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Abstract: Esophageal cancer has increased in incidence over the
last several decades and is now the sixth leading cause of all cancer
deaths, with more than 500,000 deaths in 2018. The 2 most
common types of esophageal cancer, squamous cell cancer and
esophageal adenocarcinoma, make up nearly 95% of diagnoses.
Based on the global distribution of these histologic types, esopha-
geal adenocarcinoma is more common in the United States while
squamous cell cancer is more common throughout the world.
For both the squamous cell cancer and esophageal adenocarci-
noma variants of esophageal cancer, the most important step in
determining prognosis and survival is accurate staging. Endoscopy,
computed tomography, whole-body positron emission tomography
with 18-fluorodeoxyglucose, and endoscopic ultrasound (EUS) all
have important roles in the diagnosis and staging of esophageal
cancer. EUS is key for locoregional staging and guides treatment
planning of esophageal cancer in the absence of distant metasta-
ses. EUS has been shown to improve survival across various stages
of esophageal cancer and to have a positive financial impact in
cost-effectiveness analyses. This article describes current EUS
technology and the role of EUS in esophageal cancer staging, as
well as the applications, challenges, and limitations of EUS in the
management of this disease.

espite advances in medical, endoscopic, and surgical
therapies, the incidence of esophageal cancer has been on
the rise over the last several decades, with an estimated
450,000 cases diagnosed worldwide annually.’? Esophageal can-
cer is the sixth leading cause of all cancer deaths, with more than
500,000 deaths in 2018.% In the United States, it was estimated
that there would be 17,650 new diagnoses of esophageal cancer
and 16,080 deaths in 2019.% The 5-year survival rate remains low,
at approximately 15% to 20%.’
Squamous cell cancer and adenocarcinoma are the 2 most
common types of esophageal cancer, making up nearly 95% of
diagnoses."” Worldwide, squamous cell cancer is more common,
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whereas in the United States, adenocarcinoma is more
frequently diagnosed. Squamous cell cancer typically
occurs in the midesophagus. Risk factors include tobacco
and alcohol use as well as dietary factors, such as foods
high in N-nitroso compounds (certain pickled vegetables)
or high-temperature foods and beverages. Adenocarci-
noma almost always arises in the distal esophagus and is
associated with Barrett esophagus. The risk of developing
esophageal adenocarcinoma is 30- to 40-fold higher in
patients with Barrett esophagus.

For both the squamous cell and adenocarcinoma
variants of esophageal cancer, accurate staging has the
most impact on prognosis and survival.” Both cognitive
and technical aspects of care are important in the evalua-
tion and management of esophageal cancer, and are best
achieved in a multdisciplinary setting where guidelines
can be incorporated into patient care and consensus-based
recommendations can be implemented. Endoscopy, com-
puted tomography (CT), whole-body positron emission
tomography with 18-fluorodeoxyglucose (FDG-PET),
and endoscopic ultrasound (EUS) all have complemen-
tary roles in the diagnosis and staging of esophageal can-
cer. This article describes current EUS technology and the
role of EUS in esophageal cancer staging, including the
challenges and limitations of EUS in the management of
this disease.

Current Guidelines for Staging Esophageal
Cancer

Accurate pretreatment staging of esophageal cancer is
important to provide patients with optimal and effective
treatment options as well as for appropriate prognosti-
cation. In a recent review, Foley and colleagues recom-
mended initial staging with contrast-enhanced CT scans
of the chest and abdomen.? If the tumor is found to
extend beneath the diaphragm, a CT scan of the pelvis
should also be completed. For potentially curable disease
with no evidence of distant metastases, PET-CT is then
recommended, followed by an EUS. For tumors involv-
ing the gastric cardia, diagnostic laparoscopy should also
be performed.® Several national societies have reported
similar guidelines, including the National Comprehen-
sive Cancer Network, which recommends a contrast-
enhanced CT scan of the chest and abdomen to rule out
distant metastases at the time of initial diagnosis. EUS
with or without fine-needle aspiration (FNA) sampling
of any extraesophageal targets should be performed once
distant metastases have been excluded.” The National
Institute for Health and Care Excellence recommends
EUS in cases where it is likely to change management,
and PET-CT for all patients with potentially curative

disease above stage T1a."

Endoscopic Ultrasound Technology

EUS is the most accurate modality for locoregional stag-
ing of esophageal cancer. It is a minimally invasive pro-
cedure that uses high-frequency sound waves to visualize
the layers of the esophageal wall and surrounding tissues,
thereby evaluating the primary tumor as well as locore-
gional adenopathy. Over the last decade, EUS technology
has rapidly evolved to allow for enhanced diagnostic and
therapeutic interventions. This includes the development
of devices and accessories for core biopsies, fiducials to
help guide stereotactic radiotherapy, lumen-apposing
metal stents for the drainage of fluid collections, and echo-
endoscopes (such as forward-viewing echoendoscopes) to
further support therapeutic interventions.

With respect to esophageal cancer, the primary
modalities utilized in staging include the radial echoendo-
scope, the curvilinear echoendoscope, and the probe-based
EUS. The radial echoendoscope provides a 360° view for
a circumferential evaluation of the esophageal wall and
adjacent structures. Radial echoendoscopes operate at 7.5
to 12.0 MHz, providing excellent resolution to a depth of
approximately 3 to 5 cm of surrounding tissue.>'! In radial
EUS, the ultrasound transducer is housed in the tip of the
echoendoscope, and a fluid-filled balloon is often used to
eliminate pockets of air around the transducer to enhance
acoustic coupling. Staging evaluation is best performed by
advancing the radial echoendoscope into the stomach and
evaluating the celiac artery, liver, and perigastric stations.
Then, the radial echoendoscope should be slowly with-
drawn with the balloon slightly distended through the
tumor in the esophagus, culminating in the evaluation of
mediastinal adenopathy. Because the image created is per-
pendicular to the tip of the echoendoscope, image-guided
interventions such as FNA or fine-needle biopsy (FNB)
cannot be performed with the radial instrument. On the
other hand, the curvilinear echoendoscope provides a
120° view of the esophageal wall and adjacent structures
in the actual plane of the echoendoscope, allowing for
image-guided interventions and fiducial placement.

Advances in diagnostic imaging include EUS elas-
tography and contrast-enhanced EUS; however, there
are very limited data on the application of these tools
to esophageal cancer staging. Elastography may have a
future role in the assessment of esophageal cancer with
the potential to reduce the need for FNA of lymph nodes
based on both sonographic appearance and elastography.
This may be of particular benefit in diagnosing high-risk
malignant periesophageal lymphadenopathy, where there
may be intervening vasculature or malignancy. Contrast-
enhanced EUS does not appear to offer much additional
information because most esophageal tumors are not
highly vascularized.’
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Table. Tumor, Node, Metastasis Staging Classification (8th
Edition)'?

Primary Tumor

TX Primary tumor cannot be assessed.

TO No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor invades the lamina propria, muscularis
mucosa, or submucosa.

Tla | Tumor invades the lamina propria or muscularis
mucosa.

T1b | Tumor invades the submucosa.

T2 Tumor invades the muscularis propria.

T3 Tumor invades the adventitia.

T4 Tumor invades the adjacent structures.

T4a | Tumor invades the pleura, pericardium, azygos vein,
diaphragm, or peritoneum.

T4b | Tumor invades the other adjacent structures, such as
the aorta, vertebral body, or trachea.

Regional Lymph Nodes

NX | Lymph node status cannot be assessed.

NO | No regional lymph node metastases

N1 Metastasis in <2 regional lymph nodes

N2 Metastasis in 3-6 regional lymph nodes

N3 Metastasis in =7 regional lymph nodes

Distant Metastases

MX | Presence of distant metastases cannot be assessed.

MO No distant metastases

M1 Distant metastases

Through-the-scope high-frequency EUS mini-probes
(frequency of 20-30 MHz) have been developed and
are in use for a variety of indications. EUS mini-probes
are placed through a diagnostic endoscope and may
be beneficial for staging smaller lesions and in patients
with significant luminal stenosis, where passage of the
echoendoscope is not possible. However, even though
mini-probes may be able to traverse esophageal strictures,
the high frequency of these catheters reduces sonographic
tissue penetration, limiting their use in obstructive cancer
staging.’

Tumor, Node, Metastasis Staging

Clinical staging for esophageal cancer is best performed
using the tumor, node, metastasis (TNM) staging system
(8th edition), which was developed by the Union for

International Cancer Control (UICC) and American

Figure 1. An carly esophageal tumor limited to the mucosa
consistent with a Tla lesion and amenable to endoscopic
therapy. Endoscopic mucosal resection confirmed that the
lesion’s stage was T1a.

Figure 2. An esophageal tumor with invasion into (arrow), but

not through, the muscularis propria. Findings are consistent
with a T2 lesion.

Joint Committee on Cancer (AJCC; Table).!? Tumor
depth is well assessed via EUS due to detailed examina-
tion of the esophageal wall. Specifically, the wall layers
of the esophagus are brighter (hyperechoic) or darker
(hypoechoic) compared with surrounding tissue. The
degree of involvement of the hypoechoic muscularis pro-
pria (4th layer) differentiates T1, T2, and T3 tumors. If
the tumor is superficial to the muscularis propria with a
clear plane, it is T1 (Figure 1). If the tumor invades into,
but not through, the muscularis propria, it is T2 (Figure
2). If the tumor invades through the muscularis propria,
it is at least T3 (Figure 3). If there is invasion into the
adjacent structures or organs (eg, the aorta), the tumor is
categorized as T4 (Figure 4).

Additionally, with high-frequency ultrasound imag-
ing, it may be possible to distinguish Tla from T1b
cancers (Figure 1). However, it should be noted that for
T1 lesions and nodular Barrett esophagus, endoscopic
mucosal resection (EMR) and endoscopic submucosal
dissection (ESD) remain the best interventions to assess
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Figure 3. An esophageal tumor with invasion through the

muscularis propria at the 8 o’clock position (white arrow).
Findings are consistent with a T3 lesion. An enlarged,
malignant-appearing lymph node (yellow arrow) is also seen
in the region, consistent with the T3N1 stage per endoscopic
ultrasound criteria.

depth of invasion, as the accuracy of EUS is suboptimal
in the precise staging of these superficial lesions. For
T1b lesions, differentiating by depth of submucosal
involvement (SM1, SM2, SM3) should also routinely
be performed following EMR or ESD. Both procedures
are highly effective in confirming TINOMX lesions, dif-
ferentiating T'la from T'1b lesions, and determining SM
classification.'>!°

With respect to nodal staging, EUS, CT, and FDG-
PET all provide complementary locoregional lymph
node imaging. These examinations assess the potential of
a lymph node harboring metastases, but there are limita-
tions to each of these modalities. For EUS, the criteria for
a malignant lymph node include the features of round,
hypoechoic, large (>1 cm), and discrete borders. With
more features, the likelihood of malignancy within the
lymph node is higher. With fewer features, nodal disease
is less certain. Additionally, the staging of nodal disease is
performed by determining the number of nodes present
with malignant features (Table).

Accuracy of Endoscopic Ultrasound in
Esophageal Cancer Staging

EUS has an overall accuracy of 90% for T and N staging
of esophageal cancer.”” In the 2017 UICC/AJCC TNM
classification system of esophageal and gastroesophageal
tumors (Table),'? the distinction between T1a and T1b
tumors is made. This distinction is important, as the risk
for lymph node metastasis for T1a and T1b SM1 cancers
is only 3% to 6%, compared with 21% to 24% for T1b
SM2 and SM3 tumors.® Accuracy for T staging with
EUS is reported to be greater than 80%.%'5!* Puli and
colleagues reported the sensitivity and specificity of EUS

Figure 4. An esophageal tumor penetrating into the adjacent
thoracic aorta (arrow), consistent with a T4 lesion.

for staging esophageal cancer to be 81.6% and 99.4%
in T1 tumors, 81.4% and 96.3% in T2 tumors, 91.4%
and 94.4% in T3 tumors, and 92.4% and 97.4% in T4
tumors, respectively, demonstrating that the accuracy of
EUS in advanced esophageal cancer is higher compared
with early cancer.! In fact, in a systemic review of 27
studies evaluating performance, EUS was found to be
highly effective at differentiating T1 or T2 cancers from
T3 or T4 cancers (performance index, 0.89 for esophageal
cancers and 0.91 for esophagogastric junction cancers).?
This is important, as T3 and T4 tumors often have nodal
involvement and may require neoadjuvant therapy as
compared with T1 or T2 tumors that could be managed
with resection alone.?!

EUS is also helpful in staging locoregional lymph-
adenopathy using well-established imaging criteria for
malignant lymph nodes or by using FNA or FNB. The
overall accuracy of EUS for initial N staging in esopha-
1819 Visible hypoechoic

lymph nodes of at least 10 mm, discrete round shape

geal cancer is greater than 70%.

(as opposed to oval or elliptical shape), sharp border,
and absence of central intranodal vessels are suggestive
of malignancy. If all 4 of these criteria are met, there is
up to an 80% likelihood of metastasis; however, only
25% of cases meet all 4 criteria.?> A recent retrospective
analysis of 123 patients with esophageal cancer improved
EUS staging accuracy by adding 3 criteria to those listed
above: lymph nodes near lesion, total number of lymph
nodes, and T3/4 staging.”

The accuracy of EUS restaging after chemoradia-
tion is poor, thought to be secondary to distortion of the
architecture of the esophageal wall from post-treatment
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inflammation and fibrosis. A meta-analysis that included
593 patients who underwent EUS after neoadjuvant
chemotherapy for re-evaluation of primary tumor status
and 602 patients who underwent EUS for re-evaluation
of locoregional lymph node status found that EUS had a
sensitivity of 96.4% and a specificity of 10.9% for detect-
ing residual cancer at the primary tumor site and 62.0%
and 56.7%, respectively, for detecting residual cancer in
locoregional lymph nodes."’

Clinical Application of Endoscopic Ultrasound

EUS is an important tool for esophageal cancer staging for
many reasons. In early esophageal cancer, T staging may
help select appropriate cases for minimally invasive treat-
ment using EMR and ESD techniques. EUS also helps
identify locoregional adenopathy that may be missed by
CT and PET-CT, especially lymph nodes less than 1 cm
in size. Endoscopic resection of early esophageal cancer is
now an established intervention with long-term outcomes
at par with or better than surgery, and EUS is a critical
tool to help facilitate case selection.?*

In early esophageal cancer with no nodal disease,
EMR or ESD can be performed with histologic assessment
to determine depth of invasion. Patients who are found to
have T'1b cancer on histopathology should be presented at
a multidisciplinary tumor board and, in general, referred
for surgical consultation. In some select patients with T1b
disease, endoscopic management and observation may be
acceptable (eg, SM1 depth, well-differentiated tumor,
absence of lymphovascular invasion). Patients with T1a
cancer and margin negative resection are deemed to be
cured and can undergo subsequent endoscopic manage-
ment as needed.”

In patients with more advanced esophageal cancer,
EUS can confirm the presence of established indications
for neoadjuvant treatment (T3 tumor and locoregional
N1 disease). In addition, it can help more accurately
stage occult metastatic disease that may be missed
by cross-sectional imaging (liver lesions, celiac and
abdominal adenopathy).?® In patients with obstructive
tumors through which the echoendoscope may not pass,
esophageal dilation may be performed to facilitate EUS
staging. However, these patients are invariably candidates
for neoadjuvant treatment or definitive chemoradiation,
and risk-benefit analysis may favor the avoidance of dila-
tion and aggressive efforts at staging in such cases. With
respect to treatment of esophageal cancer, image-guided
radiotherapy (IGRT) is a recent advancement and offers
promising outcomes in a select group of patients with
esophageal cancer. Fiducial placement provides for better
localization and tracking, resulting in delivering precise
high-dose radiotherapy to the target lesion. This results

in an improved side-effect profile of radiotherapy due to
minimized damage to surrounding normal tissue, safe
use of higher doses of radiation, accelerated recovery due
to fewer adverse effects, improved quality of life, and
potential for intraoperative localization of primary tumor.
Furthermore, groups, including at the University of
Rochester, have shown the benefit of EUS-guided fiducial
placement to facilitate IGRT of tumors in real time, thus
minimizing damage to the surrounding radiosensitive

organs at risk and maximizing therapy to the tumor.?”*

Controversies in Endoscopic Ultrasound
Staging of Esophageal Cancer

There has been some controversy regarding the utiliza-
tion of EUS in esophageal cancer staging. Findlay and
colleagues reported that the risk of EUS in patients with
advanced esophageal cancer (T2-T4) on CT scan out-
weighed the benefit.”? However, Hulshoff and colleagues
found that EUS influenced primary treatment in 29% of
patients who had initial staging with PET-CT.* The study
demonstrated that EUS was able to provide information
to change the radiation field in 23% of patients, change
staging from incurable to potentially curable in 2% of
patients, influence the extent of lymph node resection in
17% of patients, and affect treatment decision-making
with FNA in 9% of patients.*

A study by Wani and colleagues included 524
patients who underwent EUS staging and found that in
all univariate comparisons, patients had improved survival
for all stages (P<.0001) except for stage 0 disease.” The
addition of PET-CT did not add to the survival benefit.”
Recent research has found that CT and PET scans are not
adequate for staging celiac and mediastinal lymphadenop-
athy, further supporting the use of EUS after ruling out
distant metastasis.” However, if distant metastatic disease
is present, the role of EUS is limited and the procedure
should be avoided for the purposes of staging.

Challenges and Limitations of Endoscopic
Ultrasound Staging

Limitations of EUS staging include the inability to
traverse high-grade malignant esophageal strictures for
accurate T staging, with a reported failure rate of 30%,
especially in advanced tumors.® Dilation of malignant
strictures has been reported with high complication rates
in the past; however, more recent data suggest that this
can be accomplished with acceptable complication rates.
Jacobson and colleagues reported that approximately
one-third of patients undergoing EUS staging for esopha-
geal cancer required dilation of a malignant stricture.’’
Staging was completed in 95% of cases after balloon
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dilation. Complications included 1 esophageal perfora-
tion, which was comparable to the rate observed during
EUS staging without dilation.’ Another option is the
use of EUS mini-probes to traverse esophageal strictures,
although these probes have limited depth of penetration,
reducing their effectiveness for cancer staging.

Another limitation of EUS is operator variability. An
older study reported low accuracy and high interobserver
variability for endosonographic staging of upper gastro-
intestinal cancers, even among experienced examiners.*
This is less of an issue at high-volume centers with experi-
enced endosonographers.

Cost Analysis

Only a few studies have evaluated the cost implications of
EUS in esophageal cancer management. For primary stag-
ing, EUS has been found to be less costly. Specifically, in
a study by Hadzijahic and colleagues in 2000, T4 and/or
M1 disease was diagnosed more frequently with EUS than
with CT.? However, recent advances in CT technology
and TNM staging likely make this finding less relevant.
In 2002, Harewood and Wiersema found EUS to be the
most cost-effective esophageal cancer staging modality
at $13,811, vs CT-guided FNA at $14,350 and surgery
at $13,992.% As such, EUS has emerged as the standard
tissue sampling approach if and when potentially acces-
sible target lesions are found in patients with esophageal
cancer. A study comparing CT, EUS-ENA, PET, and
mediastinoscopy/laparoscopy in esophageal cancer stag-
ing found that PET plus EUS-FNA was the most cost-
effective approach, as it decreased overall cost by $3443
per patient by avoiding unnecessary neoadjuvant therapy
or surgery in stage I and IV disease.>

Conclusion

Multimodality staging of esophageal cancer with histo-
pathologic analysis, cross-sectional imaging, PET-CT,
and EUS remains the current standard of care. In patients
with evidence of distant metastasis, EUS is unlikely to
provide any additional information and, therefore, is not
indicated. However, if cross-sectional imaging is concern-
ing for possible lymph node metastasis, EUS-FNA is
important to accurately stage and guide treatment. EUS
is also helpful for assessing the depth of tumor involve-
ment when evaluating candidacy for endoscopic resec-
tion in early esophageal cancer or in patients who would
benefit from neoadjuvant therapy. The overall safety
profile of EUS in esophageal cancer staging is excellent,
although risk may be increased if high-grade malignant
strictures are aggressively dilated to facilitate EUS. The
information gained from EUS staging is complementary

to that obtained by cross-sectional and PET imaging, adds
confidence to clinical staging, and helps guide appropri-
ate management while avoiding unnecessary treatment in
many patients.
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