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Carcinoma of the esophagus comprises the vast
majority of malignant esophageal tumors and repre-
sents the seventh most common malignancy world-
wide, with its incidence reaching endemic proportions
in specific geographic locations in Asia and Africa
[1]. Although esophageal cancer is presently respon-
sible for only approximately 13,000 deaths annually
in the United States [2], the incidence of adenocarci-
noma of the esophagus is rising faster than any other
malignant tumor in the United States [3]. Because
the majority of patients present with advanced dis-
ease, only roughly 12% of patients diagnosed with
this tumor will survive more than 5 years after diag-
nosis [2].

The treatment of carcinoma of the esophagus is
stage-dependent (Table 1). While patients who have
widely metastatic disease are not treated with curative
intent (ie, only palliative chemotherapy or supportive
care), most clinicians would agree that patients who
have early (superficial, node-negative) cancers should
undergo surgical resection for cure; however, the
ideal treatment of locally advanced (transmural,
node-positive) disease remains controversial, with
some clinicians advocating surgical resection alone,
others supporting preoperative neoadjuvant therapy
followed by surgery, and still others backing defini-
tive chemoradiation without surgery.

Given the stage dependency of therapeutic options
for patients who have esophageal cancer, it is essen-
tial to determine the extent of disease accurately be-
fore formulating the treatment plan. Imaging plays an
integral role in guiding the clinician in this staging
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process, with specific imaging modalities being use-
ful for the evaluation of distant disease, locoregional
disease, or both. Certain imaging techniques have
proven to be useful in guiding biopsy procedures,
such as fine needle aspiration (FNA) of suspicious
lesions; however, the accuracy of some of these tech-
niques seems to rely, at least in part, upon the ex-
perience of the operator [4]. Finally, individual
imaging algorithms and the preference of one modal-
ity versus another varies with device availability,
individual experience, and geographic location.

Imaging of distant metastatic disease

In the United States, approximately 20% to 30%
of patients who have carcinoma of the esophagus
have distant metastatic disease at the time of presen-
tation [2,5]. The most common visceral metastatic
sites include, in decreasing order of prevalence, liver,
lung, bone, and adrenal glands [5,6]. As a result,
imaging for patients who have esophageal cancer
should evaluate these sites. The brain is an uncom-
mon site of metastases from esophageal cancer,
occurring in less than 2% of patients who have
metastatic disease [5,6]. Further, it is uncommon for
patients who have carcinoma of the esophagus to
present with solitary metastatic lesions; most possess
multiple numbers of metastases, albeit usually in a
single organ [5,6]. In these cases of metastatic disease
in a pattern consistent with esophageal cancer, often-
times histologic confirmation by means of biopsies is
not necessary; however, a second, corroborating
imaging study should be performed. In the uncom-
mon situation in which a patient presents with a
single metastatic lesion radiographically, or a pattern
inconsistent with that typically seen with esophageal
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Table 1
Staging scheme for carcinoma of the esophagus

Stage Characteristics

Primary tumor (T)

TX Tumor cannot be assessed
TO No evidence of tumor
Tis Carcinoma in situ/high grade dysplasia
T1 Confined to mucosa or submucosa, not
into muscularis proporia
T2 Invades into muscularis propria
T3 Invades through muscularis propria but not
into adjacent organs
T4 Invades adjacent structures/organs
Nodal status (N)
NX Regional nodes cannot be assessed
NO No regional nodal metastases
N1 Regional nodal metastases
Distant metastases (M)
MX Distant metastases cannot be assessed
Mla Metastatic cervical nodes/upper thoracic

esophageal tumor
Metastatic celiac nodes/lower thoracic
esophageal tumor

Mlb Any tumor location with visceral/bony
metastases
Any tumor location with nodal metastases
beyond N1 or Mla

Stage groupings

0 TisNOMO
I TINOMO
IIA T2-3NOMO
1B T1-2NIMO
111 T3NIMO
T4 Any N
IVA Any T Any N Mla
VB Any T Any N M1b

cancer, confirmatory biopsy should be performed
more routinely to ensure that the patient does not
have potentially curable (resectable) disease or an-
other distinct disease process. Nearly all potentially
metastatic foci can technically be assessed cytologi-
cally by means of image-guided FNA [4].

Because carcinoma of the esophagus is still an
uncommon disease relative to other tumor types in
the United States, little published data exist regarding
accuracy of many imaging modalities (eg, radio-
nuclide bone scan) exclusively for the detection of
distant metastases in patients who have esophageal
cancer; however, multiple published reports con-
cerning the accuracy of these imaging techniques
exist for carcinomatous tumors in general. Intrave-
nous contrast-enhanced CT remains the workhorse
for imaging patients who have carcinoma of the
esophagus to rule out distant metastatic lesions be-
cause it allows assessment of the three most common

sites of distant metastases. Scans should be obtained
from the base of the neck (thoracic inlet) through the
liver and adrenal glands in the upper abdomen.
Metastatic deposits in the liver usually appear as
hypodense, ill-defined lesions on contrast-enhanced
CT scans (Fig. 1) [7,8]. As with any liver imaging
modality, the sensitivity of the CT scan for detecting
metastatic liver disease depends on the size of the
lesion [7,8]. While the vast majority of lesions larger
than 1 cm are detected using CT scan, the sensitivity
drops precipitously for metastatic deposits less than
1 cm in diameter or if the scan is performed without
intravenous contrast. Similarly, if the lesions are of
adequate size (>1 cm), CT is useful for distinguish-
ing metastases from benign entities, most notably
cysts and hemangiomas, with the former possessing
the density of fluid and the latter demonstrating pe-
ripheral enhancement with delayed washout of intra-
venous contrast [7,8].

Other imaging modalities that are useful in assess-
ing the status of the liver include ultrasound (US) and
MRI. Although transabdominal US is inexpensive
and distinguishes between cystic and solid liver le-
sions accurately, its sensitivity in detecting metastatic
liver deposits in general is clearly inferior to that of
CT [7,8]. Laparoscopic US is potentially more sen-
sitive than the transcutaneous approach [9], but it is
an invasive procedure that tends to be especially user-
dependent, with published data suggesting only lim-
ited benefit for patients who have cancer of the
esophageal body [9,10]. MRI can be beneficial when
CT demonstrates liver lesions and further characteri-
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Fig. 1. Intravenous contrast-enhanced CT image of the liver
of a patient who had carcinoma of the esophagus. The
encircled region demonstrates a large, hypodense, irregu-
larly bordered lesion representing the typical appearance
of metastasis.
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zation is needed. Gadolinium contrast agents might
enhance the sensitivity of MRI, which is an effective
modality for distinguishing metastases from benign
liver lesions, including cysts and hemangiomas [7,8].
Pulmonary metastases are also seen in patients
who have esophageal carcinoma. Suspicious pulmo-
nary nodules are usually round, smooth-bordered,
and noncalcified on CT scan. Given the high preva-
lence of incidental, benign pulmonary nodules seen in
smokers over the age of 60 [11], any suspicious lung
lesion should be biopsied using FNA or a thoraco-
scopic approach. Further, given the role of smoking
in carcinogenesis of the lung and esophagus and the
concept of field cancerization, primary lung cancer
also needs to be ruled out in these situations, particu-
larly if the pulmonary lesion is solitary [12].
Because bone is a common site for metastases
from carcinoma of the esophagus, routine radionu-
clide bone scanning can be performed in these pa-
tients. In general, in patients who have cancer, a scan
showing multiple areas of uptake strongly suggests
metastases; however, only 50% of solitary foci rep-
resent metastases, even in patients who have a history
of cancer [13]. Tracer accumulation can occur at any
skeletal site with an elevated rate of bone turnover.
As a result, corroborative studies are required in the
majority of cases of a positive bone scan, which
include MRI (which is especially useful for evalua-
tion of the spine), plain radiographs, and even a CT
scan. The radiographic evaluation of adrenal lesions
has been the subject of many reported studies involv-
ing the use of CT and MRI. While primary malignant
lesions of the adrenal glands are uncommon, the
prevalence of benign adrenal adenomas in the general
population is significant and might approach 7% by
age 70 [14]. Because of the high intracellular lipid
content in adenomas, thin-cut (3 mm), noncontrast
CT and MRI have been reported to possess specificity
rivaling that of FNA with cytologic examination for
distinguishing metastases from adenomas [15].
Positron emission tomography ([18F]2-flouro2-
deoxyglucose positron emission tomography [FDG]-
PET) is a new imaging modality that is gaining
popularity in staging patients who have many types
of malignant disease. Based on the finding that
malignant cells possess higher rates of glucose uptake
compared with normal cells, several small studies
have demonstrated that FDG-PET has been shown to
radiographically detect occult distant metastatic dis-
ease in approximately 20% of patients who have
esophageal cancer [16,17]. Given these encouraging
preliminary findings, this concept is presently being
evaluated in a large, multicenter, prospective study.
Drawbacks of FDG-PET are related to its lack of

sensitivity for detecting small (<1 cm) metastatic
lesions and its relative lack of anatomic detail. The
latter problem can be at least partially addressed by
the advent of newer PET/CT fusion scanners, in
which a composite image is generated incorporating
FDG-PET and CT images. It is important to note that
until larger, confirmatory studies are performed ex-
amining the utility of FDG-PET for detection of
metastatic disease, FDG-PET findings in patients
who have esophageal cancer should be confirmed
with a second imaging technique or a biopsy depend-
ing on the individual clinical scenario. This guideline
is especially true in the assessment of potentially
metastatic pulmonary lesions because although the
FDG-PET scan is frequently positive in pulmonary
metastases, a number of benign pulmonary lesions
(mainly inflammatory) can also be glucose avid [18].

Imaging of the primary tumor

Carcinoma of the esophagus originates in the
epithelial lining and spreads into and through the
wall of the esophagus and throughout the draining
lymphatics to lymph nodes. Esophageal carcinoma
readily disseminates hematogenously to distant sites.
Published data have confirmed that the presence of
lymph node metastases is a powerful predictor of
prognosis in these patients and is a marker for sys-
temic spread of the disease [19,20]. Similarly, the
depth of penetration of the primary tumor into the
esophageal wall predicts the presence or absence of
lymph node metastases, with approximately 85% of
T3 tumors being associated with lymphatic spread
[1]. Accurate imaging of the primary tumor in pa-
tients who have esophageal carcinoma is therefore
important, not only for determining resectability in
patients who have locally advanced disease but also
predicting prognosis in patients who have disease that
appears to be limited to the esophagus.

In past decades, primary tumors of the esophagus
were imaged using barium esophagography. Not only
could the location and longitudinal extent of the tumor
be determined, estimations of resectability could be
made based on the esophagram. In this regard, Aki-
yama and colleagues found that 74% of transmural
tumors caused distortion of the normal axis of the
esophagus [21]. This distortion is caused by tethering
of the esophagus in the region of the tumor.

The two most commonly used contemporary im-
aging procedures for assessing the primary tumor are
CT and endoscopic ultrasound (EUS). Given its lack
of anatomic detail, FDG-PET is unable to provide any
definition of the esophageal wall or periesophageal
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tissues, making it of limited utility in assessing the
primary tumor (Fig. 2B). Similarly, CT does not
provide adequate resolution in distinguishing the
layers of the esophageal wall; however, information
can be gained concerning neighboring organ involve-
ment, or, more specifically, the lack thereof (Fig. 2A).
Preservation of fat planes surrounding the tumor has
been proposed and is supported as radiographic ex-
clusion of a T4 tumor [22,23]. Conversely, loss of fat
planes might indicate neighboring organ involvement.
When the tumor compresses the membranous left
main bronchus or trachea, bronchoscopy should be
performed to definitively establish airway invasion.
As with the airway, invasion of the descending tho-
racic aorta is difficult to predict using CT. Some
published evidence suggests that the greater the cir-
cumference of the aorta abutted by the tumor, the
more likely the tumor will be unresectable [24]. In
summary, although T4 tumors can be excluded reli-
ably by the preservation of peritumoral fat planes, the
definitive establishment of neighboring organ inva-
sion is difficult to predict with CT and on most
occasions operative exploration is required.

EUS is an imaging modality that is gaining popu-
larity in the preoperative assessment of patients who
have esophageal tumors. The great strength of EUS
lies in its ability to visualize the esophageal wall in
greater detail than any other imaging modality. The
esophageal wall is seen as four distinct layers using
EUS: mucosa, muscularis mucosa, submucosa, and
muscularis propria. A fifth layer corresponding to
periesophageal fat is also readily discernable using
EUS. A standard EUS examination usually involves
evaluation of the tumor with 7.5 MHz and 12 MHz
probes and is considered to be the most accurate
means by which to estimate tumor invasion. In this
regard, large review series place the accuracy of EUS
in determining the depth of invasion of esophageal
carcinoma at approximately 85% [25,26], with the
identification of T2 tumors being the least accurate
(Figs. 3, 4) [25,26].

Drawbacks of EUS include the relatively steep
learning curve [27] and the inability to pass the trans-
ducer completely through the tumor in up to 50% of
cases [25]. Newer probes are being developed con-
tinuously to address this problem, some being thin
enough to pass through the instrument channel of the
endoscope [28]. Other recent developments in EUS
technology include probes that allow for helical
scanning with subsequent three-dimensional recon-
struction of EUS images [29] and the use of high-
frequency transducers. These latter probes tend to be
useful in imaging superficial tumors of the esophagus
by providing more detail, and they can differentiate

Fig. 2. CT/PET fusion study depicting esophageal carci-
noma in the distal third of the esophagus. The lesion is
encircled in each panel. (4) Noncontrast CT image. (B)
FDG-PET image. (C) CT/PET fusion image.
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Fig. 3. Elderly patient who had T1 adenocarcinoma of
the distal esophagus. (4) Endoscopic appearance. (B) EUS
image demonstrating lack of penetration into the muscularis
propria (MP).

Abbreviation: T, tumor.

between T1A and TIB successfully [30]. This dis-
tinction might be of importance in locations in which
esophageal cancer screening is performed and lesions
are detected at earlier stages more routinely.

Similar to EUS, preliminary data suggest that
investigational techniques such as endoluminal MRI
might be able to visualize the layers of the esophageal
wall accurately [31]. Whether or not this technique
will earn a role in the future of imaging for carcinoma
of the esophagus requires further investigation.

Imaging of lymphatic metastases

It is generally agreed that the presence of lymph
node metastases (N1 disease) associated with resect-

able carcinoma of the esophagus is the strongest
known predictor of recurrence and mortality follow-
ing definitive therapy for this disease [19,20]. As
with some other types of malignancies, the degree of
lymph node involvement might also be of prognostic
value, with published studies demonstrating that pa-
tients who have less than three to five metastatic
nodes survive appreciably longer than those who
have more than 10 involved nodes following a
potentially curative resection [19,32]. Given this
information, the determination of lymph node status
before definitive therapy might be of importance be-
cause patients who have more advanced locoregional
disease could be enrolled in trials of novel or multi-
modal therapies.

Historically, clinicians have attempted to image
lymph node metastases using multiple modalities
with limited success. The accuracy of the CT scan
for staging this aspect of the disease has been well
described in multiple literature reports. Because the
detection of metastatic nodes using CT depends pri-
marily on size criteria, its sensitivity and specificity in
detecting metastatic disease in the lymph nodes varies
with the definition of an abnormally enlarged node.
Sensitivity is enhanced if smaller size criteria are
used, but specificity is sacrificed. Conversely, large
lymph nodes on CT are more likely to be metastatic;
however, many metastatic nodes are only mini-
mally—if at all—enlarged, which hampers sensitivi-
ty. Using the common size criterion of 1 cm to define
an enlarged node, most studies report that the sensi-
tivity of CT is poor (30—60%) [17,33] and does not
appear to be enhanced with helical scanning [34]. In
contrast, specificity tends to be somewhat better, but
still suboptimal (60—80%). In summary, if CT sug-

Fig. 4. EUS image of T2 squamous cell carcinoma of the
esophagus. Note the tumor (T) is indistinguishable from the
muscularis propria (MP).



66 R.J. Korst, N.K. Altorki / Thorac Surg Clin 14 (2004) 61-69

gests the presence of metastatic lymph nodes, tissue
confirmation should be obtained if the treatment plan
will be affected.

In recent years the role of FDG-PET has been
evaluated for the detection of lymph node metastases
in patients who have esophageal cancer. FDG-PET is
a physiologic examination that has poor anatomic
definition, which severely affects its ability to predict
N1 disease accurately in the peritumoral location
[33,35]. In this regard, most esophageal tumors are
intensely FDG avid, further inhibiting the resolution
of the study and making it easy to miss metastatic
nodes that are adjacent to the primary tumor. In
contrast, when metastatic lymph nodes are located
more remotely, the accuracy of FDG-PET increases
[33,35]. The differentiation of FDG-avid peritumoral
nodes from the primary tumor might be aided by the
development of CT/PET fusion scanners (Fig. 5), in
which the anatomic detail of CT is combined with the
physiologic nature of FDG-PET, but this scenario
remains to be seen.

Given these spatial limitations of FDG-PET, it is
not surprising that the sensitivity of this modality in
detecting peritumoral metastatic lymph nodes is poor
(20—50%) in most contemporary series [17,33,35];
however, sensitivities as high as 90% have been
reported in the detection of metastatic nodes in distant
locations such as the abdomen and the neck [33,35].
In distinct contrast, the specificity of FDG-PET in
lymph node evaluation tends to be high, exceeding
90% in many series [17,33,35].

US, transcutaneous and endoscopic, is used fre-
quently to stage the N descriptor in patients who have
esophageal carcinoma. US relies not only on size
criteria to determine metastasis but also on the in-
ternal echo characteristics of individual nodes. Well-
demarcated, larger, hypoechoic nodes with scattered
large, internal echoes are more likely to represent
metastases (Fig. 6) [36,37]. The use of transcutaneous
US to image cervical and supraclavicular lymph
nodes has become routine in some regions, especially
in Asia, where reported accuracy is approximately
70% to 80% [36,38]; however, other reports have not
been able to confirm these results [35].

The accuracy of EUS in detecting metastatic
lymph nodes in patients who have esophageal carci-
noma has also been investigated and reported in
many series (Fig. 6). Wide variations of sensitivity
and specificity have been reported in these series,
ranging from 40% to 100% [39]. Similar to the ability
to detect T stage, the ability of EUS to stage the N
descriptor effectively is highly user-dependent. Cen-
ters that perform large numbers of procedures report
higher accuracy rates [37], which have not been

Fig. 5. CT/PET fusion study depicting malignant perieso-
phageal lymph node. The arrow indicates the malignant
node in each panel. (4) Noncontrast CT image. (B) FDG-
PET image. (C) CT/PET fusion image.

reproducible in other studies [35], which leads one
to question the accuracy of EUS in routine practice
settings. To address this issue, EUS has been com-
bined with FNA of suspicious lymph nodes. The
addition of FNA to EUS has been shown by some
investigators to markedly enhance the specificity of
EUS alone, especially in the region of the celiac axis
[40,41]. Whether or not these excellent results can be
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Fig. 6. EUS image of a typical metastatic lymph node in a
patient who had carcinoma of the esophagus. The metastatic
node is seen as a large, hypoechoic structure in the peri-
esophageal location (arrow).

Abbreviations: Ao, descending thoracic aorta; T, tumor.

achieved and reproduced routinely remains to be
determined and will influence the applicability of
this technique in routine practice situations.

Assessment of response to therapy

Given the relatively poor prognosis of patients
who have carcinoma of the esophagus who undergo
surgical resection alone for locally advanced disease,
preoperative (induction) chemotherapy or chemora-
diotherapy are being investigated as means to obtain
higher cure rates. Data from these clinical trials have
suggested that patients who are complete pathologic
responders to induction therapy seem to reap the most
benefit from multimodal treatment protocols [42,43],
so it might be advantageous to determine which
patients would benefit most from surgery before
resection. The accuracy of imaging modalities in this
capacity is now being investigated, with some pre-
liminary results published in recent literature.

Jones and colleagues compared the response to
preoperative chemoradiation as determined by repeat
CT scanning to pathological response rates pros-
pectively in 50 patients [44]. Using standard ra-
diographic response criteria, CT was found to be
ineffective for determining pathologic tumor response
or disease stage in this setting. Similarly, EUS was
unable to stage patients accurately after induction

therapy [45,46]; however, some evidence suggested
that measurements of tumor size using EUS might
correlate with response to chemoradiotherapy [47].
Some recent data suggest that a reduction in FDG
uptake by esophageal tumors after induction chemo-
radiotherapy might correlate with pathologic response
to therapy [48] and even improved survival in these
patients [49]. The use of imaging studies to assess the
response to therapy in patients who have esophageal
carcinoma is an emerging field, and it requires ex-
tensive investigation in future studies.

Summary

Carcinoma of the esophagus must be staged
accurately before a treatment plan is initiated, and
imaging studies play a major role in this process.
Imaging for esophageal carcinoma involves evalua-
tion of the locoregional extent of the tumor and
distant metastatic disease. A CT scan of the chest
and upper abdomen provides the most comprehensive
information about esophageal carcinoma; however,
accurate assessment of the depth of primary tumor
invasion and lymph node status remains limited, even
with newer generation scanners. Endoscopic US is a
user-dependent modality that has emerged as a highly
accurate technique in experienced hands to evaluate
the depth of penetration of esophageal tumors, but its
ability to detect metastatic lymph nodes is less im-
pressive, leading some investigators to perform con-
firmatory needle aspiration of suspicious nodes.
FDG-PET is a physiologic examination that is the
subject of intense investigation in patients who have
esophageal carcinoma. Preliminary studies have sug-
gested that FDG-PET can detect otherwise radio-
graphically occult distant metastatic disease in these
patients, and changes in FDG uptake might correlate
with the response to therapy. These findings need to
be confirmed in larger studies. More sophisticated
technology continues to be developed for imaging
carcinoma of the esophagus, which will more than
likely affect staging algorithms in the future.
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