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Abstract
Barrett’s oesophagus is the only known precursor to oesophageal adenocarcinoma (OAC). Although guidelines on the 
screening and surveillance exist in Barrett’s oesophagus, the current strategies are inadequate. Oesophagogastroduoden-
oscopy (OGD) is the gold standard method in screening for Barrett’s oesophagus. This invasive method is expensive with 
associated risks negating its use as a current screening tool for Barrett’s oesophagus. This review explores current defini-
tions, epidemiology, biomarkers, surveillance, and screening in Barrett’s oesophagus. Imaging modalities applicable to this 
condition are discussed, in addition to future developments. There is an urgent need for an alternative non-invasive method 
of screening and/or surveillance which could be highly beneficial towards reducing waiting times, alleviating patient fears 
and reducing future costs in current healthcare services. Vibrational spectroscopy has been shown to be promising in cat-
egorising Barrett’s oesophagus through to high-grade dysplasia (HGD) and OAC. These techniques need further validation 
through multicentre trials.
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Introduction

Oesophageal adenocarcinoma (OAC) has now replaced 
squamous cell carcinoma (SCC) as the most common type of 
oesophageal malignancy in the Western world [1, 2]. OAC 
is aggressive and usually presents late with a poor progno-
sis with an overall 5-year survival below 25% [3]. Despite 
technological enhancements related to preventative strate-
gies and more effective combination therapies, the overall 
incidence of oesophageal adenocarcinoma has risen [4].

There is a proven association between adenocarcinoma 
and Barrett’s oesophagus, a condition that appears to arise 
in response to chronic inflammation from gastro-oesopha-
geal reflux disease (GORD) [5]. Reflux induces metaplasia, 
which in turn leads to high-grade dysplasia (HGD) and inva-
sive OAC. Barrett’s oesophagus is the only known precursor 
to OAC to date and has a small prevalence in the European 
population (up to 2%) [6]. General surveillance through 
oesophagogastroduodenoscopy (OGD) of all individuals 
with Barrett’s oesophagus is not cost-effective as the annual 
incidence of oesophageal adenocarcinoma developing in 
Barrett’s is only 0.33% [7, 8]. This highlights the need to 
adapt surveillance programs to include individuals with Bar-
rett’s at high absolute risk of tumour progression.

There remains a lack of consensus regarding the natural 
history of Barrett’s oesophagus [9]. Furthermore, there is 
a lack of reliable predictive biomarkers that might enable 
us to risk stratify Barrett’s oesophagus patients [10, 11]. 
Prospective studies have not established a survival benefit 
for screening and surveillance [9]. All present guidelines 
regarding screening, surveillance and management fail to 
demonstrate clear evidence for an established benefit and 
cost-effectiveness of surveillance, and robust risk stratifica-
tion for patients to best use health resources [12].
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Historical perspective and definition

Australian-born surgeon Norman Rupert Barrett first 
developed the term ‘Barrett’s Oesophagus’ in patients with 
ulcerations in a tubular organ suggestive of an oesophagus, 
but whose distal, ulcerated portion was lined by columnar 
epithelium [13]. Bosher and Taylor elaborated on Mr. Bar-
rett’s definition describing intestinal type goblet cells in 
the columnar-lined oesophagus in 1951 [14]. Morson and 
Belcher reported the first case of malignancy related to 
Barrett’s oesophagus in 1952. The case was of a patient 
who developed an adenocarcinoma in oesophageal mucosa 
that presented ‘atrophic changes with a tendency towards 
intestinal type containing many goblet cells [15].

The definition of Barrett’s oesophagus is controversial 
and worldwide professional societies have different defini-
tions related to endoscopic documentation of columnar-
lined mucosa (Table 1). The presence of specialised intes-
tinal metaplasia (SIM) characterised by the presence of 
goblet cells is important in its definition. SIM is associated 
with the risk of progression to low-grade dysplasia (LGD), 
high-grade dysplasia (HGD) and adenocarcinoma (OAC).

Endoscopic evaluation

The significant anatomical landmark in Barrett’s oesopha-
gus identification is the oesophagogastric junction (OGJ). 
This is usually identified as the proximal extent of the 
upper gastric folds. The squamocolumnar junction (Z line) 
is the point at which squamous mucosa of the oesophagus 
meets the columnar mucosa of the stomach. Irregularity of 
the Z line is defined as <1 cm non-circumferential tongues 
of columnar mucosa at the squamocolumnar junction. This 
is not currently defined as Barrett’s oesophagus [16] but in 
up to 40% of such cases histopathology will reveal intes-
tinal metaplasia (IM).

Barrett’s oesophagus was initially characterised into 
short- and long-segment disease (< or >3  cm) based 
on endoscopic metaplastic epithelial findings [19]. The 
Prague ‘C’ and ‘M’ classification takes the circumferential 
(C) and maximum (M) tongue extent of the endoscopically 

visualised Barrett’s above the OGJ into account (Fig. 1; 
Table 2).

The sensitivity of endoscopic examination for the diagno-
sis of Barrett’s oesophagus increases with increasing length 
[20]. The overall prevalence of short-segment Barrett’s 

Table 1   Worldwide 
professional societies’ 
definitions of Barrett’s 
oesophagus

ACG  American College of Gastroenterology, BSG British Society of Gastroenterology, AGA  American 
Gastroenterological Association, SFED Société Française d’Endoscopie Digestive

ACG (USA) [9] BSG (England) 
[16]

AGA (USA) 
[17]

SFED 
(France) 
[18]

Intestinal metaplasia (biopsies) Yes Yes Yes Yes
Endoscopic documentation of 

columnar-lined mucosa
Yes No Yes Yes

Fig. 1   Illustration showing ‘C’ and ‘M’ measurements.  Adapted 
from https ://www.endos copy-campu s.com/en/klass ifika tione n/prag-
klass ifika tione n-des-barre tt-oesop hagus / (accessed 16th October 
2019)

Table 2   Vienna classification of epithelial neoplasia of the digestive 
tract [45]

Category Classification

1 Negative for neoplasia/dysplasia
2 Indefinite for neoplasia/dysplasia
3 Non-invasive low-grade neoplasia

Low-grade adenoma/dysplasia
4 Non-invasive high-grade neoplasia
4.1 High-grade adenoma/dysplasia
4.1 Non-invasive carcinoma (carcinoma in situ)
4.1 Suspicion of invasive carcinoma
5 Invasive neoplasia
5.1 Intramucosal carcinoma
5.2 Submucosal carcinoma or beyond

https://www.endoscopy-campus.com/en/klassifikationen/prag-klassifikationen-des-barrett-oesophagus/
https://www.endoscopy-campus.com/en/klassifikationen/prag-klassifikationen-des-barrett-oesophagus/
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oesophagus is greater than long-segment Barrett’s oesopha-
gus in studies where biopsies are systematically taken using 
established protocols [21]. The overall reliability of endo-
scopic examination and biopsy is approximately 80%. Given 
the inter-observer variability of diagnosing short segments, 
especially those <1 cm, and the exclusion of this length from 
some studies, it is uncertain whether segments <1 cm are 
associated with an increased risk of OAC (Fig. 2) [22].

Risk factors and epidemiology

Males in their 6th decade of life are twice as likely to have a 
diagnosis of Barrett’s oesophagus than females [23]. White 
subjects have a 4–6 times higher incidence of the disease 
compared to black subjects [24]. Other risk factors such as 
chronic GORD, reduced Helicobacter pylori and central 
obesity also increase the risk of Barrett’s oesophagus in mul-
tiple studies [25]. Alcohol consumption does not appear to 
be a strong risk factor.

The worldwide increase in GORD is accompanied by 
a rapid increase in prevalence of Barrett’s oesophagus, 
the main target for prevention of OAC [25]. The exact 
prevalence in different populations is difficult to assess as 
the condition is asymptomatic, and a diagnosis is made 
only when an endoscopy is performed [26]. The latter is 

usually performed for persistent GORD symptoms [26]. 
The prevalence of Barrett’s oesophagus in the unselected 
general population is between 1 and 2% in European stud-
ies and approximately 5–6% in the United States [27].

Further population-based studies have provided fur-
ther insight into the prevalence of Barrett’s oesophagus. 
The Swedish Kalixanda study found that up to 10.3% of 
patients with GORD symptoms had an endoscopic Bar-
rett’s oesophagus segment [6]. In an Italian study of 1033 
patients, histology confirmed the presence of columnar 
epithelium in 3.6%, while specialised intestinal metaplasia 
was observed in 1.6% of them [3]. Further UK-detailed 
studies on age- and sex-related distribution of Barrett’s 
oesophagus prevalence have observed that the prevalence 
of Barrett’s oesophagus increased with 7.4% for each addi-
tional year of age between the age of 20 and 59 year in 
males. It showed a similar pattern though with a 20-year 
delay in the female population [28]. In a meta-analysis of 
23 studies from Asia, the prevalence of endoscopically 
diagnosed Barrett’s oesophagus was 7.8% with histologi-
cally confirmed Barrett’s in 1.6% [29]. The prevalence of 
LGD, HGD and adenocarcinoma in cases with histologi-
cally proven BO was 6.9%, 3.0 and 2.0%, respectively [29]. 
In studies from the United States of America rates are 
1.3–9.8%, 0–5.3% and 1.3–5.7%, respectively [30].

Fig. 2   Endoscopic visualisation of a Barrett’s segment, b Barrett’s with LGD and HGD, c OAC
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Natural history and progression to OAC

It has been shown that specialised intestinal metaplasia aris-
ing in Barrett’s oesophagus is a risk factor for progression 
to cancer. A meta-analysis from 2012 including 57 studies 
(n = 11,434 patients) reports an annual incidence of oesoph-
ageal adenocarcinoma developing in Barrett’s oesophagus 
of 0.33% (95% CI 0.28–0.38%) [7]. Patients with Barrett’s 
oesophagus are ten times more likely to die from other 
causes than oesophageal cancer. It appears that men progress 
to cancer at twice the rate of women, patients with short-
segment Barrett’s oesophagus are least likely to progress 
and those with dysplasia at index biopsy are the most likely 
to progress [7].

Progression rates to dysplasia and adenocarcinoma were 
initially established from a Dutch cohort study in Rotterdam. 
One hundred and sixty-six patients were recruited from 1973 
to 1983, and endoscopic surveillance was started from 2001. 
Thirteen patients (M/F 10/3) developed HGD or OAC during 
follow-up. These were all symptomatic cases of HGD/OAC 
as the patients were not under endoscopic surveillance and 
were only reinvestigated for symptoms. These cases were 
observed over a period of 1967 patient years, 1 per 151 years 
of follow-up or 0.66 per annum (95% CI 0.58–0.74) [31].

Subsequent meta-analyses and systematic reviews from 
2007 to 2017 report progression rates to adenocarcinoma 
ranging from 2.2 to 6.3 per 1000 patient years when focus-
ing on all patients with Barrett’s oesophagus [32–34] Singh 
et  al. [30] conducted a systematic review of 24 studies 
(N = 2694). This concluded an annual progression rate of 
Barrett’s oesophagus to adenocarcinoma of 5.4 (3.2–7.6) per 
1000 years.

Current literature is reliant upon a single pathologist’s 
interpretation of the histology. Since the diagnosis of dyspla-
sia is investigator dependent, more rigorous criteria ask for 
confirmation of dysplasia by a second histopathologist. Sub-
sequently, a proportion of patients are down-staged which 
may affect epidemiological studies [26]. Kestens et al. [35] 
re-assessed low-grade dysplastic samples of 231 Barrett’s 
oesophagus patients. LGD was confirmed in 161 (70%); the 
remainder was mostly downgraded to no dysplasia or indefi-
nite for dysplasia. A recent systematic review and meta-anal-
ysis conducted in 2017 confirmed that the risk of progres-
sion to HGD or OAC in Barrett’s oesophagus patients were 
primarily determined by the presence or absence of LGD 
[OR 4.2 (2.1–8.5)] [36].

Patients with GORD can subsequently develop Barrett’s 
oesophagus and go on to develop LGD, HGD and OAC. 
At an early stage, these conditions can be treated by abla-
tive and minimally invasive techniques with limited risk. 
However, at an advanced stage, OAC requires invasive treat-
ment with considerable burden, financial cost, and mortality 
[26]. Early detection and prevention are the key strategies to 

manage OAC. The argument as to which Barrett’s oesopha-
gus patients are most likely to benefit from surveillance and 
management centres on the high prevalence of Barrett’s 
oesophagus and the low cancer incidence amongst Barrett’s 
oesophagus cases. This should be weighed up against the 
burden of invasive treatment and the high mortality in OAC 
[26].

With the overall risk of OAC in Barrett’s oesophagus 
being low, patients are often middle-to-older ages with obe-
sity and metabolic syndrome. Many patients will succumb to 
another condition. This is often not conveyed to patients and 
many live-in fear of developing malignancy disproportionate 
to their definite risk. This point further highlights the need 
to adapt surveillance programs to include individuals with 
Barrett’s at high absolute risk of tumour progression.

Histopathology

For a non-suspicious segment undergoing routine surveil-
lance, mapping biopsies should be taken at 2-cm intervals 
from each quadrant as well as separate biopsies from the 
anatomic cardia. For dysplastic segments, biopsies should 
be taken at 1-cm intervals. This so-called Seattle protocol 
increases the yield of both low-grade and high-grade dys-
plasia by 17 and 3%, respectively, compared with random 
biopsies [37]. A minimum of eight biopsies are required to 
provide an adequate degree of histological confirmation in 
Barrett’s oesophagus [38].

In patients with Barrett’s oesophagus <3 cm and no meta-
plasia or dysplasia, a repeat endoscopic assessment with 
quadrantic biopsies is recommended as an extra measure 
to try to establish the diagnosis, as only patients with SIM 
should undergo further surveillance [16]. In patients with 
long-segment disease (>3 cm), SIM is almost always found. 
Targeted biopsies from any lesions and the immediately sur-
rounding epithelium should be taken separately. Targeted 
biopsies alone are not a substitute for mapping biopsies as 
up to 20% of lesions may not be easily visible with white 
light endoscopy. Histopathological definitions of Barrett’s 
oesophagus vary worldwide [39]. The requirement of SIM 
has been supported by studies that have claimed intesti-
nal metaplasia to be a prerequisite for the development of 
adenocarcinoma. Goblet cells may be identified on routine 
histological stains (haematoxylin and eosin, H&E), although 
many institutions routinely employ PAS-Alcian Blue stains 
to highlight acidic mucin in goblet cells.

Intestinal metaplasia of gastric cardia does not compare 
to Barrett’s oesophagus and may be less likely to progress 
to dysplasia [40, 41]. A diagnosis of Barrett’s oesophagus, 
therefore, cannot be made histologically when the exact site 
of biopsy of the metaplastic fragment is not known. Bar-
rett’s oesophagus is defined as a clinicopathologic diagno-
sis with the biopsy taken from an endoscopically visualised 
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salmon-coloured irregularity in the oesophagus. SIM may 
be either “complete” (when goblet cells are accompanied by 
absorptive and/or Paneth cells) or “incomplete” (absence of 
absorptive and/or Paneth cells) [11].

Intestinal metaplasia shows inflammatory changes and 
becomes dysplastic. Dysplasia is assessed in columnar 
mucosa, and biopsies are categorised as being ‘negative for 
dysplasia’ if the cells show maturation towards the surface 
in the form of decreasing nuclear size, decreasing nuclear 
hyperchromasia and increasing cytoplasmic volume [11]. 
There may be histological changes deemed insufficient to 
characterise as dysplasia, categorised as ‘indefinite for dys-
plasia’ (Fig. 3).

Barrett’s adenocarcinoma develops through a multistep 
process with progressive worsening of a precursor lesion 
defined as dysplasia. In LGD, the molecular architecture is 
preserved or minimally abnormal, nuclei are elongated and 
crowded at the base but not at apex of cells, pseudo-stratifi-
cation may be extensive, there may be nuclear enlargement, 
and surface villous transformation may be present [11]. The 
differentiation of LGD from non-dysplastic tissue is diffi-
cult to establish with regards to subjective histopathological 
criteria (Fig. 4).

High-grade intestinal type dysplasia demonstrates mark-
edly atypical features including cytologic atypia, nuclear 
stratification to surface of cell with loss of polarity, and 
nuclei which are no longer radially oriented [42]. OAC 
shows marked atypia with no radially orientated nuclei 
(Figs. 5, 6).

Progressive histological changes are subtle hence result-
ing in intra- and inter-observer variation in the diagnosis 
of dysplasia in Barrett’s oesophagus. There are no clearly 

defined cut-off points that distinguish disease progression 
when comparing LGD and HGD. Furthermore, sampling 
errors can occur with small dysplasia sizes and its patchy 
distribution. Literature from this century has compared gen-
eral and specialist gastrointestinal pathologists. In a Dutch 
study by Kerkhof et al. [43], general histopathologists were 
found to over diagnose HGD. Up to 40% of patients initially 
diagnosed with HGD by a general pathologist were down-
graded (11% no dysplasia, 12% indefinite for dysplasia, 16% 
LGD) when the samples were reviewed by three experienced 
gastrointestinal (GI) pathologists [43].

Montgomery et al. [44] rigorously tested criteria, assess-
ing intra-observer and inter-observer reproducibility. When 

Fig. 3   Photomicrograph of intestinal metaplasia (H&E ×100 objec-
tive)

Fig. 4   Photomicrograph of low-grade dysplasia (H&E ×100 objec-
tive)

Fig. 5   Photomicrograph of high-grade dysplasia (H&E ×100 objec-
tive)
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a four-tier grading system was employed (non-dysplastic/
indefinite and low grade/high grade/cancer), the kappa index 
was low (0.43). Kappa improved (0.66) when a simplified 
classification was used (non-dysplastic/indefinite and low 
grade/high grade and cancer). These results emphasise the 
need to obtain a second opinion on problematic cases [44]. 
Geographical discrepancies are also highlighted in the lit-
erature. In a study comparing Western and Japanese patholo-
gists (N = 21), 14 lesions were classified as adenocarcinoma 
by Western pathologists, compared to 19 of the same lesions 
by those from Japan [45]. The ‘Vienna classification’ was 
proposed for standardisation. Although this classification 
system is widely used, it is qualitative and does not take 
disease progression into account.

Molecular and genetic advances

Mutations within Barrett’s oesophagus segments develop 
over time even in non-dysplastic epithelium. Increased 
clonal diversity is a marker for progression to dysplasia 
[46]. Clonal populations are stable over time, indicating 
that the dysplastic potential of Barrett’s oesophagus may be 
pre-determined. This implies that if this potential could be 
accurately determined at the index endoscopy, then further 
surveillance or therapies could be targeted only to those with 
dysplastic potential [47, 48].

Reflux injury appears to be key in the pathogenesis to 
OAC. Duodenogastric acid and contents reflux including 
unconjugated bile acids such as deoxycholate, can upregu-
late pro-inflammatory cytokines including IL-1β, IL-6, IL-8, 
and related transcription factors, notably NFκB that are rel-
evant to metaplasia, dysplasia and cancer, and resistance to 
apoptosis [49–51].

Studies have demonstrated that there is a loss of both 
tumour suppressors p16 and p53 [52, 53]. As well as point 
mutations, aneuploidy has an important role in the progres-
sion of Barrett’s oesophagus to OAC [54–56]. Su et al. [57] 
reported that variants in the major histocompatibility com-
plex (MHC) locus and at chromosome 16q24.1 locus, near 
FOXF1, predispose to Barrett’s oesophagus. Levine et al. 
[58] identified three gene associations (FOXF1, 19p13 in 
CRTC1, 3p14 near FOXP1) that were implicated in oesopha-
geal cancer development from Barrett’s oesophagus.

Both Barrett’s oesophagus and OAC are characterised by 
a loss of heterozygosity (LOH), aneuploidy, specific genetic 
mutations, and clonal diversity [59]. There is currently ongo-
ing research into establishing panel genetics and epigenetics 
involved in Barrett’s oesophagus and its progression to OAC.

Field effect

Numerous previous studies from the 1980s and 1990s have 
demonstrated multifocal high-grade dysplasia and adeno-
carcinoma in Barrett’s oesophagus specimens, suggesting 
a field effect for carcinogenesis [60, 61]. The term ‘field 
of cancerisation’ was initially used by Slaughter et al. [62] 
when studying oral cancer. The authors summarised findings 
related to cancer developing in multifocal areas of precan-
cerous change, and abnormal tissue that surrounds tumour 
cells. Mechanisms that lead to an impairment of DNA dam-
age repair mechanisms in the tumour can show a field effect 
on the surrounding mucosa, which is facilitated by the adja-
cent inflammatory processes [63]. Reflux-related changes in 
the distal oesophagus increase the population of regulatory T 
cells and activate myeloid dendritic cells [64]. This cytokine 
increase supports epithelial mesenchymal transition in the 
distal oesophageal mucosa [65].

The loss of the p53 tumour suppressor gene has been 
studied extensively in patients who have already developed 
adenocarcinoma [66–68]. More research is necessary in p53 
behaviour in patients who have Barrett’s oesophagus without 
adenocarcinoma in vivo subjects [69].

Recognised biomarkers

There is a need for reliable biomarkers to aid diagnosis and 
distinguish which Barrett’s oesophagus patients are at risk 
of developing OAC [70]. This would potentially reduce the 
number of patients required to undertake endoscopy. Multi-
ple ongoing studies into establishing biomarkers reflects the 
fact that Barrett’s oesophagus needs a clinically validated 
prognostic tool to aid in defining risk [11]. Technology such 
as gene expression analysis, epigenetics and proteomics have 
been utilised to establish biomarkers in Barrett’s oesophagus 
and OAC [71]. Trefoil Factor 3 (TFF3) has been used in the 

Fig. 6   Photomicrograph of oesophageal adenocarcinoma (H&E 
×100 objective)
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cytosponge device providing presence or absence of Bar-
rett’s oesophagus with good affect (Table 3).

Mutations within p16 which result in clonal expansion 
have been found to be one of the earliest changes in Bar-
rett’s oesophagus [72, 73] p16 unfortunately has been not 
been shown to be associated with the grade of dysplasia 
[73]. Wong et al. [73] have interrogated other biomarkers for 
Barrett’s oesophagus which include the cell cycle markers 
Cyclin A and D. When present, they indicate inactivation of 
p105-Rb which restricts the cell’s ability to replicate DNA 
[73]. Studies are still preliminary.

Weaver et al. [47] assessed clonal structure using whole-
genome sequencing across common mutations in Barrett’s 
oesophagus, HGD and OAC samples. The authors estab-
lished the presence of SMAD4 clearly demonstrated risk 
of progression to cancer. It was, however, found at a low 
frequency within OAC tissue (13%). In this study, p53 was 
found to be mutated in both HGD (72%) and OAC (69%) 
samples, but only 1 case (2.5%) of ‘never-dysplastic’ 
oesophagus. This builds on previous work which has dem-
onstrated a significant increase in progression to OAC in 
those samples containing defects within the p53 gene [74].

The ideal biomarker has to be cost-effective, minimally 
invasive and superior to current diagnostics with multiple 
biopsies. Further research is necessary to build on risk 

stratifying Barrett’s oesophagus and aiding in prompt LGD 
and HGD diagnoses in these patients to reduce the burden 
of OAC developing in these patients. Identifying those at 
low risk would enable better risk stratification of patients, 
which could direct resources to patients who need treatment 
most. This would also eliminate unnecessary endoscopy. No 
clear data are available supporting the use of biomarkers or 
clinical features, which can sub-select those at higher risk of 
progression, other than an expert diagnosis of LGD.

Screening

Screening is based on the presence of multiple risk factors 
including chronic GORD, male sex, white race, patients over 
50 and a high BMI [17, 75]. A large number of asympto-
matic patients may miss the opportunity for their cancers to 
be detected early. Lagergren et al. [76] found that up to 40% 
of patients with OAC had no history of chronic GORD. Fur-
thermore, sampling and diagnostic errors with inter-variable 
pathological discrepancies results in a reduced effectiveness 
of screening [44].

The gold standard method of screening is visual OGD 
inspection and four quadrant biopsies of mucosal irregu-
larities in salmon-coloured mucosa above the OGJ at every 
1–2 cm interval using Seattle protocol [77]. This has been 

Table 3   Summary of molecular 
biomarkers [70, 74]

SIM specialised intestinal metaplasia, LGD low-grade dysplasia, HG: high-grade dysplasia, OAC oesopha-
geal adenocarcinoma, MCM2 minichromosome maintenance protein 2

Biomarker Sample size Baseline histology Endpoint

DNA abnormalities
 Aneuploidy/tetraploidy 322 SIM, indefinite, LGD OAC

Biomarker panels
 Loss of heterozygosity 243 SIM OAC
 Expert LGD, Aspergillus oryzae, 

lectin protein
380 SIM, indefinite, LGD OAC

 8 gene panel methylation 195 SIM HGD/OAC
Epigenetics
 p16 methylation 53 SIM, LGD HGD/OAC

Tumour suppressor loci
 p53 staining 48 LGD HGD/OAC
 p53 loss of heterozygosity 256 SIM, indefinite, LGD OAC

Cell cycle markers
 Cyclin A 48 SIM HGD/OAC
 Cyclin D1 307 SIM OAC

Clonal diversity
 Clonal diversity measures 239 SIM OAC

Proliferation
 MCM2 27 SIM OAC

Serum biomarkers
 Selenoprotein P 361 Variable OAC
 Leukocyte telomere length 300 Variable OAC
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clarified by NICE guidelines on management of dyspepsia 
published in 2014 [78]. They recommend that OGD should 
be considered if a patient with GORD has risk factors 
including older age, male gender and a history of reflux or 
others such as a long duration of symptoms, increased fre-
quency of symptoms, previous oesophagitis, previous hiatus 
hernia, oesophageal stricture or oesophageal ulcers.

Saad et al. [79] established that standard brush cytology 
demonstrated a high diagnostic accuracy for HGD/OAC 
(sensitivity 90%), moderate sensitivity for Barrett’s (60 
vs. 92%) and low sensitivity for LGD (20 vs. 97%) com-
pared with histology. Alexander et al. [80] commented that 
although brush cytology compliments histology there is an 
added increased cost with no true improvement. Standard 
OGD is expensive and associated with a small risk of com-
plications such as bleeding, perforation, aspiration and cardi-
opulmonary events [81]. Since OGD is not a suitable method 
for screening of large populations there exists a need for 
alternative, cheap, widely available, and an accurate method 
of screening [82].

The ACG has recommended unsedated transnasal endos-
copy as an alternative to traditional endoscopy for screening 
in Barrett’s oesophagus. Unsedated transnasal endoscopy is 
performed using an ultrathin endoscope using topical anaes-
thesia. Shariff et al. [83] reported that unsedated transnasal 
endoscopy was safer with fewer procedure- and sedation-
related complications compared to standard OGD. Jobe et al. 
[84] established the sensitivity for detection of columnar-
lined oesophagus was 98% and of intestinal metaplasia was 
91% and specificity was 100% with unsedated transnasal 
endoscopy compared to standard OGD.

Non-invasive methods such as the cytosponge or cap-
sular endoscopy have been utilised to screen for special-
ised intestinal metaplasia but do not alter the difficulty of 
sub-selecting a population with increased prevalence of 
specialised intestinal metaplasia or oesophageal adenocar-
cinoma. Cytosponge is a mesh surrounded by a gelatin cap-
sule attached to a string which is passed transorally [85]. 
The capsule dissolves in the proximal stomach 5 min post-
ingestion, expanding the mesh. The sample containing cyto-
logical specimen is stained with Trefoil Factor 3 (TFF3), 
which is a biomarker for specialised intestinal metaplasia. 
Kadri et al. [86] found that the cytosponge with TFF3 had a 
sensitivity of 73.3% (95% CI 44.9–92.2%) and specificity of 
93.8% (95% CI 91.3–95.8%) for detecting Barrett’s ≥1 cm 
of circumferential length. Heberle et al. [87] carried out a 
cost-analysis and established that screening GORD patients 
with cytosponge and following up positive results with OGD 
for confirmation reduced cost by 27–29% when compared 
with screening by OGD alone.

Capsule endoscopy allows oesophageal visualisation 
using wireless cameras without obtaining a biopsy. Capsule 
endoscopy has reported a sensitivity and specificity of 77 

and 86%, respectively, compared to standard OGD, but just 
73% specificity compared with histologically confirmed spe-
cialised intestinal metaplasia in a meta-analysis of 9 studies 
(n = 618) [88].

Liquid biopsies utilising blood samples and extracting 
circulating microRNAs expressed in disease are gaining 
promise as a screening tool. Bus et al. [89] profiled circulat-
ing microRNAs in patients with Barrett’s. The authors found 
that in 41 patients with Barrett’s and 15 controls, a panel 
of 4 circulating miRNAs (miRNA-95-3p, -136-5p, -194-5p, 
and -451a) distinguished Barrett’s oesophagus from controls 
with a sensitivity and specificity of 78 and 86%, respectively.

Surveillance

The primary aim of surveillance of Barrett’s oesophagus is 
to identify dysplasia and malignancy before distant disease 
has advanced. OAC usually presents with advanced disease 
as a result of early lymphovascular submucosal invasion 
[90]. OGD remains the primary method of surveillance 
using the Seattle protocol [91]. The frequency of surveil-
lance is determined by the degree of dysplasia encountered 
at biopsy which are subsequently then classified as per the 
Vienna classification [45]. It is important to note that sur-
veillance endoscopy should be performed in patients whose 
reflux symptoms are controlled, reducing the probability of 
reactive changes interfering with pathological interpretation 
[92].

In the United Kingdom, for non-dysplastic disease 
(metaplasia only), surveillance every 2–5 years is offered to 
patients. Worldwide guidelines differ with regards to differ-
ing Barrett’s oesophagus segment length. The BSG guide-
lines state that endoscopy should be repeated 3–5 years if 
the maximal length is less than 3 cm, and every 2–3 years 
if above or equal to 3 cm [16]. Evidence for improved out-
comes from surveillance is weak and remains the subject of 
debate. The UK multicentre BOSS trial aims to compare the 
benefits of 2-yearly surveillance endoscopy against endos-
copy on an ‘at need’ basis only.

Some literature does demonstrate a survival advantage 
in patients with Barrett’s undergoing surveillance. El Serag 
et al. [93] found that patients diagnosed with OAC during 
surveillance were detected at an earlier stage (stage 0–1: 
74.7 vs. 56.2; p < 0.001), survived longer (median 3.2 vs. 
2.3 years; p < 0.001), and had lower cancer-related mortal-
ity (34.0 vs. 54.0%, p < 0.0001) compared with those not in 
surveillance. As the natural course of Barrett’s in unknown, 
and surveillance is expensive and time-consuming, surveil-
lance has been the subject of much enquiry [94].

A cost-effective analysis of surveillance in patients with 
non-dysplastic disease at 5 yearly intervals was found not 
to be cost effective and that unless the annual progression 
rate to adenocarcinoma were 1.9% then a QALY (Quality 
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Adjusted Life Year) threshold of <$50,000 could not be 
achieved [95]. This finding is similar to previous studies 
highlighting that surveillance in this group is not cost-effec-
tive [91]. Findings such as inflammation and ulceration con-
sidered to be indefinite for dysplasia may evolve as a result 
of erosive oesophagitis. Acid suppression should be offered 
and a repeat endoscopy should be offered in 6 months [16].

If a histological finding of LGD is encountered, a repeat 
endoscopy should be performed at 6 months. If this confirms 
the diagnosis, discussions should be had regarding endo-
scopic surveillance (every 6 months for 2 years, annually 
thereafter) vs. eradication therapy (radiofrequency abla-
tion, endoscopic segmental resection, photodynamic ther-
apy, spray cryotherapy). The absolute benefit of eradication 
therapy for LGD is not certain, since the progression rate of 
LGD to OAC is low (approx. 5 per 1000 patient years) [96].

When HGD is encountered, two expert GI pathologists 
should analyse the samples and patients should be referred to 
a tertiary centre for consideration of repeat endoscopy, biop-
sies, endoscopic mucosal resection and eradication therapy 
(Fig. 7) [16].

Management

Patients with non-dysplastic Barrett’s oesophagus should 
be on acid suppression therapy. However, there is no con-
vincing evidence that this reverses specialised intestinal 
metaplasia [9]. LGD should be managed with endoscopic 
surveillance biopsies with endoscopic resection [17]. 
Endoscopic radiofrequency ablation (RFA) has been 
utilised in LGD patients. An American multicentre ret-
rospective cohort study discovered a 0.8% progression 
rate amongst patients with LGD diagnosed by expert 

pathologists and treated with RFA compared with 6.6% 
in the control surveillance group [97]. No clear data are 
available supporting the use of biomarkers or clinical fea-
tures which can sub-select those at higher risk of progres-
sion, other than an expert diagnosis of LGD. Patients with 
multifocal areas of dysplasia may have an increased risk 
of progression, as many patients with persistent LGD over 
time [98].

Upfront ablation has been shown to be a cost-effective 
strategy compared to intensive surveillance. A cost-effec-
tiveness analysis model stated that ablation with RFA in 
patients with LGD is more cost-effective than surveillance 
if ablation permanently eradicated LGD in more than 28% 
of patients, without the need for further surveillance in this 
group [99]. Previous BSG and AGA guidelines did not rec-
ommend ablation for LGD. The SURF (Surveillance vs. 
Radio Frequency ablation) trial randomised patients with 
LGD to RFA (n = 68) vs. intensive surveillance (n = 68). 
Results published in 2014 found that ablation reduced 
the risk of progression to HGD or adenocarcinoma from 
26.5% in the control arm to 1.5% in the RFA arm (95% CI 
14.1–35.9%, p > 0.001); 88.2% of intestinal metaplasia was 
eradicated and 92.6% of dysplasia using RFA, vs. rates of 0 
and 27.9% in the control arm [100].

Patients with HGD should be offered options including 
endoscopic therapies including RFA ± endoscopic mucosal 
resection, surgical resection, or intensive surveillance. 
There should be discussions involving the patient’s fitness 
for surgery and the patient’s desires. Ablative therapies treat 
entire Barrett’s oesophagus segments and surgery should 
only be necessary for patients with risk factors for lymph 
node metastases. Current standards reserve oesophagec-
tomy for patients with T1b invasion (submucosal invasion), 

Fig. 7   Surveillance and management for dysplasia (LGD/HGD)
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multifocal carcinoma or lesions that are not amenable to 
endoscopic resection [101].

A recent cost-effectiveness analysis was conducted for 
endoscopic eradication therapy (EET) for treatment of all 
grades of dysplasia in Barrett’s oesophagus patients [102]. 
EET for patients with LGD and HGD arising in Barrett’s 
oesophagus was deemed as cost-effective compared to endo-
scopic surveillance alone (lifetime £3,006 per QALY gained) 
by Pollit et al. [102] The authors further concluded that as 
the time elapses, the treatment becomes more cost-effective. 
The 5-year financial impact to the UK National Health Ser-
vice (NHS) of introducing EET is £7.1 m [102, 103].

Photodynamic treatment (PDT) using 5-aminolevulinic 
acid and porfimer sodium has been shown to be inferior 
to RFA. In a multicentre study by Overholt et al., 13% of 
patients progressed to adenocarcinoma despite treatment 
[104]. No studies with long-term follow-up have shown an 
improved overall survival of PDT vs. oesophagectomy [105]. 
The current guidelines state that patients should continue 
ongoing surveillance. There is no long-term data (>5 years) 
on the recurrence of intestinal metaplasia or dysplastic 
changes in squamous epithelium.

Imaging modalities in Barrett’s oesophagus

The need for an alternative non-invasive method of screen-
ing and/or surveillance could be highly beneficial reducing 
waiting times, alleviating patient fears and reducing future 
costs in modern healthcare. Thorough endoscopic assess-
ment and biopsies are key to a diagnosis of Barrett’s oesoph-
agus and subsequent surveillance. Most endoscopists appre-
ciate quadrantic biopsies are time-consuming and advanced 
imaging would be greatly beneficial.

High‑resolution endoscopy

High-resolution light endoscopy enhances mucosal visuali-
sation combining pixelated endoscopes (up to 1,000,000) 
with high definition screens. Studies have demonstrated a 
greater sensitivity in the detection of early neoplastic lesions 
when compared to standard endoscopy [106].

Chromoendoscopy

Chromoendoscopy is a diagnostic tool where a chemical 
substance is sprayed onto the mucosal surface to highlight 
specific areas of epithelia. The stains used can be subdivided 
into ‘absorptive’ (acetic acid, methylene blue, lugol solu-
tion) and ‘non-absorptive’ (indigo carmine) contrast stains. 
Advanced imaging modalities magnify the view and this 
subsequently increases the probability of finding suspicious 
lesions. Studies have demonstrated an increased diagnostic 

yield using Chromoendoscopy in recognising dysplasia in 
Barrett’s compared to random biopsies [107].

Acetic acid spraying with targeted biopsies has shown an 
increased detection rate of dysplasia and OAC, even with 
white light standard endoscopy [108]. Longcroft-Wheaton 
et al. [109] demonstrated that acetic acid chromoendoscopy 
yielded a 95.5% sensitivity and 80% specificity for the detec-
tion of OAC. Indigo carmine used as a non-absorptive con-
trast stain has shown to be highly sensitive (83%) and spe-
cific (88%) for HGD [110]. The agent is currently not able 
to differentiate between specialised intestinal metaplasia and 
dysplasia [111].

Autofluorescence

Autofluorescence imaging endoscopy utilises short wave-
lengths of light to stimulate endogenous substances (nico-
tinamide adenine dinucleotide (NADH), collagen, aromatic 
amino acids and porphyrines) in tissue to emit fluorescent 
light of a longer wavelength [112]. This interrogates the 
tissue at depth and aids interpretation of vasculature and 
topography [113]. Studies have not demonstrated the supe-
riority of this method compared with high resolution endos-
copy alone for the detection of dysplasia [114, 115]. Conse-
quently, autofluorescence guided biopsies are not currently 
employed in hospitals in the United Kingdom.

Narrow‑band imaging (NBI)

Narrow-band imaging allows visualisation of the superficial 
mucosa and vasculature without the need for any additional 
dyes. The system illuminates the mucosa with blue and 
green wavelength light, thus demonstrating tissue vascu-
lature. A meta-analysis by Mannath et al. [116] evaluated 
446 patients. For diagnosing HGD, the pooled sensitivity 
and specificity were 0.96 (95% confidence interval [CI] 
0.93–0.99) and 0.94 (95% CI 0.84–1.0) on a per-lesion anal-
ysis with similar results on per-patient analysis. For special-
ised intestinal metaplasia characterisation, the pooled sensi-
tivity and specificity were 0.95 (95% CI 0.87–1.0) and 0.65 
(95% CI 0.52–0.78) on a per-lesion analysis. The authors 
concluded that magnified NBI is accurate with high diag-
nostic precision for diagnosis of HGD in Barrett’s oesopha-
gus. They further commented that NBI has high sensitivity 
but poor specificity for characterising specialised intestinal 
metaplasia.

Optical coherence tomography (OCT)

Optical coherence tomography (OCT) utilises electro-
magnetic (EM) waves to generate images based on the 
detection of reflected light. Resolutions up to 10–25 µm 
enables the identification of microscopic features such as 
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lymphovascular structures [117]. Robles et al. [118] inter-
rogated 19 studies (17 in vivo; 2 ex vivo). The authors found 
an excellent diagnostic yield for specialised intestinal meta-
plasia detection but not for dysplasia. Evans et al. [119] 
only demonstrated an 83% sensitivity and 75% specificity 
between differentiating HGD and OAC.

Confocal fluorescence microendoscopy

This diagnostic tool images fluorophores within the cell 
microstructure and generates a histological image [120]. 
Kara et al. [121] evaluated 63 patients in ex vivo samples. 
The authors concluded that a differentiation could be made 
between Barrett’s oesophagus and HGD, but that a diagnosis 
of dysplasia needed histological guidance.

Curvers et al. [122] concluded that the above enhanced 
imaging techniques may be no better than using high-qual-
ity white light imaging. Furthermore, these methods fail to 
achieve the aim of replacing random biopsies and histology 
for diagnosis. This opens the door for innovative diagnostic, 
screening and surveillance modalities to be explored in the 
field of Barrett’s oesophagus and its subsequent transforma-
tion to OAC.

Future developments

High-quality white light imaging with OGD and biopsy 
remains the gold standard of diagnosis and surveillance. 
Dysplasia and p53 accumulation appear to be an earlier 
and more sensitive markers of malignant potential in Bar-
rett’s oesophagus. There remains substantial inter-observer 
variability with regards to the grading of dysplasia between 
pathologists. Improving the diagnosis of dysplasia and 
categorising patients at an early stage of disease is highly 
encouraged. There is an additional need for reliable bio-
markers in being able to aid diagnosis and potentially reduce 
the number of patients required to undertake endoscopy 
[70]. Multiple ongoing studies into establishing biomarkers 
reflects the fact that Barrett’s oesophagus needs a clinically 
validated prognostic tool to aid in defining risk [123]. If a 
marker were to be isolated that indicated the propensity to 
dysplasia, this could establish why some patients progress 
to dysplasia and, therefore, aid in identifying preventative 
measures.

Very few potential diagnostic and prognostic biomark-
ers have been shown to be reproducible and robust [70]. 
Immunohistochemistry studies of nuclear p53 expression in 
patients with Barrett’s oesophagus have shown to improve 
inter-observer variability in diagnosing dysplasia and can 
predict progression risk with an OR of 3–8 [124, 125]. Many 
studies have investigated genetics and epigenetics in rela-
tion to Barrett’s oesophagus and its progression to OAC 

[126–128]. However, a paucity of evidence for other epige-
netic markers and the absence of robust validation methods 
limit the conclusions that can be drawn from such literature 
[129].

Vibrational spectroscopy

Vibrational spectroscopy techniques such as Fourier-trans-
form infrared (FTIR) spectroscopy or Raman spectroscopy 
(RS) are used to study interactions of light with biologi-
cal materials and are relatively novel [130]. Advantages of 
spectrochemical analysis are its low cost, minimal sample 
preparation, non-destructive nature and substantially accu-
rate results [131]. Biospectroscopy for disease diagnosis and 
screening is possible in a wide range of conditions including 
cancer. Further substantial prospective trials are necessary to 
delineate whether biospectroscopy has the ability to identify 
the small number of at-risk individuals amongst the large 
number not requiring follow-up [132].

Vibrational spectroscopic techniques have been used to 
delineate classification of oesophageal tissue from Barrett’s 
oesophagus through to OAC. Old et al. [133] identified key 
biochemical differences categorised spectral signatures 
using ATR-FTIR spectroscopy in ex vivo samples: high 
glycogen content was seen in normal squamous tissue, high 
glycoprotein content was observed in glandular Barrett’s 
oesophagus tissue, and high DNA content was observed 
in dysplastic tissue/OAC samples. Classification of normal 
squamous samples vs. ’abnormal’ samples (any stage of 
Barrett’s oesophagus) was performed with 100% sensitiv-
ity and specificity. Neoplastic Barrett’s (dysplasia or OAC) 
oesophagus was identified with 95.6% sensitivity and 86.4% 
specificity [133].

In vivo RS has been utilised in the field of OAC. Sensi-
tivities and specificities of up to 95% have been established 
for an in vivo diagnosis of HGD and OAC using multimodal 
image-guided Raman endoscopy techniques [134, 135]. 
Non-endoscopic approaches remain to be validated in large 
populations in terms of accuracy and cost effectiveness. 
Novel non-invasive markers identifiable in biofluids would 
be ideal for widespread application, but are currently not 
available. The use of vibrational spectroscopy in biofluids 
has been shown to be promising in categorising disease pro-
cesses from Barrett’s oesophagus to OAC [136, 137]. This 
needs further, prospective multicentre studies for clinical 
validation.

Conclusion

Barrett’s oesophagus is the only known precursor to OAC 
with a population prevalence of around 1–2% [3]. Estab-
lished risk factors include older age, male gender and a 
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history of reflux symptoms [8]. Although guidelines on the 
screening and surveillance exist in Barrett’s oesophagus, 
the current strategies are inadequate as more than 90% of 
patients diagnosed with OAC do not have a preceding diag-
nosis of Barrett’s oesophagus [138]. Furthermore, the annual 
risk for developing OAC has been shown in large population 
studies to be as low as 0.16% [139].

OGD is the gold standard method in screening for Bar-
rett’s oesophagus. This invasive method is expensive with 
risks associated negating its use as a current screening tool. 
The need for an alternative, non-invasive method of screen-
ing and/or surveillance would be highly beneficial in reduc-
ing waiting times, alleviating patient fears and reducing 
future costs in worldwide healthcare sectors. Vibrational 
spectroscopy in biofluids has shown promise in categorising 
disease processes from Barrett’s oesophagus to OAC [136, 
137]. This needs further, prospective multicentre studies for 
clinical validation.

Acknowledgements The authors thank Camilo L. M. Morais, Kassio 
M. G. Lima and Katherine M. Ashton for useful discussions and help 
during the course of their research.

Funding No funding was acquired for this review.

Compliance with ethical standards 

Conflict of interest IM and RSD do not declare any conflicts of interest 
(financial, professional or personal). FLM is joining Biocel Ltd. This 
company has subsidiaries developing instrumentation and analytical 
techniques for vibrational spectroscopy in a range of applications, in-
cluding clinical.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Pohl H, Welch HG. The role of overdiagnosis and reclassification 
in the marked increase of esophageal adenocarcinoma incidence. 
J Natl Cancer Inst. 2005;97:142–6.

 2. Blot WJ, McLaughlin JK. The changing epidemiology of esopha-
geal cancer. Semin Oncol. 1999;26:2–8.

 3. Zagari RM, Fuccio L, Wallander MA, et al. Gastro-oesopha-
geal reflux symptoms, oesophagitis and Barrett’s oesophagus 
in the general population: the Loiano–Monghidoro study. Gut. 
2008;57:1354–9.

 4. Layke JC, Lopez PP. Esophageal cancer: a review and update. 
Am Fam Phys. 2006;73:2187–94.

 5. Wong A, Fitzgerald RC. Epidemiologic risk factors for Barrett’s 
esophagus and associated adenocarcinoma. Clin Gastroenterol 
Hepatol. 2005;3:1–10.

 6. Ronkainen J, Aro P, Storskrubb T, et al. Prevalence of Barrett’s 
esophagus in the general population: an endoscopic study. Gas-
troenterology. 2005;129:1825–31.

 7. Desai TK, Krishnan K, Samala N, et al. The incidence of oesoph-
ageal adenocarcinoma in non-dysplastic Barrett’s oesophagus: a 
meta-analysis. Gut. 2012;61:970–6.

 8. Gordon LG, Mayne GC, Hirst NG, et al. Cost-effectiveness of 
endoscopic surveillance of non-dysplastic Barrett’s esophagus. 
Gastrointest Endosc. 2014;79:242–52.

 9. Spechler SJ, Sharma P, Souza RF, et al. American gastroentero-
logical association technical review on the management of Bar-
rett’s esophagus. Gastroenterology. 2011;140:e18–e52.

 10. Moyes LH, Going JJ. Still waiting for predictive biomarkers in 
Barrett’s oesophagus. J Clin Pathol. 2011;64:742–50.

 11. Bhardwaj A, McGarrity TJ, Stairs DB, et al. Barrett’s esopha-
gus: emerging knowledge and management strategies. Patholog 
Res Int. 2012;2012:814146.

 12. Amadi C, Gatenby P. Barrett’s oesophagus: current controver-
sies. World J Gastroenterol. 2017;23:5051–67.

 13. Gindea C, Birla R, Hoara P, et al. Barrett esophagus: history, 
definition and etiopathogeny. J Med Life. 2014;7:23–30.

 14. Bosher LH, Taylor FH. Heterotopic gastric mucosa in the 
esophagus with ulceration and stricture formation. J Thorac 
Surg. 1951;21:306–12.

 15. Morson BC, Belcher JR. Adenocarcinoma of the esophagus 
and ectopic gastric mucosa. Br J Cancer. 1952;6:127–30.

 16. Fitzgerald RC, di Pietro M, Ragunath K, British Society of 
Gastroenterology, et al. British Society of Gastroenterology 
guidelines on the diagnosis and management of Barrett’s 
oesophagus. Gut. 2014;63:7–42.

 17. Wang KK, Sampliner RE. Updated guidelines 2008 for the 
diagnosis, surveillance and therapy of Barrett’s esophagus. Am 
J Gastroenterol. 2008;103:788–97.

 18. Boyer J, Laugier R, Chemall M, et al. French society of diges-
tive endoscopy SFED guideline: monitoring of patients with 
Barrett’s esophagus. Endoscopy. 2007;39:840–2.

 19. Sharma P, Morales TG, Sampliner RE. Short segment Barrett’s 
esophagus—the need for standardization of the definition and 
of endoscopic criteria. Am J Gastroenterol. 1998;93:1033–6.

 20. Eloubeidi MA, Provenzale D. Does this patient have Barrett’s 
esophagus? The utility of predicting Barrett’s esophagus at the 
index endoscopy. Am J Gastroenterol. 1999;940:937–43.

 21. Hirota WK, Loughney TM, Lazas DJ, et al. Specialized intes-
tinal metaplasia, dysplasia, and cancer of the esophagus and 
esophagogastric junction: prevalence and clinical data. Gas-
troenterology. 1999;116:277–85.

 22. Pohl H, Pech O, Arash H, et al. Length of Barrett’s oesoph-
agus and cancer risk: implications from a large sample 
of patients with early oesophageal adenocarcinoma. Gut. 
2016;65:196–201.

 23. Yachimski P, Lee RA, Tramontano A, et  al. Secular trends 
in patients diagnosed with Barrett’s esophagus. Dig Dis Sci. 
2010;55:960–6.

 24. Corley DA, Kubo A, Levin TR, et al. Race, ethnicity, sex and 
temporal differences in Barrett’s oesophagus diagnosis: a large 
community-based study, 1994–2006. Gut. 2009;58:182–8.

 25. Corley DA, Kubo A, Levin TR, et al. Abdominal obesity and 
body mass index as risk factors for Barrett’s esophagus. Gastro-
enterology. 2007;133:34–41.

 26. Kuipers EJ, Spaander MC. Natural history of Barrett’s esopha-
gus. Dig Dis Sci. 2018;63:1997–2004.

http://creativecommons.org/licenses/by/4.0/


Clinical Journal of Gastroenterology 

1 3

 27. Hayeck TJ, Kong CY, Spechler SJ, et al. The prevalence of Bar-
rett’s esophagus in the US: estimates from a simulation model 
confirmed by SEER data. Dis Esophagus. 2010;23:451–7.

 28. van Blankenstein M, Looman CWN, Johnston BJ, et al. Age and 
sex distribution of the prevalence of Barrett’s esophagus found 
in a primary referral endoscopy center. Am J Gastroenterol. 
2005;100:568–76.

 29. Shiota S, Singh S, Anshasi A, et al. Prevalence of Barrett’s 
esophagus in Asian countries: a systematic review and meta-
analysis. Clin Gastroenterol Hepatol. 2015;13:1907–18.

 30. Singh S, Manickam P, Amin AV, et al. Incidence of esophageal 
adenocarcinoma in Barrett’s esophagus with low-grade dyspla-
sia: a systematic review and meta-analysis. Gastrointest Endosc. 
2014;79:897–909.

 31. den Hoed CM, van Blankenstein M, Dees J, et al. The mini-
mal incubation period from the onset of Barrett’s oesophagus to 
symptomatic adenocarcinoma. Br J Cancer. 2011;105:200–5.

 32. Thomas T, Abrams KR, De Caestecker JS, et al. Meta analysis: 
cancer risk in Barrett’s oesophagus. Aliment Pharmacol Ther. 
2007;26:1465–77.

 33. Qiao Y, Hyder A, Bae SJ, et al. Surveillance in patients with 
Barrett’s esophagus for early detection of esophageal adeno-
carcinoma: a systematic review and meta-analysis. Clin Transl 
Gastroenterol. 2015;6:e131.

 34. Qumseya BJ, Wani S, Gendy S, et al. Disease progression in 
Barrett’s low-grade dysplasia with radiofrequency ablation 
compared with surveillance: systematic review and meta-
analysis. Am J Gastroenterol. 2017;112:849–65.

 35. Kestens C, Offerhaus GJA, van Baal JWPM, et al. Patients with 
Barrett’s esophagus and persistent low-grade dysplasia have 
an increased risk for high-grade dysplasia and cancer. Clin 
Gastroenterol Hepatol. 2016;14(956):e1–962.

 36. Krishnamoorthi R, Singh S, Ragunathan K, et  al. Factors 
associated with progression of Barrett’s esophagus: a system-
atic review and meta-analysis. Clin Gastroenterol Hepatol. 
2018;16:1046–55.

 37. Abela JE, Going JJ, Mackenzie JF, et al. Systematic four-quad-
rant biopsy detects Barrett’s dysplasia in more patients than 
nonsystematic biopsy. Am J Gastroenterol. 2008;103:850–5.

 38. Harrison R, Perry I, Haddadin W, et al. Detection of intestinal 
metaplasia in Barrett’s esophagus: an observational comparator 
study suggests the need for a minimum of eight biopsies. Am 
J Gastroenterol. 2007;102:1154–61.

 39. Takubo K, Vieth M, Aida J, et al. Differences in the definitions 
used for esophageal and gastric diseases in different countries: 
endoscopic definition of the esophagogastric junction, the pre-
cursor of Barrett’s adenocarcinoma, the definition of Barrett’s 
esophagus, and histologic criteria for mucosal adenocarcinoma 
or high-grade dysplasia. Digestion. 2009;80:248–57.

 40. Ruol A, Parenti A, Zaninotto G. Intestinal metaplasia is the 
probable common precursor of adenocarcinoma in barrett 
esophagus and adenocarcinoma of the gastric cardia. Cancer. 
2000;88:2520–8.

 41. Sharma P, Weston AP, Morales T, et al. Relative risk of dyspla-
sia for patients with intestinal metaplasia in the distal oesopha-
gus and in the gastric cardia. Gut. 2000;46:9–13.

 42. Lomo LC, Blount PL, Sanchez CA, et  al. Crypt dysplasia 
with surface maturation: a clinical, pathologic, and molecu-
lar study of a Barrett’s esophagus cohort. Am J Surg Pathol. 
2006;30:423–35.

 43. Kerkhof M, Van Dekken H, Steyerberg EW, et al. Grading of dys-
plasia in Barrett’s oesophagus: substantial interobserver variation 
between general and gastrointestinal pathologists. Histopathol-
ogy. 2007;50:920–7.

 44. Montgomery E, Bronner MP, Goldblum JR, et al. Reproducibility 
of the diagnosis of dysplasia in Barrett esophagus: a reaffirma-
tion. Hum Pathol. 2001;32:368–78.

 45. Schlemper RJ, Riddell RH, Kato Y, et al. The Vienna classifica-
tion of gastrointestinal epithelial neoplasia. Gut. 2000;47:251–5.

 46. Maley CC, Galipeau PC, Finley JC, et al. Genetic clonal diversity 
predicts progression to esophageal adenocarcinoma. Nat Genet. 
2006;38:468–73.

 47. Weaver JM, Ross-Innes CS, Shannon N, et al. Ordering of muta-
tions in preinvasive disease stages of esophageal carcinogenesis. 
Nat Genet. 2014;46:837–43.

 48. Dulak AM, Stojanov P, Peng S, et  al. Exome and whole-
genome sequencing of esophageal adenocarcinoma identifies 
recurrent driver events and mutational complexity. Nat Genet. 
2013;45:478–86.

 49. Huo X, Juergens S, Zhang X, et al. Deoxycholic acid causes DNA 
damage while inducing apoptotic resistance through NF-κB acti-
vation in benign Barrett’s epithelial cells. Am J Physiol Gastro-
intest Liver Physiol. 2011;301:G278–G286286.

 50. Fitzgerald R, Onwuegbusi B, Bajaj-Elliott M, et al. Diversity 
in the oesophageal phenotypic response to gastro-oesophageal 
reflux: immunological determinants. Gut. 2002;50:451–9.

 51. O’Riordan J, Abdel-Latif M, Ravi N, et al. Proinflammatory 
cytokine and nuclear factor kappa-B expression along the inflam-
mation–metaplasia–dysplasia–adenocarcinoma sequence in the 
esophagus. Am J Gastroenterol. 2005;100:1257–64.

 52. Reid BJ, Prevo LJ, Galipeau PC, et al. Predictors of progression 
in Barrett’s esophagus II: baseline 17p (p53) loss of heterozy-
gosity identifies a patient subset at increased risk for neoplastic 
progression. Am J Gastroenterol. 2001;96:2839–48.

 53. Leedham SJ, Preston SL, Mcdonald SA, et al. Individual crypt 
genetic heterogeneity and the origin of metaplastic glandular epi-
thelium in human Barrett’s oesophagus. Gut. 2008;57:1041–8.

 54. Dulak AM, Schumacher SE, Van Lieshout J, et al. Gastrointes-
tinal adenocarcinomas of the esophagus, stomach, and colon 
exhibit distinct patterns of genome instability and oncogenesis. 
Cancer Res. 2012;72:4383–93.

 55. Nones K, Waddell N, Wayte N, et al. Genomic catastrophes fre-
quently arise in esophageal adenocarcinoma and drive tumori-
genesis. Nat Commun. 2014;5:5224.

 56. Stachler MD, Taylor-Weiner A, Peng S, et al. Paired exome 
analysis of Barrett’s esophagus and adenocarcinoma. Nat Genet. 
2015;47:1047–55.

 57. Su Z, Gay LJ, Strange A, et al. Common variants at the MHC 
locus and at chromosome 16q24. 1 predispose to Barrett’s esoph-
agus. Nat Genet. 2012;44:1131–6.

 58. Levine DM, Ek WE, Zhang R, et al. A genome-wide association 
study identifies new susceptibility loci for esophageal adenocar-
cinoma and Barrett’s esophagus. Nat Genet. 2013;45:1487–93.

 59. Grady WM, Yu M. Molecular evolution of metaplasia to adeno-
carcinoma in the esophagus. Dig Dis Sci. 2018;63(8):2059–69.

 60. Witt TR, Bains MS, Zaman MB, et al. Adenocarcinoma in Bar-
rett’s esophagus. J Thorac Cardiovasc Surg. 1983;85:337–45.

 61. Cameron AJ, Carpenter HA. Barrett’s esophagus, high-grade 
dysplasia, and early adenocarcinoma: a pathological study. Am 
J Gastroenterol. 1997;92:586–91.

 62. Slaughter DP, Southwick HW, Smejkal W. Field canceriza-
tion in oral stratified squamous epithelium. Cancer (Phila). 
1953;6:963–8.

 63. He H, Tian D, Guo J, et al. DNA damage response in peritumoral 
regions of oesophageal cancer microenvironment. Carcinogen-
esis. 2013;34:139–45.

 64. Somja J, Demoulin S, Roncarati P, et al. Dendritic cells in Bar-
rett’s esophagus carcinogenesis: an inadequate microenvironment 
for antitumor immunity? Am J Pathol. 2013;182:2168–79.



 Clinical Journal of Gastroenterology

1 3

 65. Underwood TJ, Hayden AL, Derouet M, et al. Cancer-associ-
ated fibroblasts predict poor outcome and promote periostin-
dependent invasion in oesophageal adenocarcinoma. J Pathol. 
2015;235:466–77.

 66. Blount PL, Galipeau PC, Sanchez CA, et al. 17p allelic losses in 
diploid cells of patients with Barrett’s esophagus who develop 
aneuploidy. Cancer Res. 1994;54:2292–5.

 67. Hamelin R, Flejou JF, Muzeau F, et al. p53 gene mutations and 
p53 protein immunoreactivity in malignant and premalignant 
Barrett’s esophagus. Gastroenterology. 1994;107:1012–8.

 68. Gleeson CM, Sloan JM, McGuigan JA, et al. Base transitions at 
CpG dinucleotides in the p53 gene are common in esophageal 
adenocarcinoma. Cancer Res. 1995;55:3406–11.

 69. Prevo LJ, Sanchez CA, Galipeau PC, et al. p53-Mutant clones and 
field effects in Barrett’s esophagus. Cancer Res. 1999;59:3320–8.

 70. Timmer MR, Sun G, Gorospe EC, et al. Predictive biomarkers 
for Barrett’s esophagus: so near and yet so far. Dis Esophagus. 
2013;26:574–81.

 71. Ong CA, Lao-Sirieix P, Fitzgerald RC. Biomarkers in Bar-
rett’s esophagus and esophageal adenocarcinoma: predic-
tors of progression and prognosis. World J Gastroenterol. 
2010;16:5669–811.

 72. Chettouh H, Mowforth O, Galeano-Dalmau N, et al. Methyla-
tion panel is a diagnostic biomarker for Barrett’s oesophagus in 
endoscopic biopsies and non-endoscopic cytology specimens. 
Gut. 2018;67:1942–9.

 73. Wong DJ, Paulson TG, Prevo LJ, et al. p16INK4a lesions are 
common, early abnormalities that undergo clonal expansion in 
Barrett’s metaplastic epithelium. Cancer Res. 2001;61:8284–9.

 74. Fouad YM, Mostafa I, Yehia R, et al. Biomarkers of Barrett’s 
esophagus. World J Gastrointest Pathophysiol. 2014;5:450–6.

 75. Zeki S, Fitzgerald RC. Targeting care in Barrett’s oesophagus. 
Clin Med (Lond). 2014;14:78–83.

 76. Lagergren J, Bergstrom R, Lindgren A, et al. Symptomatic 
gastroesophageal reflux as a risk factor for esophageal adeno-
carcinoma. N Engl J Med. 1999;340:825–31.

 77. Sampliner RE. Practice guidelines on the diagnosis, surveil-
lance, and therapy of Barrett’s esophagus: the practice param-
eters committee of the American College of Gastroenterology. 
Am J Gastroenterol. 1998;93:1028–32.

 78. National Institute for Health and Clinical Excellence (NICE). 
Gastro-oesophageal reflux disease and dyspepsia in adults: 
investigation and management. NICE. 2014. https ://www.nice.
org.uk/guida nce/cg184 /chapt er/1-Recom menda tions #surve 
illan ce-for-peopl e-with-barre tts-oesop hagus -2. Accessed 7 
Nov 2019.

 79. Saad RS, Mahood LK, Clary KM. Role of cytology in the diag-
nosis of Barrett’s esophagus and associated neoplasia. Diagn 
Cytopathol. 2003;29:130–5.

 80. Alexander JA, Jones SM, Smith CJ. Usefulness of cytopathology 
and histology in the evaluation of Barrett’s esophagus in a com-
munity hospital. Gastrointest Endosc. 1997;46:318–20.

 81. Sanghi V, Thota PN. Barrett’s esophagus: novel strate-
gies for screening and surveillance. Ther Adv Chronic Dis. 
2019;10:2040622319837851.

 82. Offman J, Fitzgerald RC. Alternatives to traditional per-oral 
endoscopy for screening. Gastrointest Endosc Clin N Am. 
2017;27:379–96.

 83. Shariff MK, Bird-Lieberman EL, O’Donovan M, et al. Rand-
omized crossover study comparing efficacy of transnasal endos-
copy with that of standard endoscopy to detect Barrett’s esopha-
gus. Gastrointest Endosc. 2012;75:954–61.

 84. Jobe BA, Chang HJG, EY. Office-based unsedated small-
caliber endoscopy is equivalent to conventional sedated endos-
copy in screening and surveillance for Barrett’s esophagus: a 

randomized and blinded comparison. Am J Gastroenterol. 
2006;101:2693–703.

 85. Ross-Innes CS, Debiram-Beecham I, O’Donovan M, et al. Evalu-
ation of a minimally invasive cell sampling device coupled with 
assessment of trefoil factor 3 expression for diagnosing Bar-
rett’s esophagus: a multi-center case–control study. PLoS Med. 
2015;12:e1001780.

 86. Kadri SR, Lao-Sirieix P, O’Donovan M, et al. Acceptability 
and accuracy of a non-endoscopic screening test for Barrett’s 
oesophagus in primary care: cohort study. BMJ. 2010;341:c4372.

 87. Heberle CR, Omidvari AH, Ali A, et al. Cost effectiveness of 
screening patients with gastroesophageal reflux disease for Bar-
rett’s esophagus with a minimally invasive cell sampling device. 
Clin Gastroenterol Hepatol. 2017;15(1397–1404):e7.

 88. Bhardwaj A, Hollenbeak CS, Pooran N, et al. A meta-analysis 
of the diagnostic accuracy of esophageal capsule endoscopy for 
Barrett’s esophagus in patients with gastroesophageal reflux dis-
ease. Am J Gastroenterol. 2009;104:1533–9.

 89. Bus P, Kestens C, Ten Kate FJW. Profiling of circulating microR-
NAs in patients with Barrett’s esophagus and esophageal adeno-
carcinoma. J Gastroenterol. 2016;51:560–70.

 90. Dunbar KB, Spechler SJ. The risk of lymph-node metastases in 
patients with high-grade dysplasia or intramucosal carcinoma in 
Barrett’s esophagus: a systematic review. Am J Gastroenterol. 
2012;107:850–62.

 91. Provenzale D, Schmitt C, Wong JB. Barrett’s esophagus: a new 
look at surveillance based on emerging estimates of cancer risk. 
Am J Gastroenterol. 1999;94:2043–53.

 92. Hanna S, Rastogi A, Weston AP, et al. Detection of Barrett’s 
esophagus after endoscopic healing of erosive esophagitis. Am 
J Gastroenterol. 2006;101:1416–20.

 93. El-Serag HB, Naik AD, Duan Z. Surveillance endoscopy is 
associated with improved outcomes of oesophageal adenocar-
cinoma detected in patients with Barrett’s oesophagus. Gut. 
2016;65:1252–60.

 94. Saxena N, Inadomi JM. Effectiveness and cost-effectiveness of 
endoscopic screening and surveillance. Gastrointest Endosc Clin 
N Am. 2017;27:397–421.

 95. Kastelein F, van Olphen S, Steyerberg EW, ProBar-study group, 
et  al. Surveillance in patients with long-segment Barrett’s 
oesophagus: a cost-effectiveness analysis. Gut. 2015;64:864–71.

 96. de Jonge PJ, Van Blankenstein M, Looman CW, et al. Risk of 
malignant progression in patients with Barrett’s oesophagus: a 
Dutch nationwide cohort study. Gut. 2010;59:1030–6.

 97. Small AJ, Araujo JL, Leggett CL, et al. Radiofrequency ablation 
is associated with decreased neoplastic progression in patients 
with Barrett’s esophagus and confirmed low-grade dysplasia. 
Gastroenterology. 2015;149:567–76.

 98. Srivastava A, Hornick JL, Li X, et  al. Extent of low-grade 
dysplasia is a risk factor for the development of esophageal 
adenocarcinoma in Barrett’s esophagus. Am J Gastroenterol. 
2007;102:483–93.

 99. Inadomi JM, Sampliner R, Lagergren J, et al. Screening and sur-
veillance for Barrett esophagus in high-risk groups: a cost–utility 
analysis. Ann Intern Med. 2003;138:176–86.

 100. Phoa KN, van Vilsteren FG, Weusten B, et al. Radiofrequency 
ablation vs endoscopic surveillance for patients with Barrett 
esophagus and low-grade dysplasia: a randomized clinical trial. 
JAMA. 2014;311:1209–17.

 101. Buttar NS, Wang KK, Sebo TJ, et al. Extent of high-grade dys-
plasia in Barrett’s esophagus correlates with risk of adenocarci-
noma. Gastroenterology. 2001;120:1630–9.

 102. Pollit V, Graham D, Leonard C, et al. A cost-effectiveness anal-
ysis of endoscopic eradication therapy (EET) for management 
of dysplasia arising in patients with Barrett’s esophagus in the 
United Kingdom. Curr Med Res Opin. 2018;27:1–29.

https://www.nice.org.uk/guidance/cg184/chapter/1-Recommendations#surveillance-for-people-with-barretts-oesophagus-2
https://www.nice.org.uk/guidance/cg184/chapter/1-Recommendations#surveillance-for-people-with-barretts-oesophagus-2
https://www.nice.org.uk/guidance/cg184/chapter/1-Recommendations#surveillance-for-people-with-barretts-oesophagus-2


Clinical Journal of Gastroenterology 

1 3

 103. Booth CL, Thompson KS. Barrett’s esophagus: a review of diag-
nostic criteria, clinical surveillance practices and new develop-
ments. J Gastrointest Oncol. 2012;3:232–42.

 104. Overholt BF, Wang K, Burdick JS, et al. Five-year efficacy and 
safety of photodynamic therapy with Photofrin in Barrett’s high-
grade dysplasia. Gastrointest Endosc. 2007;66:460–8.

 105. Prasad GA, Wang KK, Buttar NS, et al. Long-term survival fol-
lowing endoscopic and surgical treatment of high-grade dysplasia 
in Barrett’s esophagus. Gastroenterology. 2007;132:1226–333.

 106. Kara MA, Peters FP, Rosmolen WD, et  al. High-resolution 
endoscopy plus chromoendoscopy or narrow-band imaging in 
Barrett’s esophagus: a prospective randomized crossover study. 
Endoscopy. 2005;37:929–36.

 107. Pohl J, Pech O, May A, et al. Incidence of macroscopically occult 
neoplasias in Barrett’s esophagus: are random biopsies dispen-
sable in the era of advanced endoscopic imaging? Am J Gastro-
enterol. 2010;105:2350–6.

 108. Fortun PJ, Anagnostopoulos GK, Kaye P, et al. Acetic acid-
enhanced magnification endoscopy in the diagnosis of special-
ized intestinal metaplasia, dysplasia and early cancer in Barrett’s 
oesophagus. Aliment Pharmacol Ther. 2006;23:735–42.

 109. Longcroft-Wheaton G, Duku M, Mead R, et al. Acetic acid spray 
is an effective tool for the endoscopic detection of neoplasia in 
patients with Barrett’s esophagus. Clin Gastroenterol Hepatol. 
2010;8:843–7.

 110. Sharma P, Marcon N, Wani S, et al. Non-biopsy detection of 
intestinal metaplasia and dysplasia in Barrett’s esophagus: a pro-
spective multicenter study. Endoscopy. 2006;38:1206–12.

 111. Sharma P, Weston AP, Topalovski M, et al. Magnification chro-
moendoscopy for the detection of intestinal metaplasia and dys-
plasia in Barrett’s oesophagus. Gut. 2003;52:24–7.

 112. Trivedi PJ, Brade B. Indications, stains and techniques in chro-
moendoscopy. QJM. 2013;106:117–31.

 113. DaCosta RS, Wilson B, Marcon NE. Spectroscopy and fluores-
cence in esophageal diseases. Best Pract Res Clin Gastroenterol. 
2006;20:41–57.

 114. Kara MA, Smits ME, Rosmolen WD, et al. A randomized crosso-
ver study comparing light-induced fluorescence endoscopy with 
standard videoendoscopy for the detection of early neoplasia in 
Barrett’s esophagus. Gastrointest Endosc. 2005;61:671–8.

 115. Borovicka J, Fischer J, Neuweiler J, et al. Autofluorescence 
endoscopy in surveillance of Barrett’s esophagus: a multi-
center randomized trial on diagnostic efficacy. Endoscopy. 
2006;38:867–72.

 116. Mannath J, Subramanian V, Hawkey CJ, et al. Narrow band imag-
ing for characterization of high-grade dysplasia and specialized 
intestinal metaplasia in Barrett’s esophagus: a meta-analysis. 
Endoscopy. 2010;42:351–9.

 117. DaCosta RS, Wilson BC, Marcon NE. Photodiagnostic tech-
niques for the endoscopic detection of premalignant gastrointes-
tinal lesions. Dig Endosc. 2003;15:153–73.

 118. Robles LY, Singh S, Fisichella PM. Emerging enhanced imag-
ing technologies of the esophagus: spectroscopy, confocal laser 
endomicroscopy and optical coherence tomography. J Surg Res. 
2015;195:502–14.

 119. Evans JA, Poneros JM, Bouma BE, et al. Optical coherence 
tomography to identify intramucosal carcinoma and high-grade 
dysplasia in Barrett’s esophagus. Clin Gastroenterol Hepatol. 
2006;4:38–433.

 120. Kara MA, DaCosta RS, Streutker CJ, et al. Characterization of 
tissue autofluorescence in Barrett’s esophagus by confocal fluo-
rescence microscopy. Dis Esophagus. 2007;20:141–50.

 121. Kara MA, Ennahachi M, Fockens P, et al. Detection and clas-
sification of the mucosal and vascular patterns (mucosal mor-
phology) in Barrett’s esophagus by using narrow band imaging. 
Gastrointest Endosc. 2006;64:155–66.

 122. Curvers W, Baak L, Kiesslich R, et al. Chromoendoscopy and 
narrow-band imaging compared with high-resolution magni-
fication endoscopy in Barrett’s esophagus. Gastroenterology. 
2008;134:670–9.

 123. Bhardwaj A, McGarrity TJ, Stairs DB, et al. Barrett’s Esophagus: 
emerging knowledge and management strategies, Pathol Res Int. 
2012:814146.

 124. Skacel M, Petras RE, Rybicki LA, et al. p53 expression in low 
grade dysplasia in Barrett’s esophagus: correlation with interob-
server agreement and disease progression. Am J Gastroenterol. 
2002;10:2508–13.

 125. Kaye PV, Haider SA, James PD, et al. Novel staining pattern of 
p53 in Barrett’s dysplasia—the absent pattern. Histopathology. 
2010;57:933–5.

 126. Clément G, Braunschweig R, Pasquier N, et al. Methylation of 
APC, TIMP3, and TERT: a new predictive marker to distinguish 
Barrett’s oesophagus patients at risk for malignant transforma-
tion. J Pathol. 2006;208:100–7.

 127. Klump B, Hsieh CJ, Holzmann K, et al. Hypermethylation of the 
CDKN2/p16 promoter during neoplastic progression in Barrett’s 
esophagus. Gastroenterology. 1998;115:1381–6.

 128. Barrett MT, Sanchez CA, Prevo LJ, et al. Evolution of neoplastic 
cell lineages in Barrett oesophagus. Nat Genet. 1999;22:106–9.

 129. Nieto T, Tomlinson CL, Dretzke J, et al. A systematic review of 
epigenetic biomarkers in progression from non-dysplastic Bar-
rett’s oesophagus to oesophageal adenocarcinoma. BMJ Open. 
2018;8:e020427.

 130. Morais CLM, Paraskevaidi M, Cui L, et al. Standardization of 
complex biologically derived spectrochemical datasets. Nat Pro-
toc. 2019;14:1546–77.

 131. Trevisan J, Angelov PP, Carmichael PL, et al. Extracting biologi-
cal information with computational analysis of Fourier-transform 
infrared (FTIR) biospectroscopy datasets: current practices to 
future perspectives. Analyst. 2012;137:3202–15.

 132. Mitchell AL, Gajjar KB, Theophilou G, et al. Vibrational spec-
troscopy of biofluids for disease screening or diagnosis: transla-
tion from the laboratory to a clinical setting. J Biophotonics. 
2014;7(3–4):153–65.

 133. Old OJ, Lloyd GR, Nallala J, et al. Rapid infrared mapping for 
highly accurate automated histology in Barrett’s oesophagus. 
Analyst. 2017;142:1227–344.

 134. Almond LM, Hutchings J, Lloyd G, et al. Endoscopic Raman 
spectroscopy enables objective diagnosis of dysplasia in Barrett’s 
esophagus. Gastrointest Endosc. 2014;79:37–45.

 135. Bergholt MS, Zheng W, Lin K, et al. In vivo diagnosis of esopha-
geal cancer using image-guided Raman endoscopy and biomo-
lecular modeling. Technol Cancer Res Treat. 2011;10:103–12.

 136. Maitra I, Morais CLM, Lima KMG, et al. Attenuated total reflec-
tion Fourier-transform infrared spectral discrimination in human 
bodily fluids of oesophageal transformation to adenocarcinoma. 
Analyst. 2019;144:7447–566.

 137. Maitra I, Morais CLM, Lima KMG, et al. Raman spectral dis-
crimination in human liquid biopsies of oesophageal transforma-
tion to adenocarcinoma. J Biophotonics. 2019:e201960132

 138. Graham D, Lipman G, Sehgal V, et al. Monitoring the premalig-
nant potential of Barrett’s oesophagus. Frontline Gastroenterol. 
2016;7(4):316–22.

 139. Bhat S, Coleman HG, Yousef F, et al. Risk of malignant pro-
gression in Barrett’s Esophagus patients: results from a large 
population-based study. J Natl Cancer Inst. 2011;103:1049–57.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Towards screening Barrett’s oesophagus: current guidelines, imaging modalities and future developments
	Abstract
	Introduction
	Historical perspective and definition
	Endoscopic evaluation
	Risk factors and epidemiology
	Natural history and progression to OAC
	Histopathology
	Molecular and genetic advances
	Field effect
	Recognised biomarkers
	Screening
	Surveillance
	Management

	Imaging modalities in Barrett’s oesophagus
	High-resolution endoscopy
	Chromoendoscopy
	Autofluorescence
	Narrow-band imaging (NBI)
	Optical coherence tomography (OCT)
	Confocal fluorescence microendoscopy

	Future developments
	Vibrational spectroscopy

	Conclusion
	Acknowledgements 
	References




