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In some areas particularly the United States the incidence of esophageal adenocarcinoma 

has dramatically increased in the last two decades while the incidence of esophageal squamous 

cell carcinoma has decreased in certain societies. In short, esophageal adenocarcinoma is 

neoplasm which is the result of repetitive injury related to reflux disease; its progression follows 

through the stages of metaplasia, dysplasia, and invasion (carcinoma). While squamous cell 

carcinoma as well follows a dysplasia carcinoma sequence and has a pathogenesis related to 

prior epithelial injury, the injurious factors differ; smoking, alcohol use, and/or caustic injury due 

to lye ingestion are key factors in esophageal squamous cell development. The role of human 

papilloma virus infection is controversial. Reflux disease, while a form of caustic injury, is not a 

causative factor in esophageal squamous cell carcinoma. As well, there is no metaplasia in this 

neoplastic pathway.  

Adenocarcinoma and squamous carcinoma of the esophagus are two distinct entities with 

divergent epidemiology, risk factors, genetics, and phenotypes.  The recent increase in 

adenocarcinoma is most likely related to a multitude of factors including genetics, environment, 

and likely life style. Specifically, the Western diet and obesity epidemic has paralleled the 

increased incidence of esophageal adencarcinoma. Additionally, in the Western type societies, 

the advent of the recognition of H. pylori and its association with peptic ulcer disease has led to 

antibiotic treatment; thus, while H. pylori gastritis may be decreasing in these areas, the 

incidence of esophageal adenocarcinoma has increased.  

The association of esophageal adenocarcinoma with intestinal metaplasia is at this time 

undeniable. Genetic and/or epigenetic changes are important in both pathways of neoplastic 

progression. Despite the seeming paucity of true knowledge with regard to the molecular biology 

of the process, the pathogenesis of esophageal adenocarcinoma is one fundamentally related to 

reflux. Repeated injury to the squamous lined esophagus with not only gastric contents but 

importantly duodenal contents which include bile acid may drive metaplasia of the squamous 

epithelium to glandular epithelium containing in part goblet cells (intestinal metaplasia). 

However, it is not clear why only a minority of individuals with reflux develop metaplasia. 

While obesity is thought to increase the risk of reflux disease, a meta-analysis by Cook showed 

that increased BMI had no correlation with risk to progression to Barrett esophagus.   

There are multiple control elements which maintain and signal cells for lineage 

differentiation. Caudal-related homeobox 2 (Cdx2) is a transcription factor which controls 

cellular differentiation toward the intestinal phenotype. Transgenic animal models in which Cdx2 

has been expressed in the stomach and/or esophagus develop intestinal epithelium in the targeted 

areas. Silberg developed a transgenic mouse and showed that Cdx2 expression alone was 

sufficient to give an intestinal phenotype. Because of this critical role of Cdx2, many studies 

have focused on understanding the mechanisms of control of this transcription factor and its 

potential use as a diagnostic marker of Barrett’s esophagus. 

As Cdx2 is a key transcription factor for intestinal differentiation, one may ask the 

question as to what keeps the esophageal squamous epithelium in the differentiated squamous 

state. Because expression of Cdx2 is sufficient to cause intestinal differentiation, one may 
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therefore hypothesize that Cdx2 is not expressed in esophageal squamous epithelium. Indeed, 

Cdx2 is not expressed in these cells. The control of gene expression is complex involving 

chromatin configuration, histone acetylation and methylation of promoter sequences. Genes with 

methylation of cytosine bases in the promoter region are silenced. Thus, promoter methylation is 

one control mechanism of gene expression. Using squamous esophageal cell lines, Liu showed 

that exposure to acid and/or bile acids may activate Cdx2 expression in human esophageal 

epithelial cells through promoter demethylation.  As a corollary, in squamous cell esophageal 

carcinoma, Cdx2 is silenced by continued methylation of its promoter (Guo) highlighting the 

importance of epigenetic mechanisms in neoplastic progression. 

Several controversial issues exist around the exact definition of Barrett esophagus 

particularly in relationship to “cardiac” and gastroesophageal junction adenocarcinomas.  To 

understand these controversies, we must first realize that the importance of identifying patients 

as having “Barrett’s esophagus” is to identify those patients with an increased risk of progressing 

to esophageal adenocarcinoma.  Barrett in 1950 first observed columnar epithelium in the 

esophagus and interpreted this finding as a congenitally shortened esophagus creating a 

mediastinal stomach.  Three years following this initial observation, Allison and Johnstone 

refined Barrett’s initial hypothesis and showed that the true esophagus was lined by glandular 

epithelium (“gastric membrane”) and suggested not only that this epithelium was acquired but 

also postulated reflux as an etiology.  The malignant potential of this glandular epithelial lining 

the esophagus and its relationship to esophageal adenocarcinoma eventually became clear in the 

1970s.  Further studies followed which implicated special intestinal type mucosa as being the 

pre-neoplastic culprit.   

 Thus, we currently believe that intestinal metaplasia of the esophagus is acquired through 

mostly asymptomatic reflux disease, and places the patient at increased risk of developing 

adenocarcinoma compared to patients not having Barrett esophagus.  We also currently believe 

that once acquired, this epithelium may undergo evolution to dysplasia and further evolution to 

carcinoma through a series of genetic mutations.    

  When examining a biopsy from a patient who has undergone upper endoscopy, several 

questions may arise when considering a diagnosis of Barrett esophagus. Currently, gastric type 

mucosa (foveolar) is not universally considered to have the neoplastic progressive potential as 

intestinal type epithelium and is not in itself in an adult considered “Barrett’s” by some.  The 

data for this statement derives from observations in the pediatric population where fovealar type 

gastric mucosa may be found > 3 cm. above the GE junction.  These patients virtually never 

progress to adenocarcinoma.  In addition, the gastric mucosa over time regresses in this 

population. 

 The finding of fundic gastric mucosa in a presumed esophageal biopsy should incite 

several questions and in no way be considered Barrett type metaplasia.  The most common 

clinical scenario yielding this biopsy is a hiatal hernia.  A portion of the stomach slides above the 

diaphragm yielding a false impression of the location of the GE junction.  As the lower GE 

sphincter is purely functional and not a structural entity, one can readily understand how the 

endoscopist may interpret their biopsy location as esophageal.  Often when asked, the clinician 

indeed does know that the patient has a hernia. 

 There are two additional rare situations, which may yield similar biopsy findings.  The 

first is the inlet patch.  Inlet patches are islands of gastric epithelium usually about 1-2 cm. in 

diameter, which occur, in the upper esophagus.  This heterotopic mucosa has virtually no 

neoplastic potential although rare cases of adenocarcinomas have been reported.  Discussion 
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with the clinician as to the location and the appearance of the surrounding epithelium will clarify 

the diagnosis.  The second rare situation is an esophageal duplication cyst.  These congenital 

abnormalities are out pouchings of the esophagus which may be lined by a variety of epithelial 

types including gastric fundic, fovealar, respiratory, and squamous.  Thus, one needs to ask about 

the radiologic and endoscopic appearance of the biopsied area.  While management of 

duplications cysts is controversial, adenocarcinomas have arisen in these areas although rarely. 

 The finding of intestinal metaplasia in the GE junction and cardia raises several issues but 

currently, regardless of the nomenclature, is considered akin to Barrett esophagus or so-called 

“short-segment Barrett’s.”  Specifically, “Barrett’s esophagus” originally was considered to be 

glandular metaplasia which extended >3 cm. above the GE junction giving rise to the 

prototypical pink salmon tongue endoscopic appearance.  As previously stated, we have further 

refined the definition to require intestinal metaplasia and do not require a “minimum height” 

above the GE junction.  Recently, the concept of “short-segment Barrett’s esophagus” has 

emerged particularly in conjunction with cardia/GE junction adenocarcinomas. 

 Cameron et al (1995) examined GE junction tumors to assess the frequency of their 

association with intestinal metaplasia in the adjacent mucosa.  They found the majority of cases 

to indeed have associated intestinal metaplasia.  Thus, these tumors are believed to have arisen in 

a manner similar to adenocarcinomas in prototypical Barrett’s -i.e., reflux-intestinal metaplasia-

dysplasia-carcinoma.  In this study, they defined an adenocarcinoma as being esophageal, 

junctional, and gastric if the midpoint of the tumor was >2 above, <2cm below, and >2 below the 

GE junction, respectively.  They considered Barrett type epithelium to be present in GE junction 

tumors if intestinal metaplasia was found proximal to the tumor.  They found intestinal 

metaplasia (Barrett’s) in 67% of tumors <6cm in length.  In 50% of cases showing intestinal 

metaplasia, the length of Barrett’s was less than 3cm.  Additionally, intestinal metaplasia was 

often found in the cardia. 

 Spechler et al (1994) have taken a slightly different tack.  The goal of their study was to 

determine the incidence of intestinal metaplasia at the GE junction without associated 

endoscopically visible “Barrett’s” (i.e., “short-segment Barrett’s”) in patients without 

adenocarcinoma.  The patients who underwent endoscopy were referred mostly for workup of 

heartburn, pain, dyspepsia, and dysphasia.  Of the patients with no endoscopically apparent 

“Barrett’s”, biopsies of the GE junction showed intestinal metaplasia in 18% of patients.   

 Locke et al (1995) have tried to further clarify the controversy often surrounding the 

nomenclature for adenocarcinoma of the GE junction/cardia.  The concept that GE junction 

carcinomas may be distinct from gastric tumors has only recently been accepted.  Prior 

epidemiologic classifications have placed GE junction tumors together with gastric cardiac 

tumors in the Intestinal Classification of Diseases for Oncology.  Epidemiologic studies have 

shown that the incidence of distal gastric adenocarcinoma has decreased over time in this 

country.  Locke et al hypothesized and proved that the reported increase in cardiac carcinomas is 

in fact an increase in GE junction tumors and not true cardiac tumors. 

 The debate of the method of classifying cardiac carcinomas will undoubtedly continue as 

etiologic factors and precursor lesions are determined.  Hansson et al (1993 and 1995) found that 

“cardiac” adenocarcinomas were not associated with seropositivity for H. pylori while antral and 

body gastric carcinomas were highly associated.  Additionally, they found equal prevalence of H. 

pylori positivity among the diffuse and intestinal forms of gastric carcinoma.  Whether their 

definition of cardiac tumors could as well be classified as GE junction tumors as per the study of 

Locke et al is not known. 
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 Functionally, with the emergence of “short segment Barrett’s”, clinicians are no longer 

with confidence be able to exclude the presence of intestinal epithelium solely by endoscopic 

appearance and biopsies of the GE junction should be obtained regardless of the endoscopic 

appearance.  “Short segment Barrett’s” esophagus exists and is associated with adenocarcinomas 

of the GE junction. 

 Even more problematic is evaluating a polyp near the GE junction.  Histologically the 

polyp is inflammatory/hyperplastic with foci of intestinal metaplasia.  Should this finding be 

considered “short segment Barrett’s” or is this intestinal metaplasia in a hyperplastic gastric 

polyp? 

 By some current definitions, the epithelium must be at the surface to fulfill the 

definitional criteria.  One must of course assure that the biopsy is not tangential leading to a 

misinterpretation.  Sampliner et al (1988) in a study of 45 patients with Barrett esophagus found 

squamous epithelium overlying intestinal type epithelium in seven patients, none of whom had 

anti-reflux surgery.  This situation has also arisen in studies of laser therapy for Barrett type 

epithelium.  Laser phototherapy is a modality aimed at eradicating the intestinal type epithelium.  

Obliteration of this type with re-epithelialization by squamous epithelium is thought to eradicate 

the risk of neoplastic progression.  Although the overall therapeutic outcome has yet to be fully 

determined, on post-laser biopsy, the surface epithelium was indeed squamous but the 

submucosal area demonstrated intestinal type glands. 

Once a patient is identified as having Barrett metaplasia, he/she should undergo regular 

endoscopies with biopsies to determine the presence of dysplasia.  However, the cost 

effectiveness of this approach is questioned. The most probable time of finding a significant 

neoplastic lesion is at the time of first endoscopy. Unfortunately, as previous studies have shown, 

many people with Barrett esophagus are asymptomatic and may present with carcinoma.  We, of 

course, wish to identify and follow these patients before they progress to carcinoma.  How to 

evaluate these patients and what criteria to follow in managing patients is a subject of much 

study.  The histological definition and grading of dysplasia in Barrett esophagus is the same 

scheme used in IBD with associated inter and intraobserver variability.  As with Riddell’s study 

for IBD, Reid et al found a good concordance of opinions with high-grade dysplasia among 

experienced GI pathologists.  However, the level of variability was considerable for low-grade 

dysplasia and reactive atypia.  Thus, dysplasia when present should be graded as indefinite, low 

or high.  Additionally, the accepted management of a patient with low grade and indefinite for 

dysplasia is close follow up.  Controversy arises when a high-grade dysplasia diagnosis is made.  

Reid et al (1988) have shown that high-grade dysplasia can be found in Barrett’s mucosa without 

a grossly visible lesion.  While esophagectomy for a diagnosis of carcinoma is one option, the 

surgical management of high-grade dysplasia has drawn debate as the natural history of this 

lesion alone is not known.  It is estimated that progression from low-grade dysplasia to high-

grade dysplasia may take approximately two years.  Progression from high-grade dysplasia to 

cancer may take about one year, although by five years 50% of patients may develop carcinoma.  

In light of the fact that not everyone with high grade dysplasia develops carcinoma by 5-years, 

Reid et al (1993) have proposed a rigorous endoscopic surveillance program in an attempt to 

follow patients with high-grade dysplasia to detect the evolution to surgically treatable 

carcinoma. Similarly, Burgess et al found that the extent of high grade dysplasia in mucosal 

biopsies is related to prognosis. Specifically, they found that patients with focal high grade 

dysplasia defined as a cluster of 5 or less high grade dysplastic glands had a better long trem 

outcome than those with more extensive high grade dysplasia. In the Hines VA study (Schnell et 
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al), only 16% of patients with high grade dysplasia progressed to cancer in 14 years. The 

efficiency of this surveillance protocol awaits further study.      

As with IBD, ancillary tests to histology have been sought.  Raskind et al (1992) have 

shown that Barrett type epithelium may contain clonal areas of cells with cytologic abnormalities 

which may progress over time to high-grade dysplasia and carcinoma.  Yoreves et al (1993) and 

Ramel et al (1992) have shown p53 accumulation in Barrett type epithelium correlates with 

dysplasia.  However, they also detect p53 accumulation in morphologically nondysplastic 

epithelium and suggest that alteration in p53 may be an early event in neoplastic progression in 

Barrett type metaplasia.  Additionally, neoplastic progression in Barrett esophagus has been 

associated with multiple cell cycle abnormalities. Additional tests such as immunohistochemical 

staining for alpha-methylacyl-Coa-racemase have gained attention as another potential 

biomarker to help distinguish dysplastic from reactive epithelial cells.  

In summary, Barrett esophagus is an acquired metaplastic process, which may be defined 

as intestinal metaplasia (i.e. true goblet cell formation) at or above the GE junction; there is 

controversy regarding the neoplastic potential of non-intestinal type epithelium in this area.  

Endoscopy is not sufficient to exclude Barrett’s metaplasia with the identification of short-

segment Barrett’s and its association with GE junction adenocarcinomas.  The management of 

patients with high grade dysphasia is somewhat controversial but at the very least confirmation 

of the histologic findings by a second opinion may be useful.  Esophagectomy as a therapeutic 

option in recently instituted high grade dysplasia is one option; however, the utility of 

surveillance protocols for high grade dysplasia and the role of endoscopic mucosal resections 

await further evaluation. 

The epidemiology and molecular pathogenesis of squamaous cell carcinoma differs 

dramatically compared to that of adenocarcinoma. Squamous cell carcinoma is the most common 

primary esophageal malignancy. While the dysplasia carcinoma sequence is in play, clearly there 

is no role for metaplasia. Smoking, alcohol use, achalasia, and/or prior lye ingestion are key 

pathogenic factors. Infection with high risk human papilloma viruses (HPV) is a central 

mechanism in cervical squamous neoplastic progression. The role of high risk HPV infection in 

the pathogenesis of esophageal squamous cell carcinoma is debated. While several studies found 

no high risk HPV DNA in squamous cell carcinomas in Korean and Chinese populations, 

another study examining a population from Chile found that 29% of these cancers harbored 

HPV.   

From a molecular pathogenesis stand point, esophageal squamous cell carcinomas have a 

high degree of chromosomal instability with gross chromosomal aberrations including bridges. 

The mechanism of this instability may be multifactorial. Kammor has shown that the telomere 

length in normal appearing squamous epithelium adjacent to an esophageal squamous cell 

carcinoma is shorter than normal. This shortening may predispose these phenotypically normal 

cells to undergo chromosomal modifications which may lead to cancer. This shortening may 

reflect the result of continued injury with cell turnover and proliferation. Using a transcripotome 

type of analysis with SAGE, van Baal found that BMP4, E-Cadherin and TFF3 were the most 

up-regulated genes in esophageal squamous cell carcinomas compared to normal squamous 

epithelium. Claudins are a family of molecules important for tight junction formation. Disruption 

of these molecules has been implicated not only in inflammatory bowel disease but also 

neoplastic progression in the squamous esophagus. Decreased expression of claudin 7 is found in 

esophageal squamous cell carcinomas. In cell lines, invasive ability increases with its down 
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regulation. Additionally, claudin 7 may interact with E-cadherin, another cell adhesion molecule; 

specifically, loss of claudin 7 is associated with decreased expression of E-cadherin (Lioni). The 

retinoblastoma (Rb) pathway is important in cell cycle control. Progressive loss of its function as 

shown by lack of expression of pRb occurs with increasing grades of  squmaous dysplasia in the 

esophagus (Contu). Cyclooxygenase-2 (COX-2) was also found to have progressively increased 

expression with grades of dysplasia (Zhi); this finding gives credence to several chemo-

preventive trails using non-steroidal anti-inflammatory agents.  

 Dysplasia, once thought to be either static or progressive, in actuality may have the 

ability to regress. Hence, chemo-preventive trails have been initiated with the goal of either 

halting further progression or potentially reversing the dysplastic field. These chemo-preventive 

trails have met with varying success. A trail examining selenomethionine and celecoxib ability to 

effect the natural history of squamous cell carcinoma (Joshi) showed that some patients 

progressed and some patients regressed with regard to their dysplasia. Those patients who 

regressed had by gene analysis higher levels of expression of those genes involved in immune 

stimulation; the opposite was true for those who progressed. Thus, the immune system may play 

a critical role in modulating neoplastic progression in the esophagus. 

As with adenocarcinoma, early detection of dysplastic lesions is important to prevent 

further neoplastic progression. Confocal laser endomicroscopy may be one modality to 

accurately detect such preneopoastic lesions. As with Barrett’s, endomucosal resection (EMR) is 

one form of therapy. EMR may be curative in both situations even with invasion into the 

muscularis  mucosa (Katada). 

Thus, while adenocarcinoma and squamous cell carcinoma both share a dysplasia 

carcinoma sequence, they are very separate entities in terms of epidemiology and molecular 

pathogenesis. As with many neoplastic processes, they share features of early disregulation of 

cell cycle check points and chromosomal instability. Additionally, both processes may share 

epigenetic modifications as part of neoplastic development. 
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