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Background: Sonographic findings of lymph nodes on endobronchial ultrasonography (EBUS) images 
have been reported to be useful to predict lymph node metastasis (LNM) in lung cancer patients. F-18 
fluorodeoxyglucose (FDG) uptake in lymph nodes was also found to be useful. In this study, we aimed to 
clarify whether a combination of sonographic features and maximum standardized uptake values of lymph 
nodes (LN-SUVmax) is useful for predicting LNM in lung cancer patients.
Methods: From January 2014 to December 2019, a total of 147 lymph nodes from 104 patients with lung 
cancer, who underwent preoperative EBUS and FDG-positron emission tomography (PET)/computed 
tomography (CT) followed by surgery were retrospectively assesses. The characteristics of the patients, LN-
SUVmax, and sonographic findings of lymph nodes were reviewed. Predictive factors associated with LNM 
were identified using the logistic regression model.
Results: The average size of the lymph nodes was 8.55 (range, 3–22) mm and the average LN-SUVmax 
was 5.36 (range, 1.79–31.19). The prevalence of nodal metastasis was 26/147 (17.4%), including 22 in 
mediastinal lymph nodes and 4 in hilar lymph nodes. Multivariate analysis demonstrated four independent 
predictive factors for LNM; size, round or oval shape, absence of a central hilar structure, and LN-SUVmax. 
The optimal cutoff value for lymph node size and LN-SUVmax were 10 mm and 6.00, respectively. By 
combinating of the two modalities, we obtained the results with sensitivity of 76.9%, specificity of 95.1% and 
accuracy of 93.2%.
Conclusions: A combination of sonographic findings and LN-SUVmax showed a higher diagnostic rate of 
LNM than either modality alone in lung cancer patients.
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Introduction

Lung cancer is the most common cause of cancer deaths 
globally (1). Non-small cell lung cancer accounts for 80% 
of all lung cancers, and usually first metastasizes to the 

hilar and mediastinal lymph nodes. Therefore, accurate 

preoperative nodal staging is the first and most important 

step for resectable lung cancer patients. Nodal staging 

is usually performed by radiological modalities, such 
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as computed tomography (CT) and positron emission 
tomography (PET)/CT (2), which is based on the increased 
glucose metabolism of malignant cells. The positron-
emitting radiopharmaceutical F-18 fluorodeoxyglucose 
(FDG) is the most widely used agent for oncologic PET/
CT imaging. The standardized uptake value (SUV) is a 
quantified index of FDG uptake. However, in a recent 
study, the sensitivity of PET/CT in predicting lymph node 
metastasis (LNM) was 68%, which has resulted in nodal 
micrometastases (3) going undetected, and the incidence of 
LNM in patients with negative nodal uptake on PET/CT 
was 7–18% (4). Therefore, FDG-PET/CT alone may not 
be sufficient for an accurate diagnosis of LNM.

In accordance with the American College of Chest 
Physicians guidelines on nodal staging, additional 
lymph node biopsy has become increasingly accepted 
in patients with a radiologically normal mediastinum to 
evaluate accurate staging (5). Endobronchial ultrasound-
guided transbronchial needle aspiration (EBUS-TBNA) 
was introduced in 2004 as a less invasive modality for 
the diagnosis of LNM (6), and is commonly used for 
pathological preoperative diagnosis. Recently, some 
researchers have individually reported that sonographic 
gray features and the vascular pattern grading system 
may be helpful in predicting LNM during EBUS-TBNA, 
based on endoscopic ultrasonography (7,8). Wang et al. 
reported that sonographic features of EBUS with color 
doppler sonography achieved a favorable diagnostic 
yield for predicting LNM in lung cancer patients (7). 
A simplified approach of using at least two of the four 
predictive factors, which includes round shape, absence of 
a central hilar structure, presence of matting and nonhilar 
vascular pattern perfusion may assist in the prediction of 
LNM. The reason is that metastatic nodes always tend to 
be larger, round, having no visible hilum (7). In addition, 
it was reported that matting of the lymph node is a sign of 
malignancy (7), which suggests the extracapsular spread of 
malignancy.

In this study, we aimed to identify whether a combination 
of the measurement of maximum standardized uptake value 
in lymph nodes (LN-SUVmax) and sonographic features of 
EBUS-TBNA as proposed by Fujiwara and colleagues (8) is 
useful in predicting LNM for lung cancer patients, and to 
determine which factors of these modalities predict LNM 
accurately.

We present the following article in accordance with 
the STARD reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-1888).

Methods

Study population

A retrospective cohort study was performed on 104 
lung cancer patients (147 lymph nodes) who underwent 
preoperative FDG-PET/CT in a designated facility, 
followed by preoperative EBUS-TBNA and subsequent 
pulmonary resection at Tokyo Medical University 
between January 2014 and December 2019. Patients who 
underwent EBUS-TBNA within 2 months before surgery 
were analyzed. In our institution, preoperative EBUS-
TBNA was performed for patients who has at least one 
target lymph node larger than 10 mm or with FDG uptake. 
EBUS is performed as much as possible to check all lymph 
nodes. We check the presence of at least three stations of 
lymph nodes, and TBNA is only performed for the lymph 
nodes that could affect the surgical procedure or policy. 
The patients’ characteristics, including age, sex, smoking 
history, histological subtype, and pathological stage were 
obtained from clinical records. Patients were excluded if (I) 
preoperative FDG-PET/CT and EBUS-TBNA was not 
performed; (II) preoperative FDG-PET/CT was performed 
in other facilities; or (III) SUV was not measurable on a 
3D workstation. Lymph node stations and numbers were 
determined in accordance with the eighth edition of the 
TNM classification of malignant tumors. Patients were divided 
into two groups according to their LNM (Figure 1). Lymph 
nodes with lung cancer or nonspecific inflammation were 
confirmed on surgical-pathologic confirmation. Lymph 
nodes were dissected together with the adipose connective 
tissue of the corresponding anatomic regions, as designated 
by the surgeon intraoperatively. The study was conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013). The study was being applied by the institutional 
review board and informed consent was taken from all the 
patients.

EBUS-TBNA and sonographic findings of lymph nodes

EBUS-TBNA was performed on patients who had not 
previously received treatment, who had radiologically 
defined mediastinal or hilar lymph nodes, and with at least 
one node of more than 1 cm in the short-axis on chest CT 
or with FDG uptake. EBUS-TBNA was performed under 
local anesthesia with moderate conscious sedation using 
midazolam. After oral white-light bronchoscopy, the target 
lesions and peripheral vessels were examined by EBUS, 
using a linear array ultrasonic bronchoscope (BFUC260F-
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OL8; Olympus, Tokyo, Japan). Scanning was performed 
with a frequency of 7.5 MHz, and images were processed 
by an ultrasound processor (EU-C2000; Olympus). At 
first, conventional sonographic features were imaged. 
Final characteristics of the ultrasonography findings 
for each lymph node were determined, based on the 
agreement of two sonologists (MK and WH). The lymph 
nodes were characterized based on EBUS sonographic 
images, including gray scale and power Doppler; the 
characteristics analyzed were as follows: (I) size, short 
axis; (II) shape, round or oval; (III) margin, indistinct or 
distinct; (IV) central hilar structure, presence or absence; (V) 
echogenicity, homogeneous or heterogeneous; (VI) necrosis 
signs, present or absent; (VII) calcification, presence or 
absence; and (VIII) vascular patterns, avascular, hilar 
perfusion, and nonhilar perfusion. Representative B-mode 
imaging features are shown in Figure 2.

FDG-PET/CT assessment and measurement of SUVmax 
of lymph nodes

All FDG-PET/CT data obtained from the designated 
facility were used in this study. Patients with blood 
glucose values of more than 150 mg/dL during PET/CT 
imaging were excluded. All patients were assessed using a 
Biograph PET/CT scanner (Siemens Healthcare, Erlangen, 
Germany). Unenhanced CT images of sections 2 to 4 mm 
thick that matched the PET images were acquired for each 
patient using a standard protocol. Immediately after the 

CT, PET covering the identical axial field of view for 2 
to 4 min per table position depending on the condition of 
the patient and the scanner performance was conducted. 
SUVmax was established by drawing regions of interests 
(ROIs) on attenuation-corrected FDG-PET images, and 
calculated using the software integrated within the PET/
CT scanner based on the following formula:

SUVmax = M (MBq/kg)/[ID (MBq)/w (kg)]                 [1]
In which M is defined as the maximal activity at a single 

pixel within the tissue designated by the ROI, and ID is 
defined as the injected FDG dose/kg of body weight (w).

The preoperat ive  FDG-PET/CT images  were 
transferred to the Synapse Vincent 3D workstation 
(Fujifilm Corporation, Tokyo, Japan). LN-SUVmax was 
measured for each patient. ROIs were drawn and maximum 
FDG uptake in the lymph node was confirmed on CT. 
Figure 3 shows representative lymph node images of no. 7 
lymph node (A), no. 4R lymph node (B), and no. 4L lymph 
node (C).

Statistical analysis

Univariate and multivariate logistic regression analyses 
were performed to identify predictors of LNM using the 
following sonographic factors: (I) size, (II) shape, (III) 
margin, (IV) central hilar structure, (V) echogenicity, 
(VI) necrosis signs, (VII) calcification, (VIII) vascular 
patterns, and (IX) LN-SUVmax. A backward stepwise 
selection method was used to build logistic regression 

Lymph node metastasis (−)

(n=79) (121 lymph nodes)

April 2014–December 2019

Resected lung cancer patients with LND after endosonography

(n=113)
Excluded patients (n=9) 

No preoperative FDG-PET/CT (n=4)

PET/CT performed in other facilities (n=3)

Unable to measure SUVmax (n=2)

April 2014–December 2019

Resected lung cancer patients with LND after 

endosonography and FDG-PET/CT (n=104)

(Patients who underwent PET/CT in a designated facility)

Lymph node metastasis (+)

(n=25) (26 lymph nodes)

Figure 1 Consort diagram of patients included in the study. LND, lymph node dissection; FDG, fluorodeoxyglucose; PET, positron 
emission tomography; CT, computed tomography; SUV, standardized uptake value.
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models. The receiver operating characteristic (ROC) area 
under the curve (AUC) of significant factors associated 
with LNM was measured, in which the cutoff level on the 
ROC curves for significant parameters was considered to 
represent a sensitivity/specificity pair corresponding to a 
particular decision threshold. Categorical comparisons were 
performed using the Pearson chi-squared test for discrete 
data and the Mann-Whitney U test or one-way analysis 
of variance for continuous data. All tests were two-sided, 
and P values less than 0.05 were considered to indicate a 
statistically significant difference between two groups. The 
SPSS statistical software package (version 26.0; DDR3 
RDIMM, SPSS Inc., Chicago, IL, USA) was used for 
statistical analyses.

Results

A total of 104 patients {64% men; median age: 67 [25– 
86] years; 25% (26/104) nonsmokers} were enrolled in the 
study. No adverse events were observed. The histological 
subtypes of primary lung cancer were adenocarcinoma in 68 
patients, squamous cell carcinoma in 18 patients, and others 
in 18 patients. The characteristics of the patients according 
to LNM are shown in Table 1. The patients who had LNM 
tended to be young, male, and have advanced stage cancer. 
EBUS-TBNA was performed in 147 lymph nodes (rate: 
1.41 per patient). No severe complications occurred. All 
pathological findings of EBUS-TBNA were confirmed by 
subsequent surgery. The prevalence of nodal metastasis was 
26/147 (17.4%), including 22 mediastinal lymph nodes and 

Figure 2 Representative sonographic features of EBUS. Representative images used for classifying metastatic and reactive lymph nodes are 
shown. Characteristics used were size, ≥10 mm or not; shape, round or oval; central hilar structure, present or absent; margin, distinct or 
indistinct; echogenicity, homogeneous or heterogeneous; necrosis signs, present or absent; calcification, present or absent; vascular patterns, 
avascular, hilar, or nonhilar. The arrow is the part that shows the sonographic findings below. EBUS, endobronchial ultrasonography.
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Figure 3 Representative images of the evaluation of LN-SUVmax in noncancerous lung areas obtained using a 3D workstation. (A) Lymph 
node no. 7; (B) lymph node no. 4R; (C) lymph node no. 4L. LN-SUVmax, maximum standardized uptake value in lymph nodes.

Table 1 Patient characteristics

Variables LNM (–), n=79 LNM (+), n=25 P value

Age, years 25–86 (72.2±9.0) 49–82 (67.6±9.0) 0.03

Sex, male 49 (62.0) 19 (76.0) <0.01

Any smoking history 58 (73.4) 20 (80.0) 0.51

Smoking index (pack-years) 0–172 (40.5±35.5) 0–2,500 (47.0±37.3) 0.44

Lung cancer histology 0.61

Adenocarcinoma 52 (65.8) 16 (64.0)

Squamous cell carcinoma 12 (15.2) 6 (24.0)

Others 15 (19.0) 3 (12.0)

Pathology stage* <0.01

0 3 (3.8) 0

I 46 (58.2) 0

II 17 (21.5) 2 (8.0)

III 13 (16.5) 23 (92.0)

Values are range (average ± SD) or n (%). *, based on the eighth edition of the TNM classification of malignant tumors. LNM, lymph node 
metastasis; SD, standard deviation.

A B C
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4 hilar lymph nodes. The average size of the lymph nodes 
was 8.55 (range, 3–22) mm and the average LN-SUVmax 
was 5.36 (range, 1.79–31.19). The characteristics of the 
lymph nodes are shown in Table 2.

We performed univariate and multivariate analyses to 
investigate the factors associated with LNM. Size (P<0.001), 
round shape (P<0.001), absence of a central hilar structure 
(P<0.001), presence of necrosis signs (P<0.001), and LN-
SUVmax (P<0.001) were identified as independent factors 
on univariate analysis. In addition, size (P=0.03), round 
shape (P<0.001), absence of a central hilar structure 
(P=0.01), and LN-SUVmax (P=0.02) were independent 
factors on multivariate analysis for LNM (Table 3). We 
calculated the ROC curves for the incidence of LNM, to 
investigate the effects of lymph node size and LN-SUVmax. 
The AUC and the optimal cutoff value of lymph node size 
relevant to LNM were 0.799 and 10.0 mm, respectively, 
and those of LN-SUVmax relevant to LNM were 0.747 
and 6.00, respectively (Figure 4). To assess whether a 
combination of criteria would increase the differentiation 
of malignant and reactive lymph nodes, a model sum score 
system was investigated. The sensitivity, specificity, and 
accuracy of endobronchial sonographic features for the 

prediction of nodal metastasis were 61–92%, 41–81%, 
and 50–78%, respectively. However, the combination of 
sonographic features and LN-SUVmax showed a higher 
diagnostic yield than either modality alone (Table 3). 
According to the highest diagnostic accuracy (93.2%), 
the performance of sensitivity, specificity, and positive 
predictive value (PPV) and negative predictive value (NPV) 
of lymph nodes having three of the four features (size >10 
mm, round shape, absence of central hilar structure, LN-
SUVmax >6.00) for predicting LNM was 76.92%, 95.12%, 
83.33%, and 96.69%, respectively (Table 4).

Discussion

Metastasis of intrathoracic lymph nodes can be used as 
a major prognostic factor in lung cancer, and affects the 
optimal treatment strategy. Although LNM is generally 
suspected by the size (>10 mm) and FDG uptake of lymph 
nodes on CT or PET/CT imaging (2,9), metastatic lymph 
nodes sometimes lack FDG uptake or are less than 10 mm. 
Therefore, in this study, we sought to identify independent 
risk factors of LNM, including sonographic findings and 
FDG uptake of lymph nodes. We found that size, shape, 

Table 2 Lymph node characteristics and station according to LNM

Variables LNM (–), n=121 LNM (+), n=26 P value

LN size, mm 7–22 (7.80±2.52) 3–20 (11.96±4.13) <0.01

LN-SUVmax 1.82–31.19 (4.60±2.59) 1.79–17.41 (8.83±6.77) <0.01

LN station

2R 2 2

4R 12 55

4L 2 8

5 0 1

7 6 44

10R 1 1

10L 1 0

11Rs 1 7

11Ri 0 1

11L 0 1

12R 1 0

12L 0 1

Values are range (average ± SD). LNM, lymph node metastasis; LN, lymph node; LN-SUVmax, maximum standardized uptake value in 
lymph nodes; SD, standard deviation.
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central hilar structure, and LN-SUVmax are useful factors 
for identifying metastatic and reactive lymph nodes. The 
AUC and cutoff level associated with LNM for LN-
SUVmax was 0.747 and 6.00, respectively, and for lymph 
node size was 0.799 and 10.0 mm, respectively. Based on 
multivariate analysis, features with the highest sensitivity 
for predicting malignancy were the absence of a central 
hilar structure and round shape; however, these criteria had 
poor specificity (40.5% and 72.7%, respectively), which 

was similar to previous reports (7,8). The feature with the 
highest specificity in this study was a LN-SUVmax of more 
than 6.00; however, this had poor sensitivity (69.2%). Hence, 
the scoring system showed that the presence of at least 
three of the four independent features in a lymph node [size  
(>1 cm), round shape, absence of a central hilar structure, and 
LN-SUVmax >6.00] provided the best diagnostic accuracy 
(93.2%), which is higher than that of either EBUS or PET/
CT alone. When none of the four features was present, the 

Table 3 Univariate and multivariate analysis for factors associated with LNM among sonographic features and SUVmax

Variables
Univariate analysis,  

hazard ratio (95% CI)
P value

Multivariate analysis,  
hazard ratio (95% CI)

P value

Sonographic features

Size* 1.50 (1.26–1.78) <0.01 1.26 (1.02–1.56) 0.03

Shape: round 28.33 (6.36–126.25) <0.01 23.21 (4.30–125.15) <0.01

Margin: distinct

Central hilar structure: absence 8.17 (1.85–36.14) <0.01 8.86 (1.61–48.86) 0.01

Echogenicity: homogeneous

Necrosis signs 4.05 (1.52–10.80) <0.01

Vascular pattern: avascular

Calcification: present

LN-SUVmax* 1.27 (1.12–1.43) <0.01 1.24 (1.04–1.47) 0.02

*, hazard ratio for 1 mm increment of the size, one increment of LN-SUVmax. LNM, lymph node metastasis; CI, confidence interval; LN-
SUVmax, maximum standardized uptake value in lymph nodes.
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Figure 4 ROC AUCs for lymph node size and LN-SUVmax, used to identify the probability of LNM. ROC AUCs for (A) LN size and (B) 
LN-SUVmax are shown. ROC, receiver operating characteristic; AUC, area under the curve; LN-SUVmax, maximum standardized uptake 
value in lymph nodes; LNM, lymph node metastasis; LN, lymph node.
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Table 4 Diagnostic performance of endosonography and SUVmax for LNM

Variables Number of patients Sensitivity, % Specificity, % PPV, % NPV, % Accuracy, %

Sonographic features

Size >10 mm 39 61.5 81.0 41.0 90.7 77.5

Shape: round 57 92.3 72.7 42.1 97.8 76.2

Central hilar structure: absent 96 92.3 40.5 25.0 96.1 49.7

LN-SUVmax

LN-SUVmax >6.00 37 69.2 84.3 48.6 92.7 81.6

LN-SUVmax + sonographic features

LN-SUVmax >6.00 + one feature 31 65.4 92.2 54.8 87.6 84.4

LN-SUVmax >6.00 + two features 18 65.4 99.2 94.4 93.0 93.2

LN-SUVmax >6.00 + three features 12 46.2 100 100 89.6 90.5

At least three of the four factors 24 76.9 95.1 83.3 95.1 93.2

LNM, lymph node metastasis; PPV, positive predictive value; NPV, negative predictive value; LN-SUVmax, maximum standardized uptake 
value in lymph nodes.

calculated probability of having malignancy was less than 1%.
The National Comprehensive Cancer Network 

(NCCN) and Yasufuku et al. recommend EBUS-TBNA 
for the evaluation of mediastinal lymph nodes in patients 
with lung cancer who are candidates for surgery (1,10). 
Although EBUS-TBNA has high specificity and a high 
predictive value for the diagnosis of malignant lymph  
nodes (11), the diagnostic accuracy of this procedure 
depends on the accurate selection of the target lymph 
nodes. Our results have both similarities and differences 
compared with recent retrospective studies in patients with 
lung cancer undergoing EBUS (4,8,12). These reports 
showed that a lymph node size of greater than 1 cm, round 
shape, heterogeneous echogenicity, distinct margin, and 
necrosis signs suggest malignancy. We found that size  
(>1 cm) and round shape were predictive of malignancy, 
but that the other characteristics were not. We were unable 
to identify the other two ultrasound characteristics, i.e., 
heterogeneous echogenicity and the presence of necrosis 
signs. One reason may be that this study was a retrospective 
study and selection bias might have affected the results. 
However, given that there were several lymph nodes that 
showed the above sonographic findings but were not found 
to be malignant, additional factors associated with LNM 
need to be identified for a more accurate diagnosis.

F-18 FDG-PET/CT is the standard assessment modality 
for lung cancer patients, with the results greatly affecting 
patient management, staging, and the prediction of survival 

outcomes (13,14). Recently, it has been reported that F-18 
FDG-PET has great potential for providing additional 
information (15). FDG-PET/CT is useful for the detection 
of LNM in clinical practice. The criteria of the cutoff 
level of SUVmax for predicting LNM was higher than  
2.5 (16). However, there are few reports to our knowledge 
regarding the association between SUVmax and LNM. 
Our study showed a cutoff level of LN-SUVmax of 6.00, in 
which the rate of LNM was significantly higher in the LN-
SUVmax ≥6.00 group. However, this value was obtained 
from patients in whom a diagnosis of lung cancer had been 
confirmed and EBUS was performed, and hence the actual 
value may be slightly lower.

Only one lymph node showed the presence of a central 
hilar structure, was oval, small (9 mm), and with a LN-
SUVmax of 4.14. This lymph node was not detected by our 
criteria. In this case, it was difficult to obtain an adequate 
diagnosis by sonographic features and LN-SUVmax, 
and biopsy like EBUS-TBNA or surgery was required to 
determine the diagnosis. The histological subtype of this 
lymph node was adenocarcinoma, and cases such as this one 
are referred to as “occult lymph node metastasis”. Hung 
et al. (17) analyzed factors associated with occult LNM, 
and found that women, greater tumor size, presence of a 
micropapillary pattern, and presence of a solid pattern were 
significant predictors of occult N2 LNM in their model. 
Miao et al. (18) also showed that the CEA value, solid 
nodules, SUVmax of the primary tumor, SUVmax of the 
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hilar lymph node ≥2.0, and central location are associated 
with LNM. However, there are no reports to date that 
occult LNM is associated with sonographic findings. 
Furthermore, in our present study, it was not possible to 
detect occult LNM on sonography, and hence we believe 
that it is important to detect the metastasis of such lymph 
nodes based on other patient characteristics and imaging 
modalities, instead of sonographic findings.

This study has several limitations. First, this study was 
a retrospective case-control study performed at a single 
institution, and a prospective study is warranted to confirm 
our findings. Second, selection bias might have affected the 
results. We excluded patients who underwent chemotherapy 
or chemoradiotherapy before surgery, because we wanted to 
analyze patients with resectable and marginal zone tumors. 
Third, subjective interpretation of the EBUS images was 
inevitable. For example, homogenous and margin distinct 
are particularly likely to be objective evaluations. To reduce 
these bias, the final characteristics of the EBUS findings 
were determined based on the agreement of two sonologists 
to whom the pathology results were not disclosed. Fourth, 
this study was targeted at the lung cancer patients who 
underwent preoperative EBUS-TBNA and surgery, and not 
all patients who underwent EBUS-TBNA in our hospital. 
As a result, the number of lymph nodes evaluated is less 
than in previous reports.

In conclusion, a combination of sonographic findings and 
LN-SUVmax resulted in a higher diagnostic rate of LNM 
than either modality alone. This knowledge is expected to 
assist clinicians in identifying the most suspicious lymph 
nodes for puncturing during EBUS-TBNA, which may 
improve the efficiency of EBUS-TBNA procedures.
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