (7-9) and 
that the immediate evaluation of sample adequacy allows 
to avoid additional biopsies, additional bronchoscopic 
procedures, repetition of other diagnostic procedures or 
risk of complications connected to bronchoscopy (10). 
Furthermore the sample preparation by cytopathologist is 
optimized with the aid of direct macroscopic inspection, 
optimal smearing techniques, and triage of the sample 
allowing to obtain adequate tissue for diagnosis, ancillary 
techniques and molecular testing (7).

For this reason, the cytopathologist is more and more 
solicited to offer ROSE evaluation of cytological material 
obtained during EBUS-guided technique and has assumed 
an increasingly central role in the management of patients 
with lung cancer. In situations where financial difficulties do 
not permit to have enough resources, the cytotechnologists 
(CyT) may also be asked to give rapid interpretations. 
The accuracy rate of responses done by CyT (between 
preliminary and final diagnosis) was showed to be higher for 
pancreas, liver and bone lesions and lower for kidney and 
lung lesions (11).

There is a lot of variability in technical methods for tissue 
acquisition and further treatment of collected specimens. 
Variability concerns necessity to have ROSE, needle gauge, 
number of passes and specimens’ management. ROSE 
is essential for appropriateness of tissue management, as 
abundance of material is now the goal of image-guided 
procedures for targeted therapies. Moreover, with ROSE, 
TurnAround Time (the amount of time taken to give a 
diagnosis, TAT) is reduced. Most studies showed a 90% 
to 98% concordance between ROSE diagnosis and final 
diagnoses (8,12). False negative rate due to sampling 
errors is directly correlated to the lower number of slides 
examined. EBUS-TBNA is also frequently performed 
because of the discovery of a PET positive lesion/nodule in 
patients followed up for previous lung malignancies. In this 
situation, it has been demonstrated that ROSE significantly 
reduces false positive rate in PET positive lesions.

Usually, needle gauge used is 22. In our experience, 
the number of passes is determined by the acquisition 
of diagnostic material. In case of positive (malignant) 
diagnosis on one of the ROSE slides, we try to have an 
idea of the possible diagnosis/differential diagnosis. Thus, 
we can triage the material appropriately according to the 
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preliminary working diagnosis: cell block preparation in case 
of solid tumor for immunocytochemistry and mutational 
analysis, flow cytometry in case of suspected hematological 
malignancies, and sterile sampling for microbiological studies 
in case of inflammatory process/abscessed cavity. The rest 
of the passes will be used to enrich one of these possibilities. 
In case of negative (normal tissue) diagnosis, such as in case 
of reactive lymph nodes, the needle rinse material after each 
pass will be used for liquid-based cytological preparation. 
Three passes are generally sufficient to provide enough 
material. After each pass, one to three slides can be realized 
and stained with Toluidine blue (Figure 1A). The staining 
process lasts no more than 10–15 seconds and permits a rapid, 
almost immediate, response from the cytopathologist or the 
trained CyT. What should we communicate to the clinicians? 
Strictly, the most appropriate rapid diagnosis concerns the 
quantity of material aspired: sufficient (or not) to establish a 
definitive diagnosis. However, according to the confidence 
between cytopathologists and clinicians, and also according 
to the compliance of the clinicians to understand and accept 
that definitive diagnosis may change the preliminary one, 
the cytopathologists can also say more: material consistent 
with a lymph node tissue (thus indicating the appropriateness 
of the technical aspiration) or consistent with malignant 
cells (i.e., adenocarcinoma vs. squamous cell carcinoma vs. 
small cell carcinoma). This is particularly useful in urgent 
cases in which a diagnosis of small cell neuroendocrine 
carcinoma can immediately prompt the clinicians towards a 
chemotherapeutical decision, instead of a surgical treatment. 
Once the diagnosis is reached on one smear, all the rest of 

the material is used to enrich the specimens or for special 
tests. Once in the cytopathology laboratory, the Toluidine 
blu smear is then stained with traditional Pap stain for final 
interpretation (Figure 1B) and the rest of the material is 
treated for liquid-based cytology or cell block preparations. 
Immunocytochemical stains (Figure 1C) and molecular 
analysis can be done using either stained slides or cell block.

Histological approach to EBUS-TBNA specimens 

EBUS biopsy without aspiration has been referred as 
“transbronchial needle capillary sampling (TBNCS)” 
by some authors (5). Since it seems that there is not a 
significant difference in diagnostic yield between EBUS-
TBNA and TBNCS, the choice of the type of material 
(cytological vs. histological) mainly depends on the local 
expertise and organization. The disadvantage in using 
histological material mainly relies on the impossibility 
to have a rapid on site evaluation. Conversely, the 
advantage relies on the possibility to have more material 
for immunohistochemical and molecular analysis which 
may be very important for certain tumor types including 
lymphomas and adenocarcinomas (Figures 2-5). In addition, 
lymph node biopsy may be better in getting material than 
cytological approach when lymph node is fibrotic such as 
in cases of sarcoidosis (Figure 6). From a practical point of 
view, the material is routinely managed as a histological 
core biopsy. In our experience, cytological examination of 
cell block obtained from needle washing material is helpful 
to get additional diagnostic cells.

Figure 1 A 67-year-old female with a history of previous lung adenocarcinoma presented with a PET positive nodule in a para-tracheal 
lymph node. (A) The ROSE smear showed abundant cellular material with mostly isolated cells. The cells showed enlarged nuclei, 
prominent nucleoli and cytoplasmic vacuoles. The material was sufficient for diagnosis (working diagnosis: non-small cell metastatic lung 
carcinoma) (toluidine blue staining, 200×); (B) the same smear stained with Papanicolaou for definitive evaluation confirmed the ROSE 
diagnosis (Papanicolaou staining, 200×); (C) immunocytochemical expression for CK7 on the same de-stained slide was intense. The final 
cytological diagnosis was: lymph-node metastatic lung adenocarcinoma (CK7 immunostaining, 200×). In case of need, the same slide could 
be used for molecular analysis, either scraping the slides or using laser capture microdissection.
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Figure 2 Histological biopsy of a lymph node with a metastasis from a pulmonary adenocarcinoma. Tumor cells are grouped in cluster  
(A, ematoxilin & eosin, 100×) and are positive for cytokeratin 7 (B, immunostaining, 100×) and TTF1 (C, immunostaining, 100×), whilst are 
negative for p40 (D, immunostaining, 100×).

Figure 3 Histological biopsy of a lymph node with a metastasis from a pulmonary squamous cell carcinoma. Tumor cells show the 
typical features of a squamous cell carcinoma (A, ematoxilin & eosin, 100×). The diagnosis is confirmed by the immunoreactivity for p40  
(B, immunostaining, 100×) and the lack of TTF1 expression (C, immunostaining, 100×).

Molecular testing

The vast majority of patients with non-small cells lung 
carcinomas (NSCLC) does not require surgical resection 
because of the advanced stage at clinical onset. For this 
reason, the unique specimen available for these patients 
is frequently represented by small cytological or micro-

histological biopsy samples. On the other hand, an accurate 
and precise diagnosis (i.e., recognition of benign vs. 
malignant, primary vs. metastatic lesion and the NSCLC 
subtyping), together with the determination of predictive 
biomarkers, are mandatory for treatment selection. In 
this scenario, the major issue is to maximize all necessary 
information on cytological or biopsy specimen available.
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Figure 4 Example of a metastasis form a poorly differentiated neuroendocrine lung carcinoma. Neoplastic cells are atypical with 
hyperchromic nuclei (A, ematoxilin & eosin, 100×) and show chromogranin A immunoreactivity (B, immunostaining, 100×).

A B C D

Figure 5 Trans-bronchial biopsy of a mediastinal enlarged lymph node. Neoplastic cells are monomorphic showing a lymphoid appearance 
(A, ematoxilin & eosin, 40×). They are positive for CD20 (B, immunostaining, 40×) and cyclin D1 (C, immunostaining, 40×), while are 
negative for CD3, which shows some residual non neoplastic T-lymphocytes (D, immunostaining, 40×). The final diagnosis was of mantle 
cell lymphoma.

Although performing diagnoses on small samples 
could be easy (in case of morphology-based adeno or 
squamous cell carcinoma features), in several cases of poorly 
differentiated or undifferentiated cancers morphology does 
not allow a more precise classification and the discouraged 
term NSCLC-not otherwise specified (NOS) is used. 
However, major therapeutic advances in lung cancer field 
require a more precise histological subtyping for therapeutic 
purposes (13,14). The use of immunohistochemistry 

(IHC) in these cases is recommended because may add 
some informations about a residual adeno- or squamous 
differentiation, increasing the refinement of diagnosis 
and avoiding the use of NSCLC-NOS term (15). Several 
biomarkers and diagnostic algorithms have been described 
in the last years and suggested for the most efficient 
NSCLC subtyping: nowadays, using a small panel of 2 to  
4 biomarkers (i.e., TTF1, Napsin A, p40 and CK5/6 or 
CK7) the proportion of NSCLC-NOS diagnosis could 
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Figure 6 Trans-bronchial biopsy of an enlarged lymph node. 
Normal tissue is replaced by epithelioid granulomas suggesting the 
diagnosis of sarcoidosis (ematoxilin & eosin, 40×).

be widely reduced (15,16). This is an important aim, since 
morphologically poorly differentiated carcinomas with 
an adenocarcinoma immunoprofile show the same overall 
survival of cases with clear morphological features of 
adenocarcinoma (17,18). Furthermore, the more and more 
precise molecular profiling of lung cancer has led to the 
discovering of an increasing number of new driver genes 
that could become drug target (19). Lung adenocarcinoma 
is the most studied in this direction because it  is 
characterized by a highly druggable molecular profile. 
In fact, an increasing number of genes are described as 
oncogenic drivers and several drugs are developed for each 
of them (19). As a matter of fact, patients with an oncogenic 
driver mutation who receive targeted therapy have better 
survival than patients who do not receive targeted therapy 
or without an oncogenic driver (20). However, after 
a honeymoon period of response to therapy, acquired 
resistances can occur (21). The vast majority of cancers 
treated with target therapy harbor therapy-induced new 
genetic changes, in term of both acquisition and loss of gene 
alterations (22,23). Moreover, histological shift from well 
differentiated to poorly differentiated small cell cancer has 
been described as acquired resistance mechanism (23-25).  
Comprehensive molecular profiling of other more frequent 
lung cancer types including squamous and large cell 
carcinoma revealed a marked genomic complexity with 
less druggable alterations for the first and genetic features 
typical of other better differentiated carcinomas for the latter 
(26,27). Finally, with the advent of the target therapy, a new 
predictive role for IHC has been awarded. Indeed, IHC 
allows to visualize the presence and tissue distribution of the 
drug target at the protein level. For example in ALK test, 

the gene alteration produces a fusion protein which is easily 
detectable by IHC. To this end two monoclonal antibodies 
have been developed and are commercially available: the 
clone 5A4 (Leica Biosystems Newcastle Ltd, Newcastle 
Upon Tyne, UK/Novocastra Laboratories Ltd., Newcastle 
Upon Tyne, UK, and prediluted Abcam, Cambridge, UK), 
and the clone D5F3 (Cell Signaling Technology Inc., 
Danvers, MA, USA) with high sensitivity, specificity and 
reproducibility, as compared to FISH technique. That’s why 
the use of ALK IHC as screening test has been adopted in 
some countries and only tumors that are positive for ALK 
IHC, either weakly or strongly, should be referred to FISH 
for confirmation of a rearrangement (28).

A field in great expansion is the use of immunotherapy 
in combination with conventional therapy (29). Immune 
check-point is the receptor-ligand interaction that leads to 
a modulation of the tumor-induced immune response. The 
PD-1/PD-L1 interaction is one of the more widely studied 
because PD-L1 IHC expression on tumor cells has been 
associated with higher response rate to anti-PD-1/PD-L1 
drugs, although some methodological issues have still to be 
resolved (30), such as the percentage of positive cells to be 
considered predictive of a satisfactory clinical response and 
the type of the primary antibody used.

In the last WHO 2015 (15), specific recommendations 
for pathologists about lung cancer classification in small 
tissue together with an algorithm for handling samples 
have been published, including three major steps: the 
accurate diagnosis, the use of IHC for poorly differentiated 
NSCLC and the requirement of mutational assay. These 
guidelines imply that the tissue represents the major issue 
in advanced lung cancer pathology, with some technical 
aspects to keep in mind for pathologists: first of all the 
sample evaluation. Pathologist should be present during 
the sampling procedures to collect clinical information, 
to handle and prepare tissue sampling for a rapid onsite 
staining and ROSE which provides a real time evaluation of 
cytological specimen obtained with cytological sampling (see 
above). The use of ROSE permits to obtain sufficient tissue 
for molecular testing with high rate of success (31,32); in 
fact, although actually there is no evidence to recommend 
the use of ROSE in all the procedures, guidelines suggest 
that ROSE should be used when molecular testing is 
needed (12). A recent randomized trial study by Trisolini 
and coworkers showed that ROSE is associated with a 10% 
increase in the success rate of EBUS-TBNA for optimal 
lung cancer genotyping, with the advantage of reducing 
the number of re-biopsy because of the minimal tumor 
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Figure 7 EGFR pyrosequencing diagrams showing a case with an activating EGFR mutations in exon 21 (L858R) and a resistance mutation 
in exon 20 (T790M). Arrows show the point of the curve where the point mutation occurred.

burden for molecular analysis (33). Finally, when the 
sample is processed according to routine management, the 
final sample should be evaluated for the assessment of the 
amount and quality of the neoplastic cells, necessary for 
the type and the number of molecular analysis required. 
At this step, a crucial issue is the choice of the marker 
to test, the choice of the optimal method to use and the 
interpretation of results according to guidelines. Nowadays, 
EGFR mutations and ALK translocation are the most 
predictive tests required for targeted therapies (34,35), but 
several other gene mutations (i.e., KRAS, BRAF, etc.) or 
alterations (i.e., ROS translocation, MET amplification, 
etc.), predictive of response or resistance to therapy, are 
also increasing in importance. According to specific gene 
alterations (mutation, translocation or amplification) a 
specific method should be used and appropriate tissue 
amount and quality is required. For example, EGFR 
mutation test requires an adequate amount of neoplastic 
DNA with respect normal DNA to maximize the sensitivity 
of the sequencing method used (i.e., direct sequencing, 
pyrosequencing, etc. Figure 7) and for this reason a sample 
with an adequate percentage of neoplastic cell with 
respect to the normal counterpart is necessary. Cytological 
samples are generally characterized by few neoplastic cells 
in a background of normal cells: these few cells could be 
sufficient for a diagnosis of malignancy but not adequate 
for molecular analyses. To improve the availability and 
adequacy of cytological material and to avoid the poor 
neoplastic cellularity of certain cytological samples, an 
accurate microscopic manual microdissection could be 
performed in the cell block, smear or core biopsy and 
multiple sections from cell block could be used to increase 
the amount of extracted DNA. On the contrary, for ALK 
translocation assessment, a minimum of 50 neoplastic cells 
should be present in the same cut section according to the 
cut-off guideline of ALK translocation assessment based on 
50 counted nuclei (Figure 8).

Recent guidelines (12) in the material acquisition and 

preparation to obtain adequate EBUS-TBNA specimens 
recommend as follows: (I) at least three needle aspirations 
per site for morphological diagnosis and a total of four 
passes per site when molecular testing is planned should 
be performed; (II) preservation of material for production 
of cell blocks or tissue core for morphological evaluation 
and for IHC for subtyping NSCLC, when is needed, 
should be planned. There is no quality evidence to 
suggest the best solution (e.g., formalin, saline or Hank’s 
solution) for cell block preparation and it should be chosen 
following consultation with local and molecular pathology 
colleagues; furthermore, no specific slide preparation 
and staining method (e.g., Wright-Giemsa, Papanicolau, 
rapid Romanowsky staining) is preferable to others, local 
expertise and practice should be considered when selecting 
the slide staining technique; (III) smears, cell block or core 
tissue can be useful for molecular testing (cell block or core 
tissue are indispensable to assess ALK translocation, while 
smear may be successfully used to evaluate the status of 
EGFR when cell block or tissue core are lacking). 

The adequacy rate of EBUS-TBNA for molecular analysis 
depends on many factors: small sample size, tumor necrosis, 
sampling of nodal micrometastasis, and contamination 
of the samples with blood or bronchial cells (32).  
Several studies demonstrated that molecular analysis can be 
routinely performed on the majority of samples obtained 
by EBUS-TBNA with successful rate ranging from 89% 
to 98% (36,37). Other studies have demonstrated the 
feasibility of performing complete molecular tests, with or 
without IHC on EBUS-TBNA sample (38) with respect 
to other minimally (39) or more invasive procedures (31). 
However, a question remains: how much tissue is needed? 
It depends on the history of patient disease because after 
the diagnosis and IHC and EGFR/ALK analyses, it should 
be necessary to perform other molecular investigation (i.e., 
resistance molecular alterations) or the material should be 
used for patient clinical study enrollment.

Nowadays, we are still limited by the tissue availability 
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because a single step assay is frequently used. In the near 
future next generation comprehensive analyses will allow 
multiplex assays with higher speed, higher sensitivity, and 
high throughput diagnostics results using much minor 
amount of tissue (40). However, some validation, cost-
efficiency and standardization issues should be resolved and 
they are much near than we think (41).

Concluding remarks

EBUS-TBNA has emerged as an innovative technique 
which has been successfully introduced into our daily 
clinical practice giving several advantages including 
minimally invasive approach, safe, cost-effective, real time 
image guidance, and broad sampling capability. It has also 
acquired importance considering cases in which surgical 
procedures are contraindicated or unnecessary. Using EBUS-
TBNA we are now able to perform an accurate diagnosis 
associated to the identification of prognostic and predictive 
morphological and molecular markers. Considering that 

about 70% of patients with lung cancer are not candidate to 
surgery but they may be treated with new target therapies, 
the introduction of an increasing number of molecular tests 
will continue to transform our daily practice with the need of 
even more molecular determination using even low amount 
of adequate material. The use of EBUS-TBNA could satisfy 
those requests with safe and cost efficiency.
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