
© Journal of Thoracic Disease. All rights reserved.   J Thorac Dis 2019;11(Suppl 12):S1602-S1609 | http://dx.doi.org/10.21037/jtd.2019.06.50

Introduction

In recent decades, endoscopic ultrasound (EUS) has 
emerged as an important tool in the evaluation and staging 
of esophageal cancer. It can provide detailed views of the 
esophageal wall layers and determine the depth of tumor 
invasion and surrounding lymph node metastases. The 
layers of the esophageal wall consist of the superficial 
mucosa, muscularis mucosa, submucosa, muscularis propria, 
and adventitia (Figure 1). When used in conjunction with 
cross sectional imaging, EUS can provide the necessary 
information to successfully stage esophageal malignancies. 
Proper staging provides information regarding prognosis 
and guides optimal treatment options. 

However, EUS is not without its limitations. EUS as a 
diagnostic tool is most reliable when performed by those 
with extensive training and practice; it is thus operator 
dependent. This leads to high inter-observer variability in 
those who do not regularly perform EUS. Furthermore, 
the echoendoscope is frequently unable to traverse stenotic 

lesions. This leads to inability to correctly assess the depth 
of tumor invasion. Finally, echoendoscopes are unable 
to reliably stage superficial malignancies confined to the 
mucosa or submucosa (1-4). Despite these shortcomings, 
EUS remains one of the most reliable methods available for 
locoregional staging of esophageal cancer. 

The two predominant types of esophageal cancer are 
squamous cell carcinoma (SCC) and adenocarcinoma. Most 
cases in Western countries are due to adenocarcinoma 
arising from intestinal metaplasia of the distal esophagus. 
The incidence of adenocarcinoma has been increasing, 
which is thought to be related to rising rates of obesity (5). 
SCC, once the most common type of esophageal cancer 
in the United States in the 1960s, is now mainly seen in 
developing countries. Risk factors for SCC include smoking 
and alcohol use. SCC accounts for 87% of all esophageal 
cancers worldwide (5,6). Esophageal adenocarcinoma 
and SCC represent two different diseases with separate 
pathophysiology and prognoses. However, staging for 
both of these malignancies is determined similarly with 
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Figure 1 Endosonographic image revealing the five layers of the 
esophageal wall: mucosa (M), muscularis mucosa (MM), submucosa 
(SM), muscularis propria (MP), and adventitia (A). A transmural 
mass is visualized invading the adventitia (borders marked by 
arrowheads). This lesion was staged as T3N0.

M
MM

SM
MP
A

Aorta

a combination of endoscopic ultrasonography and cross-
sectional imaging, as will be discussed. 

Comparison of EUS to cross-sectional imaging

The initial step in cancer staging is identification of distant 
metastasis. Esophageal cancer predominantly metastasizes 
to the liver, lung, and bone (7). Available imaging modalities 
for detection of metastatic disease include computed 
tomography (CT) and positron emission tomography 
(PET), with integrated CT/PET being superior to PET 
alone (8).

Once distant metastases have been ruled out, establishing 
the extent of locoregional disease is the next step. This can 
be done either through EUS or cross-sectional imaging, 
such as CT or magnetic resonance imaging (MRI). Proper 
staging is critical as this will determine the ideal treatment 
approach. Treatment options include endoscopic resection, 
surgery, chemotherapy, and radiation.

Prior studies have shown EUS is superior for determining 
the depth of tumor invasion (T stage) and identification of 
regional lymph node spread (N stage) compared to CT (9-13).  
T stage accuracy for EUS ranges between 71–92% as 
compared to 42–60% for CT (11,14-17). Other studies have 
shown local N stage accuracy ranges between 64%-88% for 
EUS as compared to 51–82% for CT (9,10,12,14-20). For 
detection of distant metastases however, CT has an accuracy 
of 90% as compared to 70% for EUS (17). These studies 
have consistently shown that EUS is better for locoregional 

staging compared to CT alone. The combination of cross-
sectional imaging and EUS has been shown to provide 
complimentary information for locoregional staging and 
detection of distant metastatic disease (9,12,13,17,21,22).

Utility of EUS for superficial cancer staging

Superficial esophageal cancer is defined as malignancy 
limited to the mucosa or submucosa (Table 1). The prognosis 
and treatment options depend on tumor depth and regional 
lymph node involvement (24). The stage of esophageal 
cancer is the primary guide for treatment decisions. 

Superficial esophageal cancer is defined as depth of 
tumor invasion between Tis (high-grade dysplasia) to T1b 

Table 1 T and N staging criteria of esophageal cancer

Category Criteria

T category

Tx Tumor cannot be assessed

T0 No evidence of primary tumor

Tis High-grade dysplasia (previously carcinoma  
in situ)

T1 Invasion of lamina propria, muscularis mucosa, 
or submucosa

T1a Invades lamina propria or muscularis mucosa

T1b Invades submucosa

T2 Invades muscularis propria 

T3 Invades adventitia

T4 Invades adjacent structures

T4a Invades pleura, pericardium, azygos vein, 
diaphragm, or peritoneum

T4b Invades other adjacent structures, such as aorta, 
vertebral body, or trachea

N category

Nx Regional nodes cannot be assessed 

N0 No regional lymph node metastases

N1 Metastasis in 1–2 regional lymph nodes 

N2 Metastasis in 3–6 regional lymph nodes

N3 Metastasis in seven or more regional lymph 
nodes

The original source for this material is the American Joint 
Committee on Cancer (AJCC) Cancer Staging Manual, 8th 
edition (23).
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(submucosal invasion). Tis consists of pre-malignant cells 
confined to the epithelium that do not extend beyond the 
basement membrane. T1a tumors extend to the lamina 
propria, and T1b tumors invade into the submucosa. 
Esophageal cancer confined to the epithelium has a much 
more favorable prognosis than that extending into the 
submucosa. The submucosa contains lymphatic vessels, 
which promotes the spread of malignant cells to regional 
lymph nodes (25). In one case series involving 3,963 patients 
from the National Cancer Database (NCDB), the risk of 
lymph node metastasis was 5.0% for T1a and 16.6% for 
T1b lesions (26,27). 

Given the difference in prognosis and treatment options, 
it is vital to make the distinction between mucosal (Tis-
T1a) and submucosal cancer (T1b). Appropriate staging is 
essential because T1a esophageal cancer can be treated with 
endoscopic resection alone, however, T1b tumors usually 
require surgical resection such as esophagectomy (28-30).  
In superficial esophageal adenocarcinoma, endoscopic 
therapy can achieve complete remission in 94% of cases 
with a 5-year survival of 98% (31). Non-invasive imaging 
modalities such as CT and MRI are commonly used and 
can provide additional information about overall tumor 
size and regional lymph node involvement. However, both 
these imaging techniques are limited by the lack of ability 
to differentiate the layers of the esophageal wall (11,32). As 
previously mentioned, EUS can provide a detailed view of the 
layers of the esophageal wall. It has emerged as the imaging 
study of choice for locoregional staging of esophageal cancer 
due to its reliability and accessibility (33,34). 

The overall accuracy of EUS for staging esophageal 
cancer ranges between 73% to 93%, depending on 
stage (35). The usefulness of EUS in staging superficial 
esophageal cancer has been a topic of debate, and its utility 
has been challenged by recent literature. A meta-analysis 
of 12 studies was conducted to evaluate whether EUS 
correctly predicts the T-stage of esophageal high-grade 
dysplasia or intramucosal adenocarcinoma compared to 
specimens obtained after endoscopic or surgical resection. 
EUS had a T-stage concordance of only 65%, which led to 
the conclusion it is not accurate for the staging of superficial 
esophageal cancer (1). Another meta-analysis of 19 studies 
was performed to determine the diagnostic accuracy of 
EUS in differentiating T1a from T1b esophageal cancer. It 
was found that EUS had a sensitivity and specificity of 85% 
and 87%, respectively, for T1a staging. The sensitivity and 
specificity were both 86% for T1b staging. The authors 
concluded that the accuracy of EUS for the staging of 

superficial esophageal cancer was adequate (2). 
A retrospective cohort of 131 patients undergoing EUS 

for staging of early esophageal cancer was conducted to 
determine the usefulness of endosonography compared 
to pathologic staging of specimens removed with 
endoscopic mucosal resection. In 80% of cases, EUS did 
not demonstrate any submucosal involvement. However, 
evaluation of the endoscopically resected specimens 
revealed either submucosal invasion, positive resection 
margin for cancer, or lymphovascular invasion in 24% of 
these patients. In the remaining 20% of subjects, EUS 
findings were concerning for submucosal invasion or lymph 
node metastasis. However, in over half of these patients, 
there was no submucosal involvement on pathology. The 
authors concluded that EUS does not have any clinical 
impact on the work-up of superficial esophageal cancer 
and endoscopic resection plays the predominant role in 
diagnosis and staging (3). 

A meta-analysis of 44 studies demonstrated that EUS 
had an overall T-stage accuracy of 79%. The pooled 
sensitivity and specificity for T1a tumors were 84% and 
91%, respectively. While in T1b the pooled sensitivity 
and specificities were 83% and 89%, respectively. EUS 
was able to accurately differentiate between T1a and 
T1b tumors (4). While these studies demonstrate mixed 
findings and conclusions regarding the usefulness of EUS 
in the workup of superficial esophageal cancer, endoscopic 
resection undeniably gives more precise staging in addition 
to therapeutic benefit. Therefore, the value of EUS in these 
cases seems limited. 

EUS and advanced cancer staging 

Advanced malignancy is defined as any cancer that extends 
beyond the submucosa (T2 and greater). The ability to 
accurately evaluate the depth of tumor invasion can provide 
information regarding prognosis and guide treatment 
decisions. As previously discussed, EUS has questionable 
value in staging early esophageal cancer; however, accuracy 
increases with more advanced disease. EUS can accurately 
stage 67% of T1 tumors, 33% of T2 tumors, and 100% 
of T3 tumors. It is also significantly more sensitive for 
detecting T3 stage over early stage disease (36).

There are several challenges to using EUS for staging 
advanced cancers. EUS scopes are large caliber and measure 
over 12 mm in diameter. In obstructing tumors, the 
echoendoscope may not be able to traverse the malignant 
stricture and evaluate the depth of invasion. Between 
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20–36% of esophageal cancer patients present with a high-
grade stricture that does not allow for complete passage of 
the echoendoscope (Figure 2A). This scenario precludes 
proper analysis of the cancer stage. The majority of 
obstructing tumors are seen in stage 3 and 4 cancers (37). 
For these lesions, there is significantly diminished accuracy 
in assessment of both T and N stage (28% and 72%, 
respectively) compared to fully traversable lesions (81% 
and 86%, respectively) (37). Options to improve diagnostic 
assessment include the use of dilators and through-the-
scope ultrasound probes (miniprobe). 

Among those with malignant esophageal strictures, 
dilation can be pursued if the lesion is partially obstructing. 
One study found that dilation to a range of 14 to 16 mm 
allowed for successful passage of the endoscope in 87% 
of cases. There were no reported complications (38). 
However, other studies with a more aggressive dilation 
regimen of up to 18 mm found high perforation rates of 
nearly 25% (37,39). Dilation can be accomplished by using 
a Savary-Gilliard® over-the-wire dilator or balloon. It is 
recommended to perform serial dilations over a period of 
several days to decrease the risk of perforation.

Another technique that can be considered in obstructing 
tumors is the use of miniprobe sonography. This is an 
ultrasound probe inserted through the biopsy channel of 
an endoscope. As the diameter of the miniprobe is under 
3 mm, it can pass through most obstructing tumors. The 
higher frequencies of the miniprobe (up to 20 MHz) 
allow for a more detailed evaluation of the esophageal 
wall; however, the depth of penetration is less than the 

standard echoendoscope. Studies comparing miniprobe 
ultrasonography to standard endosonography have 
yielded mixed results. One study of 52 patients found that 
miniprobe sonography achieved higher accuracy rates for 
T-staging and similar rates for N-staging of stenosing 
esophageal cancers (40). Another article concluded that 
the miniprobe had similar accuracy compared to standard 
endosonography; however, the miniprobe was unable 
to reliably differentiate between T3 and T4 tumors. 
The accuracy for N-staging of traversable tumors was 
significantly better with the echoendoscope compared to 
the miniprobe (41). 

In addition to difficulty with assessment of stenotic 
lesions, another limitation of EUS is staging after 
neoadjuvant chemotherapy. A recent meta-analysis revealed 
poor sensitivity and specificity for both T and N staging 
in patients undergoing EUS after having undergone 
chemotherapy. This is thought to be related to local 
inflammation and fibrosis caused by the chemotherapy or 
radiation. While chemoradiation treatment can decrease 
tumor size, it is not accompanied by restoration of the 
normal esophageal mucosa (42). This results in distortion 
of the layers of the esophageal wall with resultant erroneous 
staging. 

EUS also plays a vital role in predicting tumor resectability. 
A previous study found that the accuracy of EUS to 
predict stages between T1–T3, which corresponded to R0 
resectability, was 92% for adenocarcinoma of the distal 
esophagus. However, EUS predicted R0 resectability of 
SCC in only 66% of cases. The accuracy for T4 lesions was 

Figure 2 Partially obstructing, circumferential malignant tumor seen on a forward viewing endoscope (A). Endosonographic image of the 
same lesion revealing transmural circumferential invasion with a malignant appearing regional lymph node (arrow) (B). This lesion did not 
allow for passage of a standard size echoendoscope.

A B
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slightly lower at 80%, which was likely due to some of these 
lesions being non-traversable with the echoendoscope (18).  
An R0 resection margin is defined as the absence of tumor 
after surgical removal. Tumors that are classified as T4b 
are considered unresectable; however, T4a tumors can 
be considered for surgery providing there are no distant 
metastases (43). T4a tumors invade the pleura, pericardium, 
or diaphragm. T4b tumors are those invading any other 
adjacent structure, such as the mediastinum, trachea, or 
aorta. A safe resection margin is unable to be achieved with 
T4b tumors (44).

Lymph node staging

Lymph node evaluation is an essential component in 
the staging of esophageal carcinoma. This is particularly 
true in T2 disease, where the presence of lymph nodes 
may shift the treatment from surgical resection alone 
to include chemotherapy and radiation (45). EUS is the 
most accurate modality available for determination of 
locoregional lymphadenopathy. Endosonographic criteria 
suggestive of malignant lymph nodes include a hypoechoic 
sonographic pattern, sharply demarcated borders, round 
contours, and a width greater than 1 cm (Figure 2B). In 
contrast, benign lymph nodes tend to be smaller, elongated, 
hyperechoic, and have irregular borders. When these four 
endosonographic features are present, malignant lymph 
node involvement on histology can be predicted with up 
to 80–100% accuracy. Echogenicity is the most sensitive 
parameter for distinguishing benign from malignant nodes. 
However, only one-fourth of lymph nodes will have all four 
of these major features (46,47). 

EUS can detect cervical, peri-esophageal and peri-
gastric lymphadenopathy. The greater the number of 
malignant nodes, the worse the prognosis (10,48,49). 
In one study, 480 patients with esophageal carcinoma 
underwent esophagectomy, and there was a significant 
survival advantage in those with 2 or less malignant 
regional lymph nodes. The survival rate for 2 or less 
nodes was 20% at 5 years; however, those with greater 
than 2 nodes had 5% survival at 5 years (50). In a recent 
meta-analysis, the sensitivity and specificity for detecting 
celiac lymphadenopathy with EUS alone was 85% and 
96%, respectively. The same study found that CT had a 
sensitivity of 42% and specificity of 93% for the detection 
of abdominal lymph node metastases. 

The overall accuracy of EUS for nodal staging of 
esophageal cancer is 74% when used alone. This increases 

to nearly 90% when combined with fine-needle aspiration 
(FNA) (51). The specificity and accuracy of EUS-FNA is 
better than EUS alone; however, the sensitivities between 
the two tests are similar (52). When compared to CT, EUS-
FNA has better sensitivity and accuracy (51). FNA improves 
accuracy as it allows for cytologic confirmation of metastatic 
disease. EUS-FNA is the least expensive strategy to obtain 
lymph node histology compared to CT guided FNA or 
surgery (53). 

Inter-observer variability

EUS performance in esophageal cancer is operator-dependent 
and thus improves with increasing experience. A comparison 
of EUS performed at low-volume centers to those at high-
volume centers demonstrated a lower sensitivity and specificity 
for T1 stage, T2 stage, and lymph node involvement in the low 
volume centers (54). An additional study over a 2-year period 
of 231 endosonographies performed for esophageal cancer 
staging by a single endoscopist determined that acceptable 
results could only be achieved after 100 examinations (55). 
The endosonographic T-stage was compared with the 
pathologic T-stage. For the first 100 endosonographies, the 
accuracy was 58%. However, the accuracy was significantly 
greater at 83% for the following 131 examinations. 

Factors influencing variability among inexperienced 
operators include balloon over-inflation leading to difficulty 
in wall layer distinction, inflammatory extension of the 
tumor, and tangential imaging of stenotic tumors. Tumor 
stage also influences inter-observer variability. In one study, 
the agreement between inexperienced endosonographers 
was poor for all T stages; however, it was good for lymph 
node metastasis. Among experienced endosonographers, 
interobserver agreement was excellent for all T stages except 
T2 disease. Reproducibility of histologic confirmation of 
invasion depth for experienced operators was adequate for 
all stages except T1 lesions (56). 

Conclusions

Correct locoregional staging by EUS in esophageal cancer 
is critical as this will determine appropriate treatment and 
disease prognosis. Cross-sectional imaging can be used 
for diagnosis of distant metastases. While EUS does have 
limitations, it has been shown to be the best diagnostic 
tool available to determine depth of invasion and local 
lymph node spread. Endoscopic resection can be both 
diagnostic and therapeutic for superficial cancers alone. 
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In obstructing lesions that do not allow passage of the 
echoendoscope, dilation or use of a through-the-scope 
ultrasound catheter (miniprobe) can be utilized in order for 
staging to be completed. Inter-observer variability can be 
decreased by appropriate training and performance of EUS 
at high volume centers. EUS, when combined with FNA, 
has increased accuracy as compared to EUS or CT alone 
for regional lymph node staging. EUS, EUS-FNA, CT, 
and PET scan all work in conjunction with each other to 
identify the correct staging of esophageal cancer. 
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