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Simple Summary: In the last decades, there has been a rapid increase in the incidence and prevalence
of esophageal cancer in many countries around the world. Although several important risk factors
have been identified, strong evidence-based preventive strategies are still lacking, and the prognosis
of patients diagnosed with esophageal cancer remains poor, with an average survival rate of 5 years
for only 20%. This review is an attempt to summarize the epidemiology and risk factors of EC and to
highlight the unresolved aspects of current prevention strategies in order to plan more fruitful future
initiatives aimed at ameliorating the disappointing prognosis of this kind of digestive tumor.

Abstract: In the last 30 years, we have witnessed a rapid increase in the incidence and prevalence of
esophageal cancer in many countries around the word. However, despite advancements in diagnostic
technologies, the early detection of this cancer is rare, and its prognosis remains poor, with only about
20% of these patients surviving for 5 years. The two major forms are the esophageal squamous cell
carcinoma (ESCC), which is particularly frequent in the so-called Asian belt, and the esophageal
adenocarcinoma (EAC), which prevails in Western populations. This review provides a summary of
the epidemiological features and risk factors associated with these tumors. Moreover, a major focus is
posed on reporting and highlighting the various preventing strategies proposed by the most important
international scientific societies, particularly in high-risk populations, with the final aim of detecting
these lesions as early as possible and therefore favoring their definite cure. Indeed, we have conducted
analysis with attention to the current primary, secondary and tertiary prevention guidelines in both
ESCC and EAC, attempting to emphasize unresolved research and clinical problems related to these
topics in order to improve our diagnostic strategies and management.

Keywords: esophageal cancer; Barrett’s esophagus; endoscopy; screening; PPI; prophylaxis

1. Introduction

Over the past 30 years, we have witnessed a rapid increase in the incidence and
prevalence of esophageal cancer (EC) in many countries around the world, and this tumor
has become the most quickly increasing form of cancer in some populations [1]. Although
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some strong risk factors have been clearly identified, we remain in need of strong evidence-
based preventive strategies. In fact, the prognosis of patients diagnosed with EC is still
poor, and only a small percentage of them (about 20%) survive for 5 years.

This review has been carried out with the aim of summarizing the epidemiology,
the risk factors and the various prevention strategies proposed for EC, attempting to
highlight unresolved research problems related to these topics. To identify the relevant
studies in these fields, a computerized (Medline) and manual literature search was per-
formed for the period up to December 2020, with particular focus on the past 10 years.
We used the following terms: “esophageal cancer”, “esophageal cancer epidemiology”,
“esophageal squamous-cell carcinoma“, esophageal adenocarcinoma”, “esophageal cancer
risk factors”, “esophageal cancer prognosis”, “esophageal cancer prevention”, “primary
prevention”, “secondary prevention”, “tertiary prevention”, “esophageal squamous-cell
prevention”, esophageal adenocarcinoma prevention”, “esophageal cancer prevention
strategies”, “esophageal cancer chemoprevention”, “gastro-esophageal reflux disease”,
“GERD”, “reflux complications”, “Barrett esophagus”, “esophageal low-grade dysplasia”,
“esophageal high-grade dysplasia”, “esophageal early adenocarcinoma”, “proton pump
inhibitors”, “PPIs”, “achalasia”, “Helicobacter pylori” “endoscopic screening”, “endo-
scopic surveillance”, “endoscopic therapy”, “anti-reflux surgery”, and “Barrett esophagus
treatment”. We critically reviewed all full-text papers and relevant abstracts published in
the English language. The reference lists from identified papers were searched to find any
additional studies that could have been missed during the process.

2. Epidemiology

Esophageal cancer represents the eighth most common cancer worldwide and the
sixth leading cause of cancer-related mortality [2]. In 2010, the United States experienced
about 16,640 new cases and 14,500 deaths caused by EC. The GBD 2017 Esophageal Cancer
Collaboration has published updated statistics on the global incidence and mortality
of esophageal cancer as well as on the disability-adjusted life-years (DALYs) caused by
the disease [3]. The authors have reported that there were 473,000 new cases of EC,
436,000 deaths due to EC, and 9.78 million DALYs caused by EC worldwide in 2017.
The lifetime risk of developing this type of cancer is 0.8% for men and 0.3% for women,
and, at present, the mean age of diagnosis is 67 years [4]. Moreover, approximately 80%
of cases occur in developing countries [5] and the incidence of EC varies greatly with
location [6]. For instance, at the national level, China had the highest number of incident
cases (235,000) and deaths (213,000) in 2017, while the highest age-standardized incidence
rates in the same year were observed in Malawi (23 cases per 100,000 population) and
Mongolia (18.5 cases per 100,000) [3]. In contrast, Italy is one of the countries where EC
is relatively rare; during the period 1998–2002, it represented 0.9% of all cancers among
men and 0.3% among women and 1.9% of all cancer deaths among men and 0.8% among
women [7]. In the area of the Italian Network of Cancer Registries (AIRT), the incidence of
EC is 7.2 per 100,000 males/year and 2.1 per 100,000 females/year. Incidence rates vary
remarkably across Italy, and the ratio between areas with the highest and the lowest rates
is about 8:9. Generally, the highest rates are documented in the north-eastern areas and the
lowest ones in the southern registries of this country. In the Veneto region [8], the risk of
death due to EC is nearly twice as high as in the whole of Italy (5.7 versus 3.4 deaths ×
100,000 population/year). As regards time trends, EC shows a decreasing time trend in
both incidence and mortality. The decreased incidence of EC is mainly due to esophageal
squamous-cell carcinoma (ESCC), while esophageal adenocarcinoma (EAC) is increasing.
Nowadays, the frequency of EAC is one in every three ESCC [9].

EC has two main subtypes: ESCC and EAC, whereas other histological variants
(such as esophageal melanomas, leiomyosarcomas, carcinoids and lymphomas) are rarely
diagnosed [10]. ESCC accounts for about 80% of EC cases worldwide. In particular, in the
so-called Asian belt, which includes Turkey, North-East Iran, Kazakhstan and northern
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and central China, the incidence of ESCC is extremely high, with more than one case per
1000 individuals annually [3,11].

During the last four decades, the incidence and the mortality rates associated to EAC
have been rising, especially among white men, and in North America and Europe have
exceeded ESCC, thus becoming the dominant histologic type of esophageal cancer (25.6
cases per million in 2006, annual increase 1.3% after 1996) [12,13]. Nevertheless, so far
ESCC remains the predominant histological subtype of esophageal cancer in Asia, Southern
and Eastern Africa, South America and among the African American population in North
America.

Lastly, EC presents a dismal prognosis. In fact, survival rates for both histological
subtypes are very low, with a five-year survival rate of 15% for EAC [14] and 15–25% for
ESCC [10,15]. In order to achieve a major improvement in the prognosis of EC, preventive
measures have been investigated, developed, and are highly warranted.

3. Risk Factors and Primary Prevention

The identification of risk factors is an important first step for primary prevention
(Table 1).

Table 1. Risk factors for esophageal cancer.

Risk Factor Squamous-Cell
Carcinoma Adenocarcinoma Note

Tobacco use +++ ++

Tobacco contains carcinogens and
promotes inflammation

Tobacco and alcohol use are two
factors that work synergistically.

Alcohol use +++ − Tobacco and alcohol use are two
factors that work synergistically

Mutations of enzymes that
metabolize alcohol

Genetic susceptibility, e.g., loci at
PLCE1, C20orf54, ADH1B and
ALDH2 coupled with alcohol

consumption and smoking
Barrett’s esophagus − ++++

Weekly reflux symptoms − +++

Obesity − ++ It increases gastroesophageal reflux
and inflammatory cytokines

Poverty ++ −
Achalasia +++ −

Caustic injury to the esophagus ++++ −
Non-epidermolytic palmoplantar

keratoderma (tylosis) ++++ −

Plummer-Vinson Syndrome ++++ −
History of head and neck cancer ++++ −

History of breast cancer treated with
radiotherapy +++ +++

Frequent consumption of extremely
hot beverages + −

Prior use of beta-blockers,
anticholinergic agents, or

aminophylline
− ±

HPV 16 and 18 in some areas −
A single plus sign indicates an increase in the risk by a factor of less than two, two plus signs an increase by a factor of two to four, three
plus signs an increase by a factor of more than four to eight, four plus signs an increase by a factor of more than eight. The plus-minus sign
indicates that conflicting result have been reported, and the dashes indicate that there is no proven risk. HPV = Human Papilloma Virus.
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3.1. Esophageal Squamous-Cell Carcinoma

Traditional risk factors for ESCC are tobacco use, alcohol consumption, genetic mu-
tation of enzymes that metabolize alcohol, achalasia, caustic injuries and hot beverages,
exposure to thoracic radiations, low socio-economic status, poor oral hygiene, nutritional
deficiencies, and tylosis [16,17].

ESCC develops via a multistep process that begins with a normal squamous epithelium
and progresses to low-grade intra-epithelial neoplasia (LGIN), high-grade intraepithelial
neoplasia (HGIN) and ultimately into invasive carcinoma. Through this process, ESCC
usually expands between the middle and the lower third of the esophagus.

In the reassessment of carcinogen factors for the esophagus, the International Agency
for Research on Cancer included acetaldehyde from alcoholic beverages as a carcinogen of
group 1 [18]. In fact, ingested alcohol is metabolized to acetaldehyde by alcohol dehydro-
genase 1B, which is subsequently detoxified to acetic acid by aldehyde dehydrogenase 2
(ALDH2) [19]. Mutation in ALDH2 enzyme increases blood, salivary, and breath levels
of acetaldehyde after alcohol intake [20,21], and this phenomenon is associated with in-
creased risk of ESCC. Genetic polymorphism of this enzyme, which is prevalent among
Mongoloids, but not in Caucasoid or Negroid populations, seems to account for the highest
incidence of ESCC in Asian countries [22].

Additionally, direct contact between the carcinogenic substances contained in tobacco,
such as nicotine-derived nitrosamine ketone, N1-nitrosonornicotine, polycyclic aromatic
hydrocarbons, aromatic amines and carcinogen acetaldehyde, and the esophageal mucosa
has been proven to increase the risk of ESCC [23]. In support of this theory, Hoffmann et al.
reported that a large-scale population-based cohort study revealed that both past and
current smokers have a higher risk of developing ESCC than individuals that have never
smoked. Furthermore, among current smokers, the risk of ESCC increases in a dose-
dependent manner.

To determine the positive association between alcohol use, tobacco use, and ESCC
illustrated above, many case-control and cohort studies have been conducted in the past
decades [24–26]. For example, a Japanese large-scale population-based cohort study
showed that heavy alcohol consumption and cigarette smoking are strongly associated
with ESCC, especially among heavy smokers with inactive allele of ALDH2, the so-called
flushing response to alcohol [24], while smokers after an ethanol challenge had 7 times
higher salivary acetaldehyde levels than non-smokers [27,28].

Other important risk factors are low levels of consumption of fruits and vegetables,
deficiency of selenium, zinc or vitamin E. The risk of ESCC was found to be reduced by
31–35% for every 5-unit increased BMI [29]. It is somewhat surprising that obesity seems
to exert a protective role on the development of ESCC, but this effect is far from being
explained. Various potential biases on the evaluation of risk factors for ESCC have been
considered, including smoking status, but none have enabled us to understand the reasons
for this inverse relationship. On the contrary, the major documented risk of leanness for
ESCC has been related to the fact that a poor diet leads to micronutrient deficiencies or
malnutrition, but the protective influence of micronutrients for this cancer type is unknown.

Lastly, an increased risk of ESCC has been observed in patients with esophageal
achalasia, a rare idiopathic motor disorder characterized by lack of relaxation of the lower
esophageal sphincter and an absence of peristalsis. In these patients, the development of
ESCC seems likely due to the chronic inflammation associated with the stasis of food in
the esophagus and the production of nitrosamines by bacterial overgrowth [30]. Available
data suggest that the estimated risk of ESCC in patients with achalasia is 11–50-fold greater
than in the general population.

3.2. Esophageal Adenocarcinoma

The major risk factors for EAC include symptomatic gastro-esophageal reflux disease
(GERD), Barrett’s esophagus, visceral abdominal obesity, tobacco use, assumption of drugs
that relax the lower esophageal sphincter, as well as diet with a low intake of vegetables
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and fruit and rich in processed meat [31,32]. EAC is characterized by a multistep process
that begins with a normal esophageal squamous epithelium and develops into columnar
epithelium, low-grade dysplasia (LGD), high-grade dysplasia (HGD) and eventually EAC
under the influence of acid and weakly acid exposure. About 75% of all EACs are localized
in the distal tract of the esophagus [15].

A recent meta-analysis evaluated the association between symptoms of GERD and
EAC. The results showed that patients presenting weekly and daily symptoms of GERD
have, respectively, a 5-fold and a 7-fold increase in the probability of developing EAC,
compared with individuals without symptoms or with less-frequent symptoms. Although
the duration of symptoms was also associated with EAC, the results remain very heteroge-
neous and the thresholds unclear [33]. A pooled analysis from the international Barrett’s
and Esophageal Adenocarcinoma Consortium (BEACON) has highlighted a strong relation-
ship between gastroesophageal reflux (GER) exposure and esophageal adenocarcinoma,
and moreover, a longer duration and increased frequency of reflux are both associated with
higher carcinogenic risk [34]. Nevertheless, it is important to notice that up to 40% of all
patients with EAC do not report GERD symptoms, and this has generated a heated debate
among experts about the usefulness of endoscopic surveillance in patients with GERD [35].

One of the most dangerous complications of GERD is the development of Barrett’s
esophagus (BE), defined as the replacement of squamous mucosa by columnar epithelium
as a defense against exposure to acid and/or bile reflux. Recent studies that used 24-h-MII-
pH monitoring showed that patients with BE have longer esophageal refluxate (both acid
and weakly acidic) exposure time, a higher number of total reflux episodes, an increased
number of re-reflux events, and prolonged acid and volume clearance times, compared
with patients with erosive esophagitis (EE) and healthy volunteers [36,37]. Moreover,
the number and proximal migration of reflux episodes are related to the extension of BE,
whose length is also associated with the prospective risk of dysplasia with greater risk
in longer segments [38]. However, only 10–15% of patients with chronic GERD develop
BE, indicating that additional and unknown genetic and environmental factors are most
certainly involved [39].

The estimated incidence of EAC in patients with BE is approximately 0.1–0.5% per
year [40]. The risk is higher in patients with BE with low-grade (LG) and high-grade
(HG) dysplasia, which degenerates into EAC in 1–10% per year and 40% per year, re-
spectively [41]. A study published in 2011 demonstrated that the increasing severity of
mucosal damage of GERD into EE and BE is associated with a progressively more severe
deflection of esophageal manometric features, motility, and bolus transit pattern [42]. If this
phenomenon is related, even just partially, to a severe esophageal mucosal inflammation
induced by an increase of GER, which in turn induces a reduction in esophageal compliance
and an increased resistance during bolus movement with a consequently delayed bolus
transport, it could explain the development of BE on EE leading to EAC.

Moreover, obesity is associated with an increased risk of EAC by a factor that ranges
between 2.4 and 2.8 [43]. In fact, patients with central obesity are more predisposed to hiatal
hernia and present an increased intra-gastric pressure that enhances GER. Additionally,
this population presents higher basal insulin and insulin-like-growth factor 1 (IGF-1) levels,
which promote cell proliferation and determine cell differentiation [44]. These patients also
present higher serum levels of leptin, a hormone secreted by visceral fat that potentially
promotes carcinogenesis by mitogenic and angiogenic means [45]. A recent case-control
study demonstrated that a large amount of visceral abdominal fat detected by a CT scan is
associated with significant increase in the risk of BE [43]. In particular, this study shows
how GERD may mediate some but not all of this association. As abdominal adiposity is
more common in men, this may be a possible explanation for sex-related differences in
cancer risk.

The association between Helicobacter pylori (Hp) infection and EAC is still debated.
In fact, Hp infection induces atrophy of gastric mucosa and therefore decreases the acid
production by oxyntic cells and the exposure of esophageal epithelium to acid, and this
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should in turn reduce the risk of BE and EAC. In this regard, a meta-analysis published
in 2013 analyzed 15 observational studies and showed that the risk of EAC decreased by
41% among patients with Hp infection [46]. On the other hand, after initiating therapy and
succeeding in the eradication of Hp, in most cases patients neither develop nor exacerbate
GERD symptoms [47–49].

The main lifestyle and clinical factors known to influence the development of esophageal
cancer and the related international recommendations are reported in Table 2.

Table 2. Main lifestyle and clinical factors known to influence the development of esophageal cancer and related recommendations.

Lifestyle and
Clinical
Factors

Mechanism of Action Type of Study
Main Findings and Reported
Relative Risks (RR) or Odds

Ratios (OR)
Recommendations

Smoking

3 Tobacco smoke is known to
contain polycyclic aromatic
hydrocarbons, nitrosamines and
many other carcinogens.

3 Cigarette smoke is known to
contain a large number of
pro-oxidative substances and
generates reactive oxygen
species, which can initiate and
promote carcinogenesis

Observational
[24–27,31]

Tobacco smoking cessation < 10 y:
OR, 0.82; 95% CI, 0.60–1.13 [31]

Tobacco smoking cessation ≥10 y:
OR, 0.71; 95% CI, 0.56–0.89 [31]

Abstinence from smoking.
The synergic action with
alcohol is important to
know and to correct.

Food

3 Hot beverages can cause
recurrent thermal injury

3 Fruit/vegetables intake have
chemo-preventive effects for
their high levels of
micronutrients (including
antioxidants), which can
decrease DNA damage by
scavenging for oxygen radicals.
They contain flavones, which
inhibit the cell process associated
with carcinogenesis, possibly
through their effects on focal
adhesion kinase and
metalloproteinases.

3 Fiber might also partially
mediate the associations found
for fruits and vegetables.

3 Processed meats may have a
high nitrate content, which can
initiate and promote
carcinogenesis

Observational [25]
Meta-analysis [30]

The overall pooled RR of EC and
the confidence intervals for the

groups with the highest versus the
lowest levels of intake were as

follows: 0.99 (95% CI: 0.85–1.15)
for total meat;

1.40 (95%CI: 1.09–1.81) for
red meat;

1.41 (95%CI: 1.13–1.76) for
processed meat;

0.87 (95%CI: 0.60–1.24) for poultry;
0.80 (95%CI: 0.64–1.00) for fish [30]

Avoidance of meat,
processed food intake, hot

beverages High
fruit/vegetable intake
Abstinence from betel

quid chewing

Alcohol

3 Acetyl-aldehyde may cause
cellular damage and have a
carcinogenic effect.

3 A commonly accepted
interpretation of the synergy
between ethanol and tobacco
smoke is that ethanol dissolves
and facilitates the transport of
tobacco carcinogens to cells,
making them more susceptible
to carcinogenesis.

Observational
[21,24–27]

Abstinence from alcohol
consumption.

It is important to correct
the synergic action with

tobacco

4. Secondary Prevention

It is of fundamental importance to identify high-risk groups for ESCC and EAC
in order to detect premalignant lesions early and offer them adequate monitoring. At
present, upper endoscopy is the only tool utilized for secondary prevention through the
direct visualization of esophageal mucosa and the possibility to perform biopsies for
histological examination, but its high cost and invasiveness limit the broad application
of this technique and require the development of new preventive tools. Accordingly, a
minimally invasive non-endoscopic device, the cytosponge-trefoil factor 3 (TFF3), has been
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recently proposed for the collection of esophageal cells in order to screen GERD patients
who warrant endoscopy to diagnose BE [50]. The cytosponge is coupled with TFF3, an
immunohistochemical biomarker for Barrett’s epithelium within a capsule attached to
a string that must be swallowed and, when gelatin dissolves inside the stomach, the
sponge is pulled up along the esophagus for cell collection. In the study by Ross-Innes
CS et al. on a large sample of GERD patients, the sensitivity of this new device was
73.3% and the specificity 93.8%. More recently, Fitzgerald et al. [51] published in Lancet a
new study in which the number of GERD patients diagnosed with BE was significantly
greater with the cytosponge than with traditional endoscopy (140 vs. 13), and therefore
this method seems to highly reliable for BE screening and should be preferred because it is
simpler, mini-invasive, more comfortable, cheaper and more accurate than endoscopy with
biopsy [51,52].

4.1. Esophageal Squamous Carcinoma

In Western countries, where the incidence of ESCC is relatively low, screening of
the asymptomatic average-risk population is untenable. Individuals with high alcohol
consumption and a long history of cigarette smoking are currently not included in the
high-risk group that is expected to undergo endoscopic surveillance for ESCC.

At the moment, different groups of high-risk patients for ESCC have been identified
and are represented by subjects who underwent a curative treatment for head and neck
cancer and those affected by caustic injury, tylosis, or achalasia [51,53]. However, the
efficacy, cost-effectiveness and time intervals of endoscopic surveillance are still matter of
debate, given the limited evidence in this direction.

In order to perform a screening of ESCC, the application of narrow-band imaging
(NBI) endoscopy and chromoendoscopy with Lugol solution staining has been proven
useful. In fact, when dysplastic or cancerous changes of squamous epithelium develop, the
contents of intracellular glycogen will decrease, and they will become Lugol-voided lesions
(LVLs) [54,55]. However, many researchers have been studying and developing some
new techniques, such as autofluorescence imaging (AFI), confocal laser endomicroscopy,
endo-cytoscopy, and optical coherence tomography [56].

Patients with previous head and neck cancer are at higher risk of developing syn-
chronous or metachronous ESCC, mainly due to the phenomenon known as “field can-
cerization”, which is related to exposure to the same risk factors (i.e., alcohol intake and
smoking). The prevalence of ESCC in patients with head and neck cancer was found to
range from 2.3% to 28%, while the risk of developing a synchronous or metachronous ESCC
is highest in patients with hypopharyngeal and oropharyngeal cancers, followed by oral
cavity, laryngeal and nasopharyngeal cancers [57]. Additionally, when secondary ESCC
develops in patients with prior head and neck cancer, its prognosis is poor. These patients
probably receive a late diagnosis of ESCC because they present persistent dysphagia or
odynophagia after radiotherapy or surgery for the primitive cancer. Some evidence shows
that an endoscopic screening to detect precancerous lesions and ESCC at an earlier stage is
feasible and useful. The proposed and recommended endoscopy surveillance protocols
usually start after curative treatment for head and neck cancer and continue every 6 months
for 3–10 years to annual examinations [54]. The suggested surveillance method is Lugol
chromoendoscopy or virtual chromoendoscopy.

ESCC can occur in the long-term in patients with previous caustic ingestion of ei-
ther acid or alkali substances. The risk of ESCC in patients who had caustic injuries is
1000–3000 times higher than in the general population [57], and cancer usually develops
10–40 years after caustic injury [58,59]. Although there are no data about the effectiveness
of endoscopic surveillance on this group of patients, some authors suggest performing
endoscopic surveillance with white-light gastroscopy starting 10–20 years after the injury,
with a minimum interval of 3 years [54].

ESCC can also develop in patients affected by achalasia, usually 10–15 years after
diagnosis or 20–25 years from the beginning of symptoms [60]. The need for endoscopic
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surveillance in such a population is still debated, as studies so-far performed failed to
demonstrate both the cost-effectiveness and the detection rate of early ESCC [61]. There is
conflicting evidence on routine endoscopic surveillance for patients with achalasia. Some
scientific societies conclude that there are insufficient data available, whereas some experts
support surveillance with white-light endoscopy every three years in patients who received
the diagnosis 10–15 years prior [51].

4.2. Esophageal Adenocarcinoma
4.2.1. Endoscopic Screening

In literature, a large number of studies show that patients with chronic GERD symp-
toms benefit from endoscopic screening for BE because of the clear association between
GERD, BE and EAC. Nevertheless, the cost-effectiveness analysis of endoscopic surveil-
lance of BE is still undetermined. In fact, not only is the prevalence of GERD symptoms
among the general population very high, and at least 40% of patients with BE do not have
symptoms of GERD, but also no definitive data are available on whether endoscopic screen-
ing for BE is actually associated with a reduction in cancer-related mortality. Therefore,
endoscopic screening in the GERD population is not routinely recommended [15].

The American College of Gastroenterology (ACG)’s clinical guidelines on BE report
that screening for this disease may be considered in men that present chronic (>5 years)
and/or frequent (weekly or more) symptoms of GER (heartburn or acid regurgitation),
along with two or more risk factors for BE or EAC. These risk factors include: age > 50 years,
Caucasian race, presence of central obesity (waist circumference >102 cm or waist-hip ratio
>0.9), current or past history of smoking, as well as a confirmed family history of BE or
EAC (in a first-degree relative) [62].

Considering that women with chronic GERD symptoms are subject to a substantially
lower risk of EAC compared with men, screening for BE in the former is not recom-
mended. However, screening should be considered in individual cases, as determined
by the presence of the above-mentioned multiple risk factors for BE or EAC [62]. If the
initial endoscopic evaluation is negative for BE, repeating this examination overtime is
not recommended. If endoscopy reveals moderate or severe esophagitis (Los Angeles
Classification grades B, C and D), repeating endoscopic assessment after PPI therapy for
8–12 weeks is recommended in order to ensure healing of esophagitis and to exclude the
presence of underlying BE.

4.2.2. Chemoprevention of Barrett’s Esophagus

Main treatments associated with secondary prevention for esophageal adenocarci-
noma (Table 3).

The clinical guidelines reported above recommend that patients with BE should re-
ceive once-daily PPI therapy. Administering a twice-daily dose of PPI is not recommended
unless the patients present scant control of reflux symptoms or erosive esophagitis [62].
Currently, several cohort studies report that subjects with BE with maintenance therapy
with PPI present a decreased risk of degeneration into neoplastic BE compared with those
either without a maintenance therapy or taking H2RA therapy [63–66]. A multicenter
prospective cohort study demonstrated that PPI use was associated with a 75% reduc-
tion in the risk of neoplastic progression in patients with BE [62]. Furthermore, a later
meta-analysis of observational studies concluded that the use of PPIs is associated with
a decreased risk of esophageal adenocarcinoma and/or BE with high dysplasia in BE
patients [67]. It is noteworthy that the risk profile of these medications is favorable in most
patients [68,69], and the cost of this class of drugs has been substantially lower in recent
years, as generic formulations of PPIs are available. These factors seem to justify the use of
PPIs in BE populations, even in those without GERD symptoms [62].

According to ACG guidelines [62], aspirin or NSAIDs should not be routinely pre-
scribed to patients with BE as an antineoplastic strategy. Similarly, other putative chemo-
preventive agents have not yet demonstrated effectiveness, and thus they should not be
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administered routinely. However, ASA and NSAIDs have shown how the potential of
inhibiting several pathways is crucial in oncogenesis, while some epidemiological studies
revealed the chemo-preventive effect of ASA in the transition from BE to EAC [70–80].
The use of these chemo-preventive agents, due to their well-known adverse effects such
as cerebral and GI hemorrhage, is not justified also considering that the estimated risk of
progression in patients with non-dysplastic BE is low (0.1–0.5%/year). However, a very
large (2557 patients) prospective randomized controlled trial in UK [7,81] has investigated
the chemo-preventive effects of PPIs, both alone and in combination with aspirin (AspECT),
and the results of this study showed that high-dose esomeprazole (40 mg twice-daily) and
aspirin 300 mg or 325 mg in combination, significantly and safely improved outcomes in
patients with BE after 8–9 years of follow-up. These authors stated that PPIs could also
reduce the upper gastrointestinal bleeding associated with aspirin, whilst the benefits of
this latter drug remain. So, although ACG guidelines do not justify the routine use of ASA
or other NSAIDs in the chemoprevention of BE, the results of the AspECT study suggest
that a revision of the above recommendations is warranted.

Statins are drugs used for primary and secondary prevention of cardiovascular dis-
eases, and studies have suggested that they may have also a role in the chemoprevention
of BE [82–89]. In particular, in-vitro studies on EAC cell lines have shown that statins have
anti-proliferative, pro-apoptotic, anti-angiogenic and immuno-modulatory effects, thus
preventing cancer development and growth [90–92]. Furthermore, a meta-analysis pub-
lished in 2013 evaluated existing randomized controlled trials and observational studies
about the association between statins and the risk of EAC or progression of dysplasia in
patients with BE [93]. According to this study, the use of statins is associated with a 41%
reduction in the risk of neoplastic progression, after adjusting for potential confounders
(i.e., use of NSAIDs/aspirin and baseline BE segment length and dysplasia grade). In
addition, the meta-analysis of the two studies that assessed the combined effect of statins
and NSAIDs/aspirin use on development of EAC in BE has demonstrated a reduction of
72% in EAC incidence. Considering the above results, it seems useful to conduct more
chemo-preventive trials that better evaluate the effects of statins in BE.

Obesity and, in particular, central adiposity are risk factors associated with BE and
EAC. In fact, the activation of the insulin/IGF pathway is associated with BE-mediated
carcinogenesis [94]. A double-blind, randomized, controlled prospective chemoprevention
trial of metformin in BE patients was conducted and published in 2015 [95]. This study
showed that metformin 2000 mg daily in BE patients on PPI, without considering insulin-
resistance or diabetes mellitus II, although tolerable and safe, was not effective in altering
proliferation or apoptosis pathways in non-dysplastic BE. It will be necessary to conduct
more studies to elucidate this aspect and perhaps consider alternate carcinogenic pathways
involving adiponectin and/or leptin.

Anti-reflux surgery (ARS) might be a preventive measure against transition from BE
to EAC. Although in the past two years several systematic reviews and meta-analyses have
been published about the possible preventive role of ARS on the neoplastic progression of
BE, none of them have found any significant effect on the development of EAC compared
with medical treatment [96–98]. Nevertheless, a recent systematic review and meta-analysis
published in 2016 has provided some evidence that, in patients with BE, ARS may prevent
EAC better than medical therapy [99]. This could be explained by the fact that medical
treatments decrease the acidity of refluxate but do not prevent reflux per se. A recent 5-year
follow-up of a randomized clinical trial that used pH-measurements also showed how, in
GERD patients, surgery leads to lower levels of abnormal acid reflux in the esophagus
compared with medication [100]. In addition, compared with PPI therapy, fundoplication
is not dependent on dosage or therapy adherence. However, according to this meta-
analysis, the risk of EAC seems to remain higher in patients after ARS compared with the
background population. This may be due to the particularly high severity of GERD in
patients selected for ARS, where DNA is already damaged, leaving the operated patients
to a long-term increased risk of EAC compared with the population at large. Furthermore,



Cancers 2021, 13, 2183 10 of 20

some of the patients undergoing ARS will have recurrence of GERD, thus further increasing
the risk of EAC compared with the background population [99].

In conclusion, more data from larger studies with longer follow-up periods are required
to determine the actual role of ARS in the control of the progression from BE to EAC.

4.2.3. Barrett’s Treatment

During the last decade, many studies have been published about the potential treat-
ment of BE and the control of its progression from non-dysplastic BE to LGD, HGD and,
subsequently, EAC. Nowadays, the most debated point regards whether LGD must un-
dergo endoscopic ablation or endoscopic surveillance.

ACG guidelines about management of BE report that endoscopic eradication therapy
is the preferred procedure for patients with BE and confirmed HGD [62]. Although
endoscopic surveillance every 12 months is a good compromise in patients with LGD and
without life-limiting comorbidity, endoscopic therapy should be the preferred modality.
In contrast, ablative therapy cannot be recommended in patients with non-dysplastic BE
due to the very limited evidence of neoplastic progression, along with the costs associated
with the procedure and the risk of complications linked to ablative therapy. It is unclear
whether it is recommended to perform such therapy in subjects considered to have a
higher life-time risk of cancer, such as those with familial BE/EAC and young patients
with long segments of BE [62]. In patients with BE and confirmed LGD, recent data show
that ablative therapy results in a statistically and clinically significant reduction in the
risk of degeneration to the combined end point of HGD or EAC, or to EAC alone. In the
AIM-Dysplasia trial, patients with LGD were randomized to radiofrequency ablation (RFA)
or to sham ablation and followed-up for one year [101]. Progression to HGD at twelve
months was 5% in the RFA group compared with 14% in the sham-treated group, and this
difference was significant. Five years later, the European SURF study randomized patients
to RFA or endoscopic surveillance [102], and at the end of the three-year follow-up, 1.5%
of treated patients developed high-grade dysplasia or EAC compared with 26.5% in the
surveillance group. Lastly, a multicenter cohort study compared the efficacy of RFA against
endoscopic surveillance in patients with LGD and showed a rate of progression to HGD or
EAC that was significantly lower in the RFA group [103]. The above three studies show
that ablative treatment is a better choice than endoscopic surveillance in patients with
LGD [104]. Nonetheless, negative points about a more widespread endoscopic ablation of
LGD are present in these studies. In the AIM and SURF studies, respectively, 22% and 28%
patients in the surveillance arm experienced resolution of dysplasia during follow-up and
have thus undergone unnecessary ablation. Other drawbacks of RFA include the cost and
the need for multiple upper endoscopies even after complete ablation.

According to ACG guidelines [62], in case of the detection of mucosal irregularity,
including nodularity, ulceration, or flat but irregular mucosal contour, endoscopic mucosal
resection (EMR) or endoscopic submucosal dissection (ESD) should be performed. The
histological findings of these two endoscopic resections determine subsequent management
of patients. In case of a history of non-dysplastic BE, surveillance endoscopy can be
pursued if EMR does not demonstrate evidence of dysplasia. On the other hand, if EMR
demonstrates presence of LGD or HGD and patients underwent complete resection of
lesions, endoscopic ablative therapy should follow the endoscopic resection.
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Table 3. Main treatments associated to secondary prevention for esophageal adenocarcinoma.

Drug Mechanism of Action Type of Study Main Findings and Reported
Relative Risks or Odds Ratios (OR), Recommendations

Statins

Vitro and animal studies:

3 Anti-inflammatory and
antineoplastic effects through both
HMG-CoA reductase-dependent
and HMG-CoA
reductase-independent pathways.

3 Inhibition of several downstream
products of the mevalonate
pathway, including the generation
of isoprenoids. This prevents
post-translational prenylation of
the small signaling G-proteins of
the Ras/Rho/ Rac superfamily.

3 Pro-apoptotic effects through
regulation of Rho and RAF
mitogen activated the protein
kinase 1-extracellular regulated
kinase (MEK-ERK) pathway
through a HMG-CoA reductase
dependent mechanism.

3 Inhibition of the activation of the
proteosome pathway, limiting the
breakdown of cyclin-dependent
kinase inhibitors p21 and p27, thus
allowing these molecules to exert
their growth-inhibitory effects.

Observational
[66,83–88,90]
Meta-analysis

[82,89,93]

A significant reduction in the risk of
esophageal cancer among patients who
took statins (adjusted OR, 0.72; 95% CI,
0.60–0.86). In BE patients, statins were
associated with a significant (41%)
decrease in the risk of EAC (adjusted
OR, 0.59; 95% CI, 0.45–0.78) [93]
Regular statin use was associated with
a significantly lower incidence of
Barrett’s esophagus [adjusted OR 0.62
(95% confidence intervals 0.37–0.93)].
This effect was more marked in
combined statin plus aspirin users
[adjusted OR 0.43 (95% CI 0.21–0.89)]
[82].
Statin use was significantly associated
with a reduced risk of Barrett’s
esophagus [pooled adjusted OR 0.63
(95% CI 0.51–0.77)] [82]

Statin use is not
recommended as a
chemo-preventive

agent

Proton
Pump

Inhibitors
Use

3 Irreversible block of the H+/K+
ATPase enzyme that is necessary
for the production of cloridric acid
by the gastric parietal cells
reducing acid esophageal exposure
time.

Observational
[63–65]

Meta-analysis [67]

The use of PPIs included in the study
or during the follow-up period
reduced the risk of neoplastic
progression (Hazard ratio, 0.41; 95%
confidence interval, 0.18–0.93 and
hazard ratio, 0.21; 95% confidence
interval, 0.07–0.66) [64]

Once daily PPI
therapy have to be

assumed

NSAID and
aspirin

3 Mechanism of potential risk
reduction is unknown but may be
related to the inhibition of the
cyclooxygenase-2 enzyme, which
is induced early in the
development of numerous tumors,
including esophageal carcinomas.
Its activity may contribute to
cancer growth through several
mechanisms, including increasing
cells’ longevity via inhibition of
apoptosis, stimulation of
angiogenesis, or other effects on
the cell cycle.

Observational
[71–79]

Meta-analysis [80]

Statistical pooling showed a protective
association between any use of
aspirin/NSAID and esophageal cancer
(OR 0.57; 95% CI 0.47– 0.71).
Both intermittent (OR 0.82; CI,
0.67–0.99) and frequent medication use
were protective (OR 0.54; CI, 0.43–0.67),
with greater protection with more
frequent use.
Stratified by medication type, aspirin
use was protective (OR 0.5; CI,
0.38–0.66), and NSAIDs had a
borderline protective association (OR
0.75; CI 0.54–1.0).
Any use was protective against both
esophageal adenocarcinoma (OR 0.67;
CI, 0.51–0.87) and squamous cell
carcinoma (OR 0.58; CI, 0.43–0.78) [80]

Aspirin and NSAIDs
are not recommended
as chemo-preventive

agents

Metformin

3 Protection against
obesity-associated cancers.

3 Reduces serum insulin levels
inhibiting cell growth directly
because insulin has been
associated to cellular proliferation
and inhibits apoptosis.

Observational [95] -

Metformin is not
recommended as a
chemo-preventive

agent
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Table 3. Cont.

Drug Mechanism of Action Type of Study Main Findings and Reported
Relative Risks or Odds Ratios (OR), Recommendations

Anti-Reflux
Surgery

3 Reinforces the anti-reflux barrier at
the esophago-gastric junction level
by creating a wrap around it.

3 Reduces the reflux burden and
eliminates the main risk factor
associated to the development and
disease progression of Barrett’s
esophagus

Observational [96]
RCT [100]

Meta-analysis
[97–99]

In patients with Barrett’s esophagus,
the corresponding IRR was 0.46 (95%
CI 0.20–1.08) and 0.26 (95% CI
0.09–0.79) when restricted to
publications after 2000 [99]

Anti-reflux surgery
may prevent EAC

better than medical
therapy in patients

with Barrett’s
esophagus

Barrett’s
Treatments

3 Endoscopic treatments of Barrett’s
esophagus (radiofrequency and
cryoablation alone or with
esophageal mucosectomy) permit
us to eradicate the intestinal
metaplasia and dysplasia,
reducing the disease progression
of Barrett’s esophagus

Observational
[101,103,105]

RCT [102]
Meta-analysis

[104]

The progression of BE-LGD to either
HGD or EAC was significantly lower
in patients treated with RFA compared
with endoscopic surveillance (OR: 0.17,
95% CI: 0.04–0.65, p = 0.01).
The progression to HGD alone was
significantly lower in patients treated
with RFA vs. endoscopic surveillance
(OR: 0.23, 95% CI: 0.08–0.61, p= 0.003).
Progression to EAC alone was
numerically lower in RFA compared
with endoscopic surveillance without
statistical significance (OR: 0.44, 95%
CI: 0.17–1.16, p = 0.09) [104]

It is recommended
endoscopic

eradication therapy
with RFA, PDT or

EMR in Barrett
esophagus with high

grade dysplasia

PPI: pomp proton inhibitors; BE: Barrett Esophagus; RFA: radiofrequency ablation; PDT: photodynamic therapy; EMR: endoscopic mucosal
resection; LGD: low grade dysplasia; HGD: high grade dysplasia; EAC: esophageal adenocarcinoma.

5. Tertiary Prevention
5.1. Surveillance for ESCC

Surveillance after EMR or ESD for ESCC aims to detect and treat recurrences, metachronous
ESCC, and second primary cancers (such as head, neck, gastric, lung and colorectal cancer)
early (Table 4).

Local recurrence after EMR or ESD usually occurs within one year after initial treat-
ment, and if it develops after two to three years, then a long-term follow-up is required [105].
Lugol chromoendoscopy is the more frequently used technique to detect local recurrence.
The proposed long-term surveillance protocol includes endoscopy at 6-month or at 3-month
intervals for up to 6 months to 1 year after resection [54]. In the presence of multiple LVLs,
EMR is associated with a higher risk of local recurrence than ESD [106].

After the endoscopic resection of ESCC, patients are prone to a high incidence of
metachronous ESCC (10–15%), which can develop at any time after treatment. As the
presence of LVLs is considered the most important risk factor for metachronous ESCC [107],
a strict long-term follow-up with Lugol chromoendoscopy is essential. The proposed
long-term surveillance protocol includes endoscopy at 6-month intervals or at 3-month
intervals for 6 months up to 1 year after resection [54].

A national registry established by the Japan Esophageal Society found that secondary
tumors develop in 20% patients with ESCC [108]. In these patients, regular follow-up of
the head, neck, esophagus and stomach by upper endoscopy is essential. Cancer screening
should include examination of the head and neck region by an otolaryngologist, chest
radiography or CT, as well as a colorectal examination. However, standardized protocols
for follow-up have yet to be established. The currently proposed endoscopic surveillance
protocols, using Lugol chromoendoscopy or virtual chromoendoscopy, usually start after
curative treatment for head and neck cancer and continue every 6 months for 3–10 years
and then proceed to annual examinations [54].
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Table 4. Suggested surveillance methods of patients with Barrett’s esophagus and squamous-cell carcinoma as recommended by different American and European scientific societies.

Cancer Suggested Surveillance Methods Suggested Surveillance Intervals
ESGE AGA ASGE BSG ESGE AGA ASGE BSG

Esophageal ade-
nocarcinoma

Endoscopy or
ultrathin nasal

endoscopy with
biopsy

High-definition
white-light

endoscopy and
4-quadrant biopsy
specimens taken
every 1–2 cm of

Barrett’s mucosa,
depending on the

degree of dysplasia

Endoscopy with
biopsy

Endoscopy with
biopsy/HRE in BE.

Adherence to a
quadrant, 2 cm

biopsy protocol in
addition to sampling

any visible lesions.
Expert HRE should
be carried out in all
Barrett patients with

biopsy-detected
HGD

No dysplasia:
every 5 years

LGD:
every 3 years in
long-segment BE

No dysplasia: every
3–5 years

LGD:
every 6–12 months

HGD:
in the absence of

eradication therapy
every 3 months

No dysplasia: Consider no
surveillance. If surveillance is

elected, every 3 to 5 years
LGD:

after the repeat endoscopy in
6 months to confirm LGD,

every year.
HGD:

every 3 months in
selected patients.

No dysplasia: after the
repeat endoscopy to

confirm the diagnosis,
patients with BE shorter
than 3 cm and IM should

receive endoscopic
surveillance every

3–5 years.
If repeat endoscopy

confirms the absence of
IM, discharge from

surveillance is
encouraged

Patients with segments
of 3 cm or longer should

receive surveillance
every 2–3 years.

LGD: every 6 months

Esophageal
squamous-cell

carcinoma

Endoscopy with
biopsy

Endoscopy with
biopsy

Endoscopy with
biopsy

Full assessment with
enhanced imaging

and/or Lugol’s
chromo-endoscopy

is required

Surveillance
intervals vary

from 2 to 5 years

The interval for
surveillance of these
patients has not been

established, but
yearly investigations

would seem to be
reasonable

Tylosis:
screening at 30 years of age or at
the recognition of the disease and

then every 1 to 3 years.
Caustic injury:

screening should begin
approximately 10 to 20 years after

the insult, and then every 2 to
3 years

ESGE = European Society of Gastrointestinal Endoscopy; AGA = American Gastroenterological Association; ASGE = American Society for Gastrointestinal Endoscopy; BSG = British Society of Gastroenterology;
BE = Barrett Esophagus; HRE = High-resolution endoscopy; HGD = High-grade dysplasia; ER = Endoscopic Resection; LGD = low grade dysplasia; IM = intestinal metaplasia.



Cancers 2021, 13, 2183 14 of 20

5.2. Incidence of ESCC after Surgery of Achalasia

We have already said that ESCC occurs at higher frequency in patients with esophageal
achalasia, but it has also been reported that the incidence rate of this cancer is high during
follow-up after surgical treatment (2.9%). In fact, it can occur many years after the initial
detection or treatment of achalasia (11–15 years) [109].

It is still debated whether endoscopic surveillance after curative surgery for achalasia
should be performed, and very few data can be found in the medical literature on this
topic. In a recent study, 32 patients who were treated for esophageal achalasia underwent
a long-term and annual upper GI endoscopy follow-up [109]. ESCC was detected in
6 patients, and the average duration of follow-up until cancer after surgery was 14.3 years
(range 5–40 years). Five of these patients had early cancer revealed after the annual
endoscopy and were all treated with endoscopic resection. However, data about the
best time interval of follow-up after surgery are lacking. The same study suggests that
the potential for malignant transformation persists even when improving the passage
symptoms after surgery, as patients, who subsequently developed ESCC, had a clinical
remission of achalasia after operation.

5.3. Endoscopic Surveillance for BE

In order to detect EAC at an early and curable stage, when endoscopic treatment is
still feasible and associated with good survival, endoscopic surveillance after diagnosis
of BE is recommended (Table 4) with different surveillance intervals depending on the
presence and grade of dysplasia [62].

In BE patients without dysplasia, endoscopic surveillance should take place at in-
tervals of 3–5 years. As illustrated above, for patients with confirmed LGD and without
life-limiting comorbidity, endoscopic therapy is considered the preferred treatment modal-
ity, even though endoscopic surveillance every 12 months is an acceptable alternative.
Patients with BE and confirmed HGD should be treated with endoscopic therapy unless
they have life-limiting comorbidity. In contrast, after optimization of acid suppressive
therapies for 3–6 months, endoscopy should be carried out in patients with indefinite
evidence for dysplasia. If indefinite findings for dysplasia are confirmed on the repeated
examination, a surveillance interval of 12 months is recommended [62].

High-definition/high-resolution white light endoscopy (HD-WLE) should be pre-
ferred to standard-definition white light endoscopy for the detection of dysplastic lesions
during surveillance of BE [110].

In recent years, a wide variety of advanced imaging techniques has been studied to
allow for correct inspection of BE segments. Narrow band imaging (NBI) uses spectral
narrow band filters that allow for visualization of esophageal mucosal and vascular pat-
terns, similar to chromoendoscopy but without the time expense for dye. A randomized
controlled trial has shown no difference in the detected number of patients with dysplasia
or EAC, using NBI compared with HD-WLE. However, NBI-targeted biopsies can have
the same detection rate of BE and dysplasia as HD-WLE with the Seattle protocol, while
requiring fewer biopsies [111]. The data collected so far and the high cost of this technique
do not justify the use of NBI with the only goal of detecting HGD or EAC. Electronic
chromoendoscopy increases the diagnostic yield of dysplasia and EAC in patients with
BE [112], and this is the only advanced imaging technique recommended for endoscopic
surveillance of BE at this time [62].

According to the ACG Guidelines about the management of BE, endoscopic surveil-
lance should employ four-quadrant biopsies at 2 cm intervals in patients with non-
dysplastic BE, while biopsies at 1 cm intervals should be performed in patients with
BE with dysplasia. In addition, mucosal abnormalities such as ulceration, erosion, plaque,
nodule, stricture or other luminal irregularity in BE segments should be sampled separately,
preferably with EMR [62]. The detection of dysplasia during endoscopic surveillance of
BE influences the clinical and therapeutic management of patients. However, there is
considerable interobserver variability in the interpretation of dysplasia, particularly for
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indefinite findings for dysplasia and LGD [113,114]. Two recent studies have shown that
LGD in BE is an over-diagnosed entity in the community and suggest that patients affected
by LGD should undergo an expert pathology review to be down staged [115,116]. It is also
likely that community pathologists are subject to marked interobserver variation in the
interpretation of both HGD and LGD [116]. As a result, according to ACG guidelines, BE
patients with dysplasia of any grade are recommended to receive a review by two different
pathologists, of which one should have specialized expertise in gastrointestinal pathology,
in order to avoid possible interobserver variability in the interpretation of dysplasia [62].

6. Conclusions

In conclusion, the primary means of prevention for EAC and ESCC is to identify
the risk factors and, if present, eliminate them. The secondary prevention consists of the
detection of precancerous and early cancerous lesions when curative endoscopic treatment
is still possible. The tertiary means of prevention is to allocate endoscopic resources to
subjects in whom precancerous or early cancer conditions have already been identified
or treated. In particular, we believe that in the future, screening programs for ESCC in
high-risk patients and surveillance programs in patients with ESCC that has already been
treated need to be defined.

As for patients with BE, although chemo-preventive trials considering statins and
metformin in order to prevent progression to EAC are needed, a recent, very large study
has shown that high-dose esomeprazole in combination with aspirin is able to significantly
and safely improve the outcomes in BE, and this suggests a revision of current guidelines
that do not justify the use of aspirin or NSAIDs in the prevention of EAC. In high-risk
patient groups for ESCC or EAC, advanced imaging techniques must be applied in order
to perform screening and surveillance, but their cost-effectiveness and efficacy must be
accurately evaluated.

Author Contributions: E.M., V.S., E.S.: study concept, data analysis, drafting and finalization of
manuscript; A.D.S., S.Z., P.Z., G.P., M.F., M.G.D.M., E.G.G., M.G., B.B., M.S., I.A., M.F.: data analysis,
and critical review of manuscript. All authors have read and agreed to the published version of the
manuscript.

Funding: This research received no external funding.

Data Availability Statement: Data is contained within the article.

Conflicts of Interest: None to declare.

References
1. Coleman, H.G.; Xie, S.-H.; Lagergren, J. The Epidemiology of Esophageal Adenocarcinoma. Gastroenterology 2018, 154, 390–405.

[CrossRef] [PubMed]
2. Jemal, A.; Bray, F.; Center, M.M.; Ferlay, J.; Ward, E.; Forman, D. Global cancer statistics. CA Cancer J. Clin. 2011, 61, 69–90.

[CrossRef] [PubMed]
3. GBD 2017 Oesophageal Cancer Collaborators. The global, regional, and national burden of oesophageal cancer and its at

tributable risk factors in 195 countries and territories, 1990–2017: A systematic analysis for the Global Burden of Disease Study.
Lancet Gastroenterol. Hepatol. 2020. [CrossRef]

4. Ajani, J.A.; Barthel, J.S.; Bentrem, D.J.; D’Amico, T.A.; Das, P.; Denlinger, C.S.; Fuchs, C.S.; Gerdes, H.; Glasgow, R.E.; Hayman,
J.A.; et al. Esophageal and Esophagogastric Junction Cancers. J. Natl. Compr. Cancer Netw. 2011, 9, 830–887. [CrossRef]

5. Ferlay, J.; Soerjomataram, I.; Dikshit, R.; Eser, S.; Mathers, C.; Rebelo, M.; Parkin, D.M.; Forman, D.; Bray, F. Cancer incidence and
mortality worldwide: Sources, methods and major patterns in GLOBOCAN 2012. Int. J. Cancer 2015, 136, E359–E386. [CrossRef]

6. Enzinger, P.C.; Mayer, R.J. Esophageal Cancer. N. Engl. J. Med. 2003, 349, 2241–2252. [CrossRef]
7. Pickens, A.; Orringer, M.B. Geographical distribution and racial disparity in esophageal cancer. Ann. Thorac. Surg. 2003, 76,

S1367–S1369. [CrossRef]
8. Zaninotto, G.; Minnei, F.; Guirroli, E.; Ceolin, M.; Battaglia, G.; Bellumat, A.; Betetto, G.; Bozzola, L.; Cassaro, M.; Cataudella, G.;

et al. The Veneto Region’s Barrett’s Oesophagus Registry: Aims, methods, preliminary results. Dig. Liver Dis. 2007, 39, 18–25.
[CrossRef]

9. Registro Italiano Tumori. Available online: www.registri-tumori.it (accessed on 25 January 2021).

http://doi.org/10.1053/j.gastro.2017.07.046
http://www.ncbi.nlm.nih.gov/pubmed/28780073
http://doi.org/10.3322/caac.20107
http://www.ncbi.nlm.nih.gov/pubmed/21296855
http://doi.org/10.1016/S2468-1253(20)30007-8
http://doi.org/10.6004/jnccn.2011.0072
http://doi.org/10.1002/ijc.29210
http://doi.org/10.1056/NEJMra035010
http://doi.org/10.1016/S0003-4975(03)01202-5
http://doi.org/10.1016/j.dld.2006.09.021
www.registri-tumori.it


Cancers 2021, 13, 2183 16 of 20

10. Kamangar, F.; Dores, G.M.; Anderson, W.F. Patterns of Cancer Incidence, Mortality, and Prevalence Across Five Continents:
Defining Priorities to Reduce Cancer Disparities in Different Geographic Regions of the World. J. Clin. Oncol. 2006, 24, 2137–2150.
[CrossRef]

11. Eslick, G.D. Epidemiology of Esophageal Cancer. Gastroenterol. Clin. N. Am. 2009, 38, 17–25. [CrossRef] [PubMed]
12. Pohl, H.; Sirovich, B.; Welch, H.G. Esophageal Adenocarcinoma Incidence: Are We Reaching the Peak? Cancer Epidemiol. Biomark.

Prev. 2010, 19, 1468–1470. [CrossRef]
13. Eloubeidi, M.A.; Mason, A.C.; Desmond, R.A.; El-Serag, B. Temporal trends (1973–1997) in survival of patients with esophageal

adenocarcinoma in the United States: A glimmer of hope? Am. J. Gastroenterol. 2003, 98, 1627–1633. [CrossRef] [PubMed]
14. Pennathur, A.; Farkas, A.; Krasinskas, A.M.; Ferson, P.F.; Gooding, W.E.; Gibson, M.K.; Schuchert, M.J.; Landreneau, R.J.; Luketich,

J.D. Esophagectomy for T1 Esophageal Cancer: Outcomes in 100 Patients and Implications for Endoscopic Therapy. Ann. Thorac.
Surg. 2009, 87, 1048–1055. [CrossRef] [PubMed]

15. Pennathur, A.; Gibson, M.K.; Jobe, B.A.; Luketich, J.D. Oesophageal carcinoma. Lancet 2013, 381, 400–412. [CrossRef]
16. Abnet, C.C.; Corley, D.A.; Freedman, N.D.; Kamangar, F. Diet and Upper Gastrointestinal Malignancies. Gastroenterology 2015,

148, 1234–1243. [CrossRef] [PubMed]
17. Ohashi, S.; Miyamoto, S.; Kikuchi, O.; Goto, T.; Amanuma, Y.; Muto, M. Recent Advances From Basic and Clinical Studies of

Esophageal Squamous Cell Carcinoma. Gastroenterology 2015, 149, 1700–1715. [CrossRef]
18. Secretan, B.; Straif, K.; Baan, R.; Grosse, Y.; El Ghissassi, F.; Bouvard, V.; Benbrahim-Tallaa, L.; Guha, N.; Freeman, C.; Galichet, L.;

et al. A review of human carcinogens—Part E: Tobacco, areca nut, alcohol, coal smoke, and salted fish. Lancet Oncol. 2009, 10,
1033–1034. [CrossRef]

19. Brooks, P.J.; Enoch, M.-A.; Goldman, D.; Li, T.-K.; Yokoyama, A. The Alcohol Flushing Response: An Unrecognized Risk Factor
for Esophageal Cancer from Alcohol Consumption. PLoS Med. 2009, 6, e1000050. [CrossRef]

20. Yokoyama, A.; Tsutsumi, E.; Imazeki, H.; Suwa, Y.; Nakamura, C.; Yokoyama, T. Polymorphisms of Alcohol Dehydrogenase-1B
and Aldehyde Dehydrogenase-2 and the Blood and Salivary Ethanol and Acetaldehyde Concentrations of Japanese Alcoholic
Men. Alcohol. Clin. Exp. Res. 2010, 34, 1246–1256. [CrossRef]

21. Muto, M.; Nakane, M.; Hitomi, Y.; Yoshida, S.; Sasaki, S.; Ohtsu, A.; Yoshida, S.; Ebihara, S.; Esumi, H. Association between
aldehyde dehydrogenase gene polymorphisms and the phenomenon of field cancerization in patients with head and neck cancer.
Carcinogenesis 2002, 23, 1759–1766. [CrossRef]

22. Goedde, H.W.; Agarwal, D.P.; Fritze, G.; Meier-Tackmann, D.; Singh, S.; Beckmann, G.; Bhatia, K.; Chen, L.Z.; Fang, B.; Lisker, R.;
et al. Distribution of ADH2 and ALDH2 genotypes in different populations. Qual. Life Res. 1992, 88, 344–346. [CrossRef]

23. Hoffmann, D.; Hecht, S.S. Nicotine-derived N-nitrosamines and tobacco-related cancer: Current status and future directions.
Cancer Res. 1985, 45, 935–944. [PubMed]

24. Ishiguro, S.; Sasazuki, S.; Inoue, M.; Kurahashi, N.; Iwasaki, M.; Tsugane, S. Effect of alcohol consumption, cigarette smoking and
flushing response on esophageal cancer risk: A population-based cohort study (JPHC study). Cancer Lett. 2009, 275, 240–246.
[CrossRef] [PubMed]

25. Chyou, P.-H.; Nomura, A.M.Y.; Stemmermann, G.N. Diet, alcohol, smoking and cancer of the upper aerodigestive tract: A
prospective study among Hawaii Japanese men. Int. J. Cancer 1995, 60, 616–621. [CrossRef] [PubMed]

26. De Stefani, E.; Victora, C.G.; Castelletto, R.; Castellsagué, X.; Muñoz, N.; Rolón, P.A.; Quintana, M.J. Independent and joint effects
of tobacco smoking and alcohol drinking on the risk of esophageal cancer in men and women. Int. J. Cancer 1999, 82, 657–664.
[CrossRef]

27. Launoy, G.; Milan, C.H.; Faivre, J.; Pienkowski, P.; Milan, C.I.; Gignoux, M. Alcohol, tobacco and oesophageal cancer: Effects of
the duration of consumption, mean intake and current and former consumption. Br. J. Cancer 1997, 75, 1389–1396. [CrossRef]
[PubMed]

28. Salaspuro, V.; Salaspuro, M. Synergistic effect of alcohol drinking and smoking onin vivo acetaldehyde concentration in saliva.
Int. J. Cancer 2004, 111, 480–483. [CrossRef] [PubMed]

29. Lahmann, P.H.; Pandeya, N.; Webb, P.M.; Green, A.C.; Whiteman, D.C.; The Australian Cancer Study. Body mass index, long-term
weight change, and esophageal squamous cell carcinoma: Is the inverse association modified by smoking status? Cancer 2012,
118, 1901–1909. [CrossRef]

30. Salehi, M.; Moradi-Lakeh, M.; Salehi, M.H.; Nojomi, M.; Kolahdooz, F. Meat, fish, and esophageal cancer risk: A systematic
review and dose-response meta-analysis. Nutr. Rev. 2013, 71, 257–267. [CrossRef]

31. Cook, M.B.; Kamangar, F.; Whiteman, D.C.; Freedman, N.D.; Gammon, M.D.; Bernstein, L.; Brown, L.M.; Risch, H.A.; Ye, W.;
Sharp, L.; et al. Cigarette Smoking and Adenocarcinomas of the Esophagus and Esophagogastric Junction: A Pooled Analysis
From the International BEACON Consortium. J. Natl. Cancer Inst. 2010, 102, 1344–1353. [CrossRef]

32. Rustgi, A.K.; El-Serag, H.B. Esophageal Carcinoma. N. Engl. J. Med. 2014, 371, 2499–2509. [CrossRef]
33. Kastelein, F.; Spaander, M.; Biermann, K.; Vucelic, B.; Kuipers, E.; Bruno, M. Role of Acid Suppression in the Development and

Progression of Dysplasia in Patients with Barrett’s Esophagus. Dig. Dis. 2011, 29, 499–506. [CrossRef]
34. Cook, M.B.; Corley, D.A.; Murray, L.J.; Liao, L.M.; Kamangar, F.; Ye, W.; Gammon, M.D.; Risch, H.A.; Casson, A.G.; Freedman,

N.D.; et al. Gastroesophageal Reflux in Relation to Adenocarcinomas of the Esophagus: A Pooled Analysis from the Barrett’s and
Esophageal Adenocarcinoma Consortium (BEACON). PLoS ONE 2014, 9, e103508. [CrossRef] [PubMed]

http://doi.org/10.1200/JCO.2005.05.2308
http://doi.org/10.1016/j.gtc.2009.01.008
http://www.ncbi.nlm.nih.gov/pubmed/19327565
http://doi.org/10.1158/1055-9965.EPI-10-0012
http://doi.org/10.1111/j.1572-0241.2003.07454.x
http://www.ncbi.nlm.nih.gov/pubmed/12873590
http://doi.org/10.1016/j.athoracsur.2008.12.060
http://www.ncbi.nlm.nih.gov/pubmed/19324126
http://doi.org/10.1016/S0140-6736(12)60643-6
http://doi.org/10.1053/j.gastro.2015.02.007
http://www.ncbi.nlm.nih.gov/pubmed/25680671
http://doi.org/10.1053/j.gastro.2015.08.054
http://doi.org/10.1016/S1470-2045(09)70326-2
http://doi.org/10.1371/journal.pmed.1000050
http://doi.org/10.1111/j.1530-0277.2010.01202.x
http://doi.org/10.1093/carcin/23.10.1759
http://doi.org/10.1007/BF00197271
http://www.ncbi.nlm.nih.gov/pubmed/3882226
http://doi.org/10.1016/j.canlet.2008.10.020
http://www.ncbi.nlm.nih.gov/pubmed/19036500
http://doi.org/10.1002/ijc.2910600508
http://www.ncbi.nlm.nih.gov/pubmed/7860134
http://doi.org/10.1002/(sici)1097-0215(19990827)82:53.0.co;2-c
http://doi.org/10.1038/bjc.1997.236
http://www.ncbi.nlm.nih.gov/pubmed/9155065
http://doi.org/10.1002/ijc.20293
http://www.ncbi.nlm.nih.gov/pubmed/15239123
http://doi.org/10.1002/cncr.26455
http://doi.org/10.1111/nure.12028
http://doi.org/10.1093/jnci/djq289
http://doi.org/10.1056/NEJMra1314530
http://doi.org/10.1159/000331513
http://doi.org/10.1371/journal.pone.0103508
http://www.ncbi.nlm.nih.gov/pubmed/25075959


Cancers 2021, 13, 2183 17 of 20

35. Rubenstein, J.H.; Taylor, J.B. Meta-analysis: The association of oesophageal adenocarcinoma with symptoms of gastro-oesophageal
reflux. Aliment. Pharmacol. Ther. 2010, 32, 1222–1227. [CrossRef] [PubMed]

36. Savarino, E.; Zentilin, P.; Frazzoni, M.; Cuoco, D.L.; Pohl, D.; Dulbecco, P.; Marabotto, E.; Sammito, G.; Gemignani, L.; Tutuian,
R. Characteristics of gastro-esophageal reflux episodes in Barrett’s esophagus, erosive esophagitis and healthy volunteers.
Neurogastroenterol. Motil. 2010, 22, 1061-e280. [CrossRef] [PubMed]

37. Savarino, E.; Zentilin, P.; Savarino, V. The Relevance of Weakly Acidic Reflux in Patients With Barrett’s Esophagus. Gastroenterology
2012, 143, e21–e22. [CrossRef] [PubMed]

38. Savarino, E.; De Bortoli, N.; De Cassan, C.; Della Coletta, M.; Bartolo, O.; Furnari, M.; Ottonello, A.; Marabotto, E.; Bodini, G. The
natural history of gastro-esophageal reflux disease: A comprehensive review. Dis. Esophagus 2017, 30, 1–9. [CrossRef]

39. Conteduca, V.; Sansonno, D.; Ingravallo, G.; Marangi, S.; Russi, S.; Lauletta, G.; Dammacco, F. Barrett’s esophagus and esophageal
cancer: An overview. Int. J. Oncol. 2012, 41, 414–424. [CrossRef]

40. Kastelein, F.; van Olphen, S.H.; Steyerberg, E.W.; Spaander, M.C.W.; Bruno, M.J. Impact of surveillance for Barrett’s oesophagus
on tumour stage and survival of patients with neoplastic progression. Gut 2016, 65, 548–554. [CrossRef] [PubMed]

41. Pohl, H.; Welch, H.G. The Role of Overdiagnosis and Reclassification in the Marked Increase of Esophageal Adenocarcinoma
Incidence. J. Natl. Cancer Inst. 2005, 97, 142–146. [CrossRef]

42. Savarino, V.; Gemignani, L.; Pohl, D.; Zentilin, P.; Dulbecco, P.; Assandri, L.; Marabotto, E.; Bonfanti, D.; Inferrera, S.; Fazio, V.;
et al. Oesophageal motility and bolus transit abnormalities increase in parallel with the severity of gastro-oesophageal reflux
disease. Aliment. Pharmacol. Ther. 2011, 34, 476–486. [CrossRef] [PubMed]

43. El-Serag, H.B.; Hashmi, A.; Garcia, J.; Richardson, P.; Alsarraj, A.; Fitzgerald, S.; Vela, M.; Shaib, Y.; Abraham, N.S.; Velez, M.; et al.
Visceral abdominal obesity measured by CT scan is associated with an increased risk of Barrett’s oesophagus: A case-control
study. Gut 2014, 63, 220–229. [CrossRef] [PubMed]

44. McElholm, A.R.; McKnight, A.; Patterson, C.C.; Johnston, B.T.; Hardie, L.J.; Murray, L.J. A Population-Based Study of IGF Axis
Polymorphisms and the Esophageal Inflammation, Metaplasia, Adenocarcinoma Sequence. Gastroenterology 2010, 139, 204–212.e3.
[CrossRef] [PubMed]

45. Kendall, B.J.; Macdonald, G.A.; Hayward, N.K.; Prins, J.B.; Brown, I.; Walker, N.; Pandeya, N.; Green, A.C.; Webb, P.M.; Whiteman,
D.C.; et al. Leptin and the risk of Barrett’s oesophagus. Gut 2008, 57, 448–454. [CrossRef]

46. Xie, F.-J.; Zhang, Y.P.; Zheng, Q.Q.; Jin, H.C.; Wang, F.L.; Chen, M.; Shao, L.; Zou, D.H.; Yu, X.M.; Mao, W.M. Helicobacter
pyloriinfection and esophageal cancer risk: An updated meta-analysis. World J. Gastroenterol. 2013, 19, 6098–6107. [CrossRef]
[PubMed]

47. Malfertheiner, P.; Megraud, F.; O’Morain, C.A.; Atherton, J.; Axon, A.T.R.; Bazzoli, F.; Gensini, G.F.; Gisbert, J.P.; Graham, D.Y.;
Rokkas, T.; et al. Management of Helicobacter pyloriinfection—the Maastricht IV/ Florence Consensus Report. Gut 2012, 61,
646–664. [CrossRef]

48. Yaghoobi, M.; Farrokhyar, F.; Yuan, Y.; Hunt, R.H. Is There an Increased Risk of GERD After Helicobacter pylori Eradication?: A
Meta-Analysis. Am. J. Gastroenterol. 2010, 105, 1007–1013. [CrossRef]

49. Tan, J.; Wang, Y.; Sun, X.; Cui, W.; Ge, J.; Lin, L. The Effect of Helicobacter pylori Eradication Therapy on the Development of
Gastroesophageal Reflux Disease. Am. J. Med. Sci. 2015, 349, 364–371. [CrossRef]

50. Ross-Innes, C.S.; Debiram-Beecham, I.; O’Donovan, M.; Walker, E.; Varghese, S.; Lao-Sirieix, P.; Lovat, L.; Griffin, M.; Ragunath,
K.; Haidry, R.; et al. Evaluation of a Minimally Invasive Cell Sampling Device Coupled with Assessment of Trefoil Factor 3
Expression for Diagnosing Barrett’s Esophagus: A Multi-Center Case–Control Study. PLoS Med. 2015, 12, e1001780. [CrossRef]

51. Fitzgerald, R.C.; di Pietro, M.; O’Donovan, M.; Maroni, R.; Muldrew, B.; Debiram-Beecham, I.; Gehrung, M.; Offman, J.; Tripathi,
M.; Smith, S.G.; et al. Cytosponge-trefoil factor 3 versus usual care to identify Barrett’s oesophagus in a primary care setting: A
multicentre, pragmatic, randomised controlled trial. Lancet 2020, 396, 333–344. [CrossRef]

52. Leeuwenburgh, I.; Scholten, P.; Alderliesten, J.; Tilanus, H.W.; Looman, C.W.N.; Steijerberg, E.W.; Kuipers, E.J. Long-Term
Esophageal Cancer Risk in Patients with Primary Achalasia: A Prospective Study. Am. J. Gastroenterol. 2010, 105, 2144–2149.
[CrossRef] [PubMed]

53. Zendehdel, K.; Nyrén, O.; Edberg, A.; Ye, W. Risk of Esophageal Adenocarcinoma in Achalasia Patients, a Retrospective Cohort
Study in Sweden. Am. J. Gastroenterol. 2011, 106, 57–61. [CrossRef]

54. Chaber-Ciopinska, A.; Kiprian, D.; Kawecki, A.; Kaminski, M. Surveillance of patients at high-risk of squamous cell esophageal
cancer. Best Pr. Res. Clin. Gastroenterol. 2016, 30, 893–900. [CrossRef]

55. Mori, M.; Adachi, Y.; Matsushima, T.; Matsuda, H.; Kuwano, H.; Sugimachi, K. Lugol staining pattern and histology of esophageal
lesions. Am. J. Gastroenterol. 1993, 88, 701–705. [PubMed]

56. Chung, C.-S.; Lee, Y.-C.; Wu, M.-S. Prevention strategies for esophageal cancer: Perspectives of the East vs. West. Best Pr. Res.
Clin. Gastroenterol. 2015, 29, 869–883. [CrossRef]

57. Kiviranta, U.K. Corrosion Carcinoma of the Esophagus 381 Cases of Corrosion and Nine Cases of Corrosion Carcinoma. Acta
Otolaryngol. 1952, 42, 89–95. [CrossRef]

58. Kay, M.; Wyllie, R. Caustic ingestions in children. Curr. Opin. Pediatr. 2009, 21, 651–654. [CrossRef] [PubMed]
59. Appelqvist, P.; Salmo, M. Lye corrosion carcinoma of the esophagus. A review of 63 cases. Cancer 1980, 45, 2655–2658. [CrossRef]
60. Meijssen, M.A.; Tilanus, H.W.; van Blankenstein, M.; Hop, W.C.; Ong, G.L. Achalasia complicated by oesophageal squamous cell

carcinoma: A prospective study in 195 patients. Gut 1992, 33, 155–158. [CrossRef]

http://doi.org/10.1111/j.1365-2036.2010.04471.x
http://www.ncbi.nlm.nih.gov/pubmed/20955441
http://doi.org/10.1111/j.1365-2982.2010.01536.x
http://www.ncbi.nlm.nih.gov/pubmed/20557468
http://doi.org/10.1053/j.gastro.2012.07.119
http://www.ncbi.nlm.nih.gov/pubmed/22921670
http://doi.org/10.1111/dote.12511
http://doi.org/10.3892/ijo.2012.1481
http://doi.org/10.1136/gutjnl-2014-308802
http://www.ncbi.nlm.nih.gov/pubmed/25903690
http://doi.org/10.1093/jnci/dji024
http://doi.org/10.1111/j.1365-2036.2011.04742.x
http://www.ncbi.nlm.nih.gov/pubmed/21671968
http://doi.org/10.1136/gutjnl-2012-304189
http://www.ncbi.nlm.nih.gov/pubmed/23408348
http://doi.org/10.1053/j.gastro.2010.04.014
http://www.ncbi.nlm.nih.gov/pubmed/20403354
http://doi.org/10.1136/gut.2007.131243
http://doi.org/10.3748/wjg.v19.i36.6098
http://www.ncbi.nlm.nih.gov/pubmed/24106412
http://doi.org/10.1136/gutjnl-2012-302084
http://doi.org/10.1038/ajg.2009.734
http://doi.org/10.1097/MAJ.0000000000000429
http://doi.org/10.1371/journal.pmed.1001780
http://doi.org/10.1016/S0140-6736(20)31099-0
http://doi.org/10.1038/ajg.2010.263
http://www.ncbi.nlm.nih.gov/pubmed/20588263
http://doi.org/10.1038/ajg.2010.449
http://doi.org/10.1016/j.bpg.2016.10.003
http://www.ncbi.nlm.nih.gov/pubmed/7683176
http://doi.org/10.1016/j.bpg.2015.09.010
http://doi.org/10.3109/00016485209120330
http://doi.org/10.1097/MOP.0b013e32832e2764
http://www.ncbi.nlm.nih.gov/pubmed/19543088
http://doi.org/10.1002/1097-0142(19800515)45:10&lt;2655::AID-CNCR2820451028&gt;3.0.CO;2-P
http://doi.org/10.1136/gut.33.2.155


Cancers 2021, 13, 2183 18 of 20

61. Sandler, R.S.; Nyrén, O.; Ekbom, A.; Eisen, G.M.; Yuen, J.; Josefsson, S. The risk of esophageal cancer in patients with achalasia. A
population-based study. JAMA 1995, 274, 1359–1362. [CrossRef]

62. Shaheen, N.J.; Falk, G.W.; Iyer, P.G.; Gerson, L.B. ACG Clinical Guideline: Diagnosis and Management of Barrett’s Esophagus.
Am. J. Gastroenterol. 2016, 111, 30–50. [CrossRef] [PubMed]

63. El-Serag, H.B.; Aguirre, T.V.; Davis, S.; Kuebeler, M.; Bhattacharyya, A.; Sampliner, R.E. Proton Pump Inhibitors Are Associated
with Reduced Incidence of Dysplasia in Barrett’s Esophagus. Am. J. Gastroenterol. 2004, 99, 1877–1883. [CrossRef]

64. Kastelein, F.; Spaander, M.C.; Steyerberg, E.W.; Biermann, K.; Valkhoff, V.E.; Kuipers, E.J.; Bruno, M.J. Proton Pump Inhibitors
Reduce the Risk of Neoplastic Progression in Patients with Barrett’s Esophagus. Clin. Gastroenterol. Hepatol. 2013, 11, 382–388.
[CrossRef]

65. Hillman, L.C.; Ma, L.C.; Kaye, G.L.; Clarke, A.C.; Shadbolt, B. Proton-pump inhibitor therapy and the development of dysplasia
in patients with Barrett’s oesophagus. Med. J. Aust. 2004, 180, 387–391. [CrossRef] [PubMed]

66. Nguyen, D.M.; El-Serag, H.B.; Henderson, L.; Stein, D.; Bhattacharyya, A.; Sampliner, R.E. Medication Usage and the Risk of
Neoplasia in Patients With Barrett’s Esophagus. Clin. Gastroenterol. Hepatol. 2009, 7, 1299–1304. [CrossRef]

67. Singh, S.; Garg, S.K.; Singh, P.P.; Iyer, P.G.; El-Serag, H.B. Acid-suppressive medications and risk of oesophageal adenocarcinoma
in patients with Barrett’s oesophagus: A systematic review and meta-analysis. Gut 2014, 63, 1229–1237. [CrossRef] [PubMed]

68. Savarino, V.; Dulbecco, P.; Savarino, E. Are proton pump inhibitors really so dangerous? Dig. Liver Dis. 2016, 48, 851–859.
[CrossRef]

69. Savarino, V.; Dulbecco, P.; De Bortoli, N.; Ottonello, A.; Savarino, E. The appropriate use of proton pump inhibitors (PPIs): Need
for a reappraisal. Eur. J. Intern. Med. 2017, 37, 19–24. [CrossRef] [PubMed]

70. Gammon, M.D.; Terry, M.B.; Arber, N.; Chow, W.H.; Risch, H.A.; Vaughan, T.L.; Schoenberg, J.B.; Mayne, S.T.; Stanford, J.L.;
Dubrow, R.; et al. Nonsteroidal Anti-inflammatory Drug Use Associated with Reduced Incidence of Adenocarcinomas of the
Esophagus and Gastric Cardia that Overexpress Cyclin D1: A Population-Based Study. Cancer Epidemiol. Biomark. Prev. 2004, 13,
34–39. [CrossRef] [PubMed]

71. Thun, M.J.; Namboodiri, M.M.; Calle, E.; Flanders, W.D.; Heath, C.W. Aspirin use and risk of fatal cancer. Cancer Res. 1993, 53,
1322–1327.

72. Funkhouser, E.M.; Sharp, G.B. Aspirin and reduced risk of esophageal carcinoma. Cancer 1995, 76, 1116–1119. [CrossRef]
73. Peleg, I.; Cotsonis, G.A.; Clark, W.S.; Wilcox, C.M. Nonsteroidal anti-inflammatory drugs (NSAID’s) use and the risk of subse-

quentcancer of the upper gastrointestinal tract (UGI). J. Investig. Med. 1995, 43, 251A.
74. Coogan, P.F.; Rosenberg, L.; Palmer, J.R.; Strom, B.L.; Zauber, A.G.; Stolley, P.D.; Shapiro, S. Nonsteroidal anti-inflammatory drugs

an-drisk of digestive cancers at sites other than the large bowel. Cancer Epidemiol. Biomark. Prev. 2000, 9, 119–123.
75. Langman, M.J.S.; Cheng, K.K.; Gilman, E.A.; Lancashire, R.J. Effect of anti-inflammatory drugs on overall risk of common cancer:

Case-control study in general practice research database. BMJ 2000, 320, 1642–1646. [CrossRef] [PubMed]
76. Farrow, D.C.; Vaughan, T.L.; Hansten, P.D.; Stanford, J.L.; Risch, H.A.; Gammon, M.D.; Chow, W.H.; Dubrow, R.; Ahsan, H.;

Mayne, S.T.; et al. Use of aspirin and other nonsteroidal anti-inflammatory drugs and risk ofesophageal and gastric cancer. Cancer
Epidemiol. Biomark. Prev. 1998, 7, 97–102.

77. Suleiman, U.L.; Harrison, M.; Britton, A.; McPherson, K.; Bates, T. H2-receptor antagonists may increase the risk of car-dio-
oesoph-ageal adenocarcinoma: A case-control study. Eur. J. Cancer Prev. 2000, 9, 185–191. [CrossRef]

78. Cheng, K.K.; Sharp, L.; McKinney, P.; Logan, R.F.; Chilvers, C.E.D.; Cook-Mozaffari, P.; Ahmed, A.; Day, N. A case-control study
of oesophageal adenocarcinoma in women: A preventable disease. Br. J. Cancer 2000, 83, 127–132. [CrossRef]

79. Sharp, L.; Chilvers, C.E.D.; Cheng, K.K.; McKinney, P.; Logan, R.F.; Cook-Mozaffari, P.; Ahmed, A.; Day, N.E. Risk factors for
squamous cell carcinoma of the oesophagus in women: A case–control study. Br. J. Cancer 2001, 85, 1667–1670. [CrossRef] [PubMed]

80. Corley, D.A.; Kerlikowske, K.; Verma, R.; Buffler, P. Protective association of aspirin/NSAIDs and esophageal cancer: A systematic
review and meta-analysis. Gastroenterology 2003, 124, 47–56. [CrossRef] [PubMed]

81. Jankowski, J.A.Z.; de Caestecker, J.; Love, S.B.; Reilly, G.; Watson, P.; Sanders, S.; Ang, Y.; Morris, D.; Bhandari, P.; Brooks, C.; et al.
Esomeprazole and aspirin in Barrett’s oesophagus (AspECT): A randomised factorial trial. Lancet 2018, 392, 400–408. [CrossRef]

82. Beales, I.L.P.; Dearman, L.; Vardi, I.; Loke, Y. Reduced Risk of Barrett’s Esophagus in Statin Users: Case–Control Study and
Meta-Analysis. Dig. Dis. Sci. 2016, 61, 238–246. [CrossRef]

83. Kastelein, F.; Spaander, M.C.; Biermann, K.; Steyerberg, E.W.; Kuipers, E.J.; Bruno, M.J. Nonsteroidal Anti-Inflammatory
Drugs and Statins Have Chemopreventative Effects in Patients with Barrett’s Esophagus. Gastroenterology 2011, 141, 2000–2008.
[CrossRef]

84. Kantor, E.D.; Onstad, L.; Blount, P.L.; Reid, B.J.; Vaughan, T.L. Use of Statin Medications and Risk of Esophageal Adenocarcinoma
in Persons with Barrett’s Esophagus. Cancer Epidemiol. Biomark. Prev. 2012, 21, 456–461. [CrossRef]

85. Kaye, J.; Jick, H. Statin use and cancer risk in the General Practice Research Database. Br. J. Cancer 2004, 90, 635–637. [CrossRef]
86. Vinogradova, Y.; Coupland, C.; Hippisley-Cox, J. Exposure to statins and risk of common cancers: A series of nested case-control

studies. BMC Cancer 2011, 11, 409. [CrossRef]
87. Marelli, C.; Gunnarsson, C.; Ross, S.; Haas, S.; Stroup, D.F.; Cload, P.; Clopton, P.; DeMaria, A.N. Statins and Risk of Cancer:

A Retrospective Cohort Analysis of 45,857 Matched Pairs From an Electronic Medical Records Database of 11 Million Adult
Americans. J. Am. Coll. Cardiol. 2011, 58, 530–537. [CrossRef] [PubMed]

http://doi.org/10.1001/jama.1995.03530170039029
http://doi.org/10.1038/ajg.2015.322
http://www.ncbi.nlm.nih.gov/pubmed/26526079
http://doi.org/10.1111/j.1572-0241.2004.30228.x
http://doi.org/10.1016/j.cgh.2012.11.014
http://doi.org/10.5694/j.1326-5377.2004.tb05991.x
http://www.ncbi.nlm.nih.gov/pubmed/15089728
http://doi.org/10.1016/j.cgh.2009.06.001
http://doi.org/10.1136/gutjnl-2013-305997
http://www.ncbi.nlm.nih.gov/pubmed/24221456
http://doi.org/10.1016/j.dld.2016.05.018
http://doi.org/10.1016/j.ejim.2016.10.007
http://www.ncbi.nlm.nih.gov/pubmed/27784575
http://doi.org/10.1158/1055-9965.EPI-03-0198
http://www.ncbi.nlm.nih.gov/pubmed/14744730
http://doi.org/10.1002/1097-0142(19951001)76:7&lt;1116::AID-CNCR2820760703&gt;3.0.CO;2-I
http://doi.org/10.1136/bmj.320.7250.1642
http://www.ncbi.nlm.nih.gov/pubmed/10856067
http://doi.org/10.1097/00008469-200006000-00006
http://doi.org/10.1054/bjoc.2000.1121
http://doi.org/10.1054/bjoc.2001.2147
http://www.ncbi.nlm.nih.gov/pubmed/11742485
http://doi.org/10.1053/gast.2003.50008
http://www.ncbi.nlm.nih.gov/pubmed/12512029
http://doi.org/10.1016/S0140-6736(18)31388-6
http://doi.org/10.1007/s10620-015-3869-4
http://doi.org/10.1053/j.gastro.2011.08.036
http://doi.org/10.1158/1055-9965.EPI-11-1014
http://doi.org/10.1038/sj.bjc.6601566
http://doi.org/10.1186/1471-2407-11-409
http://doi.org/10.1016/j.jacc.2011.04.015
http://www.ncbi.nlm.nih.gov/pubmed/21777752


Cancers 2021, 13, 2183 19 of 20

88. Friedman, G.D.; Flick, E.D.; Udaltsova, N.; Chan Pharm, D.J.; Quesenberry, C.P., Jr.; Habel, L.A. Screening statins for possible
carcinogenic risk: Up to 9 years of follow-up of 361 859 recipients. Pharmacoepidemiol. Drug Saf. 2008, 17, 27–36. [CrossRef] [PubMed]

89. Cholesterol Treatment Trialists’ (CTT) Collaboration; Emberson, J.R.; Kearney, P.M.; Blackwell, L.; Newman, C.; Reith, C.; Bhala,
N.; Holland, L.; Peto, R.; Keech, A.; et al. Lack of effect of lowering LDL cholesterol on cancer: Meta-analysis of individual data
from 175,000 people in 27 randomised trials of statin therapy. PLoS ONE 2012, 7, e29849.

90. Ogunwobi, O.O.; Beales, I.L.P. Statins Inhibit Proliferation and Induce Apoptosis in Barrett’s Esophageal Adenocarcinoma Cells.
Am. J. Gastroenterol. 2008, 103, 825–837. [CrossRef] [PubMed]

91. Konturek, P.C.; Burnat, G.; Hahn, E.G. Inhibition of Barret’s adenocarcinoma cell growth by simvastatin: Involvement of COX-2
and apoptosis-related proteins. J. Physiol. Pharmacol. 2007, 58, 141–148.

92. Sadaria, M.R.; Reppert, A.E.; Yu, J.A.; Meng, X.; Fullerton, D.A.; Reece, T.B.; Weyant, M.J. Statin therapy attenuates growth and
malignant potential of human esophageal adenocarcinoma cells. J. Thorac. Cardiovasc. Surg. 2011, 142, 1152–1160. [CrossRef]

93. Singh, S.; Singh, A.G.; Singh, P.P.; Murad, M.H.; Iyer, P.G. Statins Are Associated with Reduced Risk of Esophageal Cancer,
Particularly in Patients With Barrett’s Esophagus: A Systematic Review and Meta-analysis. Clin. Gastroenterol. Hepatol. 2013, 11,
620–629. [CrossRef]

94. Greer, K.B.; Thompson, C.L.; Brenner, L.; Bednarchik, B.; Dawson, D.; Willis, J.; Grady, W.M.; Falk, G.W.; Cooper, G.S.; Li, L.; et al.
Association of insulin and insulin-like growth factors with Barrett’s oesophagus. Gut 2012, 61, 665–672. [CrossRef]

95. Chak, A.; Buttar, N.S.; Foster, N.R.; Seisler, D.K.; Marcon, N.E.; Schoen, R.; Cruz-Correa, M.R.; Falk, G.W.; Sharma, P.; Hur, C.;
et al. Metformin Does Not Reduce Markers of Cell Proliferation in Esophageal Tissues of Patients With Barrett’s Esophagus. Clin.
Gastroenterol. Hepatol. 2015, 13, 665–672. [CrossRef] [PubMed]

96. Lagergren, J.; Ye, W.; Lagergren, P.; Lu, Y. The Risk of Esophageal Adenocarcinoma After Antireflux Surgery. Gastroenterology
2010, 138, 1297–1301. [CrossRef] [PubMed]

97. Corey, K.E.; Schmitz, S.M.; Shaheen, N.J. Does a surgical antireflux procedure decrease the incidence of esophageal adenocarci-
noma in Barrett’s esophagus? A meta-analysis. Am. J. Gastroenterol. 2003, 98, 2390–2394. [CrossRef]

98. Chang, E.Y.; Morris, C.D.; Seltman, A.K.; O’Rourke, R.W.; Chan, B.K.; Hunter, J.G.; Jobe, B.A. The Effect of Antireflux Surgery on
Esophageal Carcinogenesis in Patients with Barrett Esophagus. Ann. Surg. 2007, 246, 11–21. [CrossRef]

99. Maret-Ouda, J.; Konings, P.; Lagergren, J.; Brusselaers, N. Antireflux Surgery and Risk of Esophageal Adenocarcinoma. Ann.
Surg. 2016, 263, 251–257. [CrossRef] [PubMed]

100. Galmiche, J.-P.; Hatlebakk, J.; Attwood, S.; Ell, C.; Fiocca, R.; Eklund, S.; Långström, G.; Lind, T.; Lundell, L.; Collaborators,
F.T.L.T. Laparoscopic Antireflux Surgery vs Esomeprazole Treatment for Chronic GERD. JAMA 2011, 305, 1969–1977. [CrossRef]
[PubMed]

101. Shaheen, N.J.; Sharma, P.; Overholt, B.F.; Wolfsen, H.C.; Sampliner, R.E.; Wang, K.K.; Galanko, J.A.; Bronner, M.P.; Goldblum,
J.R.; Bennett, A.E.; et al. Radiofrequency Ablation in Barrett’s Esophagus with Dysplasia. N. Engl. J. Med. 2009, 360, 2277–2288.
[CrossRef]

102. Phoa, K.N.; van Vilsteren, F.G.I.; Weusten, B.L.A.M.; Bisschops, R.; Schoon, E.J.; Ragunath, K.; Fullarton, G.; Di Pietro, M.; Ravi,
N.; Visser, M.; et al. Radiofrequency Ablation vs Endoscopic Surveillance for Patients with Barrett Esophagus and Low-Grade
Dysplasia. JAMA 2014, 311, 1209–1217. [CrossRef] [PubMed]

103. Small, A.J.; Araujo, J.L.; Leggett, C.L.; Mendelson, A.H.; Agarwalla, A.; Abrams, J.A.; Lightdale, C.J.; Wang, T.C.; Iyer, P.G.; Wang,
K.K.; et al. Radiofrequency Ablation Is Associated with Decreased Neoplastic Progression in Patients With Barrett’s Esophagus
and Confirmed Low-Grade Dysplasia. Gastroenterology 2015, 149, 567–576.e3. [CrossRef] [PubMed]

104. Klair, J.S.; Zafar, Y.; Nagra, N.; Murali, A.R.; Jayaraj, M.; Singh, D.; Rustagi, T.; Krishnamoorthi, R. Outcomes of Radiofrequency
ablation vs endoscopic surveillance for Barrett’s esophagus with low-grade dysplasia: A systematic review and meta-analysis.
Dig. Dis. 2021. [CrossRef]

105. Katada, C.; Muto, M.; Manabe, T.; Ohtsu, A.; Yoshida, S. Local recurrence of squamous-cell carcinoma of the esophagus after
EMR. Gastrointest. Endosc. 2005, 61, 219–225. [CrossRef]

106. Katada, C.; Muto, M.; Tanabe, S.; Higuchi, K.; Sasaki, T.; Azuma, M.; Ishido, K.; Masaki, T.; Nakayama, M.; Okamoto, M.; et al.
Surveillance after endoscopic mucosal resection or endoscopic submucosal dissection for esophageal squamous cell carcinoma.
Dig. Endosc. 2013, 25, 39–43. [CrossRef]

107. Hori, K.; Okada, H.; Kawahara, Y.; Takenaka, R.; Shimizu, S.; Ohno, Y.; Onoda, T.; Sirakawa, Y.; Naomoto, Y.; Yamamoto,
K. Lugol-Voiding Lesions Are an Important Risk Factor for a Second Primary Squamous Cell Carcinoma in Patients With
Esosphageal Cancer or Head and Neck Cancer. Am. J. Gastroenterol. 2011, 106, 858–866. [CrossRef]

108. The Japanese Society for Esophageal diseases. Comprehensive Registry of Esophageal Cancer in Japan, 3rd ed.; The Japanese Society
for Esophageal Diseases: Chiba, Japan, 2002.

109. Ota, M.; Narumiya, K.; Kudo, K.; Yagawa, Y.; Maeda, S.; Osugi, H.; Yamamoto, M. Incidence of Esophageal Carcinomas After
Surgery for Achalasia: Usefulness of Long-Term and Periodic Follow-up. Am. J. Case Rep. 2016, 17, 845–849. [CrossRef]

110. Sami, S.S.; Subramanian, V.; Butt, W.M.; Bejkar, G.; Coleman, J.; Mannath, J.; Ragunath, K. High definition versus standard
definition white light endoscopy for detecting dysplasia in patients with Barrett’s esophagus. Dis. Esophagus 2015, 28, 742–749.
[CrossRef]

http://doi.org/10.1002/pds.1507
http://www.ncbi.nlm.nih.gov/pubmed/17944002
http://doi.org/10.1111/j.1572-0241.2007.01773.x
http://www.ncbi.nlm.nih.gov/pubmed/18371146
http://doi.org/10.1016/j.jtcvs.2011.08.004
http://doi.org/10.1016/j.cgh.2012.12.036
http://doi.org/10.1136/gutjnl-2011-300641
http://doi.org/10.1016/j.cgh.2014.08.040
http://www.ncbi.nlm.nih.gov/pubmed/25218668
http://doi.org/10.1053/j.gastro.2010.01.004
http://www.ncbi.nlm.nih.gov/pubmed/20080091
http://doi.org/10.1111/j.1572-0241.2003.08702.x
http://doi.org/10.1097/01.sla.0000261459.10565.e9
http://doi.org/10.1097/SLA.0000000000001438
http://www.ncbi.nlm.nih.gov/pubmed/26501714
http://doi.org/10.1001/jama.2011.626
http://www.ncbi.nlm.nih.gov/pubmed/21586712
http://doi.org/10.1056/NEJMoa0808145
http://doi.org/10.1001/jama.2014.2511
http://www.ncbi.nlm.nih.gov/pubmed/24668102
http://doi.org/10.1053/j.gastro.2015.04.013
http://www.ncbi.nlm.nih.gov/pubmed/25917785
http://doi.org/10.1159/000514786
http://doi.org/10.1016/S0016-5107(04)02756-7
http://doi.org/10.1111/j.1443-1661.2012.01407.x
http://doi.org/10.1038/ajg.2010.489
http://doi.org/10.12659/AJCR.899800
http://doi.org/10.1111/dote.12283


Cancers 2021, 13, 2183 20 of 20

111. Sharma, P.; Hawes, R.H.; Bansal, A.; Gupta, N.; Curvers, W.; Rastogi, A.; Singh, M.; Hall, M.; Mathur, S.C.; Wani, S.B.; et al.
Standard endoscopy with random biopsies versus narrow band imaging targeted biopsies in Barrett’s oesophagus: A prospective,
international, randomised controlled trial. Gut 2013, 62, 15–21. [CrossRef] [PubMed]

112. Qumseya, B.J.; Wang, H.; Badie, N.; Uzomba, R.N.; Parasa, S.; White, D.L.; Wolfsen, H.; Sharma, P.; Wallace, M.B. Advanced
Imaging Technologies Increase Detection of Dysplasia and Neoplasia in Patients With Barrett’s Esophagus: A Meta-analysis and
Systematic Review. Clin. Gastroenterol. Hepatol. 2013, 11, 1562–1570.e2. [CrossRef] [PubMed]

113. Kerkhof, M.; van Dekken, H.; Steyerberg, E.W.; Meijer, G.; Mulder, A.H.; De Bruïne, A.; Driessen, A.; Kate, F.J.T.; Kusters, J.G.;
Kuipers, E.J.; et al. Grading of dysplasia in Barrett’s oesophagus: Substantial interobserver variation between general and
gastrointestinal pathologists. Histopathology 2007, 50, 920–927. [CrossRef] [PubMed]

114. Duits, L.C.; Phoa, K.N.; Curvers, W.L.; Kate, F.J.W.T.; Meijer, G.A.; Seldenrijk, C.A.; Offerhaus, G.J.; Visser, M.; Meijer, S.L.;
Krishnadath, K.K.; et al. Barrett’s oesophagus patients with low-grade dysplasia can be accurately risk-stratified after histological
review by an expert pathology panel. Gut 2015, 64, 700–706. [CrossRef] [PubMed]

115. Curvers, W.L.; ten Kate, F.J.; Krishnadath, K.K.; Visser, M.; Elzer, B.; Baak, L.C.; Bohmer, C.; Mallant-Hent, R.C.; van Oijen, A.;
Naber, A.H.; et al. Low-grade dysplasia in Barrett’s esophagus: Overdiagnosed and underestimated. Am. J. Gastroenterol. 2010,
105, 1523–1530. [CrossRef] [PubMed]

116. Alikhan, M.; Rex, D.; Khan, A.; Rahmani, E.; Cummings, O.; Ulbright, T.M. Variable pathologic interpretation of columnar lined
esophagus by general pathologists in community practice. Gastrointest. Endosc. 1999, 50, 23–26. [CrossRef]

http://doi.org/10.1136/gutjnl-2011-300962
http://www.ncbi.nlm.nih.gov/pubmed/22315471
http://doi.org/10.1016/j.cgh.2013.06.017
http://www.ncbi.nlm.nih.gov/pubmed/23851020
http://doi.org/10.1111/j.1365-2559.2007.02706.x
http://www.ncbi.nlm.nih.gov/pubmed/17543082
http://doi.org/10.1136/gutjnl-2014-307278
http://www.ncbi.nlm.nih.gov/pubmed/25034523
http://doi.org/10.1038/ajg.2010.171
http://www.ncbi.nlm.nih.gov/pubmed/20461069
http://doi.org/10.1016/S0016-5107(99)70339-1

	Introduction 
	Epidemiology 
	Risk Factors and Primary Prevention 
	Esophageal Squamous-Cell Carcinoma 
	Esophageal Adenocarcinoma 

	Secondary Prevention 
	Esophageal Squamous Carcinoma 
	Esophageal Adenocarcinoma 
	Endoscopic Screening 
	Chemoprevention of Barrett’s Esophagus 
	Barrett’s Treatment 


	Tertiary Prevention 
	Surveillance for ESCC 
	Incidence of ESCC after Surgery of Achalasia 
	Endoscopic Surveillance for BE 

	Conclusions 
	References

