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Abstract. Esophageal cancer staging is important for the 
treatment of esophageal cancer. Endoscopic ultrasonography 
(EUS) is a common diagnostic tool for esophageal cancer prior 
to surgery. However, EUS is unable to accurately discrimi-
nate the N‑staging of lymph nodes. In order to distinguish 
an optimized standard for malignant lymph node diagnosis, 
the present study compared lymph nodes detected by EUS 
and surgery. A total of 112  patients were preoperatively 
examined with EUS and staged according to the 7th Edition 
of the American Joint Committee on Cancer Staging Manual. 
The results of EUS were compared with surgical findings. The 
critical values of long diameter, short diameter and lymph 
node number detected by EUS were >7.5, >5.5 mm and >2, 
respectively; indexes, including long diameter >7.5 mm, short 
diameter >5.5 mm, round, low echo, edge smooth, near lesion 
and detected lymph node number (>2) and T3/4 staging, met 
significance in the EUS group compared with the surgical 
group (P<0.05). Furthermore, the area under curve (AUC) value 
of the EUS (0.801) was superior to the conventional, surgical 
method (0.779). Although EUS improved the diagnostic accu-
racy of esophageal N staging, it was not able to satisfactorily 
distinguish between N2 and N3 staging. Advancements in 

EUS may enhance its detection ability, further improving the 
diagnostic accuracy of lymph node metastasis.

Introduction

Esophageal cancer is a common malignant tumor in China (1). 
Surgical resection remains the primary treatment method. 
Preoperative understanding of the invasion depth and lymph 
node metastasis would be helpful in treatment approach 
choices. The TNM system is the most widely used cancer 
staging system, which is based on primary tumor (T), regional 
lymph nodes (N) and distant metastasis (M) (2). The majority 
of hospitals and medical centers use the TNM system as their 
main method for cancer reporting. In the last 10 years, endo-
scopic ultrasonography has revealed the histological features 
of the esophagus and adjacent organs, allowing for more accu-
rate TNM staging of esophageal cancer (3). However, there 
remain a number of issues that require further study.

EUS is able to accurately distinguish esophageal wall 
levels and cancer invasion depth (73.2‑90%)  (4‑7). In 
particular, a 12‑20 Hz high‑frequency ultrasound results in 
a 0.18 mm resolution, which is suitable to judge the invasion 
depth of early esophageal cancer. Its accuracy in determining 
T1 stage esophageal cancer may exceed 90% (7). However, the 
endoscopic dilation balloon (applied to lesions above stage T2) 
can compress the esophageal wall and surrounding tissues, 
resulting in abnormal ultrasound images. Furthermore, EUS 
is unable to distinguish between tumor and inflammatory 
tissue (8), and is unsuitable for patients with narrow lesions. 
Despite these limitations, the technology remains the most 
accurate means of T staging diagnosis in esophageal cancer.

Additionally, there are a number of obstacles associated with 
the use of EUS in esophageal lymph node diagnosis. Firstly, 
its accuracy varies widely, ranging between 33 and 98% (9). 
The factors affecting accuracy may be summarized as follows: 
i)  The majority of studies consider postoperative lymph 
node metastasis to be the gold standard, which disregards 
the consistency between lymph node positions located by 
EUS and surgery, thus accuracy may be overestimated; ii) it 
is difficult to distinguish between a benign and a malignant 
lymph node. A number of studies have reported high detection 
of lymph node metastasis (up to 80% accuracy) determined 
by a combination of various indexes (10). However, it is not 
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easy to diagnose the pathological features of lymph nodes 
by any single index. Previous studies have demonstrated a 
lymph node satisfying four indexes to have a ≤80% likelihood 
of metastasis; nevertheless, only 25% of cases met all four 
criteria in this instance (11). Secondly, ultrasound‑guided fine 
needle aspiration biopsy (EUS‑FNA) may improve the accu-
racy of N staging. It characterizes lymph node metastasis by 
pathological and cytological diagnosis, although not by EUS 
features. However, the high cost of EUS‑FNA limits its wide-
spread use (12). Thirdly, the majority of the current reported 
data originates from Western countries, whose focus surrounds 
esophageal adenocarcinoma and squamous cell carcinoma; in 
China, the criteria for lymph node metastasis in esophageal 
cancer remains unclear. Finally, previous studies revealed the 
number and extent of lymph node metastases to significantly 
negatively correlate with the long‑term survival patients with 
esophageal cancer following treatment, which is the theoretical 
basis of the 7th edition of the TNM Classification of Malignant 
Tumors (13,14). Therefore, accurate determination of lymph 
node metastasis is particularly important.

The present study retrospectively analyzed 123 patients 
with esophageal cancer who underwent EUS lymph node scan-
ning at National Cancer Center/National Clinical Research 
Center for Cancer/Cancer Hospital, Chinese Academy of 
Medical Sciences and Peking Union Medical College (Beijing, 
China), between January and June 2014. Using postoperative 
pathological results, the association between lymph node char-
acteristics and pathological features was assessed with EUS 
technology. The study aimed to find the optimized diagnostic 
criteria for EUS to determine benign and malignant lymph 
nodes in patients with esophageal cancer.

Materials and methods

Patients. The present study entailed a retrospective analysis of 
499 patients with esophageal cancer, recruited to The Chinese 
Academy of Medical Sciences Cancer Hospital, between 
January and June 2014. The inclusion criteria were as follows: 
i) Thoracotomy for esophageal cancer treatment at the hospital; 
ii)  radial endoscopic ultrasonography examination at the 
hospital; iii) surgical and pathological confirmation of squa-
mous cell carcinoma; and iv) clearance of lymph nodes. The 
exclusion criteria were as follows: i) No thoracotomy for esopha-
geal cancer treatment at the hospital; ii) no radial endoscopic 
ultrasonography examination at the hospital; iii) patients who 
had received radiotherapy and chemotherapy prior to surgery or 
radial endoscopic ultrasonography examination; and iv) incom-
plete postoperative pathological results. A total of 123 patients 
were recruited, 109 males and 14 females (gender ratio 7.8:1, 
male:female), with an average age of 60.25±8.8 years.

Criteria of lymph nodes. Short diameter, long diameter, 
short/long diameter ratio, and lymph node number were 
determined using AwaveAudio software (v7.2, FMJ‑Software, 
Hagersten, Sweden). EUS clinical staging of esophageal 
cancer was based on the American Joint Committee on Cancer 
(AJCC) 2003 published guidelines  (15), whilst tumor TN 
staging standard after surgery was based on the 7th Edition 
of the AJCC Manual (16). Round, low echo and smooth edge 
were assessed by three experienced physicians. In addition, 

lymph node location was determined by lymph node parti-
tion and ultrasound endoscopy of the splenic vein, the second 
hepatic portal, left lower pulmonary vein, carina, aortic 
arch, internal jugular vein, and the left thyroid area (Fig. 1): 
i) Para‑esophageal lymph nodes near lesions; ii) left tracheal 
esophageal ditch, upper area of aortic arch, left esophageal, 
and rear‑left trachea; iii) right tracheoesophageal ditch area, 
upper aortic arch, right esophageal, right trachea, and right 
rear area; iv) 4 l/5 area, carina to the aortic arch upper edge of 
the left front of the esophagus; v) carina, under 1 cm below the 
esophageal area; vi) middle of the paraesophageal area, next to 
the left inferior pulmonary vein and the esophageal‑proximal 
pulmonary vein; vii) lower esophageal area, left lower pulmo-
nary vein to the second hepatic portal; viii) pericardial lymph 
nodes, the second hepatic portal and the area around the infe-
rior vena cava; ix) left gastric lymph nodes, located in the left 
gastric artery area; and x) retroperitoneal lymph nodes, splenic 
vein was marker. In addition, lymph node partition followed 
the standard operation of ultrasound endoscopy (Table I).

Lymphatic metastasis criteria. The postoperative pathological 
clearance of lymph nodes was used to determine metastatic 
status, where lymph node area had been detected by ultrasound 
endoscopy. i) Lymph node area was determined by ultrasound 
endoscopy. However, where postoperative pathology could not 
ascertain the cleanness of the corresponding area, lymph nodes 
were not statistically analyzed. ii) Postoperative pathology 
suggested the cleanness of the corresponding area. However, 
there were no lymph nodes in this area. This area was recorded 
as negative. iii) Postoperative pathology suggested the clean-
ness of the corresponding area. There were lymph nodes in 
this area. This area was recorded as positive. iv) If the number 
of lymph nodes detected by EUS was greater compared with 
that of pathological diagnosis after the operation, the malig-
nant lymph nodes in this area were recorded as positive.

Statistical analysis. Statistical analysis was conducted with 
SPSS software, version 22.0 (IBM Corp., Armonk, NY, USA). 
Descriptive analysis and continuous variables are described 
as the mean ± standard deviation. T‑test was used for single 
factor analysis of each clinical index. A dichotomous method 
was employed to determine the optimal critical values of 
continuous variables of the receiver operating characteristic 
(ROC) curve (17). Chi‑square test was used to identify signifi-
cant differences. Each test result on the ROC curve represents 
a possible diagnostic value. Youden's index is a single statistic 
that captures the performance of a dichotomous diagnostic test. 
Therefore, Youden's index was used to calculate the optimal 
diagnostic value. The corresponding sensitivity of each test 
was calculated as the Y‑ordinate and the curve was plotted on 
the basis of the 1‑specificity as the X‑ordinate. In the current 
study, the area under the ROC curve (AUC) was used to eval-
uate the diagnostic efficacy of different criteria (AUC=0.9‑1.0 
was optimal; AUC=0.8‑0.9 was good; AUC=0.7‑0.8 was poor; 
and AUC=0.5 deemed the result invalid).

Results

Lymph nodes detected by EUS and lymph nodes cleared 
by surgery. The 123  patients possessed an average of 
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28.3±10.8 lymph nodes following surgery (range, 10‑62). Of 
these 3,488  lymph nodes, 288 were metastatic (metastasis 
rate: 8.3%; 288/3,488), in 59 patients (48.0%; 59/123). A total 
of 273 lymph nodes were detected by EUS prior to surgery. 
Locations of lymph nodes are presented in Table II. Comparison 
of lymph nodes detected by EUS and those cleared by surgery 
determined the metastatic status of 225  lymph nodes; 48 
detected by EUS had not been reported by surgical clearance, 
and were predominantly located at the tracheal and esophagus 
grooves. Therefore, 225 lymph nodes (of 112 patients) were 
included; of these patients, lymph nodes of 57 cases (50.9%; 
57 out of 112) exhibited metastasis.

Detailed patient information. Patient details are summarized 
in Table  III. The age distribution of the 112 patients was 
60.25±8.8 years; the ratio of male to female was 7:1. There 
was no difference in the tumor location for all patients. 
Furthermore, 41 cases were deemed invalid due to stenosis. 
The accuracy of T staging was 94.6%; 28 cases were at stage 
N1, 18 cases were at stage N2, and 11 cases were at stage N3.

Critical value of continuous variables. Short diameter, long 
diameter, short/long diameter ratio and lymph node number 
are continuous variables. The ROC method was used to deter-
mine critical values (Fig. 2). The optimal diagnostic value was 

Figure 1. Lymph node partition by endoscopic ultrasonography. (A) Splenic vein; (B) the second hepatic portal; (C) left lower pulmonary vein; (D) carina; 
(E) aortic arch; (F) internal jugular vein; (G) left thyroid area.

https://www.spandidos-publications.com/10.3892/ol.2018.9716
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determined when the Youden index (sensitivity+specificity‑1) 
was the largest. Table IV illustrates that short/long diameter ratio 
had the lowest value (AUC= 0.553) for diagnosis of lymph node 
metastasis. The AUC values of other three indexes were all >0.6.

Single factor analysis of lymph node status. In order to test the 
diagnostic efficacy of the nine indexes, single factor analysis 
(Table V) was performed. The results indicated that short/long 
diameter ratio did not reach statistical significance; all other 
indexes met statistical significance (P<0.05). Round, short 
diameter and low echo were significantly different between 
benign and malignant lymph nodes (P<0.001). Specificity, 
sensitivity, positive predictive value and accuracy were also 
calculated; Table VI displays the values of these nine indexes. 
Of the most significant difference indexes, specificity, sensi-
tivity, positive predictive value and accuracy of round were 
64.90, 58.90, 43.60, and 60.9%, respectively; specificity, sensi-
tivity, positive predictive value and accuracy of short diameter 

were 83.80, 58.30, 49.60, and 66.7%, respectively; specificity, 
sensitivity, positive predictive value and accuracy of low echo 
were 93.20, 29.10, 39.20, and 50.2%, respectively. The results 
indicate that the diagnostic efficacy of single factors is not 
desirable.

Index combination analysis. The indexes of conventional 
methods applied in clinical diagnoses include short diameter, 
round, low echo and edge smooth. Additionally, the present 
study introduced three additional indexes: i) Lymph nodes 
near lesions; ii) lymph node number detected by EUS; and 
iii) tumor T staging by EUS. The diagnostic efficacy of the 
conventional and the improved methods were compared, as 
highlighted in Fig. 3. According to the principle of the Youden 
index for the best critical value, the improved method had >5 
indexes, whilst the conventional method had >3. AUC values 
for the conventional and improved methods were 0.779 and 
0.801 respectively. Specificity, sensitivity, positive predictive 
value and accuracy of the conventional method were 63.5, 
82.9, 58.8, and 74.7%, respectively. Values for the improved 
method were 70.3, 85.4, 59.8, and 76.1%, respectively. The 
improved method surpassed the conventional method for all 
four diagnostic efficacy indexes.

Accuracy of N staging diagnosed by the two methods. In the 
present study, the accuracy of the conventional method for 

Table II. Comparison of lymph nodes detected by EUS and 
lymph nodes cleared by surgery. 

	 Lymph nodes	 Lymph nodes
Sites	 detected by EUS	 cleared by surgery

Near lesions	 100	 100
Left gastric	 17	 17
Near cardia	 20	 20
4L area	 4	 4
Retroperitoneal	 1	 1
Near esophagus	 57	 57
Subcarinal	 6	 6
Right trachea groove	 22	 10
Left trachea groove	 46	 10
Total	 273	 225

EUS, endoscopic ultrasonography.

Table III. Detailed information of patients for further study.

Categories 	 Results

Age (mean age ± standard deviation) 	 60.25±8.8
Sex (male/female)	 98/14
Tumor location in esophagus:	 112
Upper section	 31
Middle section	 43
Lower section	 38
EUS pass through the lesion (Y/N) 	 71/41
EUS T‑staging (T1/T2/T3/T4) 	 11/8/90/3
Pathological T‑staging after surgery 	 12/10/87/3
(T1/T2/T3/T4)
N‑staging after surgery (N0/N1/N2/N3) 	 55/28/18/11

EUS, endoscopic ultrasonography.

Figure 2. ROC analyses of four continuous variables (long diameter, short 
diameter, short/length ratio, and lymph node number with endoscopic 
ultrasonography). ROC, receiver operating characteristic; EUS, endoscopic 
ultrasonography.

Table IV. The optimal critical value of the continuous variables.

		  Optimal
Indexes	 AUC 	 critical value 

Long diameter	 0.655	 >7.50 mm
Short diameter	 0.668	 >5.50 mm
Short/length diameter ratio	 0.553	 >0.55
Lymph nodes number detected	 0.661	 >2.00
by EUS

EUS, endoscopic ultrasonography; AUC, area under the curve.

https://www.spandidos-publications.com/10.3892/ol.2018.9716
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esophageal cancer lymph node diagnosis was 67.9% (N0: 40; 
N1‑3: 36; 76 out of 112); whilst the accuracy of the improved 
method was 74.1% (N0: 46; N1‑3: 37; 83 out of 112). However, 
the accuracy of both methods was poor for N2 and N3 staging. 
For N2 staging, the accuracy of the conventional and improved 
methods was 11.1 and 22.2%, respectively; accuracy for N3 
staging was 0.0% for the two methods. Esophageal stenosis did 
not allow for efficient endoscopic ultrasound, which affected 
the esophageal N staging diagnosis. Therefore, 41  cases 
with esophageal stenosis were excluded prior to subsequent 
reanalysis. The results indicated that the accuracy of the 
conventional method for esophageal cancer lymph node diag-
nosis was 70.4% (N0: 24; N1‑3: 26; 50 out of 71), while that 
of the improved method was 76.1% (N0: 29; N1‑3: 25; 54 out 
of 71). The accuracy of the conventional and improved methods 
for N2 staging was 22.2 and 44.4%, respectively; accuracy of 
N3 staging was 0.0% for both methods. This result confirms 
that the two methods are poor indicators of N2 and N3 staging.

Discussion

The accurate staging of esophageal cancer may not only deter-
mine patient prognosis, but also serve an important role in 
treatment choice. EUS used for T staging of esophageal cancer 

has been previously reported, where its accuracy is consistently 
high (73.2‑90%) (4‑7). However, EUS accuracy of N staging 
between esophageal cancer studies is more varied (33‑98%) (9). 
Therefore, optimizing EUS may be valuable in improving the 
accuracy of lymph node diagnosis. In the present study, EUS 
was employed to determine the region of the lymph node, 
and postoperative pathological clearance of a corresponding 

Table V. Single factor analysis of lymph nodes statues.

Indexes	 Benign	 Ratio (n=149) (%)	 Malignancy	 Ratio (n=76) (%)	 P‑value

Long diameter >7.5 mm	 80	 54	 52	 68	 0.013 
Short diameter >5.5 mm	 62	 42	 48	 63	 0.001 
Short/length diameter ratio >0.55	 77	 52	 39	 51	 0.810 
Round	 63	 42	 62	 82	 <0.001 
Low echo	 107	 72	 69	 91	 <0.001 
Smooth edge or not	 33	 22	 27	 36	 0.020 
Lymph nodes near lesion or not	 60	 40	 40	 53	 0.042 
Lymph nodes number with EUS >2	 95	 64	 56	 74	 0.008 
T3/4 staging with EUS	 132	 89	 71	 93	 0.043 

EUS, endoscopic ultrasonography.

Table VI. Clinical manifestation of nine single factors.

Indexes	 Sensitivity (%)	 Specificity (%)	 Positive predictive value (%)	 Accuracy (%)

Long diameter >7.5 mm	 70.30	 47.00	 39.40	 50.47
Short diameter >5.5 mm	 64.90	 58.90	 43.60	 60.90
Short/length diameter ratio >0.55	 52.70	 49.00	 33.60	 50.20
Round	 83.80	 58.30	 49.60	 66.70
Low echo	 93.20	 29.10	 39.20	 50.20
Smooth edge or not	 36.50	 78.10	 45.00	 64.40
Lymph nodes near lesion or not	 54.10	 60.30	 40.00	 58.20
Lymph nodes number with EUS >2	 75.70	 42.10	 37.10	 55.60
T3/4 staging with EUS	 95.90	 12.60	 35.00	 40.00 

EUS, endoscopic ultrasonography.

Figure 3. Evaluation of the diagnostic efficacy of the conventional and 
improved methods. ROC, receiver operating characteristic.
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metastatic lymph node was used to judge lymph node metas-
tasis. Our results indicated that lymph nodes detected by EUS 
matched those detected with surgical clearance of lymph node. 
However, lymph nodes located in the tracheal and esophageal 
groove were difficult to diagnose. It may be speculated that 
this phenomenon was caused by surgical difficulties. However, 
lymph nodes located in the tracheal and esophageal groove 
were frequently subject to metastasis, which may indicate 
an association between location and metastatic capacity (18). 
The present study determined the optimized critical value of 
long diameter (>7.5 mm) and short diameter of lymph nodes 
(>5.5 mm). Of the AUC curve analyses, a short diameter of 
>5.5 mm was selected as the determining criterion for lymph 
node metastasis, which differs from a previous report (lymph 
node diameter >10 mm) (19). Due to the high resolution of 
EUS, lymph nodes with a short diameter of ≤0.3 mm were 
frequently harvested. The metastasis rate of these lymph 
nodes with a <10 mm short diameter should not be ignored. 
In the present study, ~16.7% of lymph nodes with ≤5.5 mm 
short diameter exhibited metastasis. In addition, although the 
standard lymph node size for metastasis was reduced, the AUC 
of the four indexes remained <0.7, suggesting that size is an 
insufficient determinant of lymph node metastasis.

A previous study suggested that a combination of 
multiple indexes (including size, shape and smooth edge) 
may improve the diagnostic accuracy of lymph node metas-
tasis (20). Lymph nodes adjacent to a tumor are more likely to 
be affected (21); therefore in the present study, lymph nodes 
located near cancerous tissue were used as a marker of lymph 
node metastasis. In addition, the number of lymph nodes 
identified by EUS in esophageal cancer correlated positively 
with incidence of metastasis (12). Thus, lymph node number 
was also considered an identifying index. In the current 
study, the short/length diameter ratio was not sufficient to 
determine lymph node pathology due to poor diagnostic 
accuracy. Short/long diameter ratio denotes lymph node 
shape and it was identified that benign lymph nodes often 
exhibited larger ratios. Differences were identified between 
the other indexes. However, the positive predictive value 
and the accuracy of any other single index were inadequate 
to apply in clinical practice. The combination of multiple 
indexes to determine lymph node status is common in clin-
ical study (22). Generally, size, echo, round and smooth edge 
are used to determine lymph node metastasis; the improved 
method had an additional three indexes (lymph nodes near 
lesion, lymph nodes number with EUS and T3/4 staging). 
ROC curve analysis demonstrated that the accuracy and posi-
tive predictive value of the improved method was increased 
in comparison with the conventional method, with an AUC 
of 0.801. This result indicated that the improved method may 
promote diagnostic accuracy for malignant lymph nodes. The 
present study also employed the two methods for N‑staging 
diagnosis; the accuracy of the improved method was better 
than that of the conventional method (74.1 vs. 67.9%). Of 
esophageal stricture cases, the accuracy of the two methods 
was increased for lymph node metastasis (76.1 vs. 70.4%). 
However, these methods were poor for N2 staging and N3 
staging, which suggests that diagnostic standards require 
improvement. There may be a number of possible reasons 
for this. Efficient N and N3 staging is effected by invasion of 

lymph node tumors. The invasion pattern may not alter the 
lymph node structure, thus may not be recognized by EUS. 
In addition, the number of lymph nodes detected by EUS 
was between two and five. Therefore, the two methods were 
insufficient to diagnose N3 staging.

The limitations of the present study are as follows. Firstly, 
this analysis is of a single‑center retrospective study. The 
results require further prospective multi‑center analyses to 
verify accuracy and operability. Secondly, the gold standard 
applied in this study was unable to fully confirm the association 
between lymph nodes detected by EUS and pathological lymph 
nodes after surgical clearance. Thirdly, some indicators lack 
the quantitative standards in the clinic. Finally, the accuracy 
and positive predictive value of the improved method remains 
inadequate. Therefore, it is necessary to find or add further 
independent criteria to improve diagnostic accuracy, such as 
the recent development of elastography. This technology can 
be used to map the elasticity and stiffness of soft tissue, which 
are properties that provide diagnostic information regarding 
the presence or status of disease. For example, cancerous 
tumors will often be harder compared with the surrounding 
tissue and diseased livers are typically stiffer compared with 
healthy livers (23,24).

EUS has become the preferred method for gastrointestinal 
cancer staging, particularly for the depth of tumor invasion 
(T staging). In the present study, ROC curve and χ2 tests were 
used to analyze specific parameters in order to optimize stan-
dards for malignant lymph node diagnosis. The results were as 
follows. The best critical values of long diameter, short diam-
eter and the lymph nodes number detected by EUS were >7.5, 
>5.5 mm and >2, respectively. Long diameter >7.5 mm, short 
diameter >5.5 mm, round, low echo, edge smooth, near lesion 
and detected lymph nodes number (>2), T3/4 staging reached 
significance. The AUC value of the improved method (0.801) 
surpassed that of the conventional method (0.779). The opti-
mized method may improve esophageal N staging accuracy. 
However, further optimization is required. Detection ability 
has improved with EUS development, including endoscopic 
elastography and endoscopic ultrasound imaging technology. 
It is considered that these technologies may further improve 
the diagnostic accuracy of lymph node metastasis.
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