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Abstract 

Aim: The presence of somatic mutations of the tyrosine kinase (TK) domain of 

epidermal growth factor receptor (EGFR) gene in patients with advanced non-small cell 

lung cancer (NSCLC) correlates with a good response to TK inhibitors. We assessed the 

usefulness of endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-

TBNA) to detect EGFR mutations in cells recovered from malignant mediastinal nodes 

from patients with NSCLC. 

Materials and methods: All patients with lung adenocarcinoma or unspecified NSCLC 

referred for staging with EBUS-TBNA were included. Nodes with a short-axis diameter 

>5 mm were sampled and genomic DNA from metastatic tumour cells obtained for 

analysis of exons 19 and 21. The impact of sampling on management was assessed. 

Results: EGFR gene analysis of the EBUS-TBNA sample was feasible in 26 of the 36 

patients with lymph node metastasis (72.2%). Somatic mutations of the EGFR gene 

were detected in tissue obtained through EBUS-TBNA in two of 20 patients with 

metastasic lung adenocarcinoma (10%). 

Conclusion: Malignant tissue samples obtained by EBUS-TBNA from patients with 

nodal metastasis of NSCLC are suitable for the detection of EGFR mutations in most 

cases, and this technique demonstrate mutated neoplasic cells one tenth of the patients 

with adenocarcinoma. 
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Introduction 

In non-small cell lung cancer (NSCLC), the presence of somatic mutations of the genes 

coding the TK domain of epidermal growth factor receptor (EGFR) correlates with a 

good response to TK inhibitors such as gefitinib (1-9) or erlotinib (9-12). These 

mutations consist of small, in-frame deletions or substitutions clustered around the 

ATP-binding site in exons 18, 19 and 21 of the EGFR gene. In most of the reports 

which have indicated the presence of these mutations tissue samples had been obtained 

surgically (6,7). At the moment of diagnosis, however, advanced staging precludes the 

use of surgery as a first therapeutic approach in a large number of patients, limiting the 

availability of tissue samples for this kind of analysis. Non-surgical approaches to tissue 

sampling are required to increase the proportion of cases in which tumour tissue is 

available for genetic examination. Shih et al. (8) reported that the presence of EGFR 

mutations on needle aspiration samples of lung tumours correlates with a better 

outcome in these patients, and other studies have since demonstrated the feasibility of 

transbronchial needle aspiration (TBNA) of tumours reaching the mediastinum or 

located near the main bronchus to obtain samples for mutation studies (13). More 

recently, Nakajima and coworkers (14) demonstrated that EGFR mutations could be 

detected in samples from metastatic lymph nodes obtained using endobronchial 

ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) in 43 patients 

suffering from lung cancer. This technique allows the bronchoscopist to perform 

multiple non-surgical TBNAs which give appropriate cytology samples and histology 

cores in most cases, and it has been shown to be useful and safe for both the diagnosis 

and staging of lung cancer (15-16). 

In this study we have investigated the usefulness of EBUS-TBNA for obtaining tissue 

samples from mediastinal and lobar nodes to analyze EGFR gene mutations in all 



patients referred for diagnosis or staging who had a final diagnosis of lung 

adenocarcinoma or unspecified NSCLC.  

 

Material and methods 

 

Subjects and diagnostic procedure 

We performed a prospective study including all patients who were referred to 

the North Barcelona Lung Cancer Unit for lung cancer diagnosis and/or staging by 

means of EBUS-TBNA between January 2006 and June 2007 and who had a final 

diagnosis of lung adenocarcinoma or unspecified NSCLC. In all cases a CT scan of the 

lung, mediastinum, and upper abdomen was performed using a multidetector-row spiral 

CT scanner (Marconi M8000, Phillips, Best, The Netherlands) in the month prior to the 

performance of EBUS-TBNA. Nodes seen to have a short-axis diameter greater than 10 

mm in the CT scan were considered to be abnormally enlarged, according to the criteria 

used in this technique (17-18). Sputum cytology and white-light bronchoscopy were 

additionally performed in patients referred for a diagnostic study, which included 

bronchial aspirates and bronchoalveolar lavage during the endoscopic procedure. When 

a bronchial tumour was visible, bronchial biopsies were taken. In patients undiagnosed 

after the endoscopic procedures and whose CT scan showed a peripheral nodular 

opacity, transthoracic percutaneous needle aspiration was performed in the absence of 

any contraindication. Those patients without a final diagnosis after the performance of 

the diagnostic study whose clinical staging suggested limited disease underwent 

diagnostic/therapeutic surgery. Patients with coagulation disorders were excluded from 

staging by EBUS-TBNA and were not included in the present study. All patients agreed 

to participate and the research protocol was approved by the regional ethics committee. 



 

Endobronchial ultrasound-guided transbronchial needle aspiration  

EBUS was performed under local anesthesia and sedation, using a flexible 

bronchoscope (BF-UC160F-OL8, Olympus Optical Co Ltd., Tokyo, Japan) with a distal 

probe capable of producing linear parallel scans of the mediastinal and parabronchial 

tissues and a working channel suited to the performance of TBNA under direct 

ultrasound guidance. Local anesthesia and sedation were achieved using topical 

lidocaine spray and intravenous midazolam, respectively, in accordance with standard 

recommendations (19,20). Nodes with a short-axis diameter of 5 mm or more (21) that 

were detected during the procedure were sampled under direct ultrasound visualization 

with a 21-gauge cytology needle specially designed for EBUS-TBNA (NA2015X-4022, 

Olympus Optical Co Ltd.). The bronchoscopist proceeded from nodes in regions 

corresponding to N3 disease to regions corresponding to N1 disease. The needle was 

guided through the bronchoscope channel as far as the tracheal lumen, and then pushed 

forward from the sheath and inserted into the tracheal or bronchial wall under 

ultrasound control until the node was reached. Negative pressure was maintained at the 

proximal end of the catheter while the needle was pushed forward and backward inside 

the node. The needle was removed after sampling, rapid on-site cytologic examination 

was performed, and the remaining material was processed as a histology core. 

Pathology findings were classified as being extracted from a normal node when 

contained predominantly lymphocytic cells and no neoplastic cells, or from metastatic 

node, when recognizable groups of neoplastic cells were found. A second sample from 

metastatic nodes was obtained and processed as a histology core for genetic analysis. 

Aspirates containing bronchial or blood cells only were considered unsatisfactory, as 



were samples with isolated groups of neoplastic cells and insufficient for genetic 

analysis; in these situations the procedure was repeated up to three times (22). 

 

Laboratory methods  

The methodology followed in the study for EGFR mutation screening has been 

previously described (4,23). EGFR status was assessed by microdissection of tumor 

cells from paraffin-embedded or fresh specimens, and could be determined in samples 

containing as little as 8 tumor cells (23). Briefly, it involves four steps: 1) direct laser 

microdissection (Palm, Oberlensheim, Germany) of tumour cells into polimerase chain 

reaction (PCR) buffer. The cells were obtained either from paraffin-embedded or fresh 

specimens. Paraffin-embedded samples and slides were obtained by standard 

procedures. Fresh specimens were extended over an appropriate slide, fixed with 96% 

ethyl-alcohol and stained with Harris hematoxyllin for one minute; 2) a first round of 

PCR amplification for each EGFR exon (19 and 21); 3) detemination of exon 19 EGFR 

status by PCR amplification with the use of a FAM-labelled primer, followed by length 

analysis in an ABI prism 3130 DNA Analyzer (Applied Biosystems, Foster City, CA, 

USA); and 4) detection of exon 21 point mutations with a 5’nuclease PCR assay  

(TaqMan assay, Applied Biosystems) using FAM and VIC MGB-labelled probes for the 

wild-type and the mutant sequence, respectively. This method was used for the 

examination of neoplastic cells from histology cores obtained by EBUS-TBNA, 

biological fluids and samples obtained by biopsy or surgery, and was complemented by 

further analysis using nested PCR and sequencing.                     

 

Statistical analysis 



Data were introduced in a database and analyzed using SPSS software version 15.0 

(SPSS Inc., Chicago, Illinois, USA). Results are expressed as absolute and relative 

frequencies for categoric variables and as means (standard deviation, SD) for 

continuous variables. First, the availability of an adequate tissue sample for genetic 

examination of metastatic nodes from patients with a diagnosis of lung adenocarcinoma 

or NSCLC was assessed. Second, the prevalences of EGFR mutations in the examined 

nodal samples of both adenocarcinoma and unspecified NSCLC were determined. 

Finally, the impact of these results on choice of treatment was assessed.  

 

Results 

 

Patient characteristics: 

From the 185 patients referred to the North Barcelona Lung Cancer Unit for diagnosis 

and/or staging during the study period who had a final diagnosis of lung cancer, 40 had 

adenocarcinoma and 11 had unspecified NSCLC. These patients comprised the study 

population sample (table 1).  CT scan findings in these 51 patients (mean age 62.6 SD 

9.1 years; 41 males, 80.4%) were lung tumour with a long axis >30 mm in 24 patients 

(47.1%) and ≤30 mm in 20 (39.2%), alveolar opacity or atelectasia in six (11.7%) and 

pleural effusion in one (2%). These patients underwent EBUS-TBNA and a total 

number of 70 lymph nodes were identified and sampled with the technique. EBUS 

revealed lymph nodes in regions 2R (n=2), 2L (n=2), 4R (n=17), 4L (n=5), 7 (n=33) and 

10/11 (n=11) in these 51 patients, with a median diameter of 11 mm (interquartile range 

9-17 mm). Examination of EBUS-TBNA samples from the observed nodes showed 

lung cancer cells in one or more samples in 36 patients (27 adenocarcinoma, 9 



unspecified NSCLC) and only normal lymph node cells in 12 patients. Samples for 

three patients were non-diagnostic. 

In 35 out of the 51 studied patients it was feasible to perform a genetic study on the 

neoplasic cells recovered by non-surgical techniques (68.6%), either in TBNA samples 

(26 patients) or in other cytological specimens (9 patients). EGFR mutations were 

analyzed in the TBNA samples obtained from 26 patients with metastatic nodal 

specimens demonstrated by EBUS-TBNA (72.2%), 20 with adenocarcinoma and 6 with 

unspecified NSCLC. In the remaining 10 node-positive patients, no tumor cells were 

left on the EBUS-TBNA specimens after examination for diagnosis and repetition of the 

procedure up to three times. Regarding the nine non-surgical samples with 

adenocarcinoma or unspecified NSCLC cells suitable for genetic analysis in the series, 

they were bronchial biopsies (5 cases, 9.8%), bronchoalveolar lavage (1 case, 2%), 

pericardial fluid (1 case, 2%) and needle aspirations of a bone metastasis (2 cases, 

3.9%). In 16 patients without a final diagnosis after the performance of non-surgical 

techniques whose clinical staging after EBUS-TBNA suggested local disease the final 

diagnosis of adenocarcinoma or unspecified NSCLC was attained after therapeutic 

surgery (31.4%). At surgery, mediastinal and hilar lymph nodes were normal in 12 of 

these cases, but N2/N1 disease was found in single nodes out of reach of EBUS-TBNA 

in four patients. In these 16 patients the genetic studies were done in the surgically-

obtained lung tumour tissue. 

 

EGFR mutation 

Lung adenocarcinoma was the diagnosis for 40 patients in this study and the analysis of 

EGFR in these patients found mutations in five of them (12.5%), in two cases in exon 

19 and in three in exon 21. Histology cores obtained with EBUS-TBNA were the only 



ones allowing the demonstration of an EGFR mutation in two patients (5%). In the three 

additional adenocarcinoma patients who had EGFR mutations, the abnormality was 

identified in cells recovered from a malignant pericardial effusion (1 case) and in 

tumour samples obtained during the surgical procedure (2 cases). No lymph node 

metastasis was demonstrated by EBUS-TBNA in these three patients. No EGFR 

mutations were identified in the 11 patients with unspecified NSCLC, neither in the six 

patients with lymph node metastasis identified at EBUS-TBNA sampling nor in the 

available samples from the other five patients (table 2). The examination of EGFR 

mutations on samples from the 40 patients with lung adenocarcinoma, accordingly, led 

to a change in treatment in the five patients who showed an EGFR mutation (12.5%), 

and in two of these cases (5%) this change in management depended on a sample 

obtained by EBUS-TBNA which was the only one showing the genetic abnormality in 

the metastatic adenocarcinoma cells. All patients showing an EGFR mutation were 

treated with erlotinib and were free of disease progression for a median of 26 months 

(IQR 18-36).  

 

Discussion 

 

Our objective in this study was to determine the suitability, for EGFR mutation analysis, 

of samples of metastatic lymph nodes obtained through EBUS-TBNA from patients 

with lung adenocarcinoma or unspecified NSCLC. To that end, we determined the 

prevalence of positive cases in these samples and the impact of the performance of this 

diagnostic procedure on treatment. EBUS-TBNA allowed the identification of 

metastasic nodal disease in 36 of the 51 patients with these types of lung cancer 

(70.6%), and the samples recovered with this technique were appropriate for the genetic 



examination of EGFR mutations in most of these cases (72.2%). Samples obtained by 

EBUS-TBNA were the only ones confirming the presence of an EGFR mutation in two 

patients with lung adenocarcinoma (5.0% of the 40 patients with this type of lung 

cancer). Our results confirm the usefulness of EBUS-TBNA for obtaining samples 

appropriate for genetic analysis in patients with lung cancer. 

Since EGFR was initially signaled as an attractive target for cancer chemotherapy (24), 

reports have shown the relationship between the presence of EGFR mutations and a 

better response to TK inhibitors in patients with lung adenocarcinoma and unspecified 

NSCLC (1-12). In the last three years, some reports have focused on proving that it is 

feasible to detect EGFR mutations in non-surgical specimens, a particularly relevant 

approach, considering that most patients with lung cancer have a disseminated stage of 

the disease at diagnosis. In these studies, EGFR mutations have been detected in 

bronchoscopic biopsy and cytology specimens (25,26), percutaneous and pleural 

biopsies, effusion cell blocks and blood samples (8, 27, 28). Cases in which EGFR 

mutations were identified in TBNA and EBUS-TBNA samples have been also recently 

reported (13,14).  

Our results supports the study of mutations of the EGFR gene in samples from 

metastasic nodes obtained through EBUS-TBNA in lung adenocarcinomas.  The 

prevalence of EGFR gene mutations in these patients in our series is close to 10%, a 

frequency similar to the one reported in another study in Spain that examined lung 

tumour samples (3). In our series EBUS-TBNA gave the only sample that showed 

EGFR mutations in 5% of patients with lung adenocarcinoma and emerged as a 

technique with a clear advantage over other non-surgical techniques for obtaining  

samples suitable for genetic analysis in these patients. Sampling with EBUS-TBNA is 



performed under direct vision and because it is a real-time procedure it can be repeated 

to obtain the volume of tumour cells appropriate for genetic determinations. 

We did not find mutations of the EGFR gene in the 11 studied patients with unspecified 

NSCLC. The reported prevalence of EGFR mutations in this type of lung cancer is 

lower that the prevalence in adenocarcinoma cases. This observation is in line with 

other studies, in which the greater number of patients with EGFR mutations was among 

those with adenocarcinoma, being its prevalence lower in those with unspecified 

NSCLC (2,6,7,28,29). In some of these previous studies, as in ours, mutations were 

likewise not found in unspecified NSCLC cases (7,29,30), others, however, have 

detected mutations in this type of lung cancer (2,6). Thus, despite a probably lower 

prevalence in unspecified NSCLC, and the negativity of our results in patients with this 

diagnosis, the study of EGFR mutations in samples obtained by EBUS-TBNA from 

patients with unspecified NSCLC may occasionally identify mutations in patients who 

can be treated accordingly.  

We have found EGFR mutations in slightly over a tenth of the patients with 

adenocarcinoma in our study, a figure lower than the 25% prevalence found by 

Nakijama and cols. (14) in a Asians, an expected finding considering the different 

genetic backgrounds of European and East-Asian populations (31-32). In our patients 

EGFR mutations in exon 21 were single 858 point mutations, as was reported by 

Nakijama and cols., although those authors also found a double-point mutation of this 

exon in one patient. Our results confirm that EBUS-TBNA is a useful technique for 

obtaining histology cores suitable for genetic analysis in European populations, who 

show a lower prevalence of these mutations in comparison with Asians. 

To conclude, our study demonstrated that samples obtained by EBUS-TBNA are useful 

for detecting EGFR mutations in patients with lung adenocarcinoma, and positive 



results can be expected in nearly one tenth of the patients with this diagnosis studied 

with this technique who have metastasis in mediastinal or lobar nodes, EBUS-TBNA 

being the only sample providing adequate samples for this determination in 5% of the 

patients. The results obtained with the genetic analysis of the material recovered by 

EBUS-TBNA determine a change in the treatment pattern of these patients, allowing its 

simplification and improving their prognosis. 
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Table 1- Patient characteristics. 

N        51 
Age (years), mean (SD)     62.6 (9.1) 
Gender (female), n (%)     10 (19.6)                                               
Stage, n (%) 
 IIA       2 (3.9) 
 IIB       3 (5.9) 
 IIIA       19 (37.3) 
 IIIB       9 (17.6) 
 IVA       18 (35.3) 
 
Diagnosis, n (%) 

Adenocarcinoma     40 (78.4)  
Non-small cell lung cancer    11 (21.6) 

          
Diagnostic procedure, n (%) 
 EBUS-TBNA       26 (51.0) 
 Bronchoalveolar lavage    1 (2.0) 
 Bronchial biopsy     5 (9.8) 
 Pericardial fluid     1 (2.0) 
 Bone metastasis     2 (3.9) 
 Surgery      16 (31.4) 
 
Lymph node metastasis by EBUS-TBNA, n (%)  36 (70.6) 

Adenocarcinoma     29 (56.9) 
Unspecified NSCLC       7 (13.7) 

 Sampled metastatic lymph node region 
  4R      10 (19.6) 
  4L        2 (3.9) 
  7      22 (43.1) 

Lobar node       2 (3.9) 
 
EGFR analysis feasible, n (%)        

In adenocarcinoma EBUS-TBNA samples  20 (39.2)                                                        
      In NSCLC EBUS-TBNA samples  6  (11.8)         

In other biopsy or cytology samples   25 (49.0)    
 
EGFR mutation status, n (%) 

Present       5 (9.8) 
Exon 19     2 (3.9) 
Exon 21     3 (5.9)  

 Wild-type      46 (90.2) 
 
Mutation identified only in EBUS-TBNA sample, n (%) 2 (3.9)   
 

EGFR: epidermal growth factor receptor / NSCLC: non-small cell lung carcinoma / 

EBUS-TBNA: endobronchial ultrasound-guided transbronchial needle aspiration



Table 2- Patients with EGFR mutations 

Patient Age    Gender Pathology      Mutation exon         Sampling technique    Stage 

1 62       male Adenocarcinoma      21(L858R)               Surgery     IV 

2 47       female Adenocarcinoma      21(L858R)               Pericardiocentesis    IV 

3 69       male Adenocarcinoma      19 (745-750 + inserC 9pb)   EBUS-TBNA    IV 

4 70       female Adenocarcinoma      21(L858R)           Surgery     IIIA 

5 71       male Adenocarcinoma      19 (751-759 + inserA 24pb)  EBUS-TBNA    IV 

 

EGFR: epidermal growth factor receptor 

EBUS-TBNA: endobronchial ultrasound-guided transbronchial needle aspiration 

 

 

 


