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Abstract: Background/Objectives: Recent advances in the treatment of non-small cell lung
cancer (NSCLC) have shifted from conventional chemotherapy to targeted therapies aimed
at specific genetic mutations, particularly in the adenocarcinoma subtype. These therapies
have improved overall survival and quality of life. However, some patients still face barriers
to accessing these treatments due to challenges in diagnosing advanced-stage NSCLC.
Limited tumor cellularity in small biopsies and cytological samples hinders the ability
to perform further molecular analyses. Additionally, the increasing number of genetic
alterations requiring testing complicates the diagnostic process. To overcome this challenge,
we propose combining endobronchial ultrasound-guided transbronchial needle aspiration
(EBUS-TBNA) with next-generation sequencing (NGS) and immunohistochemistry for PD-
L1. Methods: A total of 120 EBUS-TBNA samples were consecutively collected during the
first year of integrating NGS at a reference hospital in Castilla y Le6n, Spain. Depending
on the histology and patient characteristics, a total of 67 NGS analyses and 116 PD-L1
determinations were performed. Results: The cytological sample obtained in these cases
successfully achieved the triple objective proposed by the NCCN for lung cancer (diagnosis,
staging, and molecular analysis in a single procedure) in 97% of instances. Conclusions:
Our study highlights the effectiveness of EBUS-TBNA as a comprehensive, cost-effective,
and safe diagnostic tool for NSCLC, successfully achieving the triple objective of diagnosis,
staging, and molecular analysis in 97% of cases. The procedure consistently provided
high-quality samples for NGS and PD-L1 testing, with minimal complications, reinforcing
its value as a reliable approach for optimizing personalized treatment strategies.

Keywords: non-small cell lung cancer; endobronchial ultrasound-guided transbronchial
needle aspiration; PD-L1; next-generation sequencing; cytological sample; quality

1. Introduction

The treatment of non-small cell lung cancer (NSCLC) has undergone a true revolution
in recent years. From a limited therapeutic arsenal based on indiscriminate chemotherapy,
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it has evolved into the paradigm of targeted therapy addressing specific genetic alterations
in the tumor, particularly in the adenocarcinoma subtype. It has been observed that both
overall survival [1] and quality of life [2] improve with these treatments. However, there are
still patients who cannot access these therapies. This limitation is partly due to diagnostic
challenges in advanced-stage patients, where small biopsies or cytological samples often
provide limited tumor cellularity, insufficient for additional studies beyond the primary
diagnosis. Additionally, the increasing number of molecular alterations requiring testing
exacerbates this issue. This situation may potentially be partially reversed soon with the
implementation of lung cancer prevention and early detection or screening programs [3].

Two major advances have addressed these challenges. First, techniques for sample
acquisition have been refined through endobronchial ultrasound-guided transbronchial
needle aspiration (EBUS-TBNA), now the standard diagnostic and staging method for
NSCLC. EBUS-TBNA has replaced mediastinoscopy [4] and transthoracic biopsy due to
minimal complications [5-7], but not CT-guided core biopsy, which remains the preferred
choice for peripheral and/or subpleural lesions [8]. Moreover, EBUS-TBNA enables both
diagnosis and staging in a single procedure, saving crucial time. The development of
more flexible needles and advanced navigation systems (e.g., radial EBUS, electromagnetic
navigation) has improved sample quality and the accessibility of smaller, more periph-
eral lesions that can be targeted with greater precision [9,10]. Second, the introduction of
high-throughput techniques, such as next-generation sequencing (NGS), into pathology
laboratories has transformed the analysis of numerous therapeutic targets, maximizing
the utility of obtained samples. The discovery of activating EGFR mutations enabled
the development of targeted therapies against them [11], paving the way for the design
of similar drugs targeting ALK [1], ROS1 [12], and RET [13] rearrangements, as well as
KRAS (G12C) [14] and BRAF [15,16] mutations. The standardization of immunotherapy
as a treatment for patients without known molecular targets, based on the immunohisto-
chemical expression of PD-L1 [17,18] in tumor cells, has significantly contributed to this
field, not only in adenocarcinoma but also in other NSCLC subtypes. NGS allows for
the simultaneous identification of multiple alterations in a single test, conserving sample
material and reducing laboratory time compared to single-gene approaches. EBUS-TBNA
has demonstrated diagnostic success rates of 89-98% in NSCLC patients. While it ensures
accurate diagnosis and enables monogenic studies in many cases, limited studies have
explored its utility for NGS [19]. This highlights the need to achieve the triple aim of EBUS-
TBNA in lung cancer: diagnosis, staging, and molecular analysis in a single procedure, as
recommended by the NCCN guidelines in 2018 [20].

Nevertheless, despite advancements in improving molecular diagnostics and the
availability of targeted therapies, there is currently no robust scientific evidence defining
the minimum criteria for successful sample acquisition. While expert recommendations
exist [21], decisions about the location of sample collection, the number of EBUS-TBNA
passes required to obtain enough material, the adequate cellularity threshold, or the panels
to be tested are left to the discretion of interventional pulmonologists and pathologists.
Parallel to the development of targeted drugs, a multitude of tools have been implemented,
differing in the type of material analyzed (DNA and/or RNA), enrichment methods (hybrid
capture or amplicons), required sample quantity (e.g., 10 ng, 20 ng), or turnaround time,
complicating the management of collected samples.

This study performed a retrospective analysis to evaluate the role of EBUS-TBNA in
molecular and PD-L1 diagnostics. The focus was on optimal acquisition and handling
practices based on the experience of a reference hospital in Castilla y Leén, Spain, during
the first year after the implementation of NGS.
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2. Materials and Methods
2.1. Patients

A total of 120 consecutive patients with suspected NSCLC were studied from 1 Novem-
ber 2022 to 31 December 2023 at the Salamanca University Hospital Complex (Figure 1).
All patients were over 18 years old and had a clinical and radiological (TC and/or PET-TC)
suspicion of advanced lung cancer according to clinical practice guidelines [22-24]. They
underwent EBUS-TBNA for both diagnostic and staging purposes in a single procedure
after obtaining informed consent. Only cases with a histological diagnosis of NSCLC were
included for molecular and PD-L1 analysis.

120 positive samples were

obtained in cases with
suspected lung cancer

ADC (n=71) UNSCLC (n=9) SqCC (n=40)

7.5% 33.3%

NGS 57/55* NGS 8/8* NGS 2/2*

PD-L1 68/71* PD-L1 9/9* PD-L1 39/40*

Figure 1. Flowchart of Patients Included in the Study. NSCLC, non-small cell carcinoma;
ADC, adenocarcinoma; UNSCLC, undifferentiated non-small cell lung carcinoma; SqCC, squamous
cell carcinoma. NGS, next generation sequencing. * requested /performed.

The bronchoscopy procedures were carried out in an Interventional Pulmonology unit
using a flexible convex probe bronchoscope (Olympus BF-UC 180F and 190F; Olympus
Corp., Tokyo, Japan) under conscious sedation. Specialized 22G or 21G EBUS-TBNA nee-
dles (Olympus ViziShot, NA-U4015X-4022, and NA-2015X-4022, Olympus Corp., Tokyo,
Japan) were used. Experienced bronchoscopists conducted a comprehensive airway and
lymph node exploration for each procedure. Rapid on-site evaluation (ROSE) was per-
formed in 14 patients. All patients underwent a computed tomography (CT) or positron
emission tomography-CT (PET-CT) scan before the invasive procedure, as indicated.

At least one cytology block per lesion and/or lymph node station was obtained
for each case and fixed in 10% buffered formalin for a minimum of 6 h for procedures
performed from Monday to Thursday and for a maximum of 72 h for specimens collected
on Fridays. The best sample, as determined by an expert pathologist, was selected for
immunohistochemical and molecular analyses. The tumor cell percentage was calculated
as a proportion of the total nucleated cellularity in the sample by two expert pathologists.

For each case, a hematoxylin and eosin (H&E) slide was prepared, and the minimal
immunohistochemical staining needed to confirm the suspected diagnosis was performed.
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This included TTF1 (Leica Microsystems Ltd., Milton Keynes, UK, diluted) and/or p40
(A. Menarini Diagnostics, San Diego, CA, USA, 1:200 dilution) using the automated Bond
Polymer Refine Detection system (Leica Microsystems (UK) Ltd., Milton Keynes, UK),
following the manufacturer’s instructions. Diagnoses were made according to the 5th
Edition of the WHO Classification of Thoracic Tumors [25] and staging followed the 8th
Edition of the IASLC guidelines [26].

Clinical characteristics (sex, age, smoking history, radiological staging) and bron-
choscopy details (explored stations, lymph node and lesion features, number of passes,
equipment used, needle size, and the presence of a pathologist in the room) were collected
for all patients. Additionally, pathological data (diagnosis, immunohistochemistry, tumor
cell percentage, sample quality metrics, NGS, and PD-L1 results) were recorded.

Informed written consent was obtained from the patient to gain access to their data, in
accordance with the Declaration of Helsinki. This study was approved by the local Ethics
Committee at the University Hospital of Salamanca (Salamanca, Spain; code PI 2023 07
1385; year, 2023). The anonymized database has been uploaded to Zenodo and can be
accessed using the following identification number: 10.5281/zenodo.14983303.

2.2. Genetic Testing and PD-L1 Analysis

For patients with a diagnosis of NSCLC and a minimum of 50 to 100 tumor cells,
PD-L1 immunohistochemical analysis was performed using the 22C3 clone from Dako on
the DAKO platform (Dako, Carpenteria, CA, USA). Results are expressed as the percentage
of tumor cells showing complete or incomplete membrane staining of any intensity.

2.3. Next-Generation Sequencing Study

Following consensus guidelines SEAP-SEOM [18] (Spanish Society of Pathology and
Spanish Society of Medical Oncology) and criteria set by the Molecular Committee for
Solid Tumors (MCST) at Salamanca University Hospital, NGS analysis was performed on
cases with non-squamous NSCLC histology or squamous histology in non-smokers and/or
patients younger than 50 years. Eligible samples required a tumor cellularity of over 30%
compared to nucleated cellularity, with minimal necrosis.

2.3.1. Sample Preparation and Nucleic Acid Extraction

Between 1 and 6 sections of 5 um thick FFPE samples were used for DNA and RNA
extraction. Sections were deparaffinized in 1 mL xylene at 50 °C, washed with 100% ethanol,
and dried at 55 °C. Tissue lysis was performed overnight at 55 °C using a proteinase K
solution, followed by 1 h at 90 °C. Subsequently, 200 uL of the lysate was transferred to
a plate for automated nucleic acid extraction using the Genexus System (Thermo Fisher
Scientific; Waltham, MA, USA). DNA and RNA concentrations (10 ng, measured with Qubit)
were assessed, and only samples with concentrations above 0.67 ng/uL were sequenced.

2.3.2. Sequencing and Analysis

Then, the mixture containing nucleic acids and sequencing reagents was loaded into
the Ion Torrent™ Genexus™ Integrated Sequencer (Thermo Fisher Scientific; Waltham, MA,
USA). The Oncomine Precision Assay (OPA) panel was used to detect hotspot mutations,
copy number variations (CNVs), and gene fusions across 50 cancer-related genes using
the Ion Torrent GX5 chip. Data were analyzed automatically with the Ion Torrent Genexus
software 6.8.0. and the Oncomine™ Reporter software 2024.01.006, and results were filtered
using the Variant Matrix Summary 5.16. This summary included mutations, amino acid
changes, allele frequencies, fusion reads, and CNVs. Only results meeting recommended
quality parameters for FFPE samples were included (Table S1).
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2.4. Statistical Analysis

For statistical analysis, SPSS software version 21 (IBM Corp., Armonk, NY, USA)
was used. For continuous variables with a normal distribution, Student’s t test was ap-
plied, while for those that did not follow a normal distribution, the Mann-Whitney U
test was used. p-value < 0.05 (or p corrected by Pearson, as appropriate) was considered
statistically significant.

3. Results

Out of the 120 patients who underwent EBUS-TBNA from November 2022 to Decem-
ber 2023, all were diagnosed with non-small cell lung cancer (NSCLC) (Figure 1). The
clinical and biological characteristics of the cohort are summarized in Table 1. A patholo-
gist was present in the room in only 14 cases (11.7%). The average number of passes per
explored region or lesion was three (range two to four, or three in all cases). The equipment
used in most cases was the Olympus BF-UC 190F (64 cases, 62.2%), and a 21G needle was
used in 115 cases (96.6%).

Table 1. Characteristics of patients with EBUS-TBNA positive for non-small cell lung cancer (1 = 120).

Characteristics of Patients N (%) or Median (Range)
Age, years
70.3 (45-88)

Gender

Male 87 (72.5%)

Female 33 (27.5%)
Smoking history

Never smoker 15 (12.5%)

Former smoker 34 (28.3%)

Current smoker 71 (59.2%)
Stage (based on 8th ed. of the AJCC) *

Ia 1 (0.8%)

Ib 2 (1.7%)

b 4 (3.3%)

Mla 20 (16.7%)

b 24 (20.0%)

v 69 (57.5%)
PET-CT

Yes 83 (69.2%)

No 37 (30.8%)
PET SUVmax values

Primary tumor 14.6 (2.9-58.9)

Lymph node 8.9 (3.4-23.5)
Sample location

Primary tumor 39 (32.5%)

Lymph node 81 (67.5%)
Size by EBUS (mm)

Primary tumor 26.7 (10-70)

Lymph node 13.4 (6.7-43.8)
ROSE

Yes 14 (11.7%)

No 106 (88.3%)
Equipment * (n = 119)

180 45 (37.5%)

190 74 (61.7%)
Needle type * (n = 119)

21G 115 (95.8%)

22G 4 (3.3%)
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Table 1. Cont.

Characteristics of Patients

N (%) or Median (Range)

Histological tumor type

Squamous cell carcinoma 40 (33.3%)
Adenocarcinoma 71 (59.2%)
Undifferentiated non-small cell carcinoma 9 (7.5%)
PD-L1** (n =112)
0% 42 (37.5%)
1-49% 46 (41.1%)
>50% 24 (21.4%)
NGS quality parameters *** (n = 65)
1,139,697.0
Mapped reads DNA (12,550.0-5,693,196.0)
Mean AQ 20 read lenght (bp) 90.0 (69.0-98.0)
Mean read length (bp) 99.0 (60.0-105.0)
Uniformity base coverage 97.4 (73.6-100.0)
185,670.0
Mapped reads RNA (17,515.0-2,075,290.0)
Mean read length RNA 91.0 (46.0-105.0)
RNA expression control detected 7.0 (3.0-7.0)
Detection of treatment target by NGS *** (n = 65)
Yes 28 (44.4%)
No 35 (55.6%)
Mutation of TP53 *** (n = 65)
Yes 23 (35.4%)
No 42 (64.6%)
Deaths
Yes 32 (26.7%)
No 88 (73.3%)

AJCC indicates American Joint Committee on Cancer. * Data were collected from 119 out of the 120 total patients
in the series. ** A total of 112 PD-L1 tests were performed out of the 116 requested. *** A total of 65 NGS were
performed out of the 67 requested.

The main complications observed in patients during the procedure were minor and
related to sedation, such as mild oxygen desaturation or non-severe respiratory depression.
These were easily corrected, and it was not necessary to interrupt the test. There were no
cases of pneumomediastinum, mediastinitis, or infection, nor were there any instances of
significant hemorrhage or bleeding.

In our institution, the average turnaround time for the pathology report is 3 days
(ranging from 2 to 5 days). Pulmonologists indicate the patient’s stage in the request
accompanying the samples, so if metastatic disease is identified, an automatic request
for PD-L1 and/or NGS testing is generated. The report for these tests is issued within
5 to 7 days, with exceptions in cases where additional techniques are required to confirm
specific alterations. Therefore, the total time for a complete diagnosis from the arrival of
the EBUS-TBNA sample ranges between 7 and 12 days.

The most frequent EBUS-TBNA result was non-squamous carcinoma, with 80 cases
(71 adenocarcinomas and 9 undifferentiated non-small cell carcinomas), and 40 cases of
squamous cell carcinoma. The squamous carcinoma patients were predominantly male
(33 vs. 7; 82.5%) and all were smokers or former smokers. In these patients, the sample
was obtained from the pulmonary lesion in 17 cases, with an average size of 30 mm (range
11.4 to 70 mm) measured by EBUS. PET-CT was performed in 12 patients, with an average
uptake of 17.4 & 16.2. Meanwhile, 23 patients had samples taken from metastatic lymph
nodes, with an average size of 19.5 &+ 10.7 mm. PET-CT was performed in 21 of these
23 patients, with an average standard uptake value (SUV) of 11.6 (range 4.1-23.5). PD-
L1 testing was requested for 39 of the 40 squamous histology patients, and the sample
was valid in all 39 cases. The result was positive in 25 of them (64.1%), with 8 showing
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cy-toplasmic membrane positivity of any intensity > 50%, indicating high expression

(Figure 2).
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Figure 2. Photographs of immunohistochemistry for PD-L1 (clone 22C3, Dako) performed on cell
block samples obtained through EBUS-TBNA sampling with a diagnosis of non-small cell lung
carcinoma. (A) Completely negative staining. (B) Cytoplasmic membrane staining in a few isolated
tumor cells, <1%. (C) Cytoplasmic membrane staining in <49% of tumor cells (low expressors).
(D) Cytoplasmic membrane staining in >50% of tumor cells in the sample (high expressors). Mi-
crographs (A,C,D) were acquired at 20x magnification; whereas micrograph (B) was adquired at
10x magnification.

According to the consensus guidelines and the CMTS, NGS was requested in only
65 of the 80 non-squamous carcinomas and in two patients with squamous histology. Of
the 15 patients with non-squamous histology, NGS was not indicated in 6 patients due
to early stage or localized disease. The main reason for not requesting NGS in patients
where it was indicated was that it had already been requested on a prior sample (six cases),
while in three other cases, clinical reasons led to the preference for monogenic testing
specifically for EGFR and ALK. As a result, NGS was requested for a total of 67 patients.
All but two of them had a valid sample for NGS (97%) with an average cellularity of 74.9%
(range 40-90%). None of the collected variables significantly influenced the success of
EBUS-TBNA in obtaining sufficient material for NGS, whereas for PD-L1 (Table 2), the only
two parameters that proved significant was the average size of the primary tumor and
metastatic lymph node, as measured by EBUS (p = 0.000), and the presence of a pathologist
in the room (p = 0.045).
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Table 2. Influence of Different Variables on the Acquisition of Valid Samples for NGS and PD-L1 in
Patients Diagnosed with NSCLC through EBUS-TBNA sampling.

NGS PD-L1
Candidates for A?iaempelli Candidates for Sample Adequacy
NGS (n = 67) noes) Significan PD-L1 (n = 116) (n = 112) Significan
(Median and "= gruticance (Median and (Median and Range gniticance
(Median and p) (p)
Range or Range or Range or or
n and %) n an%l %) n and %) n and %)
Age, years (median, range)
71 (45-88) 70 (45-88) 0.605 70 (53-84) 71 (45-88) 0.912
Gender
Male 42 (62.7%) 41 (97.6%) 0706 84 (72.4%) 81 (96.4%) 0919
Female 25 (37.3%) 24 (96.0%) ) 32(27.6%) 31 (96.9%) ’
Smoking history
Never smoker 15 (22.4%) 14 (93.3%) 15 (12.9%) 14 (93.3%)
Former smoker 16 (23.9%) 16 (100.0%) 0.549 33 (28.4%) 33 (100.0%) 0.346
Current smoker 36 (53.7%) 35(97.2%) 68 (58.7%) 65 (95.6)
Stage (based on 8th ed. of the AJCC)
Ta 1(1.5%) 1(100.0%) 1(0.9%) 1(100.0%)
b 1(1.5%) 1(100.0%) 2(1.7%) 2 (100.0%)
1Ib 2(3.0%) 2 (100.0%) 0.849 4(3.4%) 3(100.0%) 0.560
Mla 12 (17.9%) 12 (100.0%) 19 (16.4%) 18 (94.7%)
b 17 (25.4%) 17 (100.0%) 24.(20.7%) 24 (100.0%)
v 34 (50.7%) 32(94.1%) 66 (56.9%) 64 (97.0%)
PET-CT
Yes 40 (59.7%) 39 (97.5%) 0776 79 (65.5%) 76 (96.2%) 0.800
No 27 (40.3%) 26 (96.3%) : 37 (34.5%) 36 (97.1%) :
PET SUVmax values
Primary tumor 15.2 (4.7-37.0) 15.2 (4.7-37.0) 0979 14.6 (2.9-58.9) 14.7 (2.9-58.9) 0.076
Lymph node 9.3 (3.4-22.6) 4.9 (3.4-22.6) : 9.3 (3.4-23.5) 9.5 (3.4-23.5) :
Sample location
Primary tumor 17 (25.4%) 17 (100.0%) 0.402 39 (33.6%) 38 (97.4%) 0.743
Lymph node 50 (74.6%) 48 (96.0%) : 77 (66.4%) 74 (96.1%) .
Size by EBUS (mm)
Primary tumor 29.9 (10.0-70.0) 29.9 (10.0-70.0) 0473 26.7 (10.0-70.0) 25.8 (10.0-70.0) 0.000
Lymph node 13.2 (6.9-40.0) 16.2 (6.9-40.0) - 13.7 (6.7-43.8) 14.5 (6.7-43.8) :
ROSE
Yes 10 (14.9%) 10 (100.0%) 0548 14 (12.0%) 12 (85.7%) 0.045
No 57 (85.1%) 55 (96.5%) ’ 102 (88.0%) 97 (95.1%) ’
Equipment (1 =119)
180 21 (31.3%) 21 (100.0%) 0332 43 (37.1%) 43 (100.0%) 0202
190 46 (68.7%) 44 (95.7%) ) 73 (62.9%) 69 (94.5%) )
Needle type (n=119)
21G 64 (95.5%) 62 (96.9%) 0756 112 (96.6%) 108 (96.4%) 0.840
22G 3 (4.5%) 3 (100.0%) : 4(3.4%) 4(100.0%) :
Histological tumor type
Squamous cell 2 (3.0%) 2 (100.0%) 39 (33.6%) 39 (100.0%)
carcinoma
Adenocarcinoma 57 (85.1%) 55 (96.5%) 0.835 68 (58.6%) 64 (94.1%) 0.492
Undifferentiated
non-small cell 8(11.9%) 8(100.0%) 9 (7.8%) 9 (100.0%)

carcinoma

However, when we compared the samples based on their origin (lesion vs. lymph
node) (Table 3), we found differences in the stage, mean uptake in the PET-CT, and mean
size measured by endoscopic ultrasound regarding the validity of the sample for NGS.
In high stages (IIl and IV), the sample used for NGS was from both the lesion and the
lymph node (100% vs. 92%, respectively). In early stages (I and II), the sample was only
obtained from the metastatic lymph node (0% from the lesion vs. 8% from the node, with
a significance of p = 0.036). Furthermore, in samples obtained from the lesion, both the
mean lesion uptake (SUV of 14.7 in the lesion vs. 8.9 in the lymph node) and the mean size
measured during EBUS-TBNA (26.7 mm in the lesion vs. 13.4 mm in the lymph node) were
statistically significant, with p < 0.05 (Figure 3). Of the 65 samples with sufficient material
to perform the NGS technique, all had adequate quality parameters. These parameters
included DNA-related factors such as the number of mapped reads, an average quality
score > 20, the mean read length in base pairs, and the uniformity of base coverage, as well
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as RNA-related factors like the number of mapped reads, the mean read length in base pairs,
and the number of RNA expression controls detected (Table 1). When we compared the
results of NGS regarding their origin (lesion vs. lymph node), we found that the samples
obtained from the lesion had a median RNA read length of 89 (73-92), versus a median of
91 (46-105) for the node. These differences were statistically significant (p = 0.038) (Table 3).

Table 3. Influence of different variables on the acquisition of valid samples for NGS and results in
patients diagnosed with NSCLC through EBUS-TBNA sampling based on the collection site.

Collection Site Total (1 = 65) Significance
Lesion (1 =17) Lymph Node (1 = 48) @)
Age, years (median, range)
69.0 (53-78) 71.5 (45-88) 70 (45-88) 0.320
Gender
Male 11 (65%) 30 (63%) 1 0871
Female 6 (35%) 18 (37%) 24 )
Smoking history
Never smoker 4 (24%) 10 (21%) 14
Former smoker 4(24%) 12 (25%) 16 0.972
Current smoker 9 (52%) 26 (54%) 35
Stage (based on 8th ed. of the AJCC)
Ia 0(0%) 1(2%) 1
b 0 (0%) 1(2%) 1
Ib 0 (0%) 2 (4%) 2
Ila 4(24%) 8 (17%) 12 0.049
b 9 (52%) 8 (17%) 17
v 4 (24%) 28 (58%) 32
PET-CT
Yes 11 (65%) 29 (58%) 40 0.626
No 6 (35%) 21 (42%) 27 :
PET SUVmax values (1 = 38)
14.7 (2.9-58.9) 8.9 (3.4-23.5) 0.021
Size by EBUS (mm)
26.7 (10.0-70.0) 13.4 (6.7-43.8) 0.000
ROSE
Yes 3 (18%) 7 (15%) 10 0764
No 14 (82%) 41 (85%) 55 -
Equipment
180 3 (18%) 18 (38%) 21 0.133
190 14 (82%) 30 (63%) 44 :
Needle type
21G 16 (94%) 46 (96%) 62 0772
2G 1(6%) 2 (4%) 3 :
Histological tumor type
Squamous cell carcinoma 0 (0%) 2 (4%) 2
Adenocarcinoma 14 (82%) 41 (85%) 55 0.534
Undifferentiated non-small cell
carcinoma 3(18%) 5(11%) 8
NGS quality parameters
1,147,680.0 1,139,602.5 1,139,697.0
Mapped reads DNA (147,321.0-1,538,582.0) (12,550.0-5,693,196.0) (12,550.0-5,693,196.0) 0.941
Mean AQ 20 read lenght (bp) 89.0 (69.0-95.0) 90.0 (84.0-98.0) 90.0 (69.0-98.0) 0.863
Mean Read Length (bp) 98.0 (60.0-102.0) 99.0 (89.0-105.0) 99.0 (60.0-105.0) 0.775
Uniformity base coverage 96.2 (91.6-98.9) 97.5 (73.6-100.0) 97.4 (73.6-100.0) 0.624
185,670.0 182,873.5 185,670.0
Mapped reads RNA (75,667.0~364,685.0) (17,515.0-2,075,290.0) (17,515.0-2,075,290.0) 0.941
Mean read length RNA (bp) 89.0 (73.0-92.0) 91.0 (46.0-105.0) 91.0 (46.0-105.0) 0.038
RNA Expression control detected 7.0 (7.0-7.0) 7.0 (3.0-7.0) 7.0 (3.0-7.0) not applicable
Detection of treatment target by NGS
Yes 8 (47%) 20 (44%) 28 0.800
No 9 (53%) 26 (57%) 35 -
Mutation of TP53
Yes 9 (53%) 34 (71%) 42 0.078
No 8 (47%) 14 (29%) 23 :

Finally, when analyzing the parameters influencing the study of PD-L1 by categorizing
them based on the sample site of origin (Table 4), we observed that none of the evaluated
parameters significantly affected the validity of the material for performing this tech-nique

except for the average size of the lesion compared to the lymph node (26.3 vs. 13.9; p = 0.000).
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did not show differences concerning the location of the EBUS-TBNA sampling.
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Figure 3. Bar chart showing statistically significant differences between the two sample locations

(lesion and lymph node) in the average uptake measured by PET and the average size measured by

transbronchial endobronchial ultrasound.

Table 4. Influence of different variables on the acquisition of valid samples for PD-L1 and results in
patients diagnosed with NSCLC through EBUS-TBNA sampling based on the collection site.

Collection Site Significance
Total
Lesion Lymph Node _
(n=38) (n=78) (n =116 ®)
Age, years (median, range)
71 (53-84) 72 (45-88) 71 (45-88) 0.385
Gender
Male 30 (79%) 54 (69%) 84 0272
Female 8 (21%) 24 (31%) 32 ’
Smoking history
Never smoker 4(11%) 10 (13%) 14
Former smoker 13 (34%) 21 (27%) 34 0.711
Current smoker 21 (55%) 47 (60%) 68
Stage (based on 8th ed. of the AJCC)
Ta 0(0%) 1(1%) 1
Ib 0(0%) 2(2%) 1
IIb 0(0%) 3 (4%) 2 0130
ITa 6(16%) 13 (17%) 12 )
IIb 13 (34%) 11 (14%) 17
v 19 (50%) 48 (62%) 32
PET-CT
Yes 13 (34%) 23 (29%) 36 0.606
No 25 (66%) 55 (71%) 80 )
PET SUVmax values (n =79)
14.1 9.9
(9-589) P3G hg550) 0.093
Size by EBUS (mm)
26.3 (10.0— 17.2
70.0) 13.9 (6.7-43.8) (6.7-70.0) 0.000
ROSE
Yes 3(8%) 9 (12%) 12 0545
No 35(92%) 69 (88%) 104 ’
Equipment
180 13 (34%) 32 (42%) 21 0133
190 25 (66%) 45 (58%) 44 ’
Needle type
21G 37 (97%) 74 (95%) 62 0.448
22G 1(3%) 3(5%) 3 ’
Histological tumor type
Squamous cell carcinoma 17 (45%) 23 (29%) 40
Adenocarcinoma 17 (45%) 50 (64%) 67 0.139
Und_lfferenhated non-small cell 4(10%) 5(7%) 9
carcinoma
Result of immunohistochemistry for PDL1
Negative (0, <1%) 11 (29%) 31 (45%) 4 0180
Positive (>1%) 27 (71%) 43 (55%) 70 )
PDL1 expressors (1 = 70)
Low expresion (1-49%) 20 (74%) 26 (60%) 46 0243
High expresion (>50% ) 7 (26%) 17 (40%) 24 )
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4. Discussion

Despite the declining incidence of lung cancer, it remains the leading cause of cancer-
related death in both men and women [3,27]. Given the lack of effective population
screening and the fact that its symptoms often do not appear until the disease is advanced,
most patients are diagnosed at later stages, where diagnostic and curative options are more
limited [14,28]. Therefore, it is crucial that these patients, who will not undergo surgical
biopsy, are accurately diagnosed from both a histological and molecular perspective, en-
abling them to receive the best possible treatment and improve their quality of life [29]. The
aim of our study was to assess the role of EBUS-TBNA in molecular and PD-L1 diagnostics,
focusing on sample acquisition and handling. We reported on the first complete year
of using NGS for molecular diagnosis in advanced-stage patients, exclusively utilizing
cytology material. The primary limitation of this study is that it was conducted in a single
institution. To overcome this, future multicenter studies would be required to validate
these findings.

In this context, EBUS-FNA has proven to be an ideal approach, offering an optimal
balance between the quality of the material obtained and the associated patient risk. In
our study, valid samples were obtained using this method from 97% of patients, in line
with previously published series, such as those by Uchimura et al. and by Fernandez-
Acerefio et al., which reported validity rates of 80-90% [19,30-33]. Moreover, EBUS-TBNA
is a technique with minimal complications [7] that can be used in patients at advanced
stages with significant functional impairment or high ECOG scores, who are not candidates
for surgery and where other techniques would pose higher risks [34,35]. In our series,
the complication rate has been low, with minimal desaturation and/or mild respiratory
depression related to sedation, consistent with reports in the literature [36]. In addition to
these, more severe complications such as mediastinitis, pneumomediastinum, or significant
hemorrhage have also been described. However, these are rare and more commonly
associated with granulomatous diseases, such as sarcoidosis, making EBUS-TBNA a very
safe procedure [37-39].

Given the increasing complexity of diagnosing non-small cell lung cancer (NSCLC)
at the histological, immunohistochemical, and molecular levels, effective collaboration
between pulmonologists and pathologists is crucial for ensuring a streamlined workflow
and obtaining high-quality samples, thereby achieving the three primary objectives outlined
in the NCCN guidelines in a single procedure [5,20]. In this regard, some authors suggest
that the presence of a pathologist in the room, as in the ROSE procedure, plays a crucial role
in ensuring the success of molecular analysis of EBUS-TBNA samples [33,40—44]. In our
series, only 11.7% samples had pathologist validation, and we did not observe statistically
significant differences regarding the ability to perform NGS (p = 0.548). This can be partly
attributed to the limited number of validations and our well-established sample handling
protocol for non-validated specimens, supported by extensive collaborative experience,
which eliminates the need for additional passes in patients without ROSE, in contrast to
practices described by other authors [33,44,45].

Some articles suggest that the key factor may not be the presence of a pathologist in
the room, but rather the number of passes performed [19,43,46]. In this sense, the minimum
number of passes per site according to the reviewed literature is three to obtain enough
material for the complete histopathological study of the sample [46,47], although some
authors, such as Martin-Deleon et al., recommend performing a fourth pass if molecular
studies are required [7,30,43,46—48]. The average number of passes per station in our series
was three, and it did not lead to a significant increase in the cellular percentage or material
quality. In our experience, when multiple samples from the same patient are positive, we
reserve the one with the highest percentage of tumor cells for NGS and PD-L1, performing
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immunohistochemical techniques on other regions, provided the cellular morphology is
consistent. This ensures that the best sample from the patient is used for molecular and
PD-L1 studies.

In our study, the puncture site did not impact the adequacy of material for NGS
or PD-L1 analysis. We also found no significant differences between the sample origin
(lesion or lymph node) in EBUS-TBNA, except for lesions that had significantly higher
average PET-CT uptake and larger sizes on endoscopic ultrasound compared to metastatic
lymphadenopathy. This could be explained by the fact that in the lesion, the number of
tumor cells and their proportion relative to other cell populations was higher compared to
metastatic lymph nodes, where tumor cells typically represent a lower percentage compared
to lymphoid cellularity; and it can also be explained by the fact that in small lesions, such as
lymph nodes, there is sometimes an underestimation of the SUV, as observed in our series,
where the average lesion size measured on PET/CT was significantly larger compared to
the average size of metastatic lymph nodes [49,50].

Cytological samples have proven to be highly cost-effective in routine clinical practice.
In our series, they enabled the diagnosis of 120 patients and the performance of comple-
mentary techniques in 94.2% of them over nearly a year (65 of 67 cases underwent NGS
and PD-L1; and in 48 of the remaining 53, PD-L1 testing was performed). Success rates in
the literature vary, ranging from 50-60% [7,19] to 80-90% [33,41,46,51,52]. These samples
allow easy control of preanalytical variables, ensuring excellent preservation of genetic
material [6,32,33], as evidenced by the quality controls we presented.

Regardless of their location, the samples showed a high percentage of alignment
with the reference sequence in the reference DNA, as well as an average quality of >20,
reflecting excellent sequencing base quality. The average read length indicated proper
library preparation, without excessive DNA fragmentation. In our series, the uniformity
in base coverage of DNA was adequate, allowing accurate detection of variants. The
samples obtained through EBUS-TBNA demonstrated solid quality parameters for RNA,
which is crucial in lung cancer, given the therapeutic implications of certain fusions like
ALK and ROS1. While we did find a minimal difference in the average RNA length
between samples obtained from the lesion and those from the lymph node (Table 3), the
lesion samples ranged from 73 to 92 base pairs (bp), while the lymph node samples had
a significantly higher range (46-105 bp). This could indicate higher sample purity, as
metastatic adenopathy samples typically include a proportion of lymphocytes in addition
to tumor cells, whereas lesion-derived samples are predominantly composed of tumor cells.
These findings underscore the importance of sample origin in interpreting RNA sequencing
data, particularly in studies where RNA quality is crucial.

If properly managed, these samples are highly versatile. For example, in pre-digitized
extensions, the coverslip can be removed and the sample de-stained for immunohistochem-
istry or molecular techniques by scraping the surface of the slide [33,53], and centrifuging
the needle wash fluid allows the creation of a cell block from the supernatant or pellet [54].
All of this greatly increases the cost-effectiveness of the tumor material obtained, ensuring
diagnosis with a reasonable use of immunohistochemistry [25] and optimizing the genetic
material extracted for molecular diagnosis [55]. Our findings align with recent studies, in-
cluding Aljohaney et al., who reported that combining cytology with a cell block improves
the diagnostic yield over cytology alone in EBUS-TBNA [56].

NGS offers several advantages over performing monogenic determinations in terms
of sample, time, and laboratory resource savings. Depending on the platform, the en-
tire genome or exome can be analyzed, or a more limited panel of specific genes may be
used [57-59]. Although the former provides a wealth of information, they remain very
costly and require a greater amount of genetic material compared to the latter. Furthermore,
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the information they generate may recommend the use of expensive drugs outside of
approved indications [59,60]. From the perspective of public health and how the healthcare
system is organized in Spain, particularly in our region, the most cost-effective approach
is to use a gene panel that best meets the needs of the laboratory. There are many vali-
dated platforms available that standardize results with high analytical sensitivity and can
identify a wide range of genomic alterations (single nucleotide variants, insertions and dele-
tions, copy number variations, gene fusions, tumor mutational burden, and microsatellite
instability) in a single experiment.

To date, multiple studies support the use of EBUS-TBNA material with valuable
samples for molecular techniques and/or PD-L1 testing. However, many of these studies
combine different types of samples, such as cell blocks and extensions [6,40,45,51,54]; biop-
sies, punctures, and aspirates [7,32]; transthoracic cylinders, punctures, and biopsies [5,61];
cryobiopsies [62,63]; and punctures [10]; or even fresh frozen samples obtained by punc-
ture [64]. In this regard, some recent studies have shown that cryobiopsies perform better
than EBUS-TBNA; however, they are associated with a higher number of complications [63].
Nevertheless, for other authors, such as Bonatta-Riel et al., when only samples positive
for malignancy are analyzed, no statistically significant differences have been observed be-
tween EBUS-TBNA and cryobiopsy [62]. Therefore, there is no clear criterion for managing
the obtained material, nor for validating these samples, especially concerning the minimum
percentage of tumor cellularity required, which often depends on the panel being used.

5. Conclusions

In this study, we presented the first complete year of work with NGS for molecular
diagnosis in advanced-stage patients using puncture material exclusively at a fourth-level
hospital, a regional referral center. We employed a well-established workflow, using a
homogeneous patient population regarding sample collection method, material manage-
ment, NGS and PD-L1 quality standards, and the applied panel. The cytological sample
obtained in these cases successfully achieved the triple objective proposed by the NCCN
for lung cancer in 97% of cases. In addition to an accurate diagnosis, the material obtained
was sufficient to perform NGS techniques with the required quality, as well as immuno-
histochemistry techniques for PD-L1 without significant complications, regardless of the
location; except for RNA, which in our series appears to be better preserved in the lymph
nodes, with minimal differences compared to the primary lesion. This demonstrates that
EBUS-TBNA is highly cost-effective and safe for the patient.
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Abbreviations

The following abbreviations are used in this manuscript:

NSCLC Non-small cell lung cancer

EBUS-TBNA  Endobronchial ultrasound-guided transbronchial needle aspiration
NGS Next-generation sequencing

NCCN National Comprehensive Cancer Network

CT Computed tomography

PET-CT Positron emission tomography-CT

SEAP-SEOM  Spanish Society of Pathology and Spanish Society of Medical Oncology
MCST Molecular Committee for Solid Tumors

FFPE Formalin-fixed, paraffin-embedded

DNA Deoxyribonucleic acid

RNA Ribonucleic acid

CNV Copy number variations
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