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Introduction
Lung cancer is the most common diagnosed cancer (11.6% of the total cases) and the leading 

cause of cancer death (18.4% of the total cancer deaths) [1]. The initial asymptomatic course of 
the disease causes the patients are being diagnosed too late when, the cancer is already locally 
advanced or has disseminated. Around 70% of patients with lung cancer have stage III or IV disease 
at diagnosis, thus excluding them from surgical resection [2]. Detection of the cancer at an early 
stage leads to an improved prognosis. Patients diagnosed with stage IA non-small cell lung cancer 
and undergoing surgical resection having a 5 years survival from 55% to 80% [3,4]. Therefore, it is 
important to improve diagnostic methods that will result in an accurate assessment of the stage of 
the lymph nodes advancement to ensure the right decision is made without the need for additional 
invasive procedures for determining the stage, and thus improve the patient's prognosis.

Lymph node staging is the most important factor in determine treatment in patients with non-
small cell lung cancer. PET examination based on increased glucose uptake of cancer cells has been 
shown to have a sensitivity of 58% to 94% and a specificity of 76% to 96% for the detection of 
mediastinal lymph node metastasis [5,6]. In addition, the high negative predictive value of PET 
allows further mediastinal evaluation in peripheral tumors ≤ 3 cm without enlarged lymph nodes 
(hilus and/or mediastinum) on CT and with PET-negative nodes, can be omitted. However, in the 
case of tumors >3 cm in diameter, mediastinum should be performed using other staging techniques 
[7].

The aim of the study was to evaluate the parameters SUVmax of the primary tumor, SUV-LN 
(SUVmax of lymph nodes) and SUV-R (SUVmax of lymph node/SUVmax of primary tumor) in 
predicting lymph node metastases.

Materials and Methods
We retrospectively reviewed 98 patients with histologically confirmed Non-small Cell Lung 

Cancer (NSCLC), who underwent a lung resection (a lobectomy or a pulmonectomy) with 
systematic hilar and mediastinal lymph node dissection. PET/CT (GE Discovery IQ) was performed 
as part of the preoperative workup between 2013 and 2016. All patients were fasted for a minimum 
of 6 h prior to the procedure. FDG PET images were obtained 60 min (range 50 min to 95 min) 
after injection of approximately 187 MBq of 18F-FDG intravenously, if the patient’s blood glucose 
level was lower than 200 mg/dl. The scan was performed from the skull base to the mid-thigh level. 
PET/CT images were interpreted by an experienced specialist in nuclear medicine (Voxel Medical 
Diagnostic Center). For determination of SUVmax, a Region of Interest (ROI) was drawn over the 
primary tumor. Patients were excluded if they had any chemotherapy or radiotherapy before PET, 
had distant metastases or relapse was suspected. The average time from PET/CT to surgery was 34 
days. The SUV-R was determined in each case, as follows:
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Statistical analyses
Statistical analyses were performed using Statistica 13. The Mann-

Whitney-U and Fisher’s exact test were used to assess differences 
between benign and metastatic lymph nodes. Receiver Operating 
Characteristic (ROC) curve analysis was used to compare the 
diagnostic performance of the two variables SUV-LN and SUV-R and 
to determine their optimal cut-off values for sensitivity and specificity 
in detecting metastatic lymph nodes. To define the optimal cut-off 
thresholds Youden index was used. Comparison between AUC values 
were performed using Hanley and Hajian-Tilaki KO test. Differences 
were considered statistically significant when P values were less than 
0.05.

Results
This study included 98 patients with non-small cell lung cancer. 

There were 58 men and 40 women; their average age was 66.9 years 
(range 51 to 89 years). The mean tumor size was 4.0 ± 1.96 cm 
(range 1.0 cm to 11.0 cm) and the median SUVmax of the primary 
tumor was 14.35 (range 1.6 to 35.2). Histological examination 
revealed: 53 patients with squamous cell carcinoma, 37 patients with 
adenocarcinoma and 8 patients with other histological types of lung 
cancer. The clinicopathological characteristics of the patients are 
presented in Table 1.

Lymph node metastasis were detected in 29 of 98 cases (29.6%), 
which 15 were N1 stage (hilar or intrapulmonary lymph node 
metastasis) and 14 were N2 stage (ipsilateral mediastinal lymph node 
metastasis with or without hilar or intrapulmonary lymph node 
metastasis). The median SUVmax of primary tumor was higher in 

the metastatic lymph nodes, but did not reach statistical significance 
(13.8 vs. 15.5; p=0.086).

Lymph node metastases were present in 32% (17/53) of squamous 
cell carcinomas and 28% (10/37) of adenocarcinomas. There was no 
statistically significant difference in the frequency of lymph node 
metastasis between adenocarcinoma and squamous cell carcinoma 
(p=0.607).

The median SUVmax was statistical significantly higher for 
squamous cell carcinoma than adenocarcinoma (15.5 vs. 11.0; 
p<0.001). In squamous cell carcinoma the median SUVmax of 
primary tumor in patients with malignant lymph nodes was 
significantly higher than in those without metastases (p=0.031).

As a consequence, we classified histologic types into two 
groups (high and low SUVmax) according the median SUVmax 
of primary tumor (15.5 for squamous cell carcinoma and 11.0 for 
adenocarcinoma). Frequency of metastatic lymph nodes in squamous 
cell carcinoma was higher in high SUVmax group than in low 
SUVmax (p=0.046). There was no significant difference in frequency 
in metastatic lymph nodes between high SUVmax and low SUVmax 
in adenocarcinoma (p=0.399) Table 2.

The median SUV-LN of malignant lymph nodes was significantly 
higher than SUV-LN of negative lymph nodes (7.90 vs. 4.20; p=0.0042) 
(Figure 1). There was significant difference in median SUV-R between 
patients with malignant lymph nodes and those with non-metastatic 
lymph nodes (0.68 vs. 0.22; p=0.0029) (Figure 2). Metastatic and non-
metastatic lymph node stations are compared in Table 3.

Variable No. of patients (%)

Age  

   mean ± SD 66.9

   range 51-89

Sex  

   male 58 (59.4)

   female 40 (40.6)

Tumor size (cm)  

   mean ± SD 4.0 ± 1.96

   range 1.0-11.0

Histology  

   squamous cell 53 (54.1)

   adenocarcinoma 37 (37.7)

   others 8 (8.2)

Subtypes of adenocarcinoma  

   solid 7

   lepidic 4

acinar 8

papillary 6

micropapillary                                       1

Grade of differentiation  

   well 4 (4.1)

   moderate 57 (58.2)

   poor 28 (28.6)

Table 1: The clinicopathological characteristics of the patients.

Lymph node Low SUV max 
N (%)

High SUV max 
N (%)

Fisher 
test

Squamous cell carcinoma    
non-metastatic lymph 
nodes (N0) 21 (58.3) 15 (41.7) p=0.046

metastatic lymph nodes 
(N1-N2) 5 (29.4) 12 (70.6)  

Adenocarcinoma    
non-metastatic lymph 
nodes (N0) 14 (51.8) 13 (48.2) p=0.39

metastatic lymph nodes 
(N1-N2) 4 (40.0) 6 (60.0)  

Table 2: Frequency of lymph node in low/high SUVmax group.
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Figure 1: Comparison graph shows the median SUV max of lymph nodes 
with (N1-N2) and without (N0) metastasis.
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The diagnostic performances of SUV-LN and SUV-R were 
compared by ROC curve analysis. The optimal cutoff value of SUV-
LN to predict nodal malignancy was 6.6, which was associated with 
78.9% sensitivity and 68.4% specificity (AUC 0.773; 95% CI 0.618-
0.928; p=0.0006). The optimal cut-off value of SUV-R to predict nodal 
malignancy was 0.37, which was associated with 84.2% sensitivity 
and 68.4% specificity (AUC 0.784; 95% CI 0.631-0.936; p=0.0003). 
However, according to the ROC curves there was no significant 
difference in SUV-LN and SUV-R in predicting lymph nodes 
metastases (AUC 0.773 vs. 0.784; p=0.876) (Figure 3).

Discussion
In the present study, despite the higher SUVmax of the primary 

tumor in the group of patients with nodal metastases compared to the 

group without metastases, no statistical significance was found. The 
relationship between tumor SUVmax and lymph nodes metastasis 
is conflicting in the literature. Özgul et al. and Koksal et al. in their 
studies showed no correlation between glucose uptake for the primary 
tumor and lymph node metastases in patients with lung cancer [8,9]. 
Contrary to the studies by Downey et al. and Zhang et al., in which 
higher SUVmax values of the primary tumor were observed in the 
group of patients with metastatic lymph nodes [10,11]. Nambu et al. 
in their study found that the probability of nodal metastases rose with 
the increase in SUVmax of the primary tumor in NSCLC patients. 
In addition, they observed no presence of lymph node metastases in 
primary tumors with a SUVmax less than 2.5. On the other hand, 
in the group of primary tumors with SUVmax of 12 or more, the 
probability of lymph node metastases was high and reached 70%, 
regardless of the degree of FDG activity in lymph nodes [12].

Our analysis showed no statistically significant difference in the 
frequency of lymph node metastases between adenocarcinoma and 
squamous cell carcinoma. At the same time, it was shown that in 
the group of squamous cell carcinoma higher SUVmax values of the 
primary tumor are associated with the occurrence of nodal metastases, 
while in the group of adenocarcinomas; no relationship was found 
between the SUVmax parameter and the presence of lymph node 
metastases. Squamous cell carcinomas are characterized by higher 
SUVmax values of the primary tumor than adenocarcinomas, which 
is confirmed by our results and previous studies [13-15]. However, 
adenocarcinomas despite a lower rate of glucose metabolism, are 
characterized by a higher metastatic potential [16,17]. On the other 
hand, adenocarcinoma area highly heterogenous group including 
several subtypes with different degrees of FDG avidity [18,19]. 
Therefore, metastatic potential may not be true for all subtypes. The 
difference in glucose uptake is related to the different metabolism 
of these histopathological types. In the study by Meijer et al. 
suggested that adenocarcinomas use mainly oxygen glycolysis to 
produce ATP, while the metabolism of squamous cell carcinoma 
is based on anaerobic glycolysis under hypoxic conditions [20]. In 
addition, several publications confirmed the relationship between 
higher SUVmax in squamous cell carcinomas associated with higher 
expression of glucose transport proteins, mainly GLUT-1 [21-23].

In presented study we found that both SUVmax of the lymph 
nodes and SUV-R were higher in the metastatic lymph nodes. Our 
results were in line with study of Cho et al. [24]. Based on the ROC 
curve, the cut-off point SUV-LN value was 6.6 with a sensitivity of 
78.9% and a specificity of 68.4% and an AUC of 0.773. The ROC 
curve identified an optimal cut-off SUV-R value of 0.37 indicating 
the presence of metastases in the lymph nodes (sensitivity 84.2%, 
specificity 68.4%, AUC 0.784). The SUV-LN to primary tumor 
SUVmax ratio was first used and defined by Cerfolio and Bryant 
[25]. The ratio of 0.56 was the optimal cut-off for the occurrence 
of mediastinal lymph node metastases (sensitivity 94%, specificity 
72%; AUC of 0.79). Found that cut-off value was 0.49 (sensitivity 
70%, specificity 65%) [26]. However, it should be noted that in both 
of these studies, group N2 lymph nodes with SUVmax values above 
2.5 and 2.75 were taken into account. Based on the obtained results, 
none of the parameters tested (SUV-LN and SUV-R) was superior 
in predicting the presence of lymph node metastases (AUC 0.773 vs. 
0.784). Contrary to these results, Mattes et al. founded the SUV-R was 
more accurate in predicting nodal metastasis than the SUV-LN (AUC 
of 0.846 vs. 0.653). In their study, they included patients with SUVmax 
of the primary tumor >2.5 and lymph nodes with SUVmax ranging 
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Figure 2:  Comparison graph shows the median SUV-R of lymph nodes with 
(N1-N2) and without (N0) metastasis.

 Metastatic 
(median)

Non-metastatic 
(median) p

SUVmax of primary 
tumor 13.8 15.5 0.086

SUV-LN 7.9 4.2 0.0042

SUV-R 0.68 0.22 0.0029

Table 3: The comparison of metastatic and non-metastatic lymph nodes.
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Figure 3: Comparison graph shows ROC curve analysis of SUV-LN (blue 
line) and SUV-R (red line).
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from 2.0 to 6.0 [27]. The limitations of the study were retrospective 
design and small sample size. Further studies are needed to confirm 
these results, with more date from a larger number of patients.

Conclusion
Lymph node metastases in squamous cell carcinomas are 

associated with high SUVmax, while in adenocarcinomas the risk of 
nodal metastases is similar in both the low and high SUV groups. 
The results of this study indicate that SUV-LN and SUV-R have a 
good diagnostic performance for evaluating metastatic lymph nodes. 
Furthermore, we suggest that PET examination in staging should be 
interpreted in relation to the histology.
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