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Abstract: The staging of mediastinal lymph nodes for lung cancer is crucial for planning treatments or
reinterventions. In potentially curable patients the aim of mediastinal staging is to exclude the presence
of malignancy in mediastinal lymph nodes with a high level of accuracy while also considering clinical
factors and the balance of the benefits and risks of tissue sampling techniques. Mediastinal staging is based
on computed tomography (CT) and positron emission tomography (PET) and can be sufficient when no
mediastinal abnormalities are present and the probability of unforeseen N2 disease is low. In the case of
bulky lymph nodes with a high probability of malignancy in PET-CT, tissue confirmation is not normally
required. If mediastinal sampling is needed it can be achieved by endosonographic techniques, including
endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) and endoscopic
ultrasound-guided fine needle aspiration (EUS-FNA) or a combination of the two. Positive results do not
need further confirmation. In the case of negative results, surgical techniques still play a role in the selected
cases discussed by multidisciplinary lung cancer committees. New mediastinal surgical techniques including
video-assisted cervical mediastinoscopy (VACM), video-assisted mediastinoscopic lymphadenectomy
(VAMLA), and transcervical extended mediastinal lymphadenectomy (TEMLA) have been shown to be
useful in selected patients. Final pathological staging is based on lymph node removal during surgery and
can be achieved by taking one of two approaches: lymph node sampling or systematic lymph node sampling.
The accuracy of PET-CT and mediastinal endosonography is lower for mediastinal restaging than it is for
surgical techniques; their false positive and false negative (FN) rate is high and so, they require histological
confirmation. Here we explain and revise the results from the most recent studies and current international

guidelines.
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Introduction radiotherapy, chemotherapy, and multimodal treatments

‘ o ) (1-7). For preoperative mediastinal staging the current
The correct evaluation of mediastinal and hilar lymph guidelines state that it is important to confirm the absence

nodes (Ns) is critical for choosing the best option for the of neoplastic mediastinal involvement with the highest level

management and treatment of patients with non-small of certainty possible before performing surgical resection

cell lung cancer (NSCLC) who are potential candidates
for curative therapeutic strategies, including surgery,
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(1,3). Computed tomography (CT) imaging or positron
emission tomography (PET) combined with CT (PET-
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CT) should be used for mediastinal exploration. Moreover,
based on the recommendations and imaging results, both
the European Society of Thoracic Surgeons (ESTS) and
American Thoracic Society (ATS) agree that a mediastinal
examination should be performed in every potentially
resectable case except for patients with primary tumours
with a diameter of 3 c¢m or less with no evidence of nodal
involvement according to these imaging techniques (1,3). In
addition, these societies also agree that the techniques used
should be as little invasive as possible while also maximising
accuracy.

Thus, mediastinal examination should begin by using
endoscopic techniques which are less invasive than
surgical techniques (1-8). The most diagnostically accurate
endoscopic techniques currently available are endobronchial
or oesophageal ultrasound-guided techniques. Therefore,
endobronchial ultrasound-guided transbronchial needle
aspiration (EBUS-TBNA) and endoscopic ultrasound-
guided fine needle aspiration (EUS-FNA), or their
combination known as mediastinal endosonography (1-8),
have overtaken endoscopic blind puncture techniques in
terms of diagnostic accuracy. However, to make the results
of mediastinal endosonography reliable, this technique
should adhere to international standards (9). There are
factors that can produce false negatives (FNs) in EBUS-
TBNA such as the extensiveness of satisfactory node
sampling or the presence of nodes which cannot be reached,
especially tumours located on the left side of the body (10).
Other factors that, when combined, increase the risk of
mediastinal malignancy include the tumour characteristics
[histological type, consolidation/tumour ratio, tumour
size, and maximum standard uptake value (SUV)], clinical
parameters [serum carcinoembryonic antigen (CEA) level
and patient age], and methylation biomarkers (7,11).

Surgical techniques including cervical mediastinoscopy
or more extensive surgical procedures are used to validate
negative results obtained by mediastinal endosonography.
However, the accuracy of endosonography is similar to
mediastinoscopy and therefore, in every patient should
also be assessed by an expert multidisciplinary lung cancer
committee in order to predict their risk of malignancy in
terms of nodal involvement. Postoperative pathological
staging performed during surgery by combining imaging
techniques and sampling procedures is also crucial in
planning therapeutic plans for patients. Nonetheless, there
is still no consensus regarding the extent of nodal resection
required for adequate staging (4,12,13) although the
International Association of Lung Cancer Study (IASLC)
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recommends the exploration and sampling of at least six
lymph node areas (4).

Several studies have reported that systematic lymph
node dissection (SND) decreases the rate of undetected
malignant lymph node involvement (4). It is important that
patients be diagnosed as accurately as possible because the
incomplete removal of lymph nodes during surgery could
result in a FN N status diagnosis meaning that the patient
is not put on adjuvant therapy. Thus, the recommendations
for inter-operative sampling designed to avoid downstaging
errors is another issue which remains open (4). The
recommendations for restaging after induction therapy
are also difficult to define because of a high rate of false-
positive or FN results (between 20% and 30%), despite
the variety of imaging and sampling techniques used for
primary staging (4-6). Therefore, the best approach in these
cases is the case-by-case assessment of patients by an expert
multidisciplinary lung cancer committee.

This review summarises the best approach for
mediastinal staging and restaging of NSCLC based on the
latest available evidence. It also includes a critical review
of the issues that remain open to discussion based on
disagreements between different recommendations and
emphasises individual discussion as well as the expertise of
multidisciplinary lung cancer committees.

Imaging techniques

The clinical diagnosis of N1, N2, or N3 cancer corresponds
to different disease subgroups defined by the nodal zone
affected and also considers the primary tumour (T)
location. The anatomical area defined by the nodal zone
includes one or more nodal stations located in the same
area; the mediastinal oncological midline is located in the
left paratracheal margin. Therefore, tumours on the left
or right side of the body involve pretracheal or subcarinal
lymph nodes and are considered N3 or N2, respectively (14).
CT imaging is the best tool for defining anatomical margins
and nodal zones and for measuring lymph node size.

The presence of lymph nodes whose size exceed 10 mm
on the short axis should be considered a predictor of
malignancy. However, results from studies focused in the
accuracy of lymph node size for malignancy prediction have
demonstrated that size alone is insufficient to confirm or
discard metastatic infiltration of lymph nodes because of the
low sensitivity (55%) reported for this technique (1-9,15).
Additionally, the clinical relevance of nodal enlargement is
limited because metastases have been found in about 20%
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of lymph nodes with dimensions under 1 cm on the short
axis (6).

Other signs are based on morphological criteria such
as necrosis or disruption of the capsule, but are also not
enough for a diagnosis of malignancy. Despite these
limitations, CT scans still represent the basis of pre-
treatment staging but should be combined with PET
scans to improve the adequate planning of biopsies. PET
determines the metabolic behaviour of tissues in order to
establish the probability of malignancy. The combination of
PET-CT may allow malignant lymph nodes to be identified
with better accuracy because it combines both structural
and metabolic information. The accuracy of PET-CT is
also influenced by the clinical probability of malignancy.
In addition, lymph nodes smaller than 1 cm may be PET
negative despite being malignant (FNs). Nonetheless, PET-
CT has been shown to be 80-90% more sensitive than CT,
especially for peripheral tumours (1-6,9,16,17).

The main problem with using PET scans to evaluate
mediastinal nodes is the lack of standardised criteria for
defining positive findings, although a SUV value exceeding
2.5 is currently used to define peripherical masses. In
addition, there are also non-neoplastic processes such as
granulomas and other inflammatory diseases or infections
that can lead to positive PET findings (1). Another concern
is that PET imaging is not as good as CT techniques for
defining mediastinal anatomical structures, including lymph
nodes sizes. Therefore, integrated PET-CT is the most
recommended technique for complete imaging mediastinal
staging to detect occult Ns and to guide mediastinal
histology sampling with non-invasive techniques.

Furthermore, fusion PET-CT with simultaneous
radiological contrast CT in patients with nodules, lung
mass(es), or mediastinal widening could save time in the
diagnostic staging process. Mediastinum-positive PET-CT
scans will require mandatory sampling; special PET-CT-
positive cases with bulky lymph nodes (short axis exceeding
2 cm) should also be sampled. However, if the probability
of malignancy is high and requires surgical staging, the
diagnosis of malignancy can be assumed after case-by-
case discussion by an expert multidisciplinary lung cancer
committee.

In a meta-analysis including 779 NSCLC patients with
T1-2, NO, PET-CT imaging negative cases demonstrated
a high negative predictive value (NPV) (94%) in tumours
less than 3 cm compared to less than 90% for tumours
whose size exceeded 3 c¢m (16,17). In another study, the
rate of unforeseen N2s after surgery was significantly lower
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in peripheral tumours compared with those with a central
location (2.9% wvs. 21.6%), thus indicating that the latter
had a substantial risk of having occult nodal disease (3-9).
In addition, adenocarcinomas also tend to have increased
SUVs (4,18,19) and for tumours larger than 3 cm, especially
adenocarcinomas with high SUVs, further histological
mediastinal techniques should be considered.

Non-surgical techniques

The non-surgical techniques used are bronchoscopy
or oesophagus endoscopy sampling. When properly
performed, blind TBNA is sometimes adequate when the
lymph nodes exceed 2 cm in size. The results reported
for its accuracy widely vary between centres and it is also
critically dependent on the prevalence of mediastinal
metastasis (20). However, TBNA usually has a low
sensitivity and high FN rate (78% and 28%, respectively).
Thus, this technique cannot be established as a definitive
mediastinal staging method (20).

EBUS-TBNA and EUS-FNA are endoscopy
techniques that have shown a high diagnostic value for
mediastinal staging in patients with NSCLC. Compared to
mediastinoscopy—the current gold-standard for mediastinal
lymph node staging—mediastinal lymph node sampling with
these procedures is associated with reduced morbidity (21).
EBUS-TBNA can access lymph nodes in paratracheal
(stations 2 and 4), subcarinal (station 7), and hilar (stations
10, 11, and 12) areas. While EUS-FNA is useful in the
study of lymph nodes in the subcarinal (station 7) and
paraesophageal (stations 8 and 9) areas.

In a systematic review analysing data from 2,756 patients
undergoing EBUS-TBNA, the median sensitivity was 89%
(range, 46-97%) and the median NPV was 91% (1) while
for EUS-FNA, the sensitivity was similar and the NPV
was a little lower (86%). The use of both these techniques
ensures access to the most mediastinal lymph node
areas, with the exception of stations 5 and 6. Moreover,
experienced teams recommend the systematic exploration
of all accessible mediastinal nodes (22-24). Although the
mediastinal area (region 5) lymph nodes are not normally
accessible for puncture, depending on their anatomical
position they can sometimes be accessed and punctured via
the oesophagus, as shown in Figure 1. In this case, a median
sensitivity and specificity of 91% and 100% and a NPV of
96% have been reported (25-27).

To answer the key question of whether validation of
negative EBUS/EUS results by surgical examination of

Transl Lung Cancer Res 2021;10(1):496-505 | http://dx.doi.org/10.21037/tlcr.2020.03.08



Translational Lung Cancer Research, Vol 10, No 1 January 2021

3. 0mm

13 Gmm Station 4R LN punctured
from the trachea

7.5M 5.0 RO3 G61 C6 Al

499

ES Station 5 LN punctured
= from the esophagus

7.5M 5.0 RO3 G59 C6 Al

Figure 1 PET-CT and endobronchial ultrasound-guided images of enlarged lymph nodes (LNs) in position 4R (left in the figure)

studied with transbronchial needle aspiration from the trachea in position 5 (right in the figure) from the oesophagus of a patient with an

adenocarcinoma in the left lower lobe. Arrows indicate the LNs punctured.

the mediastinum is necessary, some studies have shown
that both tests have a similar diagnostic accuracy (24). A
randomised study performed by Sharples et 4/. comparing
endosonography staging followed by surgery to surgical
staging alone found that the former group had greater
sensitivity for negative results (85% vs. 79%) and also
resulted in fewer unnecessary thoracotomies (28). Thus,
these two techniques could be complementary to each
other. Indeed, the ASTER randomised controlled trial
which analysed both strategies from both a clinical and cost-
effectiveness viewpoint found that the median sensitivity for
the endosonography strategy was 94% (85-98%) compared
to 79% (66-88%) for the surgical arm, corresponding a
NPV of 93% (84-97%) and 86% (76-92%), respectively.
The rate of unnecessary thoracotomies in the surgical
arm was 7%, a significantly higher value than reported in
the endosonography arm (P=0.002). Thus, the cost of the
endosonography strategy was significantly lower and the
resulting patient quality of life significantly better (28).

The ASTER trial also demonstrated equal 5-year survival
rates of 35% in both arms (29). Thus, endosonography
was unquestionably valuable in decision making processes,
particularly when the results were positive. A wider range
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of variables had to be considered in cases with negative
results, including those related with lymph nodes such as
site, echographic features, size, and PET uptake, tumour
characteristics such as type, size, stage, and location,
performance of the procedure under the optimal conditions
(number of puncture passes, number and location of station
sampled, and type of sedation used), the experience of
endoscopists and pathologists, as well as the sample viability
for tumour cell analysis, especially when necrosis or blood
contamination was also present (8-10). Thus, according
as current guideline recommendations, multidisciplinary
discussion of individual cases could help in decision-making
processes in the case of negative endosonography results (26).

The consensus of three previous meta-analyses was that
the probability of having mediastinal metastatic disease after
receiving negative endosonography results was 13-15%,
which is not sufficiently low to avoid the need for surgical
confirmation. According to these reports, mediastinal
staging should start with endosonography-guided puncture
followed by subsequent surgical procedures only in the case
of negative results. A metanalysis which included 42 studies
and a total of 3,248 patients, the rate of unforeseen N2s
after negative endosonography was similar in patients who
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underwent surgical resection with or without prior surgical
mediastinal staging (30). Thus, there is sufficient evidence
to recommend surgical resection alone for early stage
tumours. In addition, the future MEDIASTrial will study
the additional value and cost-effectiveness of performing
mediastinoscopy in endosonography- negative patients with
NSCLC (31).

International guidelines agree that EBUS-TBNA and/
or EUS-FNA should be employed after PET-CT for
optimal staging of intrathoracic lymph nodes. A systematic
approach should be applied, starting by sampling N3 nodes,
followed N2, and then N1 lymph nodes, puncturing any
lymph node measuring in excess of 5 mm on the short axis.
The SCORE study showed that endosonography systematic
nodal sampling (EBUS-TBNA and/or EUS-FNA) was
more sensitive in the detection of N2/N3 compared to
sampling based on the appearance of nodes in PET-CT
images (32). Indeed, this former approach is required in
order to calculate the probability occult N2-3 disease in
cases of PET-CT N2/3 negative disease (1-10). In contrast,
a significantly higher risk of pathological N2s has been
reported for PET-CT NO patients with central versus
peripheral tumours, (21.6% vs. 2.9%) (4,17-19). Thus,
endosonography is recommended for patients with normal
PET-CT mediastinum and centrally located tumours.

Another meta-analysis showed that the NPV for
tumours larger than 3 cm was significantly lower than for
those smaller than this threshold (89% wvs. 94%) (16) and
so endosonography sampling is also recommended in the
former cases (3). The ESTS and ATS guidelines disagree
in this respect because the ATS does not recommend
carrying out a complete mediastinal study with EBUS/
EUS and instead recommend that patients undergo surgical
resection directly (1,3). For patients with PET-CT evidence
of N1 disease, the probability of occult N2 or N3 ranges
between 20-30% and so the ATS recommend this group
of patients undergo a mediastinal endosonography study.
In conclusion, cases with negative PET-CT scans and with
clinical factors indicative of a low probability of unforeseen
N metastasis (not a central tumour and N size of 3 cm or
less) can be referred for surgical resection, while mediastinal
endosonography study is recommended in cases of N1, N2,
or N3 disease (Figure 2) (1,3).

Surgical staging

Current international guidelines for preoperative
mediastinal nodal staging recommend performing
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histological procedures for staging in all cases except in
patients with tumours sized less than 3 cm in diameter and
with no evidence of nodal involvement in the PET-CT
images. Surgical mediastinal staging should be performed
after negative endosonography staging or when the
mediastinal zone is only accessible by surgical methods.
Surgical staging is still considered the gold standard and
has a higher NPV (1-9). Indeed, surgical techniques
should be used to validate negative endosonography
results. Therefore, with the exception mentioned above,
surgical techniques for mediastinal staging should be
discussed in the preoperative algorithm for all patients
diagnosed with lung cancer who are potential candidates
for surgery. Moreover, we recommend that these decisions
be multidisciplinary and consider the probability of lymph
node malignancy.

Cervical mediastinoscopy

Cervical mediastinoscopy is the gold standard technique
for complete invasive staging of the upper mediastinum.
According to the IASLC lymph node map (14),
mediastinoscopy can evaluate the upper and lower
paratracheal stations (stations 2 and 4), pretracheal station
(station 3), and subcarinal (station 7) areas. However,
neither endosonography nor mediastinoscopy can be used
to access stations 5, 6, 8, or 9, although EUS-FNA can be
used to access the latter two zones and previously published
data indicate a sensitivity and NPV of 78% and 91% for
these, respectively (1).

Most FN cases were due to the inaccessibility of
lymph nodes or limited node dissection or sampling. The
intensity of this procedure depends on its indications. If
N3 is confirmed intraoperatively, further exploration is
not necessary. However, a systematic exploration must be
carried out to explore the nodal regions that determine
later disease stages in cases with a low suspicion, with the
recommendation that at least five nodal stations should be
sampled. The addition of video techniques [video-assisted
cervical mediastinoscopy (VACM)] has improved the quality
of sampling, leading to more sensitive results (89%) and an

NPV of 92% (1,7).

Video-assisted thoracic surgery

Lymph node areas corresponding to the aortopulmonary
window and para-aortic zone (stations 5 and 6) can be

sampled through video-assisted thoracic surgery (VATS) or
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location of the stations sampled, and type of sedation), the experience of the endoscopists and pathologists, and the quality of the sample

obtained. Adapted from (1,3,8). CT, computed tomography; PET, positron emission tomography; LN, lymph node; EBUS, endobronchial

ultrasound-guided; EUS, endoscopic ultrasound-guided.

extended cervical mediastinoscopy. VATS has a higher
sensitivity (median 99%) and can be used to explore
all the other mediastinal stations. However, it is more
invasive than VACM and so is usually restricted to use
for stations 5 and 6 (33).

Extended cervical mediastinoscopy

Extended cervical mediastinoscopy via a suprasternal
approach lateral to the aortic arch can be used to reach nodal
stations 5 and 6 in addition to those accessible by VACM,; the
sensitivity and NPV for this technique have been reported
as 71% and 91%, respectively (34-36). Experienced centres
have reported the feasibility of this technique, although it is
important to consider that it requires partial resection of the
costal cartilage which increases its technical complexity and
the operative risks of this surgery.

© Translational Lung Cancer Research. All rights reserved.

Transcervical lymphbadenectomies

The new invasive techniques for mediastinal staging
include video-assisted mediastinoscopic lymphadenectomy
(VAMLA) and transcervical extended mediastinal
lymphadenectomy (TEMLA) (7,37-39). Both these
procedures aim to remove bilateral lymph nodes, including
the adjacent adipose tissue. VAMLA is an endoscopic
procedure that permits mediastinal lymphadenectomy by
taking a cervical approach to bilaterally explore from the
superior paratracheal nodes to the hilar nodes, with the
removal of all the reachable mediastinal nodes. TEMLA
is an open video-assisted mediastinoscope and video-
thoracoscope procedure performed through a small
neck incision and requiring elevation of the sternum
with a special retractor (7). This allows exploration and
complete removal of more lymph node stations, including
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Table 1 Lymph node station accessibility of non-surgical and surgical procedures

Procedures 2R 2L 3a 3p 4R 4L 5 6 7 8 9 10R 10L 11R 11L
EBUS-TBNA + + - + + + - - + - - + + + +
EUS-FNA +-  +/- - + +/- + +/— - + + + +/- - - -
Cervical mediastinoscopy + + - - + + - - + - - + - - -
Extended mediastinoscopy + + - - + + + + + - - - - - -
Left VATS - - - - - +/- + + + + + - + - +
Right VATS + - + + + - - - + + + + - + -
VAMLA + + - - + + - - + + - - - - -
TEMLA + + + + + + + + + + + + + - -

+, accessible; —, inaccessible. EBUS-TBNA, endobronchial ultrasound-guided transbronchial needle aspiration; EUS-FNA, endoscopic
ultrasound-guided fine needle aspiration; VAMLA, video assisted mediastinoscope lymphadenectomy; TEMLA, transcervical extended
mediastinal lymphadenectomy; VATS, video-assisted thoracoscopic surgery.

supraclavicular nodes, the prevascular area, para-aortic,
aortopulmonary window, and paraesophageal region,
except the pulmonary ligament nodes (station 9) and most
distant left paratracheal nodes (4L). The Table 1 shows the
ganglionic stations that can usually be achieved with each
technique.

These two methods have reduced FN results for
potential micrometastases in removed nodes and have
a high accuracy (between 96% and 98%) and an NPV
between 97% and 99% (7,37-39). VAMLA and TEMLA
are the best techniques for use when there is no evidence
of N2-3 disease and when the tumour is located centrally,
for cases of N1 disease located on the left side, or bilateral
synchronous lung cancer, and are also useful in pre-
resectional lymphadenectomy for lobectomy via VATS (7).
However, data regarding the results, safety, and learning-
curve time required to achieve skills to successfully
implement these techniques remain limited.

Patients requiring lymph node confirmation after
negative endosonography results (Figure 2) should undergo
mediastinoscopy. However, VACM may be enough for
these patients and VACM can be converted to VAMLA
if the results remain negative. In exceptional cases with
a normal mediastinum requiring surgical mediastinal
confirmation, the ideal technique is VAMLA although
this choice depends on the local expertise of the surgical
team. Although study data remains limited, VAMLA and
TEMLA have proven to be safe and useful techniques,
especially for NO-1 tumours. They can also be used to
perform lymphadenectomy prior to surgical tumoural
resection by VAT (7).

© Translational Lung Cancer Research. All rights reserved.

Mediastinal staging algorithm proposal

Based on the currently available evidence, here we
propose an algorithm for mediastinal staging in which the
decision for surgical staging should be performed after
multidisciplinary evaluation (Figure 2).

Restaging for mediastinal nodes after
oncological therapy

Mediastinal restaging is based in the same imaging and
sampling techniques used for mediastinal staging before
treatment, although the accuracy of all these techniques is
lower, probably because of tumour fibrosis and necrosis.
PET-CT scans are better than CT or PET imaging
alone; despite this, the false-positive and FN rates are
high (25% and 20%, respectively) and require histological
confirmation (40).

Although the published data is limited, the accuracy
of endosonography techniques significantly decrease
when used for restaging. However, these results should be
interpreted with caution due to the different prevalence of
N2 disease and heterogeneous approach to nodal sampling
during re-evaluations. In addition, the reported NPV
widely varies (20-78%), indicating that negative lymph
nodes should be evaluated by invasive techniques (7,41).
Nonetheless, this value was higher when the probability of
N2 after treatment was low (41).

Re-mediastinoscopy has been proven as feasible but it
is associated with an increased risk of complications and
because of this complexity, it is performed only in selected
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centres. The results also greatly vary among studies,
with reports of sensitivity ranging from 29% to 74% and
NPV from 52% to 74% (40,42). Results from TEMLA
for restaging have been reported in two reports and seem
to indicate that it is more accurate than endosonography
(43 ,44).

Pathological mediastinal staging after surgery

The accuracy of pathological staging is crucial to decide
postoperative treatment strategies. Nonetheless, there is no
consensus about the ideal extent of lymph node removal.
The TASLC recommends that at least six lymph-node
stations be removed or sampled before the confirmation
of an NO status. Controversy about whether SND or LNS
should be performed remains because the results for the
prevalence of N1 and N2 were similar in some published
series. However, in cases with multi-station N2 involvement
SND proved more useful than LNS for diagnosing N2
disease (30% wvs. 12%), suggesting that complete resection
of all lymphatic tissue allows the disease extent to be better
defined (45). Another issue requiring exploration is whether
intraoperative node staging obtained with minimally
invasive surgery methods (VATS or robotic techniques)
can provide similar results to thoracotomy. Currently only
one published study has explored the upstaging rate for
these two surgical approaches and showed a lower rate of

upstaging with VATS (46).
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