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Introduction

Lung cancer
 

Lung cancer is one of the leading causes of cancer deaths 
worldwide. The main histological types of cancers are 
squamous cell carcinoma (SCC), adenocarcinoma (ADC), 
large cell carcinoma (LCC) and small cell lung cancer 
(SCLC). In Western countries, the ADC frequency 
is increasing (>50%), while SCC and small cell are 
significantly reduced (1). 

Accurate staging of the disease is mandatory to 
determine the prognosis and appropriate treatment. The 
most significant treatment decision lies on the distinction 
between those patients who can benefit from surgical 
resection and those who should receive chemotherapy and 
radiation therapy or both (2). 

Biopsy

Diagnosis

In case of suspected lung cancer it is recommended a 
sequential approach that involves physical examination, 
radiogram of the chest, chest computed tomography (CT 
scan) with medium contrast enhancement, bronchoscopy, 
and cyto-histological definition of the lesion. For central 
lesions endoscopically visible, histological diagnosis is 
obtained through cyto-histological samples such as biopsy, 
brushing, transbronchial needle aspiration (TBNA). 
Peripheral lesions can be approached percutaneously. 
The transbronchial approach has lower incidence of 
complications (especially pneumothorax) and it provides the 
possibility, during the diagnostic procedure, to sample the 
lymph nodes by TBNA (3). 
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The clinical staging is usually performed with non-
invasive diagnostic modalities, such as total body CT 
scan with medium contrast, and/or positron emission 
tomography (PET). The imaging obtained from these 
techniques is used to assess the primary lung malignancy, 
to characterize the mediastinal involvement and to search 
for distant metastases. Accurate mediastinal staging is 
a crucial part of the diagnostic workup of every patient 
with lung cancer, for its prognostic value and for planning 
optimal treatment. In many cases, the status of these nodes 
determines whether the disease is surgically resectable. The 
existence of metastatic contralateral adenopathy (N3) or 
distant metastasis (M1) contraindicates surgery. Patients 
with mediastinal ipsilateral lymph node metastasis (N2) may 
be considered for neoadjuvant therapy followed by surgery 
based on studies reporting improved survival with this 
treatment approach (2). 

In patients with an abnormal mediastinum (lymph nodes 
enlargement at CT, with or without a PET increased 
activity), or with a radiologically normal mediastinum 
associated with a central lung tumor or with a N1 disease, 
histological samples of the suspected lymphonodular 
metastasis are required (4).

Mediastinoscopy and video-assisted thoracoscopy 
have been the methods of choice to invasively stage the 
mediastinum before the introduction of endoscopic 
ultrasounds needle aspiration techniques. Endobronchial 
ultrasounds transbronchial needle aspiration (EBUS-
TBNA) is minimally invasive, safe and well-tolerated 
method to stage the mediastinum. Furthermore, because 
its accuracy and cost-effectiveness, endoscopic staging is 
now the recommended method for invasive mediastinal 
evaluation (5).

EBUS-TBNA has to be performed in moderate or 
deep sedation, with a needle of 21 or 22 gauge. The tissue 
sampling may be run with or without the pathologist’s 
assessment in the endoscopic room (rapid on-site 
evaluation, ROSE); however, in the absence of ROSE a 
minimum of three separate steps to sample each lymph-
node is suggested (6).

Relapsed disease

Even patients with early disease are at relatively high risk of 
disease recurrence. Cisplatin-based chemotherapy regimens 
have decreased the risk of recurrence after surgery and 
provided modest survival gains. An updated meta-analysis 
from the non-small cell lung cancer (NSCLC) Collaborative 

Group demonstrated an average survival benefit of 5.4% at 
5 years for patients with resected stage I to III disease (7).

Greater than 50% of disease recurrences occurring 
after surgery for early stage NSCLC involve local sites (8); 
detecting mediastinal involvement is crucial for the curative 
treatment of recurrent NSCLC (9).

EBUS-TBNA can be used for the diagnosis  of 
mediastinal recurrence as a non invasive approach. 

Guidelines recommend the acquisition of additional 
samples to perform not only the diagnosis of relapse but 
also additional molecular analysis (6). 

Role of molecular profile

In recent years studies on molecular characteristics of lung 
cancers showed a role for specific genes that proved to be 
important therapeutic targets. In NSCLC (especially in 
10–15% of the ADC of Caucasian patients and in 40% 
of Asian patients) activating mutations of EGFR (exons 
18, 19, 20 and 21) have been identified. The presence of 
these mutations is the most important predictive factor 
for targeted therapies with specific EGFR tyrosine kinase 
inhibitors (9,10). In fact, only patients with EGFRm+ 
have good responses to the treatment with first-generation 
EGFR TKIs, such as erlotinib and gefitinib (11), with 
improvements in progression free survival, overall response 
rate and clinical benefit. 

Another important molecular alterations that has been 
documented for ADC is the rearrangement of anaplastic 
lymphoma kinase (ALK) that activates a specific receptor 
tyrosine kinase involved in the processes of proliferation 
and cell survival; it is found in approximately 3–7% of 
ADC (12,13). 

The determination ALK rearrangement is necessary to 
select patients for treatment with specific tyrosine-kinase 
inhibitors [crizotinib and ceritinib, approved by European 
Medicines Agency (EMA) for patients pre-treated with 
crizotinib] (14,15). 

Other molecular alterations that can be tested in 
ADC, with promising therapeutic implication are the 
rearrangement of the ROS1 gene (about 1–2% of ADC) and 
RET gene. Activating mutations of BRAF (V600E is that 
non-V600E), amplification of HER2, mutation of PI3KCA 
and PTEN, amplification and mutations of PDGFR are 
molecular changes that could have future therapeutic 
implications in SCC (16).

Currently, only EGFR and ALK represent molecular 
targets with specific available target therapy and therefore 
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they must be tested in case of metastatic disease. While 
EGFR and KRAS mutations are usually mutually exclusive, 
the ALK rearrangement was detected in 1–2% of EGFR 
mutated tumors (17). The role of KRAS mutation is still 
uncertain. Therefore, the determination of KRAS remains 
optional.

EGFR and ALK analysis can be performed on surgical 
specimens, cytology, and biopsy of the primary tumor and/
or metastases. 

Re-biopsy

Re-biopsy is a growing trend in oncology. This is due to 
many factors, chiefly: (I) finer molecular characterization, 
through next generation sequencing (18); (II) new drugs 
capable of overcoming specific resistance mutations (19); 
(III) less invasive technique to obtain tissue specimen (20). 
Up until recent years, re-biopsy was a practice confined to 
cancer that, even in advanced stages, were still managed 
by surgeons, and/or presented easily accessible sites, such 
as prostate cancer and breast cancer (21). Things started 
to change with the advent of target therapy, with many 
clinical trials having mandatory re-biopsy, and also with 
the development of less invasive and safer technique to 
collect tissue specimens. Still, for some years the interest 
for re-biopsy was confined mostly to research, without it 
entering clinical practice. It is only in very recent times 
that re-biopsy is acquiring a growing importance, with 
practical implication not only for the clinician but also for 
the patient. As of today, awaiting validation of the liquid 
biopsy, re-biopsy represents the only instrument to discover 
specific transformation and targetable mutation in patient 
experiencing progressive disease.

Histology shift

A known mechanism of resistance to therapy, especially 
tyrosine kinase inhibitors targeting EGFR, is the 
transformation of NSCLC, generally ADC, in SCLC (22). 
One of the first cases of resistance to erlotinib due to the 
transformation in SCLC was described in 2006 (23). Since 
then, several others have been reported. Case series give 
variable percentage for this phenomenon, between 5% and 
14%, among patients with EGFR mutated ADC (24,25): 
although rare, it can still affect at least one patient in twenty. 
The mutation of the driver gene EGFR, still present after 
histological shift supports the hypothesis that these are 
transformation regarding the same tumour and not the 

growth of a new neoplasm (26). Current understanding still 
leaves some open questions: is the SCLC already present at 
diagnosis, in combined-histology tumour, and grows under 
the selective pressure of therapy for the NSCLC? Or is 
it a transformation at the molecular level, with candidate 
gene RB1 as a key player that triggers the histological 
shift (22)? While further studies enlighten the basis of 
this transformation, the clinician should keep this event 
in mind, considering re-biopsy for those patients affected 
by ADC with rapid progression or unusual behaviour, 
especially EGFR-mutated ones. The importance of 
pathological demonstration of a histological shift is due to 
the mixed response to anti EGFR observed in these patients 
(27,28), thus recommending SCLC treatment as the main 
therapeutic option.

Acquired resistance

A common concept, in microbiology as in oncology, is 
that a prolonged exposition to certain drugs can select a 
resistant population, either a bacterium or a neoplastic cell. 
In the cytotoxic era, the usual strategy to overcome this 
phenomenon was to combine different chemotherapeutics, 
with only partial success, limited to haematological 
malignancies. Acquired resistance was also the limit to 
the great hopes of target therapy: the majority of patients 
experience, after a variable interval of time, the ensuing 
of a resistant clone that causes disease progression. The 
silver lining to this event is that our deeper understanding 
of molecular biology has made possible in some cases to 
identify the specific mechanisms behind acquired resistance. 
One of the finest example is T790M in EGFR mutated lung 
ADC (29): this mutation is one of the main mechanism of 
acquired resistance, generally present only in a minority 
of cells at diagnosis, and much more expressed at disease 
progression. Beside identifying the mutation, we now have 
also new tyrosine kinase inhibitors that specifically target 
T790M, osimertinib (19). In the following years, molecular 
profiling will become a key part of patient re-evaluations, 
along radiological assessments and physical examinations, 
making re-biopsy at progression mandatory.

Conclusions

Lung cancer represents one of the leading causes of death 
worldwide, especially in the advanced stages of the disease. 

For early stage lung cancer, EBUS-TBNA represents 
a fundamental evaluation to assess correctly mediastinal 
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involvement. The extent of lymph node invasion is key 
information, for the oncologist as well as for the surgeon 
and the radiotherapist, to better define the therapeutic 
approach. 

In recent years, because of better understanding of 
molecular biology, EBUS-TBNA has gained a role also in 
the metastatic and locally recurrent disease. New target 
therapies, aimed at specific resistance mutation, have made 
re-biopsy a usual assessment at disease progression. This 
is of paramount importance for the oncologist, to detect 
histological shift or specific mutation such as T790M 
for EGFR-mutated ADC. While re-biopsy was, up until 
recent years, mainly confined to research, as of today it 
has therapeutic implication and actively change patients’ 
outcome.

Acknowledgements

None.

Footnote

Conflicts of Interest: The authors have no conflicts of interest 
to declare. 

References

1.	 Travis WD, Brambilla E, Nicholson AG, et al. The 
2015 World Health Organization Classification of Lung 
Tumors: Impact of Genetic, Clinical and Radiologic 
Advances Since the 2004 Classification. J Thorac Oncol 
2015;10:1243-60.

2.	 Uy KL, Darling G, Xu W, et al. Improved results of 
induction chemoradiation before surgical intervention for 
selected patients with stage IIIA-N2 non-small cell lung 
cancer. J Thorac Cardiovasc Surg 2007;134:188-93.

3.	 Deslauriers J, Pearson FG, Shamji F. editors. Lung 
Cancer, Part I: Screening, Diagnosis, and Staging. Elsevier 
2013;23:A1-A6, 103-272.

4.	 Silvestri GA, Gonzalez AV, Jantz MA, et al. Methods 
for staging non-small cell lung cancer: Diagnosis and 
management of lung cancer, 3rd ed: American College 
of Chest Physicians evidence-based clinical practice 
guidelines. Chest 2013;143:e211S-50S.

5.	 Vilmann P, Clementsen PF, Colella S, et al. Combined 
endobronchial and oesophageal endosonography for the 
diagnosis and staging of lung cancer. European Society 
of Gastrointestinal Endoscopy (ESGE) Guideline, in 

cooperation with the European Respiratory Society (ERS) 
and the European Society of Thoracic Surgeons (ESTS). 
Eur Respir J 2015;46:40-60. 

6.	 Wahidi MM, Herth F, Yasufuku K, et al. Technical Aspects 
of Endobronchial Ultrasound-Guided Transbronchial 
Needle Aspiration: CHEST Guideline and Expert Panel 
Report. Chest 2016;149:816-35. 

7.	 Pignon JP, Tribodet H, Scagliotti GV, et al. Lung adjuvant 
cisplatin evaluation: a pooled analysis by the LACE 
Collaborative Group. J Clin Oncol 2008;26:3552-9.

8.	 Kelsey CR, Marks LB, Hollis D, et al. Local recurrence 
after surgery for early stage lung cancer: an 11-year 
experience with 975 patients. Cancer 2009;115:5218-27.

9.	 Gazdar AF. Personalized medicine and inhibition of EGFR 
signaling in lung cancer. N Engl J Med 2009;361:1018-20. 

10.	 Sequist LV, Joshi VA, Jänne PA, et al. Response to 
treatment and survival of patients with non-small cell 
lung cancer undergoing somatic EGFR mutation testing. 
Oncologist 2007;12:90-8.

11.	 Zhang H. Three generations of epidermal growth 
factor receptor tyrosine kinase inhibitors developed to 
revolutionize the therapy of lung cancer. Drug Des Devel 
Ther 2016;10:3867-72. 

12.	 Kwak EL, Bang YJ, Camidge DR, et al. Anaplastic 
lymphoma kinase inhibition in non-small-cell lung cancer. 
N Engl J Med 2010;363:1693-703.

13.	 Soda M, Choi YL, Enomoto M, et al. Identification of the 
transforming EML4-ALK fusion gene in non-small-cell 
lung cancer. Nature 2007;448:561-6. 

14.	 Shaw AT, Kim DW, Nakagawa K, et al. Crizotinib versus 
chemotherapy in advanced ALK-positive lung cancer. N 
Engl J Med 2013;368:2385-94. 

15.	 Kim DW, Mehra R, Tan DS, et al. Activity and safety of 
ceritinib in patients with ALK-rearranged non-small-
cell lung cancer (ASCEND-1): updated results from 
the multicentre, open-label, phase 1 trial. Lancet Oncol 
2016;17:452-63.

16.	 Oxnard GR, Binder A, Jänne PA. New targetable 
oncogenes in non-small-cell lung cancer. J Clin Oncol 
2013;31:1097-104. 

17.	 Cooper WA, Lam DC, O’Toole SA, et al. Molecular 
Biology of Lung Cancer. J Thorac Dis 2013;5:S479-90.

18.	 Yu Y, He J. Molecular classification of non-small-cell lung 
cancer: diagnosis, individualized treatment, and prognosis. 
Front Med 2013;7:157-71.

19.	 Mok TS, Wu Y-L, Ahn M-J, et al. Osimertinib or 
Platinum-Pemetrexed in EGFR T790M-Positive Lung 
Cancer. N Engl J Med 2017;376:629-40. 



S409Journal of Thoracic Disease, Vol 9, Suppl 5 May 2017

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2017;9(Suppl 5):S405-S409jtd.amegroups.com

20.	 Navani N, Brown JM, Nankivell M, et al. Suitability of 
endobronchial ultrasound-guided transbronchial needle 
aspiration specimens for subtyping and genotyping of non-
small cell lung cancer: a multicenter study of 774 patients. 
Am J Respir Crit Care Med 2012;185:1316-22. 

21.	 Jekunen AP. Role of rebiopsy in relapsed non-small cell 
lung cancer for directing oncology treatments. J Oncol 
2015;2015:809835.

22.	 Oser MG, Niederst MJ, Sequist LV, et al. Transformation 
from non-small-cell lung cancer to small-cell lung cancer: 
molecular drivers and cells of origin. Lancet Oncol 
2015;16:e165-72. 

23.	 Morinaga R, Okamoto I, Furuta K, et al. Sequential 
occurrence of non-small cell and small cell lung 
cancer with the same EGFR mutation. Lung Cancer 
2007;58:411-3. 

24.	 Sequist LV, Waltman BA, Dias-Santagata D, et al. 
Genotypic and histological evolution of lung cancers 
acquiring resistance to EGFR inhibitors. Sci Transl Med 

2011;3:75ra26.
25.	 Yu HA, Arcila ME, Rekhtman N, et al. Analysis of tumor 

specimens at the time of acquired resistance to EGFR-TKI 
therapy in 155 patients with EGFR-mutant lung cancers. 
Clin Cancer Res 2013;19:2240-7. 

26.	 Shiao TH, Chang YL, Yu CJ, et al. Epidermal growth 
factor receptor mutations in small cell lung cancer: a brief 
report. J Thorac Oncol 2011;6:195-8.

27.	 Araki J, Okamoto I, Suto R, et al. Efficacy of the tyrosine 
kinase inhibitor gefitinib in a patient with metastatic small 
cell lung cancer. Lung Cancer 2005;48:141-4. 

28.	 Okamoto I, Araki J, Suto R, et al. EGFR mutation in 
gefitinib-responsive small-cell lung cancer. Ann Oncol 
2006;17:1028-9. 

29.	 Yoshida T, Zhang G, Smith MA, et al. Tyrosine 
phosphoproteomics identifies both codrivers and 
cotargeting strategies for T790M-related EGFR-TKI 
resistance in non-small cell lung cancer. Clin Cancer Res 
2014;20:4059-74.

Cite this article as: Tuzi A, Bolzacchini E, Suter MB, Giaquinto A, 
Passaro A, Gobba S, Vallini I, Pinotti G. Biopsy and re-biopsy in 
lung cancer: the oncologist requests and the role of endobronchial 
ultrasounds transbronchial needle aspiration. J Thorac Dis 
2017;9(Suppl 5):S405-S409. doi: 10.21037/jtd.2017.04.09


