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Abstract

In Barrett’s esophagus, normal squamous epithelium is replaced by a metaplastic columnar
epithelium as a consequence of chronic gastroesophageal reflux disease. There is a strong
association with esophageal adenocarcinoma. In view of the increasing incidence of esophageal
adenocarcinoma in the western world, it is important that more attention be paid to the progression
of Barrett’s esophagus toward esophageal adenocarcinoma. Recently, several molecular factors
have been identified that contribute to the sequence towards adenocarcinoma. This might help
identify patients at risk and detect new targets for the prevention and treatment of esophageal
adenocarcinoma in the future.
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In view of the increasing incidence of esophageal
adenocarcinoma (EAC) in the Western world, it is important
to better understand the process of neoplastic progression
of Barrett’s esophagus (BE) toward EAC. In this review we
will focus on the known risk factors for this progression,
as well as the molecular pathways involved. We searched
PubMed for articles published in English from 2000 onwards
and used the search terms “esophageal cancer”, “Barrett’s
esophagus”, “etiology”, “pathology”, “molecular pathogenesis”,
“genetics”, “pathophysiology”, “diagnosis”, “epidemiology”, and
“chemoprevention”.

a consequence of chronic gastroesophageal reflux disease
(GERD), and is a predisposing factor for the development of
adenocarcinoma of the esophagus.
There are many theories concerning the origin of a BE and
no consensus has been reached, as was stated by the authors of a
recent review [3]. They concluded that Barrett glands are more
complex and possibly unique within the human gastrointestinal
epithelium. Barrett epithelium shows multilinear gastric and
intestinal differentiation, as documented by the findings of gene
expression arrays of both gastric and intestinal epithelium and
the different types (complete versus incomplete) of intestinal
metaplasia. This could lead to different hypotheses concerning
the development of BE and the possible progression to EAC.

Definition of BE

Epidemiology

BE is most commonly seen as the condition in which
a metaplastic columnar epithelium replaces the stratified
squamous epithelium that normally lines the distal
esophagus [1,2]. The metaplastic epithelium is acquired as

It is difficult to determine the epidemiology of BE because
there are many affected individuals who are asymptomatic and
remain undiagnosed. Most prevalence data have been derived
from BE diagnoses made during esophagogastroduodenoscopy
performed to investigate symptoms of dyspepsia. BE is more
common in developed countries, affecting 2% of the general
adult population [4]. This is most likely to be attributable to
the higher incidence of GERD in this population, since this is a
well-known causal factor for the development of BE.
The incidence of BE on diagnostic endoscopy is rising
independently of an increase in the number of endoscopies
carried out, suggesting a true increase in incidence rather
than a higher detection rate [5]. In the literature, several
publications have studied the prevalence of BE in unselected
populations. Rex et al evaluated a cohort of 961 patients
undergoing colonoscopy who were offered an additional
endoscopy, and found an overall prevalence of 6.8%, with 5.5%
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for short-segment BE in persons aged 40 years or older [6]. In
another similar colonoscopy-based study of 300 patients over
the age of 65 years, the prevalence was 4% and 15% for long- and
short-segment BE, respectively [7]. In other population-based
studies, the prevalence of BE in the general population ranged
between 1.3%, 1.6% and 1.9% [8-10].
The incidence of esophageal cancer is highly variable,
depending on the region, with “‘the esophageal cancer belt’” as
the highest-risk area for the development of esophageal cancer,
stretching from northern Iran through the central Asian
republics to north-central China. In this area however, 90% of
cases are squamous cell carcinomas. Over the past decades, the
frequency of adenocarcinoma of the esophagus has increased
dramatically, certainly in western countries (“low-risk areas”).
Several hypotheses have been proposed concerning the
increasing incidence of BE and consequently of EAC. The first
hypothesis is that the lower prevalence of Helicobacter pylori
(H. pylori) infection, particularly the cagA+ strain, is associated
inversely with BE [11]. A second hypothesis is the increase in
the known risk factors of overweight and obesity [12,13].
Diagnosis

A diagnosis of BE is made endoscopically by visualization
of a columnar lined epithelium arising circumferentially
at least 1 cm above the gastroesophageal junction, with
intestinal metaplasia on histological investigation of biopsies.
Endoscopic reporting can be difficult and should be done using
uniform criteria. The Prague classification consists of criteria
to uniformly describe the length of a Barrett’s segment during
endoscopy. In this classification, the circumferential extent and
maximum length of the Barrett epithelium are described in cm
(Fig. 1). This classification was recently validated [14].
For a definitive diagnosis of BE, histological diagnosis is
necessary. The presence of specialized columnar epithelium,
characterized by acid mucin-containing goblet cells, in a biopsy
specimen of the esophagus has been accepted as diagnostic
of BE [15]. Endoscopic surveillance of BE with systematic
biopsies is necessary to exclude the presence of dysplasia.
BE can be divided into short- and long-segment BE.
Short-segment BE has a maximal length of less than 3 cm,
whereas long-segment has a length of more than 3 cm.
Long-segment BE has a higher risk for development of EAC.
The length of the BE segment is known to be associated with
risk of progression to neoplasia, as discussed below.
Risk for progression to EAC

Incidence rates of EAC and high-grade dysplasia (HGD)
among patients with BE are variable. Seven systematic reviews
have been published on the cancer risk in patients with BE.
The annual incidence of EAC among BE patients varied from
0.3% to 0.6%, and the combined incidence of HGD and EAC
from 0.9% to 1.0% [16-22]. These incidence rates are still
referred to in recent guidelines. One study, however, revealed
a publication bias in the reporting of progression rates in
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Figure 1 The Prague classification of Barrett’s esophagus. The C-value
is used for the circumferential pattern (C) and the M value for the
maximum length (M)

GEJ, gastroesophageal junction

patients with BE [16]. Sikkema et al analyzed data derived from
high-quality studies to obtain more accurate data on the risk
of EAC in BE patients [20]. The annual EAC incidence rate in
BE cohorts with less than 2000 patient years of follow up was
0-3.55%, compared to 0.07-0.82% in cohorts with more than
2000 patient years [20]. In two population-based BE follow-up
studies, absolute annual risks of 0.12-0.14% were reported,
considerably lower than was assumed until now [23,24].
Considering the known risk for the progression of BE
toward EAC, current guidelines advise patients with BE to be
enrolled in endoscopic surveillance programs in order to detect
HGD or EAC. Endoscopic surveillance consists of extensive
biopsy sampling, known as the Seattle biopsy protocol. This
protocol consists of four quadrant biopsies (every 1-2 cm) with
biopsies of mucosal abnormalities. The surveillance interval is
determined by histology results. In the absence of dysplasia,
the American College of Gastroenterology recommends
surveillance endoscopy at 3-year intervals. For patients with
low-grade dysplasia, an annual endoscopy is recommended, and
for those with HGD who receive no invasive therapy, endoscopic
exams should be performed every three months. In a recent
review [12], the authors discuss the current guidelines and the
dilemmas in endoscopic surveillance. Several studies suggest
a modest effect of surveillance programs on EAC mortality in
patients with BE [25-27]. This outcome is probably influenced by
the estimates of annual incidence of EAC among patients with
BE, considering the fact that the incidence employed in current
surveillance guidelines is still 0.4-0.5%, which is much lower than
discussed above. Another dilemma in surveillance strategies for
BE is the possibility of sampling error and poor adherence to
the Seattle protocol, which has been reported to be as low as
30% [28]. To improve the success of endoscopic surveillance,
advanced endoscopic techniques, such as chromoendoscopy,
narrow-band imaging (NBI) and autofluorescence endoscopy,
have attracted major interest during the past decade. In 2012,
a prospective, randomized, controlled trial compared the
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standard endoscopic surveillance strategy with NBI-targeted
biopsies, with similar results in diagnosing intestinal metaplasia
and even detecting more areas with dysplasia [29]. When using
NBI-targeted strategies, fewer biopsies are necessary, which
could increase cost-effectiveness. Some authors conclude that
this technique should, therefore, be considered in patients with
longer segments of BE, considering the poorer adherence in
these cases [28]. This is not supported in recent British Society of
Gastroenterology (BSG) guidelines, considering the conflicting
results in the literature and the lack of hard evidence. According
to the BSG guidelines, however, advanced imaging modalities
such as chromoendoscopy or “‘virtual chromoendoscopy”‘
are not superior to standard white light endoscopy in BE
surveillance and are therefore not recommended for routine use
[30]. There is also a bias concerning the incidence rate of EAC in
these studies, as stated previously.
The grading of dysplasia in these guidelines is also a concern
in view of the poor inter- and intra-observer histological
agreement as to the diagnosis of Barrett’s dysplasia [31], as an
inaccurate grading of dysplasia can impact the frequency of
endoscopic surveillance.
Ross-Innes et al (BEST2 Study Group) described the use of
Cytosponge as a minimally invasive technique for screening
of BE [32]. They used Trefoil factor 3 (TFF3) as a marker of
intestinal metaplasia in the Cytosponge samples, as it is the
subtype most strongly associated with a risk of progression. In
a study with 463 controls and 467 BE patients, the Cytosponge
test appeared to be a safe and well-tolerated BE screening
method that can be carried out in a primary care setting. The
prevalence of BE of 3.0% reported in this study is comparable
with other studies. The sensitivity of the combination test
(Cytosponge + TFF3) is approximately 80% for diagnosing BE;
this increases with BE segment length and is not compromised
in the presence of dysplasia. The specificity of the test was
92%. In a microsimulation model, both endoscopy and
Cytosponge were compared, with no screening, in 50-yearold men with symptoms of GERD [33]. This already showed
cost-effectiveness and reduced mortality from EAC for the
Cytosponge test compared with no screening.
Molecular pathways

The progression from BE to EAC was first documented in
the 1970’s, providing targets for the screening, monitoring,
and management of early-stage neoplasia [34]. Currently,
there are several risk factors described as possible predictors
of progression. The Prasad’s group published a review in
2010, summarizing the current evidence on risk factors for
progression [35]. An attempt was made to create a potential
risk stratification to optimize the management of patients with
BE and make it more cost-effective. A progression score for
BE could contain a group of clinical factors and a biomarker
panel. In the recent literature, there are certain factors that are
suggested as being important risk factors. The clinical panel
consists of age, (male) sex, and length of Barrett segment,
with increasing length giving an increasing risk but without
an evident cut off length. Biomarkers included are aneuploidy/

polysomy, p53 loss of heterozygosity (LOH) and p16 LOH.
This possible score, however, certainly needs validation in
a prospective study of a large cohort of patients before it can
be used in clinical practice. If validated, this score could be
important for determining which patients are at higher risk
of developing an adenocarcinoma and would therefore benefit
the most from inclusion in a program of intensive surveillance.
A familial aggregation of BE has also been described [36].
Obesity is implicated as a risk factor for EAC and BE,
independently of GERD [37]. Thrift et al described a possible
role for high levels of circulating pro-inflammatory cytokines
and leptin in the mechanism towards progression [38].
In another analysis, an inverse association between high
molecular weight adiponectin levels and risk of progression to
EAC is reported [39].
A possible sequence for progression is described in a
hypothesis by Chandrasoma et al [40], derived from the idea
of BE as a complex, multilinear epithelium with different types
of metaplasia (cf. definition). The authors suggest an evolution
from the esophageal squamous epithelium to cardiac-type
glands and further into intestinal metaplastic glands, which
can progress to neoplasia. A concept of Barrett glands evolving
from metaplasia of the stem cells of the proximal columnar
gastric or cardiac epithelium has been stated [41].
In the recent literature, much attention has been given to
understanding the molecular pathways leading to the progression
from BE to adenocarcinoma of the esophagus, in order to specify
possible therapeutic targets in the prevention and treatment of
this type of (early) cancer (Fig. 2). Several embryological signaling
pathways are described in the development and malignant
transformation of BE [42]. In embryology, the esophagus
is derived from the foregut, whose lumen divides along the
sagittal axis into the trachea, with columnar epithelium, and
the esophagus, with squamous epithelium. Studies of transgenic
mouse models have identified four main signaling pathways
active in the differentiation of the embryological foregut: the
bone morphogenetic protein (BMP), hedgehog (Hh), winglesstype MMTV integration site family (WNT), and retinoic acid
(RA) signaling pathways [42]. The three key transcription factors
expressed by these pathways for the regulation of differentiation
of foregut epithelium toward a squamous or columnar type
are NKX2.1, SOX2 and p63. SOX2 and p63 induce squamous
differentiation, while NKX2.1 expression is required for columnar
differentiation of the foregut epithelium. These pathways and
transcription factors not only play an important role in foregut
embryology, but may also be important in the development of BE
and its progression toward EAC. In normal squamous epithelium,
the BMP pathway is not activated, but in the case of inflammation
(such as that caused by GERD) the BMP pathway is activated
with stromal BMP4 expression, which contributes to a columnar
transdifferentiation of squamous esophageal epithelium. The role
of this BMP pathway in the progression toward adenocarcinoma
requires further research. The Hh pathway is also involved in
the development of BE by stimulating the BMP pathway, but it
can also act by inducing a transcription factor, epithelial SOX9
expression. Its role in malignant progression is less clear. In
contrast, WNT signaling is not involved in the development of
BE, but is an important factor in its progression toward EAC. This
Annals of Gastroenterology 30
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Figure 2 Molecular pathways leading to the progression of Barrett’s
esophagus to adenocarcinoma. Blue arrows indicate activation, red
arrows therapeutic inhibition

BMP, bone morphogenetic protein; GERD, gastro-esophageal
reflux disease; RA, retinoic acid signaling pathway; PPI, proton
pump inhibitor; HH, hedgehog signaling pathway; WNT, winglesstype MMTV integration site family; UDCA, ursodeoxycholic
acid; NSAIDs, non-steroid anti-inflammatory drugs
is indicated by the progressive increase in WNT signaling in the
metaplasia–dysplasia–carcinoma sequence. In the development
of BE, activity of the RA signaling pathway is increased. In
contrast, activation of this pathway reduces the development
of EAC, which could be seen as a possible protective effect in
progression.
Recently, two papers were published in Nature Genetics
regarding the genetic changes involved in the progression from
BE to EAC. In both studies, the authors used techniques such
as whole-exome and whole-genome sequencing to provide
more insight into the transition towards cancer. Ross-Innes,
et al conducted whole-genome sequencing of paired EAC
and BE samples with limited overlap between mutations [43].
The mutational signatures, however, were similar in the
different lesions. This could be indicative of a comparable
mutagenic process. Another whole-exome sequencing study
found similar mutational signatures for EAC and BE [44].
Analysis of mutations in TP53 and cyclin-dependent kinase
inhibitor 2A showed less prevalent oncogene activation events.
They concluded that this probably occurred later in tumor
progression. A model is presented whereby EAC can progress
via two separate pathways: TP53 mutation followed by genome
doubling versus progressive loss of tumor suppressors in those
that do not undergo genome doubling.
Chemoprevention

To improve the survival of patients with EAC, the best
strategy remains early diagnosis; however, the cancer often
Annals of Gastroenterology 30

spreads before symptoms occur. BE is a known precursor to
EAC, yet an ideal management strategy remains elusive and
the utility of current endoscopic surveillance is controversial
and costly. For these reasons, the use of chemoprevention
strategies has gained considerable interest in recent studies,
which aim to prevent the progression of BE towards EAC with
pharmacological strategies.
Possible therapeutic targets according to the different
molecular pathways involved in the progression of BE toward
EAC can be summarized as downregulation of the Hh and WNT
signaling pathways, and upregulation of the RA and (probably)
the BMP signaling pathways. In the Hh signaling pathway, a
possible target is the suppression of zinc-finger transcription
factors GLI using a combination of ursodeoxycholic acid and
aspirin. This significantly decreased the incidence of EAC
in a rat model [45]. A second possibility is the use of WNT
antagonists, such as non-steroid anti-inflammatory drugs
(NSAIDs), to decrease the WNT signaling pathway and thereby
reduce the risk of BE dysplasia and adenocarcinoma. The RA
signaling pathway is a third potential therapeutic strategy;
however, a clear target has not yet been described.
Several studies have reported a possible reduction in the risk
of EAC among patients with BE with the use of NSAIDs, low-dose
aspirin, statins and proton pump inhibitors (PPIs) [46-54]. These
were all based on small, selected groups of patients with EAC.
A meta-analysis, however, showed a significantly lower risk of
esophageal cancer in patients who frequently used NSAIDs or
aspirin [47]. This was confirmed for the risk of both EAC and
HGD in another meta-analysis [55]. The effect of PPIs in the
malignant transformation is still a matter for debate. PPIs are
known as a treatment for symptom relief in BE, which suggests a
decrease in the risk of progression. Nevertheless, certain studies
show an increase in the risk of progression [48,56]. This could be
explained by the use of PPIs in the treatment of GERD, a possible
risk factor for EAC. According to recent studies, statins may
also have potential for chemoprevention. In 2013, a systematic
review and meta-analysis showed a reduction in the risk of EAC
among patients with BE who were taking statins [57]. In 2014,
Choi et al evaluated the effectiveness and cost-effectiveness
of aspirin, statin, and combination chemoprevention for
BE management [58]. They suggested that, among the four
treatment strategies analyzed (endoscopic surveillance alone,
aspirin chemoprevention, statin chemoprevention and the
combination of aspirin and statin chemoprevention), aspirin
therapy is the most cost-effective chemoprevention strategy for
patients with BE. A combination of aspirin and statins could
potentially be cost-effective in those patients with BE who have
a higher risk of progression to EAC. A recent matched casecontrol study evaluated the risk of EAC among patients with
BE associated with the use of NSAIDs, low-dose aspirin, statins
and PPIs [59]. In this study, a non-significant reduction in the
risk of HGD and EAC was only present when PPIs were used at
the highest dose in patients with BE. The use of NSAIDs or lowdose aspirin was also not associated with a decrease in the risk
of EAC. For statin use, a non-significant dose-duration response
was seen. No statistically significant argument was found to
indicate chemoprevention in daily practice for patients with BE.
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To further investigate the possibility for chemoprevention,
a large study centered in the United Kingdom, the Aspirin
and Esomeprazole Chemoprevention in Barrett’s Metaplasia
(AspECT) study (http://www.octo-oxford.org.uk/alltrials/
infollowup/aspect.html), is evaluating the impact of low- and
high-dose aspirin on BE progression rates to cancer. However,
no similar trial that evaluates the impact of statins and the
combination of a statin and aspirin is currently ongoing.

Concluding remarks
In view of the increasing incidence of EAC, it is important
that more attention be paid to the prevention of this
premalignant condition. However, the rate of progression
towards adenocarcinoma is very small in comparison to what
was thought previously. For this reason, it is important that risk
factors for progression are identified to identify patients at risk.
Recently, a molecular revolution has occurred, with the
identification of several possible factors contributing to the
sequence towards adenocarcinoma. On this basis it may
be possible to identify new targets for the treatment and
prevention of adenocarcinoma.
In the future, a better understanding of the evolutionary
dynamics of Barrett’s clones is crucial for understanding the
process of neoplastic progression. This will have important
implications for the clinical management of the disease, as
currently no good markers exist for the prediction of neoplastic
progression. The ultimate goal should be to accurately identify
on the one hand the low-risk Barrett cases and on the other
hand the ones that are “born to be bad”. Surveillance programs
or chemoprevention can be applied more specifically to these
groups of patients, but more research and improvement of
current surveillance programs are still necessary.
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