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TO THE EDITOR:

The accurate diagnosis of lung cancer (LC) relies 
on histopathological classification (HC) and molecular 
characterization (MC) for targeted therapies.(1) Clinicians 
that deal with LC face the dilemma of how to apply 
minimally invasive interventions that yield large and 
well-preserved samples suitable for the demands of the 
histopathologist and the molecular geneticist.

A milestone in this pathway has been achieved with 
the introduction of EBUS-TBNA, which is currently the 
first-choice procedure for mediastinal staging of LC.(2,3) 
On the other hand, MC of non-small cell LC (NSCLC) is 
a growing field of research with diverse strategies and 
heterogenous results.(4-7)

In this study we aimed to evaluate the current clinical 
practice of a large oncology referral centre concerning 
the feasibility of EBUS-TBNA-derived samples for MC 
of NSCLC.

We conducted a retrospective analysis (between 
January of 2019 and December of 2021) of all patients 
who underwent EBUS-TBNA for diagnosis and/or staging 
of NSCLC whose samples proceeded to MC. EBUS-
TBNA was performed under general anesthesia with a 
BF-UC180F endoscope (Olympus, Tokyo, Japan) and 21G 
needles (ViziShot 2; Olympus). Samples were stored in 
formaldehyde and were processed as cell blocks for HC. 
EGFR status was determined by real-time polymerase 
chain reaction. If samples were negative, determination 
of ALK gene rearrangements by fluorescence in-situ 
hybridization followed.

Procedure and patient-related factors affecting sample 
adequacy were assessed. Finally, a timeframe was 
estimated from the initial endoscopic procedure and 
the final MC.

Descriptive and inferential statistical analysis was 
performed using the IBM SPSS Statistics software 
package, version 27 (IBM Corporation, Armonk, NY, 
USA). A logistic regression model was attempted to 
ascertain the presence of factors influencing MC results.

A total of 718 patients were subjected to EBUS-TBNA. 
Of these, 59 (8.2%) proceeded to MC, but only 38 (5.3%) 
had their MC performed in EBUS-TBNA samples. In 

the remaining 19 patients, MC was performed in other 
samples (6 in surgical specimens; 5 in bronchoscopy 
forceps biopsies; 4 in transthoracic CT-guided biopsies; 
and 4 in peripheral blood samples).

The patients included (N = 38) were mainly male (n 
= 25; 65.7%) with a median age of 67 years (range: 
40-86 years). Nearly half had a relevant smoking 
history (12 former smokers and 8 current smokers). 
Most NSCLC were adenocarcinomas (n = 33; 86.8%), 
3 were squamous cell carcinomas (SCC), and 2 were 
mixed adenocarcinoma and SCC (Table 1). All presented 
with locally advanced (stage IIIA, in 4; IIIB, in 6; and 
IIIC, in 3) or metastatic disease (IVA in 12; and IVB in 
13). Programmed death-ligand 1 (PD-L1) status was 
ascertained in all patients and proved to be positive 
in 44.7% (in 2 patients with SCC and in 15 patients 
with adenocarcinoma), indeterminate in 5.2% (mixed 
adenocarcinoma and SCC, in 1; and adenocarcinoma, 
in 1), and negative in the remainder 50%.

A median of 2 lymph node stations were approached 
per patient (range: 1-4), with a median number of 3 
needle passes (range: 3-8) per lymph node.

Overall, 34 out of the initial 38 cases (89.5%) were 
satisfactory for EGFR mutation testing, whereas 26 out 
of 32 (81.3%) were suitable for ALK rearrangement 
testing. Clinically relevant EGFR mutations were found 
in 6 patients (15.7%). ALK rearrangements were found 
in 2 cases (Table 1).

Mutated patients were mainly non-smoker males (5 
out of 8) and presented with metastatic disease (stage 
IVB, in 4; and IVA, in 3).

The median time between EBUS-TBNA sampling and 
final MC was 20 days (range: 7-590 days). An in-depth 
analysis of this measure showed 11 cases (>30 group) 
in which this timeframe surpassed 30 days (median: 186 
days; range: 48-590 days), whereas that was below 30 
days in the ≤30 group (median: 18 days; range: 7-30 
days). The patients in the >30 group were mainly in 
stage III (7 out of 11) whereas those in the ≤30 group 
were mainly in stage IV (20 out of 27).

MC was pivotal in determining the therapeutic options. 
All mutated patients were referred for targeted therapy 
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(anti-EGFR, in 6; and anti-ALK, in 2). Immunotherapy 
was offered as frontline therapy in 15 non-mutated, 
PD-L1 positive patients. Platinum-based chemotherapy 
was the option for 15 additional patients. Best 
supportive care was offered to 2 patients that suffered 
severe performance status deterioration (ECOG 3 and 
4) throughout the course of diagnosis and staging.

Due to the small sample size, a logistic regression 
model could not be built to ascertain factors associated 
with the feasibility of EBUS-TBNA for MC. Nevertheless, 
the 4 cases whose samples were insufficient belonged 
mainly to the puncture of a single (in 3 cases) or dual 
(in 1 case) lymph node stations with a median of 4 
needle passes per lymph node station (range: 3-8).

This study unveils a clear underutilization of 
EBUS-TBNA (5.3%) for the MC of NSCLC. Various 
reasons may account for this. First, NSCLC staging 
was determinant, since only candidates for systemic 
therapy (stages III or IV) were referred for MC. 
Secondly, there was preferential utilization of other 
biological samples that were perhaps considered 
more cell enriched, such as surgical or CT-guided 
biopsies. An intriguing finding of the study was the 
option for peripheral blood sampling, in 4 cases. The 
wider accessibility of peripheral blood samples may 
offer an explanation, but it is still surprising that this 
material was preferred over EBUS-TBNA samples.

As previously reported,(6,7) EBUS-TBNA was feasible 
for MC in most cases (89.5% for EGFR and 81.3% for 
ALK). Also, in agreement with previous reports,(6,7) 
EGFR analysis outperformed ALK. The sequential 
method applied in this study may offer an explanation. 
Samples were sequentially used for HC, EGFR testing, 
and only afterwards released for ALK testing, which 

Table 1. Histopathological classification and mutational 
profiling of the sample of patients with non-small cell lung 
cancer (N = 38).

Histopathological 
classification

Mutational 
profiling

n (%)

Adenocarcinoma Non-mutated 26 (68)
EGFR mutated 5 (13)
ALK rearrangements 2 (5)

Squamous cell carcinoma Non-mutated 1 (3)
EGFR mutated 1 (3)
ALK rearrangements 1 (3)

Mixed squamous cell 
carcinoma

Non-mutated 1 (3)
EGFR mutated 1 (3)

means that only largely cellular samples could suffice 
all processes.

Two patient groups were identified based on the 
timeframe of MC. The >30 group mainly included 
patients with less advanced disease stages who 
probably undergone multimodal therapeutic strategies 
in which systemic therapy was likely delayed. In 
contrast, the ≤30 group included patients with 
metastatic disease in which systemic therapies came 
first and hence the prompter need for an up-front MC.

Our study showed a relatively low prevalence of 
mutations (Table 1). We observed 18% of mutated 
adenocarcinomas (EGFR mutations, in 13%; and ALK 
rearrangements, in 5%), and there was only 1 case 
of EGFR-mutated SCC (3%), as was there 1 case of 
EGFR-mutated mixed SCC and adenocarcinoma (3%), 
which agrees with publications reflecting Western 
populations.(8,9)

When assessing factors that could influence the 
feasibility of molecular profiling EBUS-TBNA samples, 
we could not safely establish statistically significant 
relationships. Nevertheless, we observed a trend 
toward lower yields in patients with a smaller number 
of lymph nodes approached despite a seemingly higher 
number of needle passes in these cases. This perhaps 
reflects the clinical perception of a lower probability 
of achieving a complete diagnosis in cases when just 
one lymph node station was approached.

In conclusion, our study highlights the value EBUS-
TBNA on obtaining sufficient samples for MC of NSCLC. 
Nevertheless, questions are raised about sequential 
approaches and the time required for molecular results, 
for which additional studies, namely addressing the 
added value of multiplex simultaneous analysis, are 
still warranted.(6,10)

Author contributions

LVR, RC, LTB, and VS conceptualized and designed 
the study. LVR recruited patients and performed 
the EBUS-TBNA procedures. VS was responsible 
for histopathological analysis. MV was responsible 
for molecular analysis. RC and LTB provided input 
regarding statistical analysis. LVR and LTB were 
responsible for data collection, major statistical 
analysis, and main manuscript structure. All authors 
revised and approved the final manuscript.

CONFLICTS OF INTEREST

None declared.

REFERENCES

1. Ettinger DS, Wood DE, Aisner DL, Akerley W, Bauman JR, Bharat 
A, et al. Non-Small Cell Lung Cancer, Version 3.2022, NCCN 
Clinical Practice Guidelines in Oncology. J Natl Compr Canc Netw. 
2022;20(5):497-530. https://doi.org/10.6004/jnccn.2022.0025

2. Vilmann P, Clementsen PF, Colella S, Siemsen M, De Leyn P, 
Dumonceau JM, et al. Combined endobronchial and esophageal 
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) [published correction 

appears in Endoscopy. 2015 Jun;47(6):c1. Vasquez-Sequeiros, 
Enrique [corrected to Vazquez-Sequeiros, Enrique]]. Endoscopy. 
2015;47(6):545-559. https://doi.org/10.1055/s-0034-1392040

3. Travis WD, Brambilla E, Noguchi M, Nicholson AG, Geisinger KR, 
Yatabe Y, et al. International association for the study of lung cancer/
american thoracic society/european respiratory society international 
multidisciplinary classification of lung adenocarcinoma. J Thorac Oncol. 
2011;6(2):244-285. https://doi.org/10.1097/JTO.0b013e318206a221

4. Lindeman NI, Cagle PT, Aisner DL, Arcila ME, Beasley MB, Bernicker 

J Bras Pneumol. 2024;50(2):e202301932/3

https://doi.org/10.6004/jnccn.2022.0025
https://doi.org/10.1055/s-0034-1392040
https://doi.org/10.1097/JTO.0b013e318206a221


Rodrigues LV, Viegas M, Cordovilla R, Taborda-Barata L, Sousa V

EH, et al. Updated Molecular Testing Guideline for the Selection of 
Lung Cancer Patients for Treatment With Targeted Tyrosine Kinase 
Inhibitors: Guideline From the College of American Pathologists, 
the International Association for the Study of Lung Cancer, and 
the Association for Molecular Pathology. Arch Pathol Lab Med. 
2018;142(3):321-346. https://doi.org/10.5858/arpa.2017-0388-CP

5. Leighl NB, Rekhtman N, Biermann WA, Huang J, Mino-Kenudson 
M, Ramalingam SS, et al. Molecular testing for selection of patients 
with lung cancer for epidermal growth factor receptor and anaplastic 
lymphoma kinase tyrosine kinase inhibitors: American Society 
of Clinical Oncology endorsement of the College of American 
Pathologists/International Association for the study of lung cancer/
association for molecular pathology guideline. J Clin Oncol. 
2014;32(32):3673-3679. https://doi.org/10.1200/JCO.2014.57.3055

6. Labarca G, Folch E, Jantz M, Mehta HJ, Majid A, Fernandez-Bussy 
S. Adequacy of Samples Obtained by Endobronchial Ultrasound with 
Transbronchial Needle Aspiration for Molecular Analysis in Patients 
with Non-Small Cell Lung Cancer. Systematic Review and Meta-
Analysis. Ann Am Thorac Soc. 2018;15(10):1205-1216. https://doi.
org/10.1513/AnnalsATS.201801-045OC

7. Karadzovska-Kotevska M, Brunnström H, Kosieradzki J, Ek L, Estberg 
C, Staaf J, et al. Feasibility of EBUS-TBNA for histopathological 
and molecular diagnostics of NSCLC-A retrospective single-
center experience. PLoS One. 2022;17(2):e0263342. https://doi.
org/10.1371/journal.pone.0263342

8. La Fleur L, Falk-Sörqvist E, Smeds P, Berglund A, Sundström M, 
Mattsson JS, et al. Mutation patterns in a population-based non-
small cell lung cancer cohort and prognostic impact of concomitant 
mutations in KRAS and TP53 or STK11.” Lung cancer 130 (2019): 
50-58. https://doi.org/10.1016/j.lungcan.2019.01.003

9. Cancer Genome Atlas Research Network. Comprehensive molecular 
profiling of lung adenocarcinoma [published correction appears in 
Nature. 2014 Oct 9;514(7521):262. Rogers, K [corrected to Rodgers, 
K]] [published correction appears in Nature. 2018 Jul;559(7715):E12]. 
Nature. 2014;511(7511):543-550. https://doi.org/10.1038/nature13385

10. Turner SR, Buonocore D, Desmeules P, Rekhtman N, Dogan S, 
Lin O, et al. Feasibility of endobronchial ultrasound transbronchial 
needle aspiration for massively parallel next-generation sequencing 
in thoracic cancer patients. Lung Cancer. 2018;119:85-90. https://doi.
org/10.1016/j.lungcan.2018.03.003

J Bras Pneumol. 2024;50(2):e20230193 3/3

https://doi.org/10.5858/arpa.2017-0388-CP
https://doi.org/10.1200/JCO.2014.57.3055
https://doi.org/10.1513/AnnalsATS.201801-045OC
https://doi.org/10.1513/AnnalsATS.201801-045OC
https://doi.org/10.1371/journal.pone.0263342
https://doi.org/10.1371/journal.pone.0263342
https://doi.org/10.1016/j.lungcan.2019.01.003
https://doi.org/10.1038/nature13385
https://doi.org/10.1016/j.lungcan.2018.03.003
https://doi.org/10.1016/j.lungcan.2018.03.003

