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ABSTRACT

Background: Guidelines recommend invasive mediastinal staging for centrally located tumours, even in
radiological NO nonsmall cell lung cancer (NSCLC). However, there is no uniform definition of a central
tumour that is more predictive of occult mediastinal metastasis.

Methods: A total of 1337 consecutive patients with radiological NO disease underwent invasive mediastinal
staging. Tumours were categorised into central and peripheral by seven different definitions.

Results: About 7% (93 out of 1337) of patients had occult N2 disease, and they had significantly larger
tumour size and more solid tumours on computed tomography. After adjustment for patient- and
tumour-related characteristics, only the central tumour definition of the inner one-third of the hemithorax
adopted by drawing concentric lines arising from the midline significantly predicted occult N2 disease
(adjusted OR 2.13, 95% CI 1.17-3.87; p=0.013). This association was maintained after excluding patients
with pure ground-glass nodules (adjusted OR 2.54, 95% CI 1.37-4.71; p=0.003) or only including those
with solid tumours (adjusted OR 2.30, 95% CI 1.08-4.88; p=0.030).

Conclusions: We suggest that a central tumour should be defined using the inner one-third of the
hemithorax adopted by drawing concentric lines from the midline. This is particularly useful for
predicting occult N2 disease in patients with NSCLC.
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Introduction

Accurate mediastinal staging is an essential step in the management of patients with nonsmall cell lung
cancer (NSCLC) without distant metastases [1]. Noninvasive imaging studies including computed
tomography (CT) and integrated positron emission tomography (PET)-CT are initially performed to
evaluate mediastinal lymph node stage. This is followed by pathological confirmation for positive or
inconclusive findings using endobronchial ultrasound-guided transbronchial needle aspiration
(EBUS-TBNA) in most cases [1]. In the absence of mediastinal metastasis on CT or PET-CT images,
invasive mediastinal staging is recommended only when there are one or more risk factors for occult
mediastinal metastasis, such as N1 lymph node enlargement, tumour size >3 cm or central location [1-3].

However, there is no uniform definition of the “central location” of tumours, even among major practice
guidelines. The American College of Chest Physicians guidelines define tumours in the inner one-third of
the hemithorax as centrally located [2], while the National Comprehensive Cancer Network (NCCN) and
the European Society of Thoracic Surgery (ESTS) guidelines define those in the inner two-thirds of the
hemithorax as centrally located [1, 3]. This is at least partially responsible for the inconsistent findings in
many studies that investigated the association between tumour location and risk of occult N2 disease using
different definitions for centrally located tumours [4-13]. Likewise, a recent survey disclosed the lack of
agreement among physicians regarding the definition of a “central tumour” [14]. Nevertheless, there are
no studies comparing different definitions of central tumours, particularly when applying the definition in
terms to predict occult N2 disease in patients with radiological NO disease.

Thus, this study aimed to evaluate the risk of occult N2 disease in patients with NSCLC and radiological
NO disease using seven different definitions for centrally located tumours.

Methods

Study population and data collection

Using the Lung Cancer Surgery Registry and EBUS-TBNA Registry database at Samsung Medical Center
(a 1979-bed referral hospital in Seoul, South Korea), patients with NSCLC and radiological NO disease by
both CT and PET-CT were retrospectively identified from the registries between January 2014 and
December 2015. Radiological NO stage was defined as short axis of lymph nodes <1 cm on CT and
maximum standardised uptake value of lymph nodes <2.5 on PET-CT [15]. Patients with a previous
history of lung cancer, a previous history of mediastinal lymph node dissection (MLND) due to
oesophageal cancer, who underwent neoadjuvant treatment, who did not undergo standard MLND (i.e.
mediastinal sampling or lung resection only) or with double primary lung cancer with different histology
were excluded.

Information regarding patient-related characteristics (age, sex and smoking) and tumour-related
characteristics (size, lobar location and histology) were collected from the database. The primary outcome
of this study was occult mediastinal lymph node metastasis (occult N2 disease), which was defined as
pathologically proven (either by MLND or by EBUS-TBNA) N2 or N3 disease based on the International
Association for the Study of Lung Cancer lymph node map [16]. The Institutional Review Board of
Samsung Medical Center approved this study (2017-12-088-002) and waived informed consent due to its
retrospective nature.

Definitions for central tumour location

Tumour locations were measured based on the inner-most part of the tumour on CT. Based on a previous
study [14], tumours were categorised as central and peripheral by contact with hilar structures (i.e. lobar
bronchi, lobar or main pulmonary arteries, main pulmonary veins) or by location within one-third or
two-thirds of the hemithorax. Lines dividing thirds of the hemithorax were drawn as follows: concentric
lines arising from the hilum in both axial and coronal images, concentric lines arising from the midline in
axial images, and sagittal lines arising from the midline in coronal images (figures 1 and 2).

Invasive mediastinal staging

Patients with radiological NO disease without distant metastasis either underwent pre-operative
EBUS-TBNA or directly proceeded to surgical resection at the discretion of attending physicians, since
there was no consistent indication for pre-operative EBUS-TBNA in patients with radiological NO disease.
EBUS-TBNA was performed with a convex probe EBUS bronchoscope (BF-UC260F-OL8; Olympus,
Tokyo, Japan) and a 22-gauge needle (NA-201SX-4022; Olympus) under moderate sedation with
intravenous midazolam and fentanyl. After systematic inspection of lymph node stations, each visible
lymph node was sampled in the standard N3 to N2 to N1 fashion, with size cut-offs of >5 mm in the
short axis by EBUS. We conducted three passes per node and at least two passes when core tissue was
obtained [17, 18]. Transoesophageal bronchoscopic ultrasound-guided fine-needle aspiration
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FIGURE 1 Definitions of lines that determine tumour location. CT: computed tomography. Concentric lines
arising from the hilum (yellow lines) are spherical or dumbbell shaped in three dimensions. Concentric lines
arising from the midline (red lines) are cylindrical or conical in three dimensions. Sagittal lines arising from
the midline (blue lines) are rectangular parallelepipeds in three dimensions. Solid lines and broken lines
refer to the inner one-third and two-thirds lines, respectively. a] Coronal CT at the tracheal bifurcation level.
b] Axial CT image at the manubrium body level. There is no yellow line because it arises from the hilum.
c) Axial CT image at the hilum level. The red and yellow lines are the same. d] Axial CT image at just above
the diaphragm. There is no yellow line because it arises from the hilum.

(EUS-FNA-B) using the EBUS bronchoscope was done in selected cases [19]. Rapid on-site
cytopathological evaluation was not available. When the clinical suspicion of mediastinal metastasis
remained high despite a negative result in EBUS-TBNA, pre-operative mediastinoscopy was performed.
Otherwise, surgical resection with MLND was considered if there was no metastasis to mediastinal lymph
nodes in EBUS-TBNA.

FIGURE 2 Conceptual three-dimensional images of a) concentric lines arising from the hilum (corresponding to the yellow lines in figure 1),
b] concentric lines arising from the midline (corresponding to the red lines in figure 1] and c) sagittal lines arising from the midline
(corresponding to the blue lines in figure 1).
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The surgical procedures included resection of the affected lung plus lymph node dissection of the
ipsilateral hilum and mediastinum, including all visible and palpable lymph nodes irrespective of size [20,
21]. MLND consisted of en bloc resections of all nodes at stations 10R, 9, 8, 7, 4R, 3 and 2R for
right-sided tumours and nodes at stations 10L, 9, 8, 7, 6, 5 and 4L for left-sided tumours.

Statistical analyses

Data are reported as number (percentage) for categorical variables and as mean with standard deviation
for continuous variables. Data were compared using the Chi-squared test or Fisher’s exact test for
categorical variables, and the t-test for continuous variables. Multivariable logistic regression analysis was
used to adjust for potential confounding factors in the association between seven central tumour
definitions and occult N2 disease. Two models were constructed: Model 1 was adjusted for tumour size
(continuous) and tumour attenuation on CT; Model 2 was additionally adjusted for age (continuous), sex,
smoking history (never-smoker or ever-smoker) and lobar location (right or left) of tumour. Analyses were
also performed in subgroups of patients excluding pure ground-glass lesions (n=861) and in those with
solid tumours only (n=485). All tests were two-sided and a p-value <0.05 was considered significant. Stata
version 14.0 (StataCorp, College Station, TX, USA) was used for analysis.

Results

Study population

During the study period, 159 patients in the EBUS-TBNA Registry were suspected to have radiological NO
NSCLC and underwent EBUS-TBNA for nodal staging (figure 3). Of these patients, 10 were confirmed to
have N2 disease. The remaining 149 patients underwent curative resection. In the Lung Cancer Surgery
Registry, 1526 patients underwent curative resection for radiological N0 NSCLC. After 199 patients were
excluded (mediastinal sampling only (n=135), previous history of lung cancer (n=29), lung resection
without MLND (n=12), lung resection after neoadjuvant treatment (n=11), previous history of MLND due
to oesophageal cancer (n=7) and double primary lung cancer (n=5)), 83 patients were confirmed to have
N2 disease by MLND. Finally, 93 (7.0%) patients were confirmed to have occult N2 disease by
EBUS-TBNA or MLND in 1337 patients with radiological NO disease. Of these 93 patients with occult N2
disease, two also had metastases to N3 lymph nodes. Meanwhile, there were 27 patients who received
pre-operative mediastinoscopy and none of them was found to have occult N2 disease.

Patient and tumour characteristics

Characteristics of the 1337 patients are shown in table 1. The mean age of patients was 62 years, 53% of
patients were male and 52% of patients were never-smokers. Tumour size was <3 cm in 63% of cases. CT
attenuation was solid in 36% of cases and most tumours (82%) were adenocarcinoma on histology.
Baseline characteristics including age, sex, smoking history, tumour location and tumour histology were
not associated with the risk of occult N2 disease in univariate analysis. However, larger tumour size
(p<0.001) and increasing tumour attenuation on CT (p=0.001) were significantly associated with increased
risk of occult N2 disease. Time interval between PET-CT and surgery, and the number of dissected nodes
or dissected lymph node stations, were not associated with the increased risk of occult N2 disease.

Lung Cancer Surgery Registry EBUS-TBNA Registry
Curative resection for NSCLC between Staging EBUS-TBNA for NSCLC between
January 2014 and December 2015 January 2014 and December 2015
(n=2235) (n=980)
Exclusions (n=199): . a2
Mediastinal sampling only (n=135) Radiological NO Radiological NO
Previous history of lung cancer (n=29) (n=1526) (n=159)
Lung resection without MLND (n=12)
Neoadjuvant treatment (n=11)
Previous history of MLND (n=7) s 1 s 1
Double primary lung cancer with different
histology (n=5) pNO-1 (n=1244) pN2-3 (n=83) N2-3 (-] (n=149) N2-3 (+) (n=10)

FIGURE 3 CONSORT diagram of the study population. EBUS-TBNA: endobronchial ultrasound-guided transbronchial needle aspiration; NSCLC:
nonsmall cell lung cancer; MLND: mediastinal lymph node dissection; pN: pathological nodal stage.
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TABLE 1 Clinical characteristics by pathological nodal stage in patients with radiological NO
nonsmall cell lung cancer (NSCLC]

Overall Pathological ~ Pathological  p-value' Univariate OR

NO or N1 N2 or N3# (95% CI)
Subjects 1337 1244 93
Age years 61.9£9.5 61.9£9.5 61.0£10.3 0.366" 0.99 (0.97-1.01)
Sex 0.824
Female 633 (47.3) 590 (47.4) 43 (46.2) 1.00 (reference)
Male 704 (52.7) 654 (52.6) 50 (53.8) 1.05 (0.69-1.60)
Smoking status 0.310
Never-smoker 693 (51.8) 645 (51.9) 48 (51.6) 1.00 (reference)
Ex-smoker 438 (32.8) 412 (33.1) 26 (28.0) 0.85 (0.52-1.39)
Current smoker 206 (15.4) 187 (15.0) 19 (20.4) 1.36 (0.78—2.38)
Size of tumour cmf 2.85£1.59 2.79+1.55 3.70£1.80  <0.001"*# 132 (1.19-1.46)
<3 838 (62.7) 799 (64.2) 39 (41.9) 1.00 (reference)
>3-<5 375 (28.0) 339 (27.3) 36 (38.7) 2.18 (1.36-3.48)
>5 124 (9.3) 106 (8.5) 18 (19.4) 3.48 (1.92-6.30)
Lobar location 0.176
Right upper 423 (31.6) 394 (31.7) 29 (31.2) 1.00 (reference)
Right middle 104 (7.8) 98 (7.9) 6 (6.5) 0.83 (0.34-2.06)
Right lower 269 (20.1) 246 (19.8) 23 (24.7) 1.27 (0.72-2.25)
Left upper 330 (24.7) 315 (25.3) 15 (16.1) 0.65 (0.34—1.23)
Left lower 211 (15.8) 191 (15.3) 20 (21.5) 1.42 (0.78-2.58)
Tumour attenuation on CT 0.001
Ground glass 476 (35.6) 451 (36.3) 25 (26.9) 1.00 (reference)
Part solid 376 (28.1) 359 (28.9) 17 (18.3) 0.85 (0.45-1.61)
Solid 485 (36.3) 434 (34.9) 51 (54.8) 2.12 (1.29-3.48)
Time between PET-CT and 25.2+421.2 25.4%+21.3 22.9+20.1 0.265" 0.99 (0.98-1.01)
surgery days"T
Histology of tumour 0.0978
Adenocarcinoma 1089 (81.5) 1010 (81.2) 79 (85.0) 1.00 (reference)
Squamous cell carcinoma 199 (14.9) 191 (15.4) 8 (8.6) 0.54 (0.25-1.13)
Large cell carcinoma 27 (2.0) 24 (1.9) 3(3.2) 1.60 (0.47-5.42)
Other NSCLC 22 (1.6) 19 (1.5) 3(3.2) 2.02 (0.58-6.97)
Dissected nodes and
stations during MLND n**
Lymph nodes 15.2+8.1 15.1+8.1 16.5+7.9 0.142" 1.02 (0.99-1.05)
Stations 4.6+1.4 4.6+1.4 4.7£1.5 0.460" 1.06 (0.90-1.25)

Data are presented as n, meanzsp or n (%), unless otherwise stated. CT: computed tomography; PET:
positron emission tomography; MLND: mediastinal lymph node dissection; EBUS-TBNA: endobronchial
ultrasound-guided transbronchial needle aspiration. #: two patients had occult metastasis to N3 nodes as
well as N2 nodes; T: p-values are reported by the Chi-squared test except where otherwise noted
(*: two-sample t-test; §: Fisher's exact test) and are not the p-values for the odds ratio reported from
univariate analysis; f: size of the tumour is measured in pre-operative CT scan; #*#: p-values for the
two-sample t-test and Chi-squared test are <0.001; 1. for 10 patients who were confirmed to have N2
disease in EBUS-TBNA, the intervals between PET-CT and EBUS-TBNA were used; **: analysis was done in
1327 patients after excluding 10 patients who were confirmed to have N2 disease in EBUS-TBNA and did
not undergo MLND.

Central tumour definition and the risk of occult N2 disease

The proportion of centrally located tumours varied widely from 9.1% to 80.3% using seven different
definitions (table 2). By all definitions except the inner two-thirds of the hemithorax by sagittal lines, the
central location was associated with increased risk of occult N2 disease in univariate analysis. However,
only the central location defined as the inner one-third of the hemithorax by concentric lines arising from
the midline remained statistically significant after adjustment for tumour size and attenuation on CT
(adjusted OR 2.05, 95% CI 1.14-3.71; p=0.017), and with further adjustment for age, sex, smoking history
and lobar location of tumour (adjusted OR 2.13, 95% CI 1.17-3.87; p=0.013).

When the analyses were confined to patients excluding pure ground-glass lesions (n=861) (supplementary
tables E1 and E2) or those with solid tumours only (n=485) (supplementary tables E3 and E4), results
were grossly unchanged. The definition of the inner one-third of the hemithorax by concentric lines
arising from the midline was significantly associated with increased risk of occult N2 disease in both
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TABLE 2 Risk of occult N2 disease according to each definition of a centrally located tumour in patients with radiological NO
nonsmall cell lung cancer

Definition of central location Patients Crude model Model 1% Model 27
n (%] Unadjusted OR p-value Adjusted OR p-value Adjusted OR p-value
(95% Cl) (95% Cl) (95% Cl)

Contact with the hilar structure 122 (9.1) 1.86 (1.02-3.40) 0.042 1.16 (0.59-2.29) 0.671 1.26 (0.63-2.54) 0.510
Concentric lines arising from

the hilum

Inner one-third 216 (16.2) 1.91 (1.17-3.11) 0.010 1.29 (0.75-2.23) 0.358 1.33 (0.77-2.31) 0.311

Inner two-thirds 642 (48.0) 1.54 (1.01-2.37) 0.046 1.09 (0.68-1.73) 0.730 1.06 (0.66-1.70) 0.808
Concentric lines arising from

the midline

Inner one-third 161 (12.0) 2.63 (1.59-4.36) <0.001 2.05 (1.14-3.71) 0.017 2.13 (1.17-3.87) 0.013

Inner two-thirds 696 (52.1) 2.03 (1.29-3.18) 0.002 1.50 (0.92-2.46) 0.104 1.48 (0.90-2.42) 0.121
Sagittal lines arising from the

midline

Inner one-third 358 (26.8) 1.81 (1.17-2.80) 0.008 1.57 (0.90-2.73) 0.113 1.59 (0.91-2.79) 0.101

Inner two-thirds 1073 (80.3) 1.30 (0.74-2.30) 0.365 0.89 (0.49-1.63) 0.712 0.90 (0.49-1.64) 0.721

#. adjusted for tumour size (continuous) and tumour attenuation on computed tomography (tumour histology and number of dissected nodes
and stations during mediastinal lymph node dissection were not included since this information was not available pre-operatively); 1: further
adjusted for age (continuous), sex, smoking history (never-smoker or ever-smoker] and lobar location (right or left] of tumour.

subgroups excluding pure ground-glass lesions (adjusted OR 2.54, 95% CI 1.37-4.71; p=0.003) and
subgroups with solid tumours only (adjusted OR 2.30, 95% CI 1.08-4.88; p=0.030).

Discussion

In our study, the prevalence of pathologically proven occult N2 disease in patients with NSCLC and
radiological NO disease was 7%. Previously recognised factors, including tumour size, tumour attenuation
on CT and tumour histology, were again associated with risk of occult N2 disease [5, 8, 9, 11-13, 22].
After adjustment for these factors, only the central tumours defined as located in the inner one-third of
the hemithorax adopted by drawing concentric lines from the midline were associated with increased risk
of occult N2 disease, among the seven different definitions compared in this study. In the subgroup
analyses excluding pure ground-glass lesions or patients with solid tumours only, the association persisted.
To the best of our knowledge, our study included the largest number of patients with NSCLC exclusively
with radiological NO disease. In addition, this is the first study to compare different definitions of central
tumours to predict occult N2 disease.

Previous studies mostly found that central tumours have higher risk of occult N2 disease in patients with
radiological NO NSCLC, compared with peripheral tumours. However, there are considerable
inconsistencies in the definitions of centrally located tumours, especially regarding the inner one-third
versus inner two-thirds in the hemithorax. Among studies which used the inner one-third as the definition
of central tumours, three studies restricted their study population to those with radiological NO disease
[7, 10, 13]. Central location was independently associated with occult N2 disease in two studies (adjusted
OR 6.8 and 6.25; both p<0.001) [10, 13], while it was not associated with occult N2 disease in a smaller
study [7]. Similarly, two studies in patients with radiological NO disease used the inner two-thirds as the
definition of central tumours [5, 9]. One of these studies showed that central location was associated with
occult N2 disease in a univariate analysis (p<0.001) [5] and the other study also demonstrated the
increased risk of occult N2 disease in patients with central tumours (adjusted OR 3.2; p=0.002) [9]. Of
note, there was one study in which both definitions, i.e. inner one-third and inner two-thirds, were
evaluated for risk of pathological N2 disease, which revealed that neither was associated with pathological
N2 disease [11]. However, that study included a considerable number of patients with radiological N1, N2
or even N3 disease by CT or PET-CT, which might explain the negative results. By confining the study
population to radiological NO stage and adjusting for major confounders, our study confirmed that
location in the inner one-third by concentric lines arising from the midline is the definition of a central
tumour that best predicts occult N2 disease.

The most intriguing finding of our study is the difference between two types of concentric lines. Those
arising from the hilum, which are the same as concentric lines used in an online survey [14], were less
predictive of occult N2 disease compared with those arising from the midline. This might be explained by
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the presence of skip metastasis to mediastinal lymph nodes, which is not an uncommon phenomenon in
NSCLC [23, 24]. Compared with central tumours defined by concentric lines arising from the hilum, those
defined by concentric lines arising from the midline are more likely to encompass tumours in apical
regions or just above the diaphragm near the midline. Tumours located in those regions might directly
metastasise to upper paratracheal (station 2), supraclavicular (station 1), para-oesophageal (station 8) or
pulmonary ligament (station 9) lymph nodes and not through hilar lymph nodes. Indeed, previous
cadaveric studies found that 23.6% of segmental lymph channels drain directly into mediastinal lymph
nodes, which were more frequent from upper lobes [25], and that lymphatic vessels from the
diaphragmatic pleura drained to mediastinal lymph nodes via pulmonary ligaments [26].

Our study also compared dividing lines for the central location: concentric lines arising from the hilum in
both axial and coronal images versus concentric lines arising from the midline in axial images versus
sagittal lines in coronal images. We found that central location defined as the inner one-third of the
hemithorax by sagittal lines was associated with occult N2 disease in a crude model, but significance
disappeared in the adjusted model. None of the previous studies stated that they assessed tumour
centrality in the sagittal plane (i.e. measurements were mostly made in axial images [5, 7, 13] or not
otherwise described). Likewise, the vast majority of physicians who participated in an online survey also
chose concentric lines over sagittal lines [14]. Contact with the hilar structure was not recommended by
any of the official guidelines and was only described in the online survey, yet was chosen by 29% of
physicians [14]. In our study, central location defined as contact with the hilar structure was shown to be
weakly associated with occult N2 disease only in unadjusted analysis.

Although recommended indications of pre-operative invasive mediastinal staging in patients with
radiological NO are not consistent among the major clinical guidelines, guidelines from the NCCN and
ESTS include tumour size criterion, as well as central tumour [1, 3]. Our study also showed the strong
association of tumour size and risk of occult N2 disease, as in the previous studies [5, 8, 9, 11, 13, 22]. The
increasing odds of occult N2 disease per each centimetre again stresses the importance of tumour size and
warrants further studies on the optimal cut-off value of tumour size in indications of invasive mediastinal
staging.

There are several limitations to this study. First, it was conducted in a single referral hospital with a
comprehensive cancer centre. Second, since the study population was retrospectively recruited from two
separate registries, it did not include those who underwent neither surgical resection nor EBUS-TBNA
(e.g. those who received stereotactic body radiotherapy or best supportive care for radiological NO
NSCLC). In these patients, occult mediastinal metastasis was usually diagnosed afterwards by image
follow-up. Thus, the results of our study cannot be generalised to the whole population of patients with
NSCLC and radiological NO disease. However, using EBUS-TBNA Registry data, we included patients with
radiological NO who were confirmed to have N2 disease by EBUS-TBNA to minimise the selection bias.
Third, our study determined tumour location based on the inner-most part of the tumour. Among the
choices of the inner-most part, outer-most part or location of the majority of the tumour volume, about
half of physicians in the online survey chose the inner-most part of the tumour [14], unlike many of the
previous studies in which tumour locations were determined based on the “centre of the tumour” [5, 7, 9,
10, 13]. The exact centre of a lesion is difficult to define and it is more biologically plausible to use the
inner-most part of the tumour given the direction of lymph node metastasis. Nevertheless, no pervious
study has addressed this question. Fourth, although the definition of a central tumour we suggest was
associated with occult N2 disease with statistical significance, the evidence is not sufficient to use this
definition as an indication for invasive mediastinal staging. Considering that the scope of surgery is
curative and thus it is important not to miss N2 disease, further studies on the clinical significance of
false-negative results, risk of the procedure, cost-effectiveness and ultimately the effect on patients” survival
are needed to determine the clinical efficacy of this definition of a central tumour [27, 28].

Motivated by the apparent lack of uniformity in the definition of central tumour location [14], our study
compared seven different definitions to find the definition most predictive of occult mediastinal metastasis.
Using data from a large number of NSCLC patients without mediastinal metastasis on both CT and
PET-CT, we found that central tumours defined as located in the inner one-third of the hemithorax
adopted by drawing concentric lines from the midline are associated with occult mediastinal metastasis in
this patient group. Our study adds to the existing body of evidence by clarifying the definition of central
tumour location that is the most predictive of occult mediastinal metastasis. We suggest that this
classification may constitute an indication for invasive mediastinal staging in conjunction with other
known risk factors.
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