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KEY POINTS

e The radiologic-pathologic correlation of esophageal neoplasms is an important skill for clinical im-
agers, informing both diagnosis and anticipated clinical management.

e The epidemiology and management of esophageal carcinomas are changing, and clinical imagers
will have increased specificity and clinical relevancy if they can put these tumors into an appropriate

clinical context.

e Rare malignancies and benign esophageal neoplasms have distinct imaging appearances because

of their underlying histology.

INTRODUCTION

Esophageal cancer is the seventh most common
cancer worldwide, with more than 572,000 cases,
resulting in more than 508,000 deaths in 2018." In
the United States in 2020, the American Cancer
Society estimates there will be more than 18,400
new cases of esophageal cancer diagnosed,
resulting in more than 16,000 deaths.? Although
esophageal squamous cell carcinoma (ESCC) ac-
counts for approximately 90% of cases world-
wide, largely attributable to cigarette smoking
and alcohol consumption, there has been a shift
toward esophageal adenocarcinomas (EACs),
especially in North America and Europe.® In the
United States, the prevalence of EAC has now sur-
passed that of ESCC, as the prevalence of gastro-
esophageal reflux disease (GERD) and prevalence
of obesity have increased.*®

At autopsy, benign tumors represent only 20%
of esophageal neoplasms.” Most are small lesions
that cause no symptoms; however, dysphagia,
bleeding, or other symptoms can occur, in which
case endoscopic or surgical removal may be
necessary. Of these, leiomyomas occur most
frequently, accounting for more than 50% of all
benign neoplasms, and occur nearly twice as often
in men.®® Tumor-like conditions, such as fibrovas-
cular polyps, also occur in the esophagus and
have a distinct clinical presentation and imaging
appearance.

This article examines the imaging appearances of
esophageal neoplasms, with an emphasis on the
pathologic basis of those manifestations. Although
accurate diagnosis of esophageal neoplasms
typically begins with imaging, the pathologic find-
ings play a key role in determining treatment and
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prognosis, and imagers should be equipped to
discuss this radiologic-pathologic relationship as
part of the care team.

ESOPHAGEAL SQUAMOUS CELL CARCINOMA
Clinical Features

ESCC is a malignant epithelial tumor of the esoph-
agus with squamous cell differentiation. The etiol-
ogy of ESCC is multifactorial and has been shown
to be strongly population-dependent.® In the
United States, the 2 most significant risk factors
are tobacco use and excessive alcohol consump-
tion, which together have a synergistic effect.
Certain medical conditions, including Fanconi
anemia, lye strictures, Plummer-Vinson syndrome,
Zenker diverticulum, tylosis, achalasia, and prior
therapeutic radiation to the chest, also place pa-
tients at higher risk for ESCC."°

ESCC has a male predominance and is 5 times
more common among African Americans than
whites.'® The median age of presentation is within
the seventh decade of life. Patients tend to be
asymptomatic early in the disease, but, by the time
of presentation, 80% to 90% of patients endorse
progressive dysphagia (Hofstetter, 2019).'° Weight
loss results from decreased oral intake and is asso-
ciated with worse clinical outcomes.'® Other symp-
toms include odynophagia, emesis, cough, chest
pain, and anemia.

Local tumor extension can manifest as hoarse-
ness secondary to recurrent laryngeal nerve injury
or, occasionally, as an esophagorespiratory fistula.
Rarely, ESCC patients may demonstrate hypercal-
cemia secondary to tumoral production of parathy-
roid hormone-related protein. Distant metastases
may be seen in up to 20% to 30% of patients at pre-
sentation.”” The most common locations of distant
metastases include the lungs, liver, bones, and
brain. Synchronous or metachronous head/neck
SCCs are present in 3% to 10% of patients, which
are thought to be related to smoking.'?

Pathologic Reatures

ESCC develops through a stepwise progression
from histologically normal squamous mucosa to
squamous cell dysplasia and finally to invasive
squamous cell carcinoma. Squamous cell
dysplasia (or intraepithelial neoplasia) is consid-
ered a histologic precursor and is characterized
by cellular atypia, abnormal differentiation, and
disorganized architecture.' '3 Not only is intraepi-
thelial neoplasia found adjacent to invasive ESCC
in a majority of cases, but also its presence at bi-
opsy places a patient at significantly increased
risk for the future development of ESCC.

With neoplastic cell invasion through the base-
ment membrane, a lesion is considered invasive
ESCC. Defining tumor depth of invasion on a micro-
scopic level is an important prognostic factor. As
tumor invasion becomes progressively deeper,
there is a concomitant increase in frequency of
lymph node metastases.'? The frequency of lymph
node metastases nearly doubles as a tumor in-
vades into each progressively deeper one-third of
the submucosal layer.'

Imaging Features

Multimodality imaging plays a crucial role in the
clinical staging of ESCC and treatment planning
(Figs. 1 and 2). Clinical staging is defined by the
American Joint Committee on Cancer staging sys-
tem using TNM subclassifications, which is
currently in its eighth edition, for esophageal and
esophagogastric carcinomas.’™ Tumor location
no longer is considered a factor in determining
clinical staging but should be noted, because it de-
termines the expected location of potential
regional lymph node metastases and can have
an impact on surgical approach. With imaging
and endoscopy, the tumor’s epicenter rather
than its upper edge is described. A majority of
ESCCs are located within the mid-esophagus fol-
lowed by the lower esophagus.

Traditionally, barium esophagography was
considered part of the work-up for esophageal
carcinomas. This examination no longer is
considered routine but occasionally may be per-
formed prior to endoscopies, acting as a road
map. On double-contrast esophagrams, superfi-
cial tumors appear as small protruded lesions,
manifesting as plaque-like lesions with or without
central ulcers, sessile polyps, and/or focal irregu-
larities of the esophageal wall.'® The more
commonly seen advanced tumors are infiltrating,
manifesting as irregular luminal narrowing with
nodularity and/or ulceration and abrupt shoul-
dering margins.'®'” Morphology on barium
studies typically matches those on endoscopy
and pathology,'* and, although not specific, oc-
casionally can suggest depth of invasion and
risk of lymph node metastases.’®

Computed tomography (CT) is an important mo-
dality in the work-up of esophageal cancers. Pri-
mary tumors are detected on CT through
evaluation of esophageal wall thickness, which is
considered abnormal if greater than 5 mm.'®
ESCC typically manifests as esophageal wall thick-
ening or a mass that causes luminal obstruction if
advanced. Earlier tumors may be difficult to detect
but occasionally can present as asymmetric thick-
ening of the esophageal wall. Beyond displaying
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Fig. 1. A 67-year-old man with ESCC. (A) Contrast-enhanced axial CT of the chest at initial staging shows a large
hypoattenuating mass in the right anterolateral esophageal wall in the mid-esophagus (straight arrow) and small
left paratracheal lymph node adjacent to the mass (curved arrow). (B) Coronal reformatted contrast-enhanced CT
of the chest shows subcarinal lymphadenopathy (curved arrow) compatible with locoregional spread. (C)
Maximum intensity projection (MIP) image from the initial FDG PET/CT shows a hypermetabolic mid-
esophageal mass with a SUVmax of 9.0 (straight arrow) and moderately hypermetabolic locoregional disease
(curved arrow). (D) EUS shows a large hypoechoic mass in the mid-esophagus that extends through the muscularis
propria without invasion into adjacent organs (asterisk), compatible with T3 staging. (E) EGD demonstrates a
near-circumferential mid-esophageal mass, which appears polypoid and contains ulcerated, friable surfaces. (F)
Photomicrograph (original magnification, x4; hematoxylin-eosin stain) of a section from the patient’s biopsy
shows an infiltrative tumor composed of cohesive nests of tumor cells consistent with invasive keratinizing squa-
mous cell carcinoma arising in a background of high-grade squamous dysplasia. (G) Contrast-enhanced axial CT of
the chest following neoadjuvant chemoradiation illustrates a good response to treatment with near resolution of
the mid-esophageal mass and interval decrease in lymphadenopathy.

the primary tumor, CT is unable to illuminate the
depth of tumor invasion, particularly in early can-

between the tumor and adjacent structures in the
mediastinum. For example, if the tumor and aorta

cers, significantly limiting its usefulness in T stag-
ing."" Despite this limitation, CT does have some
utility in the assessment of T4 lesions. In general,
local invasion is suggested with a loss of fat planes

have an interface greater than 90°, this can suggest
aortic invasion.'® CT has a moderate sensitivity for
detection of locoregional disease and even higher
for distant metastases.’®'" CT evaluation of nodal
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ophageal mass

Fig. 2. A 57-year-old man with a his-
tory of HIV (undetectable viral load)
and ESCC. (A) Right anterior oblique
image from an esophagram shows
an infiltrating mass (arrow) that has
acute, shouldering margins with ul-
ceration and moderate lumen
compression. (B) Fused axial FDG
PET/CT image shows hypermetabolic
(SUVmax of 24.9) circumferential
thickening of the mid-esophagus (ar-
row). (C) Esophagogastroduodeno-
scopy (EGD) shows a 2.5-cm friable,
oozing polypoid mass with ulceration
in the mid-esophagus. (D) Photomi-
crograph  (original magnification,
x10; hematoxylin-eosin stain) shows
markedly atypical cells with ampho-
philic cytoplasm and no apparent
keratin formation, high nuclear-to-
cytoplasmic ratio, prominent nucleoli,
and anisonucleosis. Inset image shows
a positive immunohistochemical stain
for p40 supporting squamous
differentiation.

disease is based primarily on size criteria, which
characterizes a lymph node as pathologic if it mea-
sures greater than 1 cm in short-axis in the pres-
ence of known esophageal malignancy.?° This is,
however, neither specific or sensitive and is less ac-
curate than endoscopic ultrasound (EUS).
Fluorodeoxyglucose (FDG) PET/CT can delin-
eate the location of the primary tumor, because
most ESCCs are FDG-avid. Similar to CT, howev-
er, this imaging modality has little role in T stag-
ing, because it is unable to differentiate among
the different layers of the esophageal wall. It can
less commonly delineate locoregional disease?’
but is inferior to EUS. FDG PET/CT’s true impor-
tance lies in its ability to detect distant metasta-
ses and recurrence. It has been shown to be far
superior in the detection of distant metastases
compared with CT and EUS.?? Additionally, FDG
PET/CT is critical in evaluating treatment
response following neoadjuvant chemoradiation,
which has been shown to provide prognostic in-
formation regarding survival.>>2* For example,
patients whose FDG PET/CT scans demon-
strated maximum standardized uptake values
that decreased by greater than 50% compared
with their pretreatment scans had a longer overall

survival and decreased risk of death following
surgery.?®

EUS currently is the most accurate tool available
in determining depth of tumor invasion (T stage)
because it can directly visualize all of the layers
of the esophageal wall. ESCC presents as a hypo-
echoic mass that, depending on its depth of inva-
sion, obscures 1 or more of the 5 alternating
echogenic and hypoechoic lines that represent
the normal layers of the esophageal wall. EUS
also is the most accurate means for determining
N staging, with a reported accuracy rate of 72%
to 80% (compared with the 46%-58% accuracy
of CT)."%™" In contrast, EUS has limited value in
the assessment of distant metastases and gener-
ally is not recommended for treatment response
assessment.?®

Management

Because a majority of patients present in
advanced stages of the disease, the prognosis
for ESCC is poor, with a 5-year survival rate of
less than 17%.%® A multidisciplinary approach is
considered the mainstay of treatment of ESCC.
Esophagectomy alone is recommended for T1-



T2 cancers or patients who cannot tolerate com-
bined modality therapy. Endoscopic techniques,
including endoscopic mucosal resection and abla-
tion therapy, can be considered as esophageal-
preserving alternatives to surgery in patients with
T1a lesions.?* Patients with T1b lesions generally
are not considered candidates for these ap-
proaches due to their increased risk of lymph
node involvement. That said, more recently, an
increasing number of select patients with superfi-
cial submucosal invasion T1b lesions with addi-
tional favorable features are being treated with
endoscopic mucosal resection with good
outcomes.?*

For locally advanced cancers, multimodality
therapy is the standard of care and consists of
neoadjuvant chemoradiation followed by restag-
ing and consideration for esophagectomy.2® Adju-
vant chemoradiation may benefit some patients
with ESCC, particularly if a patient has not previ-
ously received neoadjuvant chemoradiation.™®

Definitive chemoradiation or, less preferably,
radiation therapy without subsequent surgery is
a possibility for patients who either opt out of or
are not candidates for surgery; this approach
has been used increasingly to treat ESCC in the
cervical and proximal esophagus.'® Compared
with patients who subsequently underwent
esophagectomy, those who solely receive defini-
tive chemoradiation have worse locoregional
control, but overall survival does not appear to
be significantly different between these groups.?®
A palliative approach generally is pursued for pa-
tients with T4b tumors or distant metastases,
which can include palliative chemoradiation, sur-
gical debulking, and/or esophageal stenting for
better symptom control.?*

ESOPHAGEAL ADENOCARCINOMA
Clinical Features

EAC is a malignant epithelial tumor of the esoph-
agus with glandular or mucinous differentiation
that typically arises within Barrett esophagus in
the lower one-third of the esophagus. It is strongly
tied to chronic GERD and the development of Bar-
rett esophagus. The latter is diagnosed in 1% to
2% of the general population and its annual inci-
dence of malignant transformation to EAC is re-
ported to be 0.2% to 0.5% per year.'>?% Other
risk factors in the development of EAC include to-
bacco smoking and obesity.

Similar to ESCC, EAC demonstrates a slight
male predominance and a mean age at presenta-
tion within the seventh decade of life. Unlike
ESCC, EAC is more common among whites.®
The clinical presentation generally mirrors that for
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ESCC. It is, however, more common for patients
with EAC to endorse chronic reflux symptoms.®
Furthermore, patients with EAC are more likely to
demonstrate intra-abdominal metastases in
contrast to ESCC, which more commonly metas-
tasizes to intrathoracic or cervical sites.”® The
prognosis for EAC is variable but generally tends
to be poor, albeit slightly more favorable than
that for ESCC.?”

Pathologic Features

Grossly, EACs can be described using the same
classification system as ESCCs. EAC lesions
tend to be infiltrating, polypoid, or ulcerative. If
EAC has developed in a background of Barrett
esophagus, this can be visualized on endoscopy
as reddish mucosa in the distal esophagus
compared with the pale grayish color of the normal
esophageal squamous cell epithelium.?®2°

EAC develops through a multistep pathway
characterized by a Barrett metaplasia—dysplasia—
adenocarcinoma sequence.?® Less commonly, it
develops within heterotopic gastric mucosa or
from esophageal mucosal/submucosal glands.'?
Although other types of columnar metaplasia are
possible, it is the presence of intestinal metaplasia
with goblet cells that specifically defines Barrett
esophagus in the United States.?®

Similar to ESCC, invasive EAC is defined as the
invasion of neoplastic cells through the basement
membrane. Microscopically, invasive EAC is char-
acterized by mucinous or gland differentiation.?®
The percentage of glandular formation in the carci-
noma forms the basis for EAC grading.?®

Imaging Features

Similar to ESCC, multimodality imaging is central
to the work-up for EAC (Fig. 3). EACs appear
similar to ESCCs on each of the imaging modal-
ities. One feature that can suggest one lesion
over the other is its location. EAC tends to occur
mainly in the distal esophagus and, unlike ESCC,
it has a strong predilection for invading the gastric
cardia and/or fundus.” Another difference is that
EACs are more likely to have adjacent strictures
secondary to the presence of chronic GERD, a
finding that commonly is appreciated on barium
esophagrams.”” Patients with EACs also are
more likely to have intra-abdominal metastases,
as discussed previously, which tend to be well
visualized on FDG PET/CT and CT. Finally, EACs
generally are less FDG-avid than ESCCs and
tend to be more heterogeneous in their avidity.
As was reported for gastric adenocarcinomas,
EACs that are poorly differentiated or demonstrate
diffuse-type, signet cell, or mucinous patterns
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tend to be on average less FDG-avid (Stahl and
colleagues, 2008).%° In general, however, imaging
cannot reliably differentiate EAC from ESCC.

Management

EAC is managed similarly to ESCC with minor dif-
ferences. For example, because EAC tends to be
less radiosensitive compared with ESCC, there is
less of a benefit of combined neoadjuvant chemo-
radiation compared with neoadjuvant chemo-
therapy alone.?* Thus, the latter may be
considered in patients with EAC. Furthermore,
trastuzumab, a humanized monoclonal antibody
that targets the human epidermal growth factor re-
ceptor family member ERBB2 (HER2), is approved
for the treatment of patients with advanced or met-
astatic HER2-positive EAC. Trastuzumab plus
chemotherapy has been shown to improve overall
survival in these patients.®’

LEIOMYOMAS

Leiomyomas are the most common benign tumors
of the esophagus, although they occur approxi-
mately 50 times less frequently than esophageal

Fig. 3. A 78-year-old man with a his-
tory of GERD and EAC. (A) Oblique
image from an esophagram shows
an irregular infiltrating mass in the
distal esophagus with circumferential
stenosis of the lumen and shoul-
dering  margins  (arrows). (B)
Contrast-enhanced axial CT of the
chest at initial staging demonstrates
a hypoattenuating mass in the right
anterolateral wall of the distal esoph-
agus (arrow). (C) Photomicrograph
(original magnification, x10;
hematoxylin-eosin stain) shows atyp-
ical cells lining irregular and incom-
plete glandular structures, single
infiltrating cells, and desmoplastic
stromal reaction.

carcinoma.®? In contrast to carcinoma, most pa-
tients with leiomyomas are asymptomatic, espe-
cially patients with tumors less than 5 cm in
size.®? Tumors commonly are detected inciden-
tally on imaging or endoscopy performed for other
reasons.

Pathologic Features

Leiomyomas are neoplasms of mature smooth
muscle cells and appear grossly as firm white
smoothly marginated masses, with a whorled
appearance on cut surface. Tumors almost always
are intramural in location, arising from the muscula-
ris mucosae or muscularis propria layers.®? Micro-
scopically, tumors are composed of bundles of
well-differentiated spindled smooth muscle cells.®®
Cells contain abundant eosinophilic neoplasm and
are arranged in an interlacing or palisading
pattern.®? Cells have a bland appearance, without
mitotic activity or nuclear pleomorphism.2 On
immunohistochemical analysis, lesional cells typi-
cally are positive for SMA and desmin, but, unlike
gastrointestinal stromal tumors (GISTs), lack affinity
for KIT (CD117), CD34, and DOGH1.



Imaging Features

On imaging, esophageal leiomyomas most
commonly are an intramural, submucosal mass
in the mid to lower esophagus, the portions of
the esophagus lined by smooth muscle, and
which may distort the azygoesophageal edge
(Fig. 4). Barium swallow characteristically dem-
onstrates a smooth-surfaced, crescent-shaped
filling defect, which forms obtuse angles with
the esophageal wall.’® These masses may be iso-
attenuating or hypoattenuating to muscle on
unenhanced CT, and they commonly are slightly
hyperintense on T2-weighted MR imaging.® Ho-
mogeneous enhancement, without necrosis, is
seen most frequently.®** Leiomyomas may
demonstrate coarse calcification, a feature that
helps differentiate them from other benign and
malignant esophageal tumors, in which calcifica-
tion is uncommon.>2% FDG PET/CT usually is
negative in patients with leiomyomas, attributable
to the lack of mitotic activity.®

Management

No cases of sarcomatous degeneration of leio-
myoma to leiomyosarcoma have been reported
to date.” Therefore, surgical removal of small leio-
myomas in

asymptomatic patients is not
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performed commonly. Symptomatic lesions, how-
ever, may necessitate surgical resection. Although
complete resection of a small leiomyosarcoma
often can be accomplished through local excision,
larger tumors may require a total or partial
esophagectomy.®”

SARCOMAS

Although sarcomas are uncommon in the esoph-
agus, leiomyosarcoma is the most common
type.® These tumors are characterized by slow
growth and late metastases and are thought to
arise de novo rather than from preexisting leio-
myomas.®® Liposarcomas rarely are reported in
the esophagus.®®

Pathologic Features

On gross examination, leiomyosarcomas arise in
the wall of the esophagus and appear as polypoid
or lobulated intraluminal tumors, which may feature
ulceration.*® Microscopically, these are cellular tu-
mors, with long intersecting fascicles of spindle
cells. Tumor cells contain ample eosinophilic cyto-
plasm and pleomorphic enlarged nuclei. Increased
mitotic activity is common in gastrointestinal leio-
myosarcomas, and necrosis may be present.*

Fig. 4. A 42-year-old man with leio-
myoma of the esophagus. (A)
Coned-down image from an esopha-
gram shows the contour of a mass
(straight arrow) at the left aspect of
the esophagus with smooth mass ef-
fect on the left aspect of the esoph-
agus (curved arrow). (B) Coronal
reformatted contrast-enhanced CT of
the chest shows a homogeneous hy-
poattenuating mass (arrow) contig-
uous with the esophagus containing
internal focus of calcification (arrow-
head). (C) Sectioned gross specimen
shows a gelatinous tan-red cut sur-
face with partially calcified (arrow-
head) necrosis. (D) Photomicrograph
(original magnification, x40; desmin
immunohistochemical stain) shows
spindle cells (arrow) uniformly
positive.
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Adipose tissue and fibrous septa are characteristic
of liposarcoma of the esophagus, and some lipo-
sarcomas may be grossly pedunculated and mimic
a fibrovascular polyp histologically, differentiated
by irregular spindle cells and MDM2 amplification
in liposarcomas.>°

Imaging Features

On CT, these malignant tumors are heterogeneous
and feature central areas of necrosis. Large

exophytic components may cause mass effect
on the trachea or other nearby structures. Ulcera-
tion may allow extraluminal gas or contrast mate-
rial to track into the tumor.*’ On MR imaging,
these lesions typically are isointense with skeletal
muscle on T1-weighted images and hyperintense
on T2-weighted images. A central signal void
may be present, as the result of extraluminal gas
within the tumor.*' Fat attenuation on CT or chem-

ical fat signal on MR imaging may suggest liposar-
coma (Fig. 5).

Fig. 5. A 39-year-old man with liposarcoma of the esophagus. (A) Coned-down image from an esophagram shows a
mass (straight arrow) filling the esophagus with stalk-like attachment at the cervical esophagus (curved arrow). (B)
Contrast-enhanced axial CT of the chest shows the esophageal mass (arrow) with extensive fat attenuation compo-
nent (asterisk) and soft tissue nodularity. (C) Sagittal reformatted contrast-enhanced CT of the chest image shows a
polypoid esophageal mass (arrows) with stalk-like attachment at the upper esophagus (curved arrow). (D) Gross
specimen shows an elongated, encapsulated esophageal mass (curved arrow) with macroscopic fat most notably
at the superior aspect near its attachment to the cervical esophagus. (E) Photomicrograph (hematoxylin-eosin, orig-
inal magnification x40) shows mild atypia of adipocytes with enlarged, hyperchromic nuclei (arrows).



Management

Five-year survival rates of approximately 30% to
40% are reported in patients with surgically
resected leiomyosarcoma, and survival is influ-
enced strongly by tumor differentiation and
size.*? Tumors eventually may spread by direct
extension to the pleura, pericardium, diaphragms,
and stomach or metastasize hematogenously to
the liver, lungs, and bones.’

GASTROINTESTINAL STROMAL TUMORS

Until recently, almost all mesenchymal neoplasms
arising from the esophagus were thought to be
benign esophageal leiomyomas.” It is now known
that another stromal tumor, GISTs, also may occur
in the esophagus. Differentiation is important,
because of the known malignant potential of
GISTs, which warrants consideration for surgical
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resection or treatment with tyrosine kinase inhibi-
tors, such as imatinib.*® Although GISTs can occur
anywhere in the gastrointestinal tract, most
commonly in the stomach, approximately 1%
arise in the esophagus.** When occurring in the
esophagus, these tumors most commonly involve
the lower third.

Pathologic Features

Similar to GISTs elsewhere, small tumors often are
intramural and arise in the muscularis propria,
whereas larger tumors may exhibit exophytic
growth and areas of necrosis.>*® Immunohisto-
chemical analysis often is required to differentiate
esophageal leiomyomas from GISTs, because
both may demonstrate spindle cells and calcifica-
tion on histology. Positivity for KIT (CD117), DOG1,
and CD34 are more consistent with GIST.®

[3

Fig. 6. A 72-year-old man with GIST of the esophagus. (A) Coned-down image from an esophagram shows left-

ward deviation (arrows) of the esophagus without mucosal ulceration, characteristic of mesenchymal tumors of

the esophagus. (B) Coronal reformatted contrast-enhanced CT of the chest shows the mass (arrow) with periph-
eral enhancement and central hypoattenuation indicating necrosis. (C) Axial FDG PET shows the mass (arrow)
with peripheral uptake and no central uptake (asterisk), indicating central necrosis. (D) Coronal T2-weighted
MR image shows the mass (straight arrow) with central heterogeneous and hyperintense regions (curved arrow)
indicating necrosis or hemorrhage products. (E) Esophagogastrectomy specimen transected in the coronal plane
show the mass (arrow) arising from the esophagus and extending to the origin of the stomach (arrowhead). Note
the extensive intratumoral hemorrhage and necrosis (asterisk). (F) Photomicrograph (original magnification, x4;
hematoxylin-eosin stain) shows peripheral epithelioid and spindle cells (arrow) characteristic of GIST with exten-

sive necrosis and hemorrhage (asterisk) centrally.
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Imaging Features

Esophageal GISTs have a similar clinical, endo-
scopic, and imaging appearance to leiomyomas.
Features that favor GIST over leiomyoma include
more distal location, larger size, more heteroge-
neous appearance, greater enhancement on
contrast-enhanced CT, and marked avidity on FDG
PET/CT (Fig. 6).*® In some cases, EUS-guided
fine-needle aspiration for immunohistochemical

staining may be required for differentiation. Imaging
appearance also may be similar to sarcomas, with
areas of necrosis and calcification resulting in het-
erogeneous attenuation.®®

FIBROVASCULAR POLYPS

Fibrovascular polyps include a variety of lesions,
which are differentiated by the predominant

Fig. 7. A 59-year-old man with a fibrovascular polyp of the esophagus. (A) Frontal chest radiograph shows opac-
ity at the right paratracheal stripe (straight arrow), an abnormal air-soft tissue interface at the upper medias-
tinum (curved arrow), and an abnormal edge near the gastroesophageal junction (arrowhead), indicating
esophageal pathology. (B) Coned-down image from an esophagram shows a polypoid mass (arrow) filling the
esophagus and outlined in barium without mucosal abnormality. (C) Coronal reformatted contrast-enhanced
CT of the chest shows the polypoid mass (straight arrows) filling and distending the esophagus with a small focus
of fat attenuation (curved arrow). (D) Gross specimen shows the cut stalk (straight arrow), regions of ulceration
(curved arrow), and yellow tissue (arrowhead) consistent with fat. (E) Photomicrograph (original magnification,
x40; hematoxylin-eosin stain) shows loose fibromyxoid stroma (asterisk) with spindle cells, and small thin-walled
blood vessels. Focal mucosal ulceration (arrow) with granulation tissue also is present.



mesenchymal component histologically. These
include fibromas, lipomas, fibrolipomas, fibromyx-
omas, and fibroepithelial polyps. These tumors
contain a mixture of fibrous, vascular, and adipose
tissue, which are covered by squamous epithe-
lium. They are found most commonly as peduncu-
lated intraluminal masses in the cervical
esophagus, attached by a pedicle near the level
of the cricopharyngeus.? Most of these polyps
are 7 cm or longer at the time of presentation,
and they can extend as far as 20 cm into the distal
esophagus, occasionally traversing the gastro-
esophageal junction to enter the gastric fundus.*®
It has been theorized that these tumors gradually
elongate over a period of years as the result of
esophageal peristalsis pulling on them.*® Gross
pathology demonstrates a white myxoid appear-
ance mixed with yellow adipose tissue, with micro-
scopic examination revealing varying amounts of
adipose tissue and loose or dense fibrovascular
tissue, covered by normal squamous epithelium.
Their cross-sectional appearance largely depends
on the proportions of fat and fibrous tissue. A het-
erogeneous appearance from areas of fat attenua-
tion, hyperechogenicity, or high T1 signal from
adipose tissue, mixed with areas of soft tissue
attenuation, hypoechogenicity, or low T1 signal
from fibrovascular tissue, on CT, ultrasound, and
MR imaging, respectively, is most common
(Fig. 7).*” Although malignant degeneration is
thought to be extremely rare, removal is recom-
mended due to their progressive and eventually
debilitating nature.”

SUMMARY

The imaging appearance of esophageal neo-
plasms and tumor-like conditions, such as fibro-
vascular polyps, is driven by the pathology of
these tumors. The locations of tumors within
the esophageal wall, along the length of the
esophagus, and relative to the lumen of the
esophagus are key reporting elements at initial
imaging diagnosis. Although pathologic diag-
nosis is necessary in almost all cases, a modern
clinical imager must be aware of what pathologic
and imaging features drive clinical management
and prognosis.

DISCLOSURE

J.P. Lichtenberger—Author, Elsevier. A.R. Dul-
berger—The opinions and assertions contained
herein are the private views of the authors and
are not to be construed as official nor as repre-
senting the views of the Departments of the
Army, Navy, Air Force, or Defense.

Esophageal Neoplasms

REFERENCES

1.

Oesophageal cancer statistics. World Cancer
Research Fund. 2019. Available at: https://www.
wcrf.org/dietandcancer/cancer-trends/oesophageal-
cancer-statistics. Accessed May 21, 2020.

. Siegel RL, Miller KD, Jemal A. Cancer statistics,

2020. CA Cancer J Clin 2020;70(1):7-30.

. Rustgi AK, El-Serag HB. Esophageal carcinoma.

N Engl J Med 2014:371(26):2499-509.

. Jemal A, Bray F, Center MM, et al. Global cancer

statistics. CA Cancer J Clin 2011;61(2):69-90.

. Torre LA, Siegel RL, Ward EM, et al. Global cancer inci-

dence and mortality rates and trends—an update. Can-
cer Epidemiol Biomarkers Prev 2016;25(1):16-27.

. Abnet CC, Arnold M, Wei WQ. Epidemiology of

esophageal squamous cell carcinoma. Gastroenter-
ology 2018;154(2):360-73.

. Levine MS. In: Gore MR, Levine MS, editors. Text-

book of gastrointestinal radiology. 4th edition. Phila-
delphia: Saunders; 2015. p. 350-411.

. Lewis RB, Mehrotra AK, Rodriguez P, et al. From the

radiologic pathology archives: esophageal neo-
plasms: radiologic-pathologic correlation. Radio-
graphics 2013;33(4):1083-108.

. Mutrie CJ, Donahue DM, Wain JC, et al. Esophageal

leiomyoma: a 40-year experience. Ann Thorac Surg
2005;79(4):1122-5.

. Hofstetter WL. Esophageal carcinoma. In: Feig BW,

editor. MD Anderson surgical Oncological Handbook.
6th ediiton. Philadelphia: Elsevier; 2019. p. 220-34.

. Hong SJ, Kim TJ, Nam KB, et al. New TNM staging

system for esophageal cancer: what chest radiolo-
gists need to know. Radiographics 2014;34(6):
1722-40.

. Glickman JO RD. Epithelial neoplasms of the esoph-

agus. In: Odze RDG JR, editor. Surgical Pathology
of the Gl tract, liver, biliary tract and pancreas. 3rd
ediition. Philadelphia: Saunders/Elsevier; 2015. p.
674-706.

. Brown IF S, Kawachi H, Lam AK, et al. Oesophageal

squamous cell carcinoma NOS. In: Nagtegaal ID,
Odze RD, Klimstra D, et al, editors. WHO classifica-
tion of tumors. Digestive system tumors, vol. 76, 5th
edition. Switzerland: IARC; 2019. p. 48-53.

. Kato H, Momma K, Yoshida M. Early esophageal

cancer: radiologic estimation of invasion into the
muscularis mucosae. Abdom Imaging 2003;28(4):
464-9.

. Rice TW, Ishwaran H, Blackstone EH, et al. Recom-

mendations for clinical staging (cTNM) of cancer of
the esophagus and esophagogastric junction for the
8th edition AJCC/UICC staging manuals. Dis Esoph-
agus 2016;29(8):913-9.

. Levine MS. Benign tumors of the esophagus: radio-

logic evaluation. Semin Thorac Cardiovasc Surg
2003;15(1):9-19.

215


https://www.wcrf.org/dietandcancer/cancer-trends/oesophageal-cancer-statistics
https://www.wcrf.org/dietandcancer/cancer-trends/oesophageal-cancer-statistics
https://www.wcrf.org/dietandcancer/cancer-trends/oesophageal-cancer-statistics
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref2
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref2
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref3
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref3
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref4
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref4
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref5
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref5
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref5
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref6
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref6
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref6
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref7
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref7
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref7
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref8
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref8
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref8
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref8
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref9
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref9
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref9
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref10
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref10
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref10
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref11
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref11
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref11
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref11
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref12
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref12
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref12
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref12
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref12
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref13
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref13
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref13
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref13
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref13
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref14
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref14
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref14
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref14
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref15
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref15
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref15
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref15
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref15
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref16
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref16
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref16

216

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Lichtenberger lll et al

Boland GWL. Esophagus. In: Boland GWL,
Halpert RD, editors. Gastrointestinal imaging : the
requisites. 4th edition. Philadelphia: Saunders/
Elsevier; 2014. p. 1-38.

. Lee SS, Ha HK, Byun JH, et al. Superficial esopha-

geal cancer: esophagographic findings correlated
with histopathologic findings. Radiology 2005;
236(2):535-44.

Kim TJ, Kim HY, Lee KW, et al. Multimodality assess-
ment of esophageal cancer: preoperative staging
and monitoring of response to therapy. Radio-
graphics 2009;29(2):403-21.

Botet JF, Lightdale CJ, Zauber AG, et al. Preopera-
tive staging of esophageal cancer: comparison of
endoscopic US and dynamic CT. Radiology 1991;
181(2):419-25.

Jiang C, Chen Y, Zhu Y, et al. Systematic review and
meta-analysis of the accuracy of 18F-FDG PET/CT
for detection of regional lymph node metastasis in
esophageal squamous cell carcinoma. J Thorac
Dis 2018;10(11):6066-76.

Cerfolio RJ, Bryant AS, Ohja B, et al. The accuracy
of endoscopic ultrasonography with fine-needle
aspiration, integrated positron emission tomography
with computed tomography, and computed tomog-
raphy in restaging patients with esophageal cancer
after neoadjuvant chemoradiotherapy. J Thorac Car-
diovasc Surg 2005;129(6):1232-41.

van Heijl M, Omloo JM, van Berge Henegouwen M,
et al. Fluorodeoxyglucose positron emission tomogra-
phy for evaluating early response during neoadjuvant
chemoradiotherapy in patients with potentially curable
esophageal cancer. Ann Surg 2011;253(1):56-63.
Filicori F, Swanstrém LL. Management of esopha-
geal cancer. In: Cameron JL, Cameron AM, editors.
Current surgical therapy. 13th edition. Philadelphia:
Elsevier; 2020. p. 53-63.

Little AG, Lerut AE, Harpole DH, et al. The Society of
Thoracic Surgeons practice guidelines on the role of
multimodality treatment for cancer of the esophagus
and gastroesophageal junction. Ann Thorac Surg
2014;98(5):1880-5.

Fisher OL, RVN. Epidemiology of Barrett esophagus
and risk factors for progression. In: Yeo C, editor.
Shackelford’s surgery of the alimentary tract. 8th
edition. Philadelphia: Lippincott Williams & Wilkins;
2019. p. 323-38.

Siewert JR, Stein HJ, Feith M, et al. Histologic tumor
type is an independent prognostic parameter in
esophageal cancer: lessons from more than 1,000
consecutive resections at a single center in the
Western world. Ann Surg 2001;234(3):360-7 [dis-
cussion: 368-9].

Yin F, Gonzaolo DH, Lai J, et al. Histopathology of
Barrett's esophagus and early-stage esophageal
adenocarcinoma: an updated review. Gastroeintest
Disord 2019;1:147-63.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

Montgomery E. Tumors of the esophagus. In: laco-
buzio-Donahue CA, Montgomery E, editors. Gastro-
intestinal and liver pathology. 2nd edition.
Philadelphia: Saunders/Elsevier; 2012. p. 35-64.
Stahl A, Ott K, Weber WA, et al. FDG PET imaging of
locally advanced gastric carcinomas: correlation
with endoscopic and histopathological findings.
Eur J Nucl Med Mol Imaging 2003;30(2):288-95.
Bang YJ, Van Cutsem E, Feyereislova A, et al. Tras-
tuzumab in combination with chemotherapy versus
chemotherapy alone for treatment of HER2-positive
advanced gastric or gastro-oesophageal junction
cancer (ToGA): a phase 3, open-label, randomised
controlled trial. Lancet 2010;376(9742):687-97.
Seremetis MG, Lyons WS, deGuzman VC, et al.
Leiomyomata of the esophagus. An analysis of 838
cases. Cancer 1976;38(5):2166-77.

Dry SM, Kumarasinghe MP. Leiomyoma. In: Nagte-
gaal ID, Odze RD, Klimstra D, et al, editors. The
2019 WHO classification of tumours of the digestive
system. vol. 76. Lyon (France): International Agency
for Research on Cancer, World Health Organization;
2019. p. 182-8.

Yang PS, Lee KS, Lee SJ, et al. Esophageal leio-
myoma: radiologic findings in 12 patients. Korean
J Radiol 2001;2(3):132-7.

lannicelli E, Sapori A, Panzuto F, et al. Oesophageal
GIST: MDCT findings of two cases and review of the
literature. J Gastrointest Cancer 2012;43(3):481-5.
Miettinen M, Sarlomo-Rikala M, Sobin LH, et al.
Esophageal stromal tumors: a clinicopathologic,
immunohistochemical, and molecular genetic study
of 17 cases and comparison with esophageal leio-
myomas and leiomyosarcomas. Am J Surg Pathol
2000;24(2):211-22.

Rocco G, Trastek VF, Deschamps C, et al. Leiomyosar-
coma of the esophagus: results of surgical treatment.
Ann Thorac Surg 1998;66(3):894-6 [discussion: 897].
Wolfel DA. Leiomyosarcoma of the esophagus. Am J
Roentgenol Radium Ther Nucl Med 1963;89:127-31.
Graham RP, Yasir S, Fritchie KJ, et al. Polypoid fi-
broadipose tumors of the esophagus: 'giant fibro-
vascular polyp’ or liposarcoma? A
clinicopathological and molecular cytogenetic study
of 13 cases. Mod Pathol 2018;31(2):337-42.

Hilal L, Barada K, Mukherji D, et al. Gastrointestinal
(Gl) leiomyosarcoma (LMS) case series and review
on diagnosis, management, and prognosis. Med
Oncol 2016;33(2):20.

Levine MS, Buck JL, Pantongrag-Brown L, et al.
Leiomyosarcoma of the esophagus: radiographic
findings in 10 patients. AJR Am J Roentgenol
1996;167(1):27-32.

Pesarini AC, Ernst H, Ell C, et al. [Leiomyosarcoma
of the esophagus. Clinical aspects, diagnosis and
therapy based on an individual case]. Med Klin (Mu-
nich) 1997,;92(4):234-40.


http://refhub.elsevier.com/S0033-8389(20)30153-6/sref17
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref17
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref17
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref17
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref18
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref18
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref18
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref18
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref19
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref19
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref19
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref19
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref20
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref20
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref20
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref20
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref21
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref21
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref21
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref21
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref21
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref22
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref22
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref22
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref22
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref22
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref22
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref22
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref23
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref23
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref23
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref23
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref23
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref24
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref24
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref24
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref24
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref25
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref25
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref25
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref25
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref25
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref26
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref26
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref26
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref26
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref26
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref27
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref27
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref27
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref27
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref27
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref27
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref28
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref28
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref28
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref28
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref29
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref29
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref29
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref29
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref31
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref31
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref31
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref31
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref32
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref32
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref32
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref32
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref32
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref32
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref33
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref33
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref33
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref35
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref35
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref35
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref36
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref36
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref36
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref37
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref37
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref37
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref37
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref37
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref37
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref38
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref38
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref38
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref39
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref39
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref40
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref40
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref40
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref40
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref40
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref41
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref41
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref41
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref41
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref42
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref42
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref42
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref42
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref43
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref43
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref43
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref43

43.

44,

45.

Winant AJ, Gollub MJ, Shia J, et al. Imaging and clinico-
pathologic features of esophageal gastrointestinal stro-
maltumors. AJR AmJ Roentgenol 2014;203(2):306-14.
Miettinen M, Lasota J. Gastrointestinal stromal tu-
mors (GISTs): definition, occurrence, pathology, dif-
ferential diagnosis and molecular genetics. Pol J
Pathol 2003;54(1):3-24.

Choong CK, Meyers BF. Benign esophageal tumors:
introduction, incidence, classification, and clinical

46.

47.

Esophageal Neoplasms 217

features. Semin Thorac Cardiovasc Surg 20083;
15(1):3-8.

Tucker HJ, Snape WJ Jr, Cohen S. Achalasia sec-
ondary to carcinoma: manometric and clinical fea-
tures. Ann Intern Med 1978;89(3):315-8.

Levine MS, Buck JL, Pantongrag-Brown L, et al.
Fibrovascular polyps of the esophagus: clinical,
radiographic, and pathologic findings in 16 patients.
AJR Am J Roentgenol 1996;166(4):781-7.



http://refhub.elsevier.com/S0033-8389(20)30153-6/sref44
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref44
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref44
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref45
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref45
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref45
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref45
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref46
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref46
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref46
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref46
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref47
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref47
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref47
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref48
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref48
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref48
http://refhub.elsevier.com/S0033-8389(20)30153-6/sref48

	Esophageal Neoplasms
	Key points
	Introduction
	Esophageal squamous cell carcinoma
	Clinical Features
	Pathologic Reatures
	Imaging Features
	Management

	Esophageal adenocarcinoma
	Clinical Features
	Pathologic Features
	Imaging Features
	Management

	Leiomyomas
	Pathologic Features
	Imaging Features
	Management

	Sarcomas
	Pathologic Features
	Imaging Features
	Management

	Gastrointestinal stromal tumors
	Pathologic Features
	Imaging Features

	Fibrovascular polyps
	Summary
	References


