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Abstract

Esophageal cancer is the sixth leading cause of cancer death and remains one of the least surviva-
ble cancers. Esophageal cancers show wide variations in incidence in different population, sug-
gesting that environmental or lifestyle risk factors could be controlled to reduce risk of these dis-
eases. There are two major histopathologic types (squamous cell carcinoma and adenocarcinoma)
of esophageal epithelial malignancy. Recently, the rate of adenocarcinoma is increasing in devel-
oped countries: in the United States, 50% or more is adenocarcinoma and, in about 70%, the in-
crease especially in a white male serves as adenocarcinoma. Esophageal adenocarcinoma devel-
ops in the lower esophagus. In contrast, in Japan, the increase in adenocarcinoma is not clear and
most (90%) of esophageal cancers are squamous cell carcinoma. Such squamous cell carcinoma
occurs onto the middle part esophagus mostly, and 60% or more of the whole esophagus cancer
also develops in the middle and upper parts. These differences also influence the treatment re-
sults. The scope of this article is to discuss carcinogenesis in the esophagus by giving an overview
about its histopathological characteristics and molecular mechanisms.
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1. Introduction

Approximately 482,300 new cases of esophageal cancer and 406,800 mortalities from this malignancy are re-
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ported annually worldwide [1]. Worldwide, esophageal cancer is the sixth leading cause of cancer death [2] and
remains one of the least survivable cancers [3]. Esophageal cancer is the sixth and eighteenth leading cause of
death from cancer in Japanese men and women, respectively: numbers of patients with esophageal cancer were
17,004 men and 2990 women in 2007 [4]. Esophageal cancers show wide variations in incidence in different
population, suggesting that environmental or lifestyle risk factors could be controlled to reduce risk of these
diseases. The life time risk of this malignancy is 0.8% for men and 0.3% for women [5]. The risk increases with
age.

Two major types, squamous cell carcinoma and adenocarcinoma, of histopathology of esophageal epithelial
malignancy are known (Table 1), each having its own characteristic pattern of incidence and constellation of
risk factors (Table 2). Most esophageal cancer frequently occurring in the world is squamous cell carcinoma,
and the majority of this type of malignancy occurs in developing countries. Areas with extremely high mortality
have long been noted in areas of North Central China, Central Asia and Southern Africa [6]. In general, in
high-risk populations, the rates are similar in males and females, whereas in low-risk populations, the majority

Table 1. Classification of esophageal neoplasms.

Benign Malignant
Epithelial Squamous cell papilloma Squamous cell carcinoma
Adenoma Basaloid carcinoma

Spindle cell carcinoma
Adenocarcinoma
Adenosquamous carcinoma
Mucoepidermoid carcinoma

Adenoid cystic carcinoma

Endocrine tumors (carcinoid tumor, small cell carcinoma, and
endocrine cell carcinoma)

Undiffrentiated carcinoma
Non-epithelial Leiomyoma Leiomyosarcoma

Rhabdomyoma Rhabdomyosarcoma

Neurogenic tumor (Schwannoma, neurofibroma,

and granular cell tumor) Gastrointestinal stromal tumor (GIST)

Hemangioma Malignant lymphoma
Lymphangioma Malignant melanoma
Lipoma
Mixed Carcinosarcoma

Table 2. Factors and predisposing disorders associated with esophageal malignany.

Low level of soil molybdenum ;Soil salinity; Thermal;

Environmental (geographic aspects) Vulcanization-process in factory; Water pollution by petroleum products

Aflatoxins; Asbestos; Bush tea; Fungi (Fusarium, Altemaria spp.); Malze consumption;

Dietary Nutritional deficiencies of vitamin A, E, and C; Niacin; Zinc
Chronic irritation Achalasia; Scleotherapy by injection; Reflux esophagitis (Barrett’s esophagus); Lye ingestion
Habit Alcohol beverage; Smoking
Cultural Low socioeconomic status; Race

Hiatal herniation; lonizing radiation; Papillomavirus infection; Pharyngoesophageal
diverticulum; Plummer-Vinson syndrome; Sprue; Tylosis

(=)

Miscellaneous
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of cases occur in males. The risk is prominently related to use of alcoholic beverages and tobacco, and to both
risk-enhancing and protective aspects of diet [7] among the proposed risk factors listed in Table 2. Particular at-
tention has been given to nitrosamines [8] and to the putative interference with nitrosation by dietary antioxi-
dants [9]-[11]. Carcinogens may be synthesized by microorganisms inhabiting poorly-preserved foods, which
have been implicated in the etiology of esophageal cancer [12]. These include moldy grains and foodstuffs con-
taminated with the fungus Fusarium moniliforme, which produces fumonisin B a carcinogen, and is also capable
of synthesizing nitrosamines from precursors.

Early stage esophageal cancer may be totally asymptomatic or may present with mild nonspecific symptoms
such as heartburn, atypical chest pain, or dyspepsia. Patients may report mild or intermittent dysphagia, odyno-
phagia (pain on swallowing food and liquids), or a foreign body sensation. These symptoms generally warrant
diagnostic evaluation, including an esophagogastroduodenoscopy, including diagnostic mucosal biopsy. Some
early cancers are diagnosed during routine upper endoscopic surveillance for Barrett’s esophagus. The symp-
toms of esophageal cancer generally progress rapidly. Symptoms of advanced esophageal carcinoma become
apparent with tumor growth. An initial inability to swallow solids is followed by difficulty in swallowing ground
food and finally liquids. Progressive dysphagia is the most common complaint in most patients (about 90%)
with greater than 50% luminal occlusion or where luminal diameter is less than 13 mm. Weight loss and ano-
rexia are often present in patients with more advanced disease (due to inadequate intake of food secondary to
dysphagia, or to a nonspecific effect of the cancer), predisposing the patient to nutritional deficits. Odynophagia
occurs in about one half of the patients. Esophageal obstruction may cause aspiration of food and pneumonia.
Tumor extension to the pericardium or mediastinum may cause retrosternal or back pain, as well as abscess
formation. Hoarseness is usually associated with recurrent laryngeal nerve paralysis. Hiccups may occur due to
mediastinal and/or diaphragmatic involvement of the tumor. Anemia and/or gastrointestinal bleeding and weak-
ness may be present if the tumor is ulcerated and friable. Incessant cough and pneumonia should alert the clini-
cian to the possibility of a tracheo- or bronchio-esophageal fistula resulting from tumor invasion of the nearby
airways.

The incidence pattern of adenocarcinoma contrasts markedly with that for squamous cell carcinoma. The
cancer tends to be much more common in developed countries, where it has increased dramatically over the past
two decades and now accounts for the majority of new esophageal cases in many countries. In the United States,
an increase of over 35% was observed among white males between 1974 and 1994 [13]. Some of the highest in-
cidence rates in the world are observed in Scotland and other parts of United Kingdom, with increasing inci-
dence also reported in numerous other areas of western, but not Eastern Europe [14]. In the East, esophageal
cancers are predominantly squamous cell in type, and mostly located in the middle third of the esophagus, as
noted in Japan. There has not been a noticeable rise in the incidence of adenocarcinoma of the esophagus and
gastric cardia. The exact cause of esophageal adenocarcinoma is uncertain, but is widely believed to be related
to gastroesophageal reflux disease (GERD) and Barrett’s esophagus (BE) [15]. Smoking and drinking wine and
liquor are risk factors but less pronounced than for squamous cell carcinoma, and, in contrast to the latter, ade-
nocarcinoma risk does not decrease with time after cessation of smoking or drinking [16].

Cancer of the esophagus is a potential participant in the “field cancerization” hypothesis of aerodigestive tract
tumorigenesis [17]-[19]. In people with a long history of smoking, successfully removed cancers of the head and
neck have a high risk of its recurrence and the second primary cancer, which can occur in the esophagus. As a
primary tumor, cancer of the esophagus occurs relatively frequently throughout the world.

Understanding the pathogenesis and biologic nature of the specific precursor lesions that can be observed in
the esophageal epithelium during neoplastic progression towards invasive cancers of two major histologic types
of squamous cell origin and glandular origin is helpful to prevent and/or treat esophageal malignancies.

2. Anatomy of Esophagus

The esophagus is a hollow tube connecting the mouth and pharynx with the stomach. Its length varies with the
height of the individual, ranging from 25 to 30 cm. In the resting state, the esophagus is collapsed and measures
about 3 cm in lateral diameter and 2 cm in anterior-posterior diameter. The esophagus begins at the level of the
cricoid cartilage, at the apex of a funnel formed by the pharyngeal constrictors situated at the level of the 6th
cervical vertebra. The International Union against Cancer (UICC) has subdivided the esophagus into four re-
gions: a cervical region and three intrathoracic and abdominal regions: the incidence of esophageal cancer de-
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pends on the regions (Figure 1). The esophagus possesses no significant secretory or absorptive functions. Its
only purpose is the transport of materials from the mouth to the stomach.

3. Histology of Esophagus

The esophageal wall consists of a mucosa, submucosa, tunica muscularis, and adventitia. The mucosa has three
components: an outer stratified squamous epithelium; a thin muscle coat (the muscularis mucosa); and the lami-
na propria which is sandwiched in between the tow. In addition, esophageal cardiac glands similar to glands of
the gastric cardia, consisting of mucous cells that secrete neutral mucin are commonly found in the lamina pro-
pria of the distal esophagus. The squamous epithelium is non-keratinized, although occasionally rare keratohya-
line granules are present. It is composed three zones: the basal, prikle, and functional layers. The basal layer is
thin, the prickle cell zone is composed of glycogen-rich flattened cells that occupy most of the epithelium, and
the functional layer has a few flattened cells on the surface that are devoid of nuclei. T cell lymphocytes are
frequently scattered throughout the squamous epithelium and Langerhans’ cells are occasionally present. The
lamina propria consists of loose connective tissue containing mononulcear cells, lymphocytes, occasional plas-
ma cells, and rare lymphoid follciles. In the distal esophagus, sparsely distributed mucous glands are present in
the lamina propria between the musciaris mucosa and the overlying squamous epithelium. Mucosal or submu-
cosal glands are not present in the rat esophagus. As in the rest of the gastrointestinal tract, the esophagus has an
inner circular and an outer longitudinal muscle coat. The upper fourth of the esophagus contains entirely of
striated muscle, the next quater contains a mixture of atriated and smooth muscle, and the lower half consists en-
tirely of non-striated muscle. Unlike other gatsrointestinal tract, it is not surrounded by a serosa. This is impor-
tant clinically since once a malignant neoplasm extends beyond the muscularis propria, it easily invades to the
mediastinum.

4. Esophageal Preneoplasia

Dysplasia is an esophageal epithelial precancerous lesion. Histologically, it is characterized by nuclear enlarge-
ment and hyperchromaticity with increased mitotic activity. Dysplasia in the esophagus can either be squamous
or glandular. Squamous cell dysplasia is found preceding or coexistent with squamous cell carcinoma. Glandular
dysplasia is associated with adenocarcinoma complicating BE. Glandular dysplasia develops more frequently in
the intestinal than in the gastric type of mucosa. Increasing grade of dysplasia, from mild to severe, is associated
with an increasing risk of cancer. From a 3.5 year observation period, the cumulative incidence of squamous cell
carcinoma was reported to be 30% for moderate dysplasia, and 65% for severe dysplasia or carcinoma in situ
(CIS) [20]. High-grade dysplasia in BE may be associated with invasive cancer in one-third of patients. Progres-
sion from CIS to invasive carcinoma was estimated to take from 4 to 5 years in China, but studies from Japan
suggested are within less than two years.
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Figure 1. Incidence and location of the two types of esophageal malignancies.
SCC, squamous cell carcinoma; and ADC, adenocarcinoma.
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4.1. Squamous Cell Dysplasia

Squamous cell dysplasia (Figure 2) is commonly found adjacent to invasive cancers, and follow-up studies of
dysplasia have shown progression to cancer in many instances [21].

Dysplasia is defined morphologically by the presence of dysplastic cells which always include the basal layer
and as in the cervix, extend throughout varying portions of thickness of the mucosa. When dysplastic cells affect
only the basal layer up to about 1/3 of the mucosa, it is designated mild; when it extends up to 2/3 it is moderate,
and the upper third severe. When cancer cells but not dysplastic cells involve the full thickness of the mucosa, it
is called CIS. However, many pathologists prefer not to use the term CIS and lump it with severe dysplasia.
Esophagitis and mucosal atrophy have also been reported to be associated with esophageal cancer.

4.2. Glandular Dysplasia in BE

Searching of BE (Figure 3) aims to detect precursor lesions, namely glandular dysplasia for esophageal adeno-

(@

(b-1) (b-2)

Figure 2. Macroscopic view (a) and histology (b) of human esophageal dysplasia. (b-1) Normal
esophageal squamous epithelium; (b-2) Squamous cell hyperplasia with leukoplakia (glycogen
acanthosis); (b-3) Mild dysplasia; (b-4) Moderate dysplasia; (b-5) Severe dysplasia.
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Figure 3. Macroscopic view (a) and histology of BE (b). Arrow in (b) shows mild dysplastic

change.
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carcinoma, because of the recognized sequence of intestinal metaplasia to glandular dysplasia to invasive ade-
nocarcinoma [22] [23]. The most recent WHO classification uses the terminology “intraepithelial neoplasia” in-
stead of dysplasia. It is defined as unequivocal neoplastic change in the epithelium that is confined within the
basement membrane [24]. In BE the dysplastic mucosa (Figure 4) develops both architectural and cytological
changes. Dysplastic glands are commonly crowded with some variation in gland size. The epithelium lining the
glands shows typical hyperchromatism, nuclear enlargement, nuclear crowding and loss of basal polarity similar
to dysplasia at other sites. As in the colon and other sites, dysplasia is classified as indefinite for dysplasia,
low-grade dysplasia and high-grade dysplasia. In low-grade dysplasia, the nuclei are cylindrical and located in
the basal half of the cells. High-grade dysplasia generally shows more architectural atypia, including marked
crowding with back-to-back and cribriform patterns and in some cases, dilated glands with irregular contours.
The nuclei may be cylindrical with stratification that reaches the luminal surface of the epithelial cells, or they
can be vesicular and more widely spaced. This latter form commonly has prominent nucleoli and shows loss of
nuclear polarity, that is, the axis of the nucleus is not perpendicular to the basement membrane.

In most cases of glandular dysplasia, the cytological abnormalities extend onto the mucosal surface [24], a
useful feature in the distinction from reactive atypia. However, in some cases, it remains uncertain whether epi-
thelium exhibits reactive atypia or low-grade dysplasia ant, in this circumstance, a diagnosis of indefinite for
dysplasia can be made. Significant inter- and intra-observer variation exists for the diagnosis of indefinite versus
low-grade dysplasia; however, the diagnosis of high-grade dysplasia is generally more reliable, with good re-
producibility of around 80%. High-grade dysplasia can be difficult to distinguish from adenocarcinoma, even in
esophagectomy specimens. Currently, the diagnosis of invasion can be made if there is: 1) Single cell invasion
of lamina propria; 2) Stromal reaction to glands; and 3) Solid masses of neoplastic cells.

5. Esophageal Neoplasms

The WHO discriminates more than 20 histological subtypes of esophageal neoplasm (Table 1). However, ade-
nocarcinoma and squamous cell carcinoma represent more than 90% of the malignant lesions detected.

5.1. Squamous Cell Papilloma

Benign tumors of the esophagus, including squamous cell papilloma with an estimated prevalence of 14/100,000
autopsies [25], are rare. As is the case of esophageal malignancies, there is a great difference in the geographical
distribution of the esophageal squamous cell papilloma, with a high prevalence observed in the north-eastern
part of Italy; approximately 75% of all published cases are reported from Europe. The etiology and pathogenesis
of squamous cell papilloma are controversial. It has been suggested that chemical, viral (HPV) or mechanical
factors may contribute to the pathogenesis. For some authors, the most appealing etiology in humans is chronic
irritation from reflux esophagitis.

Squamous cell papilloma of the esophagus generally appears as single round and elevated sessile formation,
well delineated from surrounding tissue. Some of the reported cases have demonstrated multiple lesions. Men
with esophageal papilloma outnumber women almost two to one; the reason for this is unclear. Papilloma is
usually small in size (on average 0.6 cm) and whitish or pinkish in color, with a soft consistency and a smooth or

Figure 4. Histology of BE with dysplastic change (arrow).
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slightly rough surface. Morphologically, neoplastic squamous epithelium with slight nuclear atypia covers fi-
brovascular cores derived from the lamina propria. Squamous esophageal papilloma is a benign lesion, but there
is much debate as to whether it is a premalignant lesion. At present, there is no evidence for this, and malignant
changes have not been reported in humans.

5.2. Squamous Cell Carcinoma

Squamous cell carcinomas (Figure 5) originate from the stratified flat epithelium between the pharyngoesopha-
geal junction and the GEJ, and represent the most common histological type (80% - 90%) among esophageal
malignancies. Grossly, they can be classified into fungating (60%), ulcerating (25%), and infiltrating (15%) tu-
mors [26]. Fungating tumors project into the lumen from either a broad or narrow base and usually cause ob-
struction. Ulcerating tumors typically have a large ulcer, are less bulky, and may undermine the adjacent intact
mucosa imparting a multi-nodular appearance. The tumor ulcer may penetrate into the mediastinum. These tu-
mors often cause hemorrhage rather than obstruction. Circumferential involvement is common, causing thick-
ening and rigidity of the esophageal wall and luminal stenosis [26]. Multiple esophageal squamous cell carci-
nomas are encountered in about 15% of patients [27]. Histologically, most of these tumors appear as well diffe-
rentiated carcinomas with squamous pearl formation and individual cell keratinization (Figure 5). Poorly diffe-
rentiated cancers may be composed of polyhedral cells often in a desmoplastic stroma, sometimes simulating a
glandular-like epithelium. Glandular and adenoid cystic differentiation and sarcomatous features are sometimes
encountered in esophageal cancer, and such histological variants often coexist with ordinary squamous cell car-
cinoma.

There are also a number of variants of squamous cell carcinoma such as verrucous carcinoma, spindle cell
carcinoma, adenoid cystic carcinoma, mucoepidermoid carcinoma and small cell carcinoma (Table 1). Basaloid
squamous cell carcinoma is a recently recognized, poorly differentiated variant of squamous cell carcinoma.
Most tumors infiltrate through the muscularis propria into adjacent organs. The detection of neoplastic lesions as
well as severe dysplasia is enhanced by the use of Lugol’s iodine at endoscopy, both fail to stain, in contrast to
normal mucosa, which stains strongly because of its high glycogen content. Submucosal extension of tumor may
be marked and occurs primarily proximal to the tumor, particularly in the submucosal esophageal lymphatics.

Superficial esophageal cancer is an early form of invasive squamous cancer with involvement limited to the
mucosa and submucosa and is the esophageal counterpart of early gastric cancer [28]. These tumors are rare in
the US and have a much better prognosis than the usual squamous cancers, with 60% to 80% of patients surviv-
ing 5 years.

’(b) : = : ety ¥ B B (C)

Figure 5. Human esophageal squamous cell carcinoma. (a) Macroscopic view; (b) Histol-
ogy of carcinoma in situ; and (c) invasive squamous cell carcinoma.
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5.3. Adenoma

Adenomas of the esophagus are rare. In many of these reported, the term adenoma has referred simply to a be-
nign glandular mass without implying the presence of dysplastic epithelium. The few esophageal adenomas (in
the more restrictive, dysplastic sense) that have been identified have all occurred within metaplastic esophageal
columnar epithelium, a condition known as BE [29]. Adenomas arising in BE are pedunculated polyp or nodular
mass. Microscopically they consist of villo-tubular adenoma, tubular adenoma or villous adenoma. Dysplatic
epithelium is present in adjacent non-polypoid or non-nodular Barrett’s mucosa. Some are associated with ade-
nocarcinoma. Occurrence of dysplasia and adenocarcinoma within esophageal adenomas, presence of adeno-
maous residues in cases of Barrett’s adenocarcinoma, and possible association between malignant changes and
increasing size of adenomas suggest that development of adenocarcinoma in BE may occasionally result from an
adenoma-adenocarcinoma sequence like in the colon [30].

5.4. Adenocarcinoma

Primary adenocarcinoma (Figure 6) is the second most common histological type of esophageal cancers, ac-
counting between 1% to 15% of all malignant esophageal tumors. Grossly, adenocarcinomas of the esophagus
range from flat, infiltrative, and ulcerated lesions, to fungating polypoid masses. When the tumor has progressed
beyond the early stages, the gross appearances vary from slight mucosal irregularities or plaques to obvious ex-
ophytic, fungating, or deeply ulcerated masses which may occlude varying proportions of the lumen. The red
mucosa of BE may be present in the adjacent mucosa. Histologically, it is formed by glandular epithelium, with
a papillary and/or tubular structure. Thus, adenocarcinomas arising in BE are usually well or moderately diffe-
rentiate (Figure 6), but poorly differentiated and signet-ring cell carcinomas occur in about 20% of cases [31].
Rare cases may show adeno-squamous differentiation. Most esophageal adenocarcinomas originate from areas
of Barrett’s epithelium or glandular metaplasia of the esophageal mucosa. Nearly 90% of adenocarcinomas have
a site of predilection for the distal third of the esophagus. Other sites of origin of adenocarcinomas are islands of
heterotopic gastric mucosa (the inlet patch) or cardiac glands and esophageal glands in the submucosa.

Figure 6. Human esophageal adenocarcinoma. (a) Macro-
scopic view and (b) Histology (Insert is part of well-
differentiated adenocarcinoma).
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6. Risk Factors

Smoking is associated with an increased risk of both squamous-cell carcinoma and adenocarcinoma of the eso-
phagus (Table 2) [32] [33]. The ingestion of tobacco condensates is thought to bring tobacco carcinogens, par-
ticularly nitrosamines, in contact with the esophageal mucosa [34] [35]. The risk of esophageal cancer correlates
directly with the quantity of cigarettes smoked per day and the duration of smoking [36]. Inflammation also
contributes to the development of esophageal cancer [37] [38].

6.1. Risk Factors for Esophageal Squamous Cell Carcinoma

Any factor that causes chronic irritation and inflammation of the esophageal mucosa appears to increase the in-
cidence of squamous-cell carcinoma of the esophagus. Substantial alcohol intake, especially in combination with
smoking, greatly increases the risk of squamous-cell carcinoma, but not adenocarcinoma [39]. The combination
of smoking and alcohol abuse is associated with a similarly increased risk of head and neck cancer; indeed,
clinically unsuspected squamous cell carcinoma of the esophagus is discovered incidentally in approximately
1% to 2% of patients with head and neck cancers [40]-[42]. Other causes of chronic esophageal irritation include
achalasia [43] and esophageal diverticulum [44], in which food is retained and decomposed by bacteria, releas-
ing various chemical irritants. In several countries, frequent consumption of extremely hot beverages appears to
increase the incidence of squamous-cell carcinoma [45].

6.2. Risk Factors for Esophageal Adenocarcinoma

Persons with recurring symptoms of reflux have an eightfold increase in the risk of esophageal adenocarcinoma
[46]. Other markers of gastroesophageal reflux disease, such as hiatal hernia, esophageal ulcer, and frequent use
of antacids or histamine-H2 blockers, are also associated with an increased risk but do not appear to be inde-
pendent risk factors [47] [48]. Drugs that relax the gastroesophageal sphincter and increase reflux, such as anti-
cholinergic agents, aminophyllines, and beta-blockers, may contribute to the development of up to 10% of these
cancers [49]. It has been postulated that Helicobacter pylori infection (particularly strains positive for the CagA
protein) may reduce the risk of severe gastroesophageal reflux disease [50] [51], thereby providing protection
against the development of esophageal adenocarcinoma; this hypothesis remains unproven.

The increasing prevalence of obesity in the Western world is thought to add to the rising incidence of eso-
phageal adenocarcinoma [52] [53]. It has been postulated that obesity increases intraabdominal pressure and ga-
stroesophageal reflux, although one recent study provided contradictory results, and another found this hypothe-
sis to be true only in women [54].

Barrett’s esophagus develops in approximately 5% to 8% of patients with gastroesophageal reflux disease
[55]. Barrett’s esophagus may also occasionally occur in patients without symptoms of chronic reflux [56]. Mu-
tations may develop within this metaplastic columnar epithelium, eventually transforming the columnar epithe-
lium into areas of dysplasia. The dysplasia is characterized by a distortion of the glandular architecture, crowd-
ing of cell nuclei, and hyperchromatism. Patients with Barrett’s esophagus are at high risk for esophageal ade-
nocarcinoma, with an annual rate of neoplastic transformation of approximately 0.5% [48].

7. Genetic Factors

7.1. Genetic Factors for Esophageal Squamous Cell Carcinoma

Although familial clusters of esophageal cancer have been reported in several countries, nonepidermolytic pal-
moplantar keratoderma, a rare autosomal dominant disorder defined by a genetic abnormality at chromosome
17925, is the only recognized familial syndrome that predisposes patients to squamous-cell carcinoma of the
esophagus [57].

7.2. Genetic Factors for Esophageal Adenocarcinoma

Familial Barrett’s esophagus can be confirmed in 7.3% of persons presenting with Barrett’s esophagus, adeno-
carcinoma of the esophagus, or adenocarcinoma of the gastroesophageal junction [58]. The genetic and molecu-
lar changes underlying the development of Barrett’s esophageal adenocarcinoma remain poorly understood.
Genetic analysis of these cancers reveals frequent chromosomal losses (49, 5q, 9p, and 18q), chromosomal gains
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(8q, 179, and 20q), and occasional gene amplifications (7q, 8¢, and 17q) [59]-[61]. Efforts to match specific
chromosomal aberrations with particular genes have met with varying degrees of success. Genes (and their protein
products) that may have a central role in the development of this cancer include cyclooxygenase 2, Bcl-2, p53,
p16, p27, cyclin D1, retinoblastoma protein, epidermal growth factor (and its receptor), erb-b2, E-cadherin-catenin,
and -catenin [61]-[63].

8. Diagnosis of Esophageal Cancer

Diagnostic evaluation of the patient with esophageal carcinoma has two purposes: 1) to confirm the diagnosis
through the use of radiography and/or endoscopy with biopsy and cytology; and 2) to determine the disease
stage for initiation of appropriate therapeutic measures. Diagnostic methods for esophageal cancer included
non-invasive diagnosis and endoscopic diagnosis. Staging is critical for the management of esophageal cancer. It
stratifies treatment strategy into curative or palliative. It is also important for the evaluation of resectability in
patients who are considered surgical candidates. Staging provides prognostic information, useful to physicians,
patients, and families, to aid in management-related decisions in cases of advanced disease. Finally, staging can
improve patient selection for neoadjuvant chemoradiation therapy.

8.1. Non-Invasive Diagnosis

Barium contrast radiography is one of the diagnostic tests for the evaluation of dysphagia and the associated
symptoms of esophageal cancer. Though endoscopy is considerably more sensitive for detection of esophageal
cancer, double-contrast barium esophagrams can detect early esophageal carcinomas. The diagnostic accuracy
of the double-contrast barium esophagram is 70%.

8.2. Endoscopic Diagnosis

Upper endoscopy involves the examination of the lining of the esophagus, stomach, and first part of the small
intestine with a flexible endoscope. Gastrointestinal endoscopy allows the physician to visualize and biopsy the
mucosa of the upper gastrointestinal tract. Endoscopy with biopsy is the primary method for diagnosing eso-
phageal cancer. With this technique, biopsies may be directed, under endoscopic guidance, to abnormal areas for
sampling and tissue diagnosis. Endoscopic brush cytology can also be helpful in obtaining a histological diagno-
sis, particularly in squamous cell carcinomas, which may yield indeterminate or non-diagnostic mucosal biop-
sies. Brush cytology is very useful in evaluating malignant-appearing strictures, particularly those that are
non-traversable by the standard endoscope. The combination of endoscopic biopsy and brush cytology has the
highest accuracy rate, close to 100%, in obtaining a histological diagnosis of esophageal cancer.

Endoscopic ultrasonography (EUS) is a useful tool for the diagnosis of esophageal cancer. It is a highly tech-
nical, low-risk, diagnostic procedure that utilizes ultrasound to evaluate and diagnose digestive tract disorders.
Endoscopic ultrasound allows imaging at close proximity and may detect subtle mucosal changes in the patient
in whom other tests are nondiagnostic. High-frequency endoscopic ultrasonography may be helpful in directing
endoscopic biopsy toward areas of endosonographic abnormalities in patients with Barrett’s esophagus and
high-grade dysplasia.

9. Treatment of Esophageal Cancer

Tumor stage generally determines the goal of treatment-to cure, prolong survival, or palliate cancer-related
symptoms. Selection of therapy is contingent upon the medical condition of the patient, patient preferences, and
available professional expertise. Unfortunately, because most esophageal cancers present in a late stage (tumors
involving the submucosa tend to disseminate), the overall cure rate is low. Curative intent is usually reserved for
localized tumors, Stage 0, I, or 1A (Tis, T1, T2, T3 with no regional lymph node metastasis).

9.1. Therapy for Localized Cancer

Several treatment options exist for localized esophageal cancer (any T stage, without regional lymphadenecto-
my). Traditionally, surgery is the treatment of choice in patients with early disease. However, endoscopic thera-
py has been shown to be a safe and effective alternative in patients with T1 cancer and multiple medical comor-
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bidities [64]-[67]. Chemoradiation therapy is also a suitable alternative in this high-risk group for whom surgery
is not the best option. Radiation is another approach to a curative treatment for localized disease. Other treat-
ment for localized esophageal cancer include radiation plus chemotherapy, chemotherapy plus surgery, chemo-
radiation plus surgery, endoscopic therapy for localized disease, endoscopic mucosal resection, and photody-
namic therapy.

9.2. Therapy for Advanced Esophageal Cancer

Multimodality therapy offers the best chance for prolonged disease-free survival in advanced esophageal cancer
(Stage 11B and I11). However, the morbidity is significant and the cure rate is low. Multimodal therapy followed
by surgery offers the chance of complete response and improved survival in about 30% - 40% of patients. In
nonsurgical candidates, radiation and chemotherapy alone may be an option. Palliative therapy can be offered to
those patients in whom these therapeutic approaches are not an option or those patients with Stage IV or distant
metastatic disease. Palliative esophagogastrectomy has been performed for severe obstruction but is associated
with high morbidity and mortality. The goal of palliation is the relief of symptoms and improvement of quality
of life. The aim of palliative therapy is to maintain comfort, avoid inpatient hospital care, and minimize treat-
ment-related side effects. Other therapy methods for advanced esophageal cancer include chemoradiation thera-
py for palliation, and endoscopic therapy for palliation.

10. Animal Models of Esophageal Carcinoma
10.1. Animal Models of Esophageal Squamous Cell Carcinoma

Early efforts were made to induce the esophageal tumors of squamous cell origin in the rat, since it was known
as early as the 1930s that epidermal tumors were readily induced by chemically carcinogens [68]. In the last two
decades, however, the chemical synthesis of several alkylnitrosamines led to the discovery of organotropism for
the esophagus when tested in rodents [69]-[71]. Among the most potent of the substituted nitrosamines is the
compound N-nitrosomethylbenzylamine (NMBA). Many nitroso compounds are esophageal carcinogens in an-
imal models and induce a high incidence of squamous cell tumors and preneoplasia (Figure 7), independent of

(b-1) (b-2)

Figure 7. Various pathological lesions induced by NMBA in a rat esophagus: (a) Ma-
croscopic view (arrows are tumors) and (b) Histology. (b-1) Normal esophageal
squamous epithelium; (b-2) Squamous cell hyperplasia; (b-3) Mild dysplasia; (b-4)
moderate dysplasia; (b-5) Severe dysplasia; (b-6) Squamous cell papilloma; (b-7)
Squamous cell carcinoma in situ; and (b-8) invasive squamous cell carcinoma.
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the route of administration [69]. This observation confirms their potential role in etiology of human esophageal
cancer. NMBA is the most potent esophageal carcinogen in the rat [69]. This carcinogen is notable amongst the
nitrosamines, a chemical group containing some of the most potent of experimental carcinogens known to man.
Due to an aromatic side chain, NMBA is much more lipid-soluble than water-soluble. Early attempts at testing
NMBA for carcinogenicity revealed it to be highly specific for the esophagus in mice and rats [70]. The degree
of carcinogenesis is dependent on the duration of NMBA treatment [72]. Lesions induced by NMBA (Figure 7)
in the rat esophagus are histologically similar to human cancers of squamous cell origin. Carcinogenesis in the
rat esophagus develops through several intermediate stages. Parenteral injections of NMBA induce severe eso-
phagitis in the acute stages. From this origin, hyperplastic lesions progress through a papillary stage to squam-
ous cell carcinoma [73]. Like many alkylating carcinogens, NMBA is a powerful methylating agent, and the 06
position of guanine in DNA is a prime target for mutagenesis [74]. NMBA-induced rat tumors also show a pre-
valence for mutations in the ras gene, in keeping with many experimentally induced tumors [75]. Much is
known about the mechanism of action of NMBA carcinogenesis; the metabolism of this carcinogen has been
well characterized [76] [77]. Although the final transformation of NMBA may occur in esophageal mucosal
cells, it is first metabolized in the liver by cytochrome P-4502E1. This P-450 isozyme catalyzes the oxidation of
a number of xenobiotics, including alcohol [78]. Human and rat esophageal cells or microsomes metabolically
activate NMBA and several other esophageal nitrosamine carcinogens, including the tobacco smoke constituent
N-nitrosonornicotine (NNN) and N-nitrosomethyl-n-amylamine (NMNA) [79] [80]. Since alcohol drinking has
been epidemiologically linked to increased risk for esophageal cancer, the NMBA model has been used to ex-
plore possible mechanisms of carcinogenesis [81]. Most nitrosamine-induced esophageal carcinomas in rats, un-
like the human malignancies, contain a H-ras mutation in codon 12 [82]. Nevertheless about 30% of the rat car-
cinomas present a p53 mutation, in the range of the 55% seen in human esophageal cancers [82] [83]. In this
context, a new animal model for esophageal squamous cell carcinoma developed by Tsuda’s group is of interet
[84]. In this model, multiple esophageal tumors, squamous cell carcinomas and papillomas, rapidly developed
within 10 weeks in male H-ras 128 rats subcutaneously injected with NMBA (0.5 mg/kg body weight, 3 times a
week for 5 weeks) and then maintained for 5 weeks without any further treatment, while wild type rats had only
a small numbers of mostly benign tumors.

A multitude of these animal models are exploited to increase our insight into tumor development in humans,
to assess risk factors in the human environment, and to evaluate anticarcinogenic substances [10] [11] [81] [85].

10.2. Animal Models of Esophageal Adenocarcinoma

Much work has been done in the last decade in establishing esophageal adenocarcinoma models using N-nitro-
samine augmentation or by iatrogenic GERD. In some of these models Barrett’s columnar epithelium and dys-
plasia are present. These models have been used to examine the role of organic and non-organic materials and
tumor-suppressor genes and the nature of GERD in the pathogenesis of Barrett’s-associated adenocarcinoma. In
experimental animal models, reflux of unacidified duodenal juice causes BE and esophageal adenocarcinoma,
and excessive use of acid blockers might contribute to esophageal adenocarcinoma induction [86]. Miwa et al.
[87] found that refluxed duodenal contents per se are responsible for esophageal carcinogenesis using their
model without any exogenous carcinogen. Others also support a role for reflux of duodenal contents, including
bile and pancreatic juice, rather than of gastric contents in the etiology of human esophageal adenocarcinoma
[88].

Fein et al. [89] studied the role of GERD and development of adenocarcinoma without the use of carcinogens
in the rats, and concluded that duodenoesophageal reflux is carcinogenic in the rat model and exogenous carci-
nogen is not necessary for cancer development in gastrectomized rats. They also studied the functional role of
Apc and Trp53 tumor-suppressor genes in the development of esophageal adenocarcinoma in wild-type, p53-
knockout, or Apc-mutated mice and concluded that loss of either TrpS3 or Apc leads to the development of co-
lumnar metaplasia in 33% and 25% of mice, respectively, whereas loss of TrpS3, but not Apc, leads to devel-
opment of cancer in mice with jejunoesophageal reflux [90].

Recent interesting studies by Chen et al. [91] [92] have also shown that direct anastomosis of squamous epi-
thelium to columnar epithelium and mixed reflux of gastric and duodenal contents leads to the formation of co-
lumnar-lined esophagus, columnar-lined esophagus with dysplasia, and esophageal adenocarcinoma. In their
study, the incidences of columnar-lined esophagus, those with dysplasia, and esophageal adenocarcinoma were
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53.5%, 34.9%, and 25.6%, respectively, 40 weeks after surgery (esophagoduodenal anastomosis, Figure 8). In
addition, esophagoduodenal anastomosis (Figure 8) could induce esophageal adenocarcinoma with a low inci-
dence. Histology of these neoplasms was well-differentiated adenocarcinoma (Figure 9). Such esophageal car-
cinogenesis caused by surgical procedures can be potentiated by a carcinogen NMNA, a semipurified high-fat
diet, diethylnitrosamine (DEN) [93], or iron overnutrition [92]. Thus, It appears that gastroduodenoesophageal
reflux (GDER) is significantly more deleterious to esophageal mucosa than GER, and GDER in isolation is an
esophageal carcinogen, causing BE and esophageal adenocarcinoma [93]. This Barrett’s epithelium is similar to
human BE with specialized types of goblet cells (containing sialomucin or sulfomucin) and columnar cells (con-
taining acid or neutral mucin), as well as an incompletely developed brush border. Their results are consistent
with the proposed human sequence for pathogenic events in BE progression to “BE with dysplasia” and then to
esophageal adenocarcinoma [94]. The mechanism by which duodenal content reflux stimulates esophageal car-
cinogenesis in experimental animals could involve biliopancreatic and pancreatic reflux as both of these refluxes
induce severe esophagitis and increased esophageal cell proliferation. This may be the mechanism by which BE
develops and progresses to adenocarcinoma [95] [96].

Studies using mice also show that duodenogastroesophageal reflux induced by the carcinogen NMBA results
in BE, Barrett’s associated adenocarcinoma, or both in 57.1% of animals, consistent with findings in the rat
model [97].

11. Molecular Carcinogenesis

Although various oncogenes, oncogene products, and suppressor genes have been identified in human esopha-
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Figure 8. Surgical anastomoses for induction of BE and esophageal adenocarcinoma. (a)
Esophagogastroduodenal anastomosis and (b) Esophagoduodenal anastomosis.

Figure 9. Histology of well-differentiated adenocarcinoma of the esophagus in a rat re-
ceived esophagogastroduodenal anastomosis (Courtesy of Doctors Xianoxin Chen and
Chung S. Yang, The State University of New Jersey, NJ, USA).
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geal carcinoma, their relation to disease development and outcome is only partly understood.

11.1. Genetic Alterations in Esophageal Squamous Cell Carcinoma

The most common genetic alterations found in esophageal cancer include allelic losses at chromosomes 3p, 5q,
9p, 9q, 13q, 17p, 17q, and 18q, as well as mutations of the tumor-suppressor gene p53 (mostly mis-sense) and
Rb (deletions), cyclin-D1 gene (amplifications), and c-myc (amplifications). Mutations of p53 differ in adeno-
carcinoma from squamous cell carcinoma by type, frequency, and distribution along the gene, and the p53 pro-
tein structure is altered differently [98]. The occurrence of genetic alterations associated with the development
of squamous cell carcinoma and Barrett’s adenocarcinoma of the esophagus is summarized in Figure 10.

11.2. Molecular Pathogenesis of Barrett’s Adenocarcinoma

The molecular mechanisms involved in the development of Barrett’s metaplasia and its progression to dysplasia
and adenocarcinoma include allelic losses involving chromosome 17p and mutations in the p53 tumor-suppres-
sor gene. In a prospective international study on p53 mutations, 48 patients with BE and 50 patients with Bar-
rett’s cancer were evaluated. Exons 5 through 9 of the p53 gene were studied for the presence of mutations by
single-strand conformational polymorphism analysis after polymerase chain reaction (PCR) amplification. No
p53 mutations were seen in any of the tissue samples from patients with BE alone and no dysplasia or low-grade
dysplasia. Of the patients with Barrett’s cancer, however, 23 (46%) had p53 mutations in Barrett’s epithelium,
tumors, or both. The fact that mutations could be detected in premalignant Barrett’s epithelium may be a marker
for the development of invasive cancer [99]. The best predictor of progression of Barrett’s epithelium to cancer
is high-grade dysplasia. Aneuploidy and an abnormal chromosome complement are seen in squamous cell car-
cinoma and squamous dysplasia, as well as in all stages of Barrett’s-associated carcinogenesis.

12. Conclusions

The high incidence rate and poor survival from esophageal cancer provide a compelling rationale for identifying

precursor lesions that distinguish individuals at high risk of developing invasive esophageal carcinoma. Such

biomarkers are potentially useful in two major ways. First, they can be employed as intermediate outcomes
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Figure 10. Histological and genetic alterations in esophageal cancer.
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for observational studies and prevention trials. Using an intermediate endpoint, as opposed to a cancer endpoint,
can substantially reduce the number of participants and the length of follow-up needed to test hypotheses. It can
also allow the determination of the stage(s) at which specific risk factors act, which can shed light on mechan-
isms of action and help identify specific interventions that are most effective for a particular precancerous dis-
ease state. Second, they can identify persons who would be most likely to benefit from cancer prevention activi-
ties. These might include modification of exposure to risk or preventive factors, medical or surgical interven-
tions aimed at eliminating precancerous lesions before they progress to cancer, and surveillance programs de-
signed to identify cancerous or near-cancerous lesions at an early, treatable stage.

Environmental factors, particularly nitrosamines, are thought to be involved in the genesis of esophageal
squamous cell carcinoma. Therefore, knowledge about the expression of enzymes is capable of activating nitro-
samines in esophageal mucosa and precancerous lesions. Recently an interesting report described CYP2A6/2A7
and CYP2EL1 can activate nitrosamines in human esophagus [100]. Such studies using precancerous lesions in
both humans and rodents will make a better understanding of the importance of true preneoplasia of esophageal
squamous cell carcinoma and reduce the risk of this malignancy. Risk factors for esophageal squamous cell car-
cinoma have been identified. These include tobacco use, alcoholism, malnutrition, infection of human papilloma
virus. However, the risk factors associated with esophageal adenocarcinoma are less well defined. Symptomatic
GERD is a risk factor for esophageal adenocarcinoma because long-standing GERD is associated with BE. Dys-
plasia in Barrett’s epithelium represents a neoplastic alteration of the columnar epithelium that may progress to
invasive adenocarcinoma. Recently, an interesting hypothesis that gastric infection with H. pylori may protect
the esophagus from GERD and its complications has been proposed [101]. This may suggest a relationship be-
tween the rise of esophageal adenocarcinoma and a declining prevalence of H. pylori infection in Western coun-
tries. To confirm this hypothesis and establish the effective prevention methods, further investigations should be
done using animal models producing precancerous lesions resembling those in humans.
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