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INTRODUCTION
Lung cancer is a leading cause of cancer-related deaths
today. As the most common type, non-small cell lung
cancers (NSCLCs) constitute 80-85% of lung cancers.
Surgery is still the most effective treatment for NSCLC.
To make a surgical decision, first a good staging is
necessary.1-3

The tumor, lymph node and metastasis (TNM) staging
system, developed by Denoix in 1946, was adapted to
lung cancer in 1968 by the Union for International
Cancer Control (UICC) and in 1973 by the American
Joint Committee on Cancer (AJCC). Since 1986, for lung
cancer, TNM staging system has been used under the
title of International Lung Cancer Staging System. Today,
the 8th edition of lung cancer TNM staging system,
released in 2017, is being used.2,4,5

Mediastinal lymph node staging is one of the most
crucial factors that determine the chance of surgical
treatment and prognosis. Therefore, mediastinal node
staging in the evaluation of NSCLC must be done very
carefully. Invasive or non-invasive methods are applied
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(p=0.003), and tumors close to the hilum (<60 mm) (p=0.045). The evaluation of the distinctiveness of markers in
diagnosis through ROC analysis showed AUC of 0.70 (p<0.001) for the largest tumor diameter, and the risk of lymph node
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Conclusion: In thorax CT, Large tumor size, tumor close to mediastinum, tumor close to hilum, large lymph node, and
high SUV value of lymph node in PET-CT are associated with increased chances of metastasis.
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to identify whether there is mediastinal lymph node involve-
ment.1,6,7

In this study, the aim was to determine whether there is
a relationship between the size and location of the mass
and lymph node metastasis.

METHODOLOGY

The records of the patients who were followed up for
non-small cell lung cancer by the Medical Oncology
Clinic of Trakya University between November 2013 and
November 2018, were retrospectively reviewed. Patients
with distant organ metastasis (M1) and distant lymph
node metastasis (N3), a previous history of malignancy,
synchronous or metachronous tumors, and those for
whom required data could not be obtained, were
excluded.

The 112 patients included in the study were first evalu-
ated in terms of age, gender, tumor histology and tumor
location. The diameter of the tumor, the shortest
distance between the tumor and the mediastinum, the
shortest distance between the tumor and the hilum, and
the diameters of the largest mediastinal or hilar lymph
nodes were measured from the contrast thorax
computed tomography (CT) of the patients taken at the
time of the diagnosis. While the diameter of the tumor
and its distance to the mediastinum were measured in
the parenchyma window at thorax CT, the shortest
distance between the tumor and the hilum was
measured in the coronal section of the parenchyma
window. The largest mediastinal or hilar lymph node was
measured in transverse section and mediastinal window.

Whether the patients had mediastinal or hilar lymph
node metastasis was evaluated according to the
pathology reports of the postoperatively excised lymph
nodes for the patients who underwent surgery; and the
pathology reports of lymph node biopsies taken in the
procedure for the patients who underwent biopsy
through mediastinoscopy, endobronchial ultrasound
(EBUS) or endoscopic ultrasound (EUS). In patients who
have not undergone any invasive procedures, media-
stinal and hilar lymph nodes were evaluated according
to positron emission tomography (PET) results. Lymph
nodes, which were greater than 1-cm in CT, had higher
than 2.5 SUV in PET, evaluated as metastasis in PET
report and later confirmed to have metastasis in the
oncology council were accepted as having lymph node
metastasis. In our study, those without lymph node
involvement were classified as having no lymph node
metastasis and those with hilar or medastinal lymph
node involvement were classified as having lymph node
metastasis.

The obtained data were checked for normal distribution
with the Shapiro-Wilk test. Independent-samples t-test and
Mann-Whitney U-test were used for group comparisons.
While the relationships between categorical variables

were investigated by Fisher's exact test, the relation-
ships between quantitative variables were identified by
Spearman's correlation coefficient. Distinctiveness of
markers was evaluated through ROC analysis. Cut-off
points for markers were determined with Youden index.
The markers were combined using logistic regression.
The level of significance for all analyses was set as 0.05.
For statistical analysis, TURCOSA (Turcosa Analytics
Ltd Co, Turkey, www.turcosa.com.tr) statistical software
was used.

RESULTS

Of the 112 patients inducted in this study, 105 were males
and 7 were females, at the mean age of 63.49 years.
Although there was no significant correlation between
age and lymph node metastasis, lymph node metastasis
was found to be statistically higher in men, but due to the
little number of women included in the study, the result
was not considered very reliable (p=0.043). The histo-
pathological diagnoses were squamous cell carcinoma
(n=73), adenocarcinoma (n=33), adenosquamoz cell
carcinoma (n=4) and large cell carcinoma (n=2), but no
significant difference was found between tumor histology
and lymph node metastasis (p=0.303).

Upon consideration of thorax CT measurements, lymph
node metastasis was found to have a statistically
significant relationship with tumors with a large diameter
(p<0.001), tumors close to the mediastinum (p=0.003),
and tumors close to the hilum (p=0.045, Table I). 

The analysis of the obtained data with Spearman's
correlation coefficient revealed a moderate, negative
and statistically significant correlation between the
markers of the largest tumor diameter and the distance
between the tumor and the mediastinum (r = -0.53,
p <0.001), and a moderate, positive and statistically
significant correlation between the variables of the
distance between the tumor and the mediastinum and
the distance between the tumor and the hilum (r=0.60,
p <0.001). There was a weak, negative and statistically
significant correlation between the variables of the
largest tumor diameter and the distance between the
tumor and the hilum (r=-0.21, p=0.029).

The evaluation of the distinctiveness of markers in
diagnosis through ROC analysis has shown that AUC is
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Table I: Thoracic CT measurements and lymph node metastasis
correlation.

Variable Metastasis p-value

None Yes

Median Median
(25th-75th percentile) (25th-75th percentile)

Largest tumor diameter 40 (26.25-52) 61.5 (37-81.25) <0.001
in CT (mm)

Shortest distance between 5 (0-25.5) 0 (0-52.25) 0.003
the tumor and the
mediastinum (mm)

Distance between the 62 (36-79) 50 (33-63) 0.045
tumor and the hilum (mm)
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0.70 (p<0.001) for the largest tumor diameter, and the
risk of lymph node metastasis is higher for lesions above
55 mm. For this cut-off point, sensitivity, specificity,
positive predictive value and negative predictive value
rates were 60.8%, 76.3%, 83.3% and 50%, respectively.

For the closest distance of the tumor to the mediastinum,
AUC = 0.65 (p=0.003), and tumors at a distance of less
than 7 mm have the risk for metastasis. For this cut-off
point, sensitivity, specificity, positive predictive value and
negative predictive value rates were 77%, 50%, 75%
and 52.8%, respectively.

For the distance of the tumor to the hilum, AUC=0.62
(p=0.042), and tumors at a distance of less than 60 mm
have the risk for metastasis. For this cut-off point,
sensitivity, specificity, positive predictive value and
negative predictive value rates were 74%, 51.4%, 75%
and 50%, respectively.

For the largest lymph node size, AUC=0.79 (p <0.001),
and for SUV at PET, AUC=0.91 (p <0.001). The risk of
metastasis is high in lymph nodes over 16 mm and with
SUV above 2.9. For PET value, sensitivity, specificity,
positive predictive value and negative predictive value

rates were 86.5%, 92.1%, 95.5% and 77.8%, respectively
(Figure 1).

Although there was a relationship between lymph node
metastasis and tumor size, distance from tumor to
mediastinum, distance from tumor to hilum, there was no
superiority to each other. However, the SUV of lymph
node in PET was found to be a significantly sensitive
compared to other variables (respectively p=0.002,
p<0.001, p<0.001).

In the logistic regression model, only tumor size variable
was found to be statistically significant on metastasis
among tumor size, tumor mediastinal and hilar distance
variables (p=0.034). For logistic regression model,
sensitivity, specificity, positive predictive value and
negative predictive value rates were 82%, 60%, 80%
and 63%, respectively.

The discriminant performance of markers combined with
logistic regression (LR) improved (AUC=0.72). However,
although the discriminant performance obtained from
logistic regression was higher than the singular
performance of the variables, this increase was not
statistically significant (Table II).

Mustafa Kuzucuoglu, Ali Gokyer, Osman Kula, Ali Cem Yekdes, Baran Serdar Sunal, Yekta Altemur Karamustafaoglu, Yener Yoruk and Irfan Cicin

174 Journal of the College of Physicians and Surgeons Pakistan 2020, Vol. 30 (2): 172-176

Table II: Logistic regression result of discriminant performance of independent variables.

Marker 1 (I) Marker 2 (J) Flexible  discriminant FDA (J) p-value p value
analysis (FDA) (I) (corrected)

Largest tumor diameter in CT (mm) Logistic regression 0.70 0.72 0.49 1.00

Shortest distance between the tumor Logistic regression 0.66 0.72 0.09 0.52
and the mediastinum (mm)

Distance between the tumor and Logistic regression 0.62 0.72 0.04 0.25
the hilum (mm)

Figure 1: Sensitivity and specificity of evaluated markers on lymph node metastasis.



DISCUSSION

The World Health Organization reported that lung
cancer, which is the most common cause of cancer-
related deaths, accounted for 12.9% of all cancers with
1.8 million new diagnoses in 2012, resulting in 19.4% of
cancer-related deaths.5,8

The eighth edition of the lung cancer TNM staging system
was created using the data of 77,156 patients out of
94,708 diagnosed with lung cancer between 1999 and
2010; and included in the IASLC database consisting of
5 continents, 16 countries and 35 databases.4,5 The most
significant changes in the new staging system were in
the T and M classification. In the N classification. Though
nodal stations and zone definitions are described in the
7th edition of lung cancer, TNM staging system are still
used without any changes. However, the number of
pathological lymph nodes and metastatic lymph node
location were shown to be effective in determining the
prognosis. Although not included in the new staging, it
was suggested that N1 (ipsilateral peribronchial or hilar
lymph node metastasis) classification be divided into
subgroups of N1a and N1b for single station N1s and
multiple station N1s, respectively, and N2 classification
(ipsilateral mediastinal lymph node metastasis) into
subgroups of N2a1, N2a2 and N2b for single station N2s
without N1 metastasis, single station N2s with N1
involvement and those with multiple N2 involvement,
respectively. Considering the proposed subgroups, 5-year
survival rates in patients with resection were found to be
59% in N1a, 50% in N1b, 54% in N2a1, 43% in N2a2,
and 38% in N2b cases.4,5,9

According to the definition of mediastinal zones by
IASLC in the seventh edition of lung cancer, TNM staging
system, upper mediastinal (1), upper paratracheal (2R
and 2L), prevascular or retrotracheal (3), and lower
paratracheal (4R and 4L) lymph nodes are located in the
superior zone; subaortic (5) and paraaortic (6) lymph
nodes are located in the aortic zone; subcarinal (7),
paraesophageal (8), and pulmonary ligament (9) lymph
nodes are located in the inferior zone.4,6,10 Various
studies have been conducted on the relationship
between tumor location and mediastinal lymph node
metastasis site. In their study on 4,511 patients, Liang
et al.6 found lymph node metastasis in 1,784 patients;
626 of them had only N1, 752 both N1 and N2, and 404
only N2 metastasis. The most common metastasis was
to the upper zone lymph nodes (48.7%) in the right
upper lobe tumors, to the upper zone lymph nodes
(49.9%) in the right middle lobe tumors, and to the lower
zone lymph nodes (44.5%) in the left lower lobe tumors.
Metastasis to subcarinal lymph nodes in the right lower
lobe and left upper lobe was at the rate of 24.4% and
41.7%, respectively. In the study of Guo et al.1, it was
shown that right upper lobe tumors had  metastasis to
lymph nodes in upper zones, left upper lobe tumors to

lymph nodes in the aortic zone, and right middle lobe,
right lower lobe and left lower lobe tumors to lymph
nodes in subcarinal area.

Preoperative lymph node staging is one of the most
important parameters in determining treatment and
prognosis in lung cancer. Non-invasive, minimally
invasive and invasive methods are used. For peripheral
tumors smaller than 3 cm, non-invasive thorax CT, PET
and cranial magnetic resonance imaging (MRI) methods
are usually sufficient. Direct surgical treatment may be
an option for these patients. In contrast, for patients with
centrally located lesions larger than 3 cm, with lymph
nodes found to be larger than 1 cm in thorax CT, with
lymph node SUV found to be above 2.5 in PET, and with
adenocarcinoma masses at a high SUV, mediastinal
lymph node sampling with invasive methods is recom-
mended. Mediastinoscopy, which is an invasive method,
is still the gold standard for mediastinal lymph node
sampling despite the use of minimally invasive methods
such as EBUS and EUS.11-15 In recent years, EBUS and
EUS are the first methods of choice for sampling
mediastinal lymph nodes because they are both
minimally invasive and can be applied under sedation.
Mediastinoscopy must be performed in patients with
negative lymph node according to the minimally invasive
method but with suspected lymph node in CT or
PET.7,12,16,17 

This study results were consistent with the literature and
guidelines. In this study, the size of the tumor was found
to be the most important factor increasing the risk of
mediastinal lymph node metastasis. The critical value for
tumor size was found to be 55 mm. In addition, the
central location of the tumor and its proximity to the
mediastinum and hilum were also found to increase the
risk of metastasis. In our study, lymph node size above
16 mm in thoracic CT and lymph node SUV above 2.9 in
PET were found to be critical values in terms of
metastasis risk. Although it was not been evaluated in
this study, tumor histology, tumor genetics and other
pathophysiologic features of the tumor may also affect
the risks in terms of metastasis as well as anatomical
factors.

Although the variables in this study are prominent as a
risk factor for lymph node metastasis, invasive tissue
biopsy is the most accurate method to diagnose lymph
node metastasis.

CONCLUSION

Large tumor size, tumor close to mediastinum, tumor
close to hilum, large lymph node and high SUV value of
lymph node are the factors that increase the risk of
metastasis. Mediastinal staging should be performed
especially if surgical treatment is to be performed in
patients with large tumor size. In addition, the proximity
of the tumor to the mediastinum and hilum should be

Size and location of the mass and hilar and mediastinal lymph node metastasis in non-small cell lung cancer                                                                                  

Journal of the College of Physicians and Surgeons Pakistan 2020, Vol. 30 (2): 172-176 175



Mustafa Kuzucuoglu, Ali Gokyer, Osman Kula, Ali Cem Yekdes, Baran Serdar Sunal, Yekta Altemur Karamustafaoglu, Yener Yoruk and Irfan Cicin

176 Journal of the College of Physicians and Surgeons Pakistan 2020, Vol. 30 (2): 172-176

considered in terms of the risk of mediastinal lymph
node metastasis. Therefore, these factors should be
taken into consideration when designing new staging
systems. For this, it would be appropriate to carry out
extensive studies using prospective methods with larger
and more homogeneous case series.
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