State of the art lecture: EUS for
esophageal tumors

W. A. Marsman, P. Fockens
Dept. of Experim. Hepatology, Academic Medical Center, Amsterdam

Introduction

Treatment and outcome of patients with esophageal cancer is
stage dependent. Since its introduction in the early 1980, EUS
has played a central role in the staging of esophageal cancer. Ad-
equate staging of esophageal cancer is important in the initial
triage of patients to receive immediate surgery, neoadjuvant
therapy or palliative treatment only. Also in patients with early
cancer, EUS can be used to evaluate the possibility of endoscopic
mucosal resection. EUS remains superior in T- and N-staging of
esophageal cancer compared to other imaging modalities such
as CT, PET and MRI. New developments will hopefully further im-
prove the staging of early lesions, stenotic lesions and the diag-
nostics of lymph node metastases. Nowadays many patients are
being treated with neoadjuvant chemo-radiotherapy. EUS could
also play a role in the assessment of these therapies and to give
direction towards further management.

EUS-technique

Instruments. EUS equipment consists of radial (mechanical or
electronic) and curved linear (electronic) echoendoscopes. The
image created by the radial echoendoscopes is in a 360° trans-
verse plane, perpendicular to the long axis of the echoendoscope.
Recent generation mechanical radial echoendoscopes have
broadband frequencies ranging from 5 to 20 MHz. The electronic
echoendoscopes have adjustable frequencies from 5 to 10 MHz

(Fig.1).

Linear instruments scan along the long axis of the endoscope,
which enables real-time visualization of a needle exiting from
the biopsy channel into a target such as a lymph node or organ.
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Fig.1 Radial elec
tronic echoendo-
scope.

In the electronic instruments the image orientation and staging
can be assisted by the addition of pulsed, color and power Doppler.

For high resolution imaging of the gut wall high frequency trans-
ducers (12 -30MHz) can be used. These are transducers incorpo-
rated in small catheters and are mechanically rotated. They are
advanced through the working channel of an endoscope into the
lumen of the gut (Fig. 2). High resolution imaging of the gut wall
is an important tool for the evaluation of patients selected for en-
doscopic mucosal resection of early cancers of the esophagus and
stomach [1].

High grade stenotic tumors can often not be evaluated by a regu-
lar echoendoscope. In these patients either pre-EUS dilatation is
required in order to pass the echoendoscope. This has been asso-
ciated with significant complications, such as perforations, in the
past [2]. An alternative option is a 8 mm non-optic 7.5 MHz
probe, which is advanced through the tumor over a previously
placed guidewire [3]. This option enables adequate staging with-
out dilatation.

EUS-FNA. Once a suspicious lymph node or liver lesion is identi-
fied on EUS, EUS-FNA can be performed in order to confirm the
presence of metastasis. EUS-FNA is performed with a linear
echoendoscope. Doppler ultrasound can be used to ensure that
there are no interposed vessels. The FNA needle system, consist-
ing of a 19, 22- or 25-gauge needle, is inserted through the work-
ing channel of the endoscope and advanced through the gut wall
into the suspicious lesion under endosonographic guidance

Fig.2 High fre-
quency transducer
through  working
channel of an en-
doscope.
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(Fig. 3). The stylet is removed and suction can be applied with a
10-ml syringe while the needle is manipulated back and forth
within the target lesion. The aspirate is placed on a glass slide
and processed with a Diff-Quick stain. On site interpretation of
the specimen by a cytologist is preferable to evaluate for adequa-
cy of the specimen and to minimize the number of needle passes.
The pathologist will do eventual evaluation of the presence of
malignant cells after fixation and a Giemsa or other staining. Re-
cently trucut needles have been introduced to obtain histological
samples of lymph nodes and lesions of the pancreas [4]. In small
series that have been published so far, this technique was shown
to be safe without significant complications, but its role and su-
periority in comparison to FNA remains to be determined. We
fear that standard use of these needles will carry the risk of a
higher complication rate.

Accuracy of EUS

TNM staging system. Esophageal cancer is usually treated accord-
ing to tumor stage as defined by the TNM system developed by
the American Joint Commission on Cancer [5]. The TNM system
is based on the determination of depth of tumor invasion (T
stage), the presence or absence of regional lymph node metasta-
sis (N stage), and the presence or absence of distant metastasis
(M-stage). Multiple minimally or noninvasive modalities exist
to help in the clinical staging of esophageal cancer, including
EUS, CT, MRI and PET-scanning. EUS has taken a central role in
the locoregional staging of esophageal cancer, because of its ac-
curacy of tumor invasion and detection of regional lymph node
metastasis. Although EUS is superior to PET and CT for locore-
gional staging, the latter modalities are better at detecting liver
and lung metastasis. Therefore it is logical to perform EUS when
PET and CT have not revealed distant metastasis. This may help
to triage the patient to surgery alone, neoadjuvant therapy fol-
lowed by surgery or palliative treatment only. A recent study
has shown that the combination of CT, PET and EUS reduces the
number of unnecessary operation from 44% to 21% [6].

Tumor. The depth of tumor invasion and the involvement of the
esophageal wall layers determine T stage. The earliest stage, Tis
or carcinoma in situ is present when the cancer is limited to the
epithelium and the lamina propria is intact. This stage usually
can only be detected by biopsy and is quite often not visible on
EUS. T1 tumors are defined when cancerous cells invade the lam-
ina propria or submucosa. With the advent of high frequency
catheter probes, T1 tumors have been further classified in to
T1m (confined to mucosa) or T1sm (tumor invading submucosa).

Fig.3 FNA of a sus-
picious lymph node.
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Fig.4 T4 esopha-
geal cancer with in-
growth of the pleura
at the asterix.

AT1sm lesion has a 20-35% rate of lymph node metastasis and
is therefore not suitable for local endoscopic therapy [7]. The ac-
curacy of high frequency probes in distinguishing between mu-
cosal cancer and cancer invading the submucosa has been re-
ported 81%-100% [1]. Pathological evaluation of an EMR speci-
men will eventually lead to the decision whether the local endo-
scopic therapy is sufficient or whether a patient needs a surgical
esophagectomy with a lymph node dissection. When the tumor
has invaded the muscularis propria, the tumor is classified as T2.
When the tumor further progresses to invade the adventitia, the
tumor is classified as T3. Involvement of mediastinal structures,
such as the aorta, pleura, azygos vein, or any other adjacent
structure, is classified as T4 disease (Fig.4). In a meta-analysis it
was demonstrated that EUS was significantly more accurate than
CT in identifying stages T1 through T4 [8]. CT is unable to accu-
rately differentiate between the T-stages of the disease, a distinc-
tion important when considering the use of neoadjuvant therapy
[9]. The accuracy of EUS and CT for various T stages is shown in
Table 1.

Locoregional lymph nodes. Due to rich (peri-)esophageal lym-
phatics, esophageal cancer has the propensity for early spread
to local lymph nodes. It has been clearly shown that patients
with N1 disease as classified by EUS have poorer survival than
those with NO disease [10]. Furthermore the number of detected
lymph nodes is an important predictor of survival [11]. Lymph
node characteristics on EUS can be helpful in classifying benign
from malignant lymph nodes. Criteria for malignant lymph no-
des include diameter greater than 10 mm, uniform hypoechoge-
nicity, a rounded shape, and nodes with a sharp border [12]. Giv-
en the subjective nature of these criteria, EUS is generally less ac-
curate in identifying malignant nodes than in evaluating depth of
tumor invasion. In a meta-analysis of Kelly et al, the accuracy of
conventional EUS for N staging was 79% only [13]. Studies com-

Table1 Comparison of accuracy of CT and EUS in the locoregional
staging of esophageal cancer. Adapted from Rosch [8]
Technique No. of patients Taccuracy (%) N accuracy (%)
cT 1154 45 (40-50) 54 (48-71)
EUS 1035 85 (59-92) 77 (50-90)

Table2 Comparison of accuracy of CT, EUS, and EUS-FNA in preoper-
ative lymph node staging of patients with esophageal cancer.
Adapted from Vazquez-Sequeiros [18]

Technique Sensitivity (%) Specificity (%) Accuracy (%)
cT 29 (17-44) 89 (72-98) 51(40-63)
EUS 71 (56-83) 79 (59-92) 74 (62-83)
EUS-FNA 83(70-93) 93 (77-99) 87 (77-94)

paring EUS with CT for regional lymph node metastasis have
consistently demonstrated that EUS is more accurate for N stag-
ing (Table 2). The use of EUS-guided fine-needle aspiration (EUS-
FNA) is now becoming more widespread, and has shown to im-
prove the accuracy of EUS for N staging by providing cytological
involvement of lymph nodes [14]. In this prospective study EUS-
FNA for lymph node metastases had a sensitivity and specificity
of 98,3% and 100% respectively, which compared favorable com-
pared to EUS alone.

Celiac axis lymph nodes. The detection of celiac axis lymph node
(CLN) metastasis has an important implication for patients with
esophageal cancer. In patients with distal esophageal cancer, CLN
metastasis are classified as M1a. In mid- or proximal tumors CLN
metastasis are staged M1b, similar to liver metastases. Patients
with esophageal cancer and CLN metastasis have worse survival
than those without CLN involvement [15]. In addition it is doubt-
ful whether patient with celiac lymph node metastasis benefit
from a surgical resection [16]. In patients with esophageal can-
cer, the identification of CLNs was virtually synonymous with
malignant involvement. Regardless of echo features and size,
90% of all detected CLNs were proven to be malignant in one
study [17]. Moreover, 100% of lymph nodes greater than 1 cm in
size were malignant. The clinical impact that malignant CLNs
have on therapy leads to the necessity to perform EUS-FNA, pro-
viding proof of malignant involvement prior to neoadjuvant
therapy [18]. The detection of metastasis in celiac lymph nodes
by EUS-FNA has a reported sensitivity of 98% and specificity of
100% [17].

Liver metastasis. EUS can detect occult liver metastases in pa-
tients in whom non-invasive hepatic imaging studies are normal,
although the frequency with which such lesions are detected is
low [19]. EUS of the liver is best performed with linear instru-
ments and provides excellent imaging of the medial two-thirds
of the liver, but cannot exclude metastatic disease to all areas of
the liver. Metastases usually appear as discrete relatively hypo-
echoic lesions in the liver. Once identified, EUS-FNA can be per-
formed, yielding important diagnostic and prognostic informa-
tion for the patient management.

Restaging. The use of neoadjuvant chemoradiotherapy continues
to be an area of active investigation and is becoming more wide-
spread for patients with advanced disease. The ability to assess
the response to neoadjuvant therapy is potentially important
for further clinical management. Initial studies on preoperative
chemoradiotherapy were promising, however these studies
were small and the neoadjuvant therapy was ineffective in
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downstaging the tumor [20]. More effective neoadjuvant modal-
ities have now been developed which are effective in downstag-
ing of the tumor. In this setting EUS has shown considerably less
accuracy for restaging of the disease [21 -22]. The most frequent
error was overstaging, apparently because the fibrosis and in-
flammation associated with chemoradiotherapy are indisting-
uishable from residual microscopic foci of cancer within the
esophageal wall. Although the tumor stage cannot be reliably es-
tablished by EUS after neoadjuvant therapy, several studies have
shown that reduction in crossectional area of the tumor by more
than 50% is associated with a response to therapy [23]. But also
simply measuring the maximal tumor diameter before and after
neoadjuvant therapy can correctly identify the responders and
nonresponders [24]. Re-staging of lymph nodes with EUS-FNA
may become more important in the near future.

Clinical impact

Although EUS is superior to alternative staging modalities, the
utility of EUS staging to alter clinical management of patients
and improve outcome has only recently been investigated. The
clinical outcome of patients with esophageal cancer before and
after the introduction of EUS has demonstrated that the use of
EUS is associated with an advantage in recurrence free survival
and overall survival [25]. This benefit appeared to be related to
the increased administration of chemoradiotherapy through
more accurate preoperative staging. The use of EUS has also re-
sulted in an increased referral for nonsurgical palliation [26]. In
two other prospective trials it was found that EUS changed the
treatment strategy in 75% of cases, with a tendency towards
less costly, less risky and less invasive management [27,28]. The
most important impact of EUS on the clinical management of pa-
tients with esophageal cancer is probably the decision making
for a potential surgical curative resection. It has clearly been
shown that T4 tumors are poor candidates for a surgical resec-
tion and should be offered palliative treatment [29]. Also pa-
tients with metastases at the celiac trunk have a poor prognosis
and it is doubtful whether these patients are good candidates for
a potential curative surgical resection [16]. EUS can also be used
to make a choice in the optimal surgical strategy. At our center
patients with a distal esophageal cancer preferably undergo a
transhiatal esophagectomy, as this is associated with less mor-
bidity [30]. However, when upper mediastinal lymph node
metastases are detected by EUS-FNA, a transhiatal resection
would not be appropriate, as it is not accompanied by an extend-
ed mediastinal lymph node dissection. In these patients a trans-
thoracic resection with extended lymphadenectomy seems to be
the treatment of choice. EUS-FNA is able to identify those pa-
tients preoperatively.

Conclusions

In the evaluation of patients with esophageal cancer, EUS will
continue to play in important role. It is currently the only avail-
able modality that can image the esophageal wall layers with his-
tological correlates. Additionally, it is the only modality, which
enables to obtain tissue for confirmation of locoregional meta-
static disease. A surgical esophagectomy is associated with a sig-
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nificant mortality and morbidity and therefore a cautious selec-
tion of patients who potentially benefit from a surgical procedure
is of utmost importance. The introduction of new effective neo-
adjuvant modalities has further increased the challenge of stag-
ing and further management of patients with esophageal cancer.
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