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Abstract: Lung cancer is the leading cause of cancer-associated death globally. Staging provides
classification of the anatomic extent of cancer that is used consistently worldwide. Lung cancer staging
is necessary for prognostication, to inform treatment options, and to allow accurate representation in
clinical trials. Staging also separates operable from inoperable disease. Since its introduction in the
1970s, the Tumor, Node and Metastasis (TNM) Staging System has undergone significant revisions,
with the latest version, the eighth edition, being effective internationally since 2017. Advances in
bronchoscopic and thoracoscopic technologies have expanded procedures to diagnose lung cancer
and accurately define the anatomic stage. Understanding the advantages and disadvantages of
available methods for staging lung cancer is critical to clinician decision making. In patients with
lung cancer without distant metastases, the staging of mediastinal lymph nodes determines treatment
options. To minimize the risk and cost, the most appropriate method of staging should identify
the highest disease stage while carrying acceptable risk. Minimally invasive endoscopic needle
techniques to stage the mediastinum are the first choice to assess for metastases in accessible lymph
node stations. Surgical techniques are generally reserved for specific clinical situations, including
following negative endoscopic needle techniques when suspicion for nodal involvement is high and
to assess endoscopically inaccessible lymph nodes. This review provides a concise account of TNM
staging of non-small cell lung cancer (NSCLC) and overview of procedures available for the staging
of lung cancer.

Keywords: non-small cell lung cancer; endobronchial ultrasonography; transbronchial needle
aspiration; video-assisted thoracoscopic surgery; pleuroscopy

1. Introduction

Lung cancer is the second most common cancer in men and women in the United
States and the leading cause of cancer-related death in the world [1]. NSCLC accounts for
80–90% of lung cancer cases [1]. Accurate staging of lung cancer is crucial as it is the most
important predictor of survival and determines treatment options. The stage at diagnosis
directly correlates with mortality and determines candidacy for potentially curative surgical
resection. A comprehensive literature search was performed to inform this review utilizing
PubMed. Keywords utilized to identify articles included: lung cancer staging, non-small
cell lung-cancer, endobronchial ultrasonography, and video-assisted thoracoscopic surgery
with a focus on articles published after 2013, when the last iteration of the American College
of Chest Physician clinical practice guidelines on staging of NSCLC was published.

The Union for International Cancer Control (UICC) and American Joint Committee on
Cancer (AJCC) are the official bodies that define the stage classification systems and ensure
global consistency. The TNM Staging System was accepted by the UICC Committee on
Tumour Nomenclature and Statistics in 1953 as the basis for anatomical staging. Following
this, in 1996 the International Association for the Study of Lung Cancer (IASLC), a global
organization dedicated to the study of lung cancer, developed an international database for
external validity of future iterations of TNM. The UICC has determined that the IASLC is
the primary source of recommendations for lung cancer staging [2]. Based on the IASLC’s
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collection and analysis of lung cancer data, the TNM staging has undergone substantial
revisions. The current version is the eighth edition, which became the worldwide standard
in January 2017.

The database for the eighth edition was collected between 1999 and 2010 from 16 dif-
ferent countries, and 77,156 patients were included in the study [3]. A major highlight of
the latest edition is the re-classification and subclassification of the different stages of lung
cancer based on the collected prognostic data. Subclassification of tumor size and extent of
extrathoracic involvement are among the most important changes.

2. TNM Staging System

TNM staging is the description of the anatomic extent of cancer and includes tumor
(T) to describe the magnitude of the primary tumor, nodal (N) to depict involvement of
regional lymph nodes, and metastases (M) for distant metastases beyond regional lymph
nodes (Table 1). Each of these components are divided further into subcategories. The
T stage is determined by the size of the primary tumor and the extent of invasion of
surrounding structures. Tumors should be measured using the single largest dimension
measured in one of three standard planes (axial, coronal, sagittal) using thin, one-millimeter
sections. Based on the analysis of patients in the most recent database, it was determined
that with each centimeter increase in tumor size, there is a poorer prognosis, but no
demonstrable difference in survival once a tumor exceeds six centimeters [3]. By size,
tumors are categorized as Tis or carcinoma in situ if the tumor is found only in the top
layers of cells lining the lung or bronchus and has not extended beyond this. T1 tumors
have a maximum diameter of three centimeters, T2 tumors have a maximum diameter
between three and five centimeters, T3 have a maximum diameter between five and
seven centimeters, and T4 have a maximum diameter greater than 7 cm. T1 and T2
tumors are further subclassified in one-centimeter increments to provide better prognostic
classification, as outlined in Table 1. Regarding involvement of adjacent structures, the
involvement of the main bronchus aligns with the prognosis of a T2 stage. Similarly,
obstructive atelectasis is staged as T2, regardless of the amount of lung involvement, as this
is reflective of the prognostic value of endobronchial growth of the tumor [4]. Tumors that
invade the visceral pleura are T2a, and those that invade the parietal pleura, pericardium,
or chest wall are considered T3. Tumors that invade the diaphragm, heart or great vessels,
esophagus, vertebrae, carina, and recurrent laryngeal nerve represent T4 disease. A satellite
nodule in the same lobe as the primary nodule is classified as T3, but a nodule in a different
lobe of the same lung is classified as T4. A separate nodule in the contralateral lung would
be classified as M1a, as detailed below.

The eighth edition is the first to provide recommendations on the radiologic stag-
ing of subsolid nodules. Subsolid nodules are most often adenocarcinoma, and the solid
component of a nodule usually correlates with the invasive component of the adenocarci-
noma [5]. If the solid component of the part solid nodule is larger than 5 mm, the T staging
is determined by the diameter of the solid component.

The N stage assesses tumor burden in the regional hilar and mediastinal nodes. The
N-descriptor remained the same between the seventh edition and the eighth edition; thus,
the nodal stations are as outlined in the IASLC nodal map developed in the seventh TNM
edition. The nodal stage consistently separates patients into different prognostic groups.

Lymph node metastasis to the ipsilateral hilum is classified as N1. Lymph node
metastasis to the ipsilateral mediastinum or subcarinal lymph node is categorized as N2.
Based on the analysis for the upcoming ninth TNM edition, it is proposed that the N2
category be divided into subgroups N2a and N2b, representing single-station and multi-
station involvement, respectively, based on distinctly different prognoses [6]. Lymph node
metastasis to the contralateral mediastinal or hilar lymph nodes, as well as ipsilateral or
contralateral scalene and supraclavicular lymph nodes, are considered N3. Assigning
lymph nodes to the correct lymph node station based on location is necessary. As such, it is
important to differentiate between ipsilateral and contralateral, or right versus left lymph
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node stations. For example, the border between the right and left paratracheal lymph nodes
is the left lateral wall of the trachea [7]. Similarly, the border between the lower paratracheal
lymph nodes and the hilar lymph nodes is an important distinction; the inferior border of
the paratracheal lymph nodes is defined by the superior aspect of the pulmonary artery
on the left and the inferior border of the azygous vein on the right. The determination of
nodal disease includes a combination of anatomic and metabolic imaging; transbronchial
and transesophageal needle aspiration; and mediastinoscopy and thoracoscopy, which are
discussed below.

Table 1. TNM classification of lung cancer per the eighth edition.

Category Definition

Tis Carcinoma in situ

T1a Tumor ≤ 1 cm (cm)

T1b Tumor > 1 cm to ≤2 cm

T1c Tumor > 2 cm to ≤3 cm

T2a Tumor > 3 cm to ≤4 cm; or any size involving the main bronchus or visceral pleura,
or leading to obstructive atelectasis

T2b Tumor > 4 cm to ≤5 cm

T3
Tumor > 5 cm to ≤7 cm; or any size involving the parietal pleura, parietal

pericardium, chest wall, T1–T2 nerve roots, phrenic nerve; or satellite tumor in same
lobe as primary tumor

T4

Tumor > 7 cm; or any size invading the mediastinum, diaphragm, trachea, main
carina, recurrent laryngeal nerve, esophagus, visceral pericardium, vertebral body,

great vessels, heart, cervical nerve roots; or satellite tumor in separate lobe of
ipsilateral lung

N0 No reginal lymph nodes involved

N1 Ipsilateral peribronchial, hilar, and intrapulmonary nodes

N2 Ipsilateral mediastinal and subcarinal nodes

N3 Contralateral mediastinal, hilar, or any scale or supraclavicular node

M1a Separate tumor nodule in contralateral lung, pleural, or pericardial involvement

M1b Single extrathoracic metastasis

M1c Multiple extrathoracic metastases

The M stage is defined by the presence of distant metastasis beyond regional lymph
nodes. Lung metastases can be intra- or extra-thoracic. Patients with single extra-thoracic
metastasis have better prognosis than those with several metastatic sites; thus, M1 is di-
vided into a, b, and c to represent thoracic metastatic disease (separate tumor nodule in
the contralateral lobe, pleural nodules or malignant pleural/pericardial effusion), single
extrathoracic metastasis, and multiple extrathoracic metastases, respectively. If pulmonary
metastases are not verified histologically, this may lead to over-staging, as most pulmonary
nodules detected in patients with lung cancer are benign [8]. It is also necessary to distin-
guish intrapulmonary metastases from a synchronous primary lung cancer, as secondary
primary lung cancers should be staged separately. Comprehensive histologic and molecular
characterization of the tumors may be required to determine this difference. The final stage
is based on the combination of the T, N, and M categories.

3. Neuroendocrine Tumors

Neuroendocrine tumors (NETs) of the lung include carcinoids (typical and atypical),
large cell neuroendocrine cancer, and small cell lung cancer (SCLC). NETs of the lungs
are staged using the AJCC TNM system described above, with the exception of SCLC.
SCLC is a unique entity characterized by early metastatic spread and has been staged
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using the Veterans’ Administration Lung Study Group (VALSG) two-stage system since
the late 1950s [9], which determines curative versus noncurative treatment options. The
VASLG system includes limited stage (LS) and extensive stage (ES). LS includes disease
confined to one hemithorax that is able to be encompassed in a single, safe radiotherapy
port. This includes hilar, mediastinal, and ipsilateral supraclavicular lymph nodes but no
extra-thoracic metastases. ES is defined as any disease beyond that defined by LS.

4. Imaging Techniques for Staging

Computed tomography (CT) of the chest is routinely used for the initial staging
of tumor size and mediastinal involvement in patients with lung cancer, given its low
cost, wide availability, and use in detection of the primary tumor; however, it has limited
accuracy for the detection of lymph node metastases. A lymph node must measure greater
than one centimeter in short axis to be radiographically defined as lymphadenopathy.
Benign, inflammatory, or reactive lymph nodes often exceed the one-centimeter threshold,
so using the size criterion alone is of low diagnostic value. The pooled sensitivity of the CT
size criterion in isolation is 55% with a specificity of 81% [10,11]. By using size on CT alone,
42% of lymph nodes greater than 1 cm would be over-staged, as they are benign, and 17%
of metastases to lymph nodes smaller than 1 cm would be missed [11].

In patients with a normal clinical evaluation and no suspicious extrathoracic abnor-
malities on chest CT who are considered for curative-intent treatment, fludeoxyglucose
positron emission tomography (FDG PET) is recommended for the evaluation of metas-
tases [10]. Common extrathoracic metastatic sites that can be evaluated via PET are the
adrenal glands, liver, and skeletal system. The standardized uptake value (SUV) is a mea-
sure of metabolic activity detected by FDG PET, and a cut-off SUV of 2.5 and greater is
generally applied to distinguish neoplastic from benign tissue. By using FDG PET/CT
for NSCLC, the sensitivity is increased to 77–90% with a specificity of 86–95% in lesions
greater than one centimeter [10,12,13]. FDG PET also carries the risk of false positives,
as non-neoplastic lesions such as granulomatous disorders or infections may generate
metabolic activity, so enlarged FDG-positive lymph nodes must be histologically confirmed
via tissue biopsy to verify metastatic involvement [12]. Despite limited sensitivity, PET
remains important for staging and is recommended to detect occult metastatic disease in
order to avoid noncurative surgical resection [10]. In patients with an imaging finding
(CT or PET) suggestive of extra thoracic metastases, tissue biopsy of the abnormality is
recommended to pathologically confirm the clinical stage [10].

Contrast-enhanced MRI has a higher sensitivity for the detection of brain metastases
compared to CT and PET due to the small size of most brain metastases and background
brain FDG uptake. MRI brain is recommended in all patients with stage III or IV NSCLC and
anyone with neurological symptoms on clinical evaluation [10]. MRI brain is recommended
in all patients diagnosed with SCLC [14]. MRI will detect brain metastases in 10–15% of
asymptomatic patients with SCLC, including 12% of patients who would otherwise be
staged as LS [14].

5. Invasive Techniques to Stage the Mediastinum
5.1. Endoscopic Staging

In patients with lung cancer with mediastinal lymph node enlargement without dis-
tant metastases, with or without PET avidity, invasive staging of the mediastinum is
recommended over imaging alone [10,15]. For patients with a peripheral stage IA tumor
by negative PET/CT who are surgical candidates, it has been suggested that invasive
pre-operative evaluation of the mediastinal nodes is not required [10]. Prior studies re-
port that a negative PET without distant or nodal metastases in patients with tumors
under three centimeters in the outer one-third of the lung virtually excludes lymph node
metastases and therefore would suggest invasive staging is unnecessary prior to surgical
resection [10,13,15]. Conversely, occult lymph node metastases (OLM) are often found
during surgical resection; in a more recent study of surgically treated patients with NSCLC,
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OLM was found in 23.1% of all pre-operative clinical N0-staged patients, and one-half of
these patients had tumors under three centimeters [16]. Similarly, in another study, which
compared lobar to sublobar resection, the rate of OLM was found to be approximately
6.4% in those with pre-operative clinical stage IA (N0) [17]. This study concluded that
in patients with peripheral NSCLC with tumor size of 2 cm or less and pathologically
confirmed node-negative disease, sublobar resection was not inferior to lobectomy with
respect to disease-free survival [17]. These data suggest that despite current lung cancer
staging guidelines, endoscopic staging should be considered in all patients considered for
wedge resection or radiation therapy in which concomitant lymph node dissection will not
be performed. These data are increasingly more relevant as expanded lung cancer screening
is implemented and the proportion of patients with early stage lung cancer increases.

In patients with central tumors ≥ 3 cm, a negative PET does not exclude lymph
node metastases, and guidelines suggest invasive staging of the mediastinum should be
performed [15,18]. Interestingly, there is no consensus definition for central location, and
in one study looking at participants from the National Lung Screening Trial, there was no
difference in the rate of lymph node metastasis based on location or tumor size [19]. This
would again suggest that patients with small, peripheral lung cancers may also benefit
from mediastinal staging. There are multiple invasive strategies to stage the mediastinum,
and the optimal strategy is based on local availability, physician expertise, and the anatomic
location of the suspected nodal metastases.

Conventional flexible bronchoscopy can determine the endobronchial extension of the
primary tumor or detect radio-occult endobronchial lesions [5]. Blind transbronchial needle
aspiration (TBNA) can be performed during initial flexible bronchoscopy if pathologically
enlarged mediastinal lymph nodes have been identified on CT of the chest. This process is
most accurate for enlarged lymph nodes in the subcarinal station (7) but can also be utilized
for the lower paratracheal stations (4R and 4L) and hilar lymph nodes [20]. A meta-analysis
of data involving patients who underwent blind TBNA showed this technique had a pooled
sensitivity of 39% to detect nodal metastases with a false-negative rate of 28% [21,22].
Based on low diagnostic yield and significant advancements in mediastinal staging with
the advent of endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-
TBNA), blind TBNA is rarely utilized.

Endobronchial ultrasonography (EBUS) allows for the real-time visualization of struc-
tures adjacent to airways via a curvilinear ultrasound transducer at the tip of the broncho-
scope in addition to direct airway visualization. The ultrasound transducer guides the
TBNA of lymph nodes and parabronchial masses (Figure 1). In the mediastinal staging
of lung cancer, EBUS-TBNA has an overall median sensitivity of 89% and a median neg-
ative predictive value of 91% [10]. All FDG-PET-positive lymph nodes and any lymph
node ≥ 5 mm in the short axis measured by ultrasound should be biopsied. The optimal
number of nodal aspirations per station for histopathological staging has been reported
to be three, particularly in the absence of rapid on-site evaluation (ROSE) [23–25]. The
current data suggest that ROSE reduces the number of needed aspirations as well as the
number of additional procedures required, and this may be beneficial in determining the
quantity of malignant cells available for molecular analysis [25]. The American College
of Chest Physicians’ (CHEST) guidelines regarding EBUS-TBNA suggest that additional
samples beyond those needed for diagnosis be obtained for molecular analysis [26]. To
avoid contamination, the order of sampling should begin with the N3 stations followed by
N2 and finally the N1 stations. There are 19-, 21-, 22-, and 25-gauge needles commercially
available for use with EBUS. Controversy remains regarding the effect of needle size on
diagnostic yield of EBUS-TBNA; a prospective randomized clinical trial comparing the
19-gauge EBUS needle to the 21-gauge needle revealed that the diagnostic yield was similar
(89.4% vs. 88.7%, p = 0.71); however, in malignant lymph nodes, the 19-gauge showed
higher smear cellularity (32.6% vs. 13.0%, p = 0.05) and rapid on-site evaluation adequacy
(84.8% vs. 63.0%, p = 0.004) [26].
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EBUS allows for the sampling of mediastinal lymph node stations 2R (right superior
paratracheal), 2L (left superior paratracheal), 4R (right inferior paratracheal), 4L (left inferior
paratracheal), and 7 (subcarinal), as well as hilar lymph node stations 10R, 10L, 11R, and 11L.
EBUS cannot access lymph node stations 3 (prevascular and retrotracheal), 5 (subaortic), or
6 (para-aortic), nor 8 (para-esophageal) or 9 (pulmonary ligament). Lymph node stations
2L, 4L, 5, 7, 8, and 9 can be accessed via the esophagus with endoscopic ultrasound (EUS)-
guided fine needle aspiration (FNA). During EUS, aspiration is performed through the
esophagus under direct vision, and linear ultrasound guides a needle into the lymph node.
EUS has a sensitivity of approximately 89%, and when combined with EBUS, the sensitivity
increases to approximately 91% [10] and provides access to the entire mediastinum with
the exception of lymph node station 6. EUS and EBUS can be performed under conscious
sedation or general anesthesia. EBUS with TBNA has a complication rate of 1–2% and
mortality of 0.01% and is therefore considered a safe procedure [26]. In clinical N0 tumors
following PET and CT, the risk of mediastinal nodal involvement has been reported as
less than 20%, and the sensitivity for EBUS-TBNA to detect metastatic nodal disease drops
to 17–41% [27–30]. Conversely, a significant proportion of patients with clinical N0 or
N1 disease by PET/CT had pathologic N2 disease, and EBUS-TBNA identified 40% of
these, thus improving diagnostic accuracy compared with PET/CT alone [30]. In patients
with high or intermediate suspicion of N2 or N3 involvement and no evidence of distant
metastases, invasive staging of the mediastinum is recommended over staging by imaging
alone, and a needle technique is recommended over surgical staging [10]. In this setting,
negative results obtained by minimally invasive endoscopic techniques should be surgically
confirmed via the methods presented below.

5.2. Surgical Staging

Mediastinoscopy is performed by surgeons in the operating room under general
anesthesia and allows for the exploration of the superior and middle mediastinum. Video-
assisted mediastinoscopy (VAM) is preferred to mediastinoscopy due to increased visualiza-
tion and sampling of more lymph node stations [13]. The procedure involves one incision
just above the suprasternal notch, insertion of a mediastinoscope alongside the trachea, and
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biopsy of mediastinal nodes. Mediastinoscopy affords access to right and left superior and
inferior paratracheal lymph node stations (2R, 2L, 4R, 4L) and anterior subcarinal nodes
(7), as well as right and left para-esophageal stations (8R, 8L) and right and left hilar (10R,
10L) stations, depending on the technique. Extended cervical mediastinoscopy provides
access to subaortic (5) and para-aortic (6) lymph node stations. Given incomplete access
to the mediastinum, this technique has a sensitivity of 78%, specificity of 100%, and a
false-negative rate of 10% [20]. Newer techniques such as video mediastinoscopy increases
the sensitivity to 89% [10]. Rates of morbidity and mortality are as low as 2% and 0.08%,
respectively [10]. Mediastinoscopy is recommended if suspicion remains high for lymph
node involvement following a negative EBUS with sufficient samples obtained [10].

Video-assisted thoracoscopic surgery (VATS) is performed by surgeons in the operating
room under general anesthesia and usually with one lung ventilation. This procedure
involves the creation of three port holes in the hemithorax and use of a video thoracoscope
that is used to access the pleural space, lung, and mediastinum via the ports. VATS allows
for the assessment of T, N, and M stages and thus has the ability to diagnose synchronous
primary lung cancers versus make the distinction between T3 and T4 disease. The suspicion
of pleural or pericardial effusion can be confirmed by this technique as well allowing for
the diagnosis of M1a disease. VATS for the staging of the mediastinum affords access to
ipsilateral lymph nodes. VATS has a median sensitivity of 99% and false-negative rate of
4% [31]. VATS can also be utilized to confirm the T stage as suggested radiographically,
particularly in relation to T4 disease in which the invasion of the mediastinum or diaphragm
precludes resection. In three studies, radiographically suggested T4 disease was excluded
in 38% of patients by VATS among three studies [32–34]. The average complication rate of
VATS performed for mediastinal staging is 2%, with no reported mortality [35]. A proposed
algorithm for invasive staging of NSCLC is detailed below in Figure 2.
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6. Supraclavicular Lymph Node Biopsy

The presence of ipsilateral or contralateral supraclavicular lymph node involvement
designates N3 disease according to the TNM classification. To evaluate for supraclavicular
lymphadenopathy, CT of the chest or neck or ultrasound can be utilized. If enlarged lymph
nodes are identified in this region, histopathologic evaluation should be pursued through
either percutaneous needle aspiration or excisional biopsy. Ultrasound guided percuta-
neous needle aspiration of a supraclavicular lymph node is shown in Figure 3. Suspicious
lymph nodes can be identified using point-of-care ultrasound with a linear transducer.
Ultrasound identifies up to 50% of non-palpable supraclavicular lymph nodes [36]. Lymph
nodes appear as echo dense structures surrounded by a clearly defined hyperechoic cap-
sule [36]. Lymph nodes do not collapse like surrounding vasculature, and a fatty central
hilum may be identified. Ultrasound with fine needle aspiration cytology (FNAC) is
utilized for head and neck cancer with a sensitivity and specificity over 90% [37]. Prior
literature has suggested that ultrasound-guided FNAC is an effective way of sampling
occult supraclavicular nodes in people with lung cancer, and this simultaneously excludes
surgical resection [38,39]. In one study, further invasive diagnostic procedures were pre-
vented in 11 of 117 patients following FNAC. Importantly, FNAC can be performed by
trained pulmonologists utilizing local anesthesia and offers the ability to obtain core needle
biopsies [40].

J. Respir. 2024, 4, FOR PEER REVIEW 9 
 

 

 
Figure 3. Soft tissue ultrasound image showing an enlarged right supraclavicular lymph node with 
the entire length of the needle visible entering from the left side of the screen. 

7. Needle Aspiration Versus Core Biopsy 
Specimens obtained via EBUS-TBNA or EUS-FNA are cytologic aspirates with lim-

ited cellular material and may lack architecture [41]. Cytologic specimens can be pro-
cessed in multiple ways including direct smears, touch-preparation of tissue biopsies, al-
cohol-fixed liquid-based concentration methods, or by the creation of a tissue cell block. 
Core needle biopsies obtained via the transbronchial, endobronchial, or transthoracic 
route are larger and provide tissue architecture [41]. These are generally formalin fixed. 
Both biopsies and cytologic needle aspirations provide histopathologic diagnoses and are 
fit for molecular testing. Studies comparing these methods report a molecular testing suc-
cess rate for biopsy specimens of 55–100% and for FNA or EBUS-TBNA cell block speci-
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Figure 3. Soft tissue ultrasound image showing an enlarged right supraclavicular lymph node with
the entire length of the needle visible entering from the left side of the screen.

7. Needle Aspiration Versus Core Biopsy

Specimens obtained via EBUS-TBNA or EUS-FNA are cytologic aspirates with limited
cellular material and may lack architecture [41]. Cytologic specimens can be processed in
multiple ways including direct smears, touch-preparation of tissue biopsies, alcohol-fixed
liquid-based concentration methods, or by the creation of a tissue cell block. Core needle
biopsies obtained via the transbronchial, endobronchial, or transthoracic route are larger
and provide tissue architecture [41]. These are generally formalin fixed. Both biopsies
and cytologic needle aspirations provide histopathologic diagnoses and are fit for molec-
ular testing. Studies comparing these methods report a molecular testing success rate
for biopsy specimens of 55–100% and for FNA or EBUS-TBNA cell block specimens of
46–95% [41–43]. Programmed death-ligand 1 (PD-L1) expression is an important thera-
peutic biomarker for NSCLC. A study looking at the adequacy of EBUS-TBNA samples
for PD-L1 testing in particular found that there was no significant difference in sampling
adequacy between EBUS-TBNA and other methods of tissue acquisition [44]. Advances in
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diagnostic and molecular testing have allowed cytologic needle aspirations to be used to
accurately diagnose and molecularly characterize lung cancer.

8. Thoracentesis and Pleuroscopy

Pleural effusions or pleural nodules and thickening are radiographically evident in
up to one-third of patients with NSCLC at presentation [45]. Patients with known or
suspected lung cancer presenting with a pleural effusion should undergo thoracentesis
with cytopathologic analysis, as the presence of malignant cells in the pleural space rep-
resents stage M1a and ultimately stage IV disease. The diagnostic yield depends on the
type of cancer and ranges from 40 to 60%, and yield increases only slightly with a second
sample [46]. If the cytologic analysis following serial thoracenteses is negative, pleural
biopsy is recommended. Pleuroscopy, or medical thoracoscopy, is an approach utilized
to simultaneously sample pleural fluid and biopsy the pleura with an approximate sen-
sitivity of 95% for pleural malignancies [46]. Pleuroscopy is performed by interventional
pulmonologists in the operating room under general anesthesia. It involves the passage
of a thoracoscope through a single incision in the chest wall for direct visualization of
the pleura. Pleuroscopy can additionally offer pleural palliation via talc pleurodesis or
placement of an indwelling pleural catheter during the same procedure.

9. Conclusions

In known or suspected NSCLC, accurate staging is crucial as it is the most important
predictor of survival and determines treatment options, including candidacy for potentially
curative surgical resection. Staging of lung cancer requires a thoughtful combination of
imaging and invasive methods. This often begins with CT scan of the chest given the
wide availability and its use in identifying the primary tumor. Unfortunately, CT scans are
inaccurate in determining benign from malignant lymph nodes in the mediastinum. PET
provides functional information with increased sensitivity and specificity when compared
to chest CT and allows for the identification of extrathoracic metastatic sites, excluding the
brain. Despite this, positive findings on PET scans must be confirmed by tissue sampling.
The confirmation of mediastinal lymph node involvement can be performed using multiple
methods with a range of invasiveness and separate safety and efficacy profiles. Risk can be
mitigated by proceeding with the least invasive method, which will allow for the highest
staging and determine operative candidacy versus non-surgical treatment strategies.

10. Future Directions

With the evolution of image-guided and robotic-assisted bronchoscopy (RAB) tech-
niques, which received FDA approval in 2018 and 2019, it is now possible to biopsy
sub-centimeter and peripheral pulmonary nodules, which were previously considered
outside of reach by bronchoscopic methods [47]. RAB utilizes a pre-procedural CT scan
to generate navigational airway pathways to reach the primary lesion. With this technol-
ogy, the operator can navigate through smaller airways under direct visualization. With
image-guidance and the use of RAB, interventional pulmonologists are able to offer a
single procedure in which they establish a primary diagnosis and simultaneously stage the
mediastinum via EBUS [47]. In addition to improving diagnostic yield for previously un-
reachable peripheral pulmonary nodules, future developments will expand its application
to include therapeutics as well.
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