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Abstract

The currently recommended approach to managing cancer risk for patients with Barrett’s 

esophagus is endoscopic surveillance including a biopsy protocol to sample the esophageal tissue 

randomly to detect dysplasia. However, there are numerous limitations in this practice that relies 

on the histopathological grading of dysplasia alone to make clinical decisions. The availability of 

in silico models demonstrating the potential cost-effectiveness of biomarker-based stratification 

have increased interest in finding a clinically relevant “Barrett’s biomarker”. The success of 

endoscopic eradication therapy in preventing neoplastic progression of dysplastic Barrett’s 

esophagus has promoted the desire to stratify non-dysplastic Barrett’s esophagus to those with 

“high risk” that may benefit from endotherapy. Furthermore, on the other end of the spectrum, 

there is interest in searching for a “low risk” marker that may identify those that would not likely 

benefit from endoscopy screening or surveillance. This review highlights recent data from the 

genomics (r)evolution revealing new genetic biomarkers of susceptibility to the development of 

Barrett’s esophagus and novel pathways for its neoplastic progression, addresses the development 

of new modes of tissue sampling and imaging to detect early neoplasia in Barrett’s esophagus, and 

discusses current progress in moving biomarkers from the laboratory into clinical practice in the 

era of precision medicine.

INTRODUCTION

For years, investigators have been searching for the best “Barrett’s biomarker” without much 

success. Recently, however, identification of such a biomarker has become enticing due to 

the success of endoscopic therapy in preventing neoplastic progression of dysplastic 

Barrett’s esophagus. In the past decade, two randomized, controlled clinical trials have 

demonstrated the efficacy of radiofrequency ablation (RFA), with endoscopic mucosal 

resection of any nodular areas, in Barrett’s patients with low grade and high grade dysplasia 

in preventing progression to higher grades of dysplasia and/or esophageal adenocarcinoma.
1,2 A biomarker that could reliably indicate the likelihood of neoplastic progression, rather 

than relying only on the histopathologic diagnosis of dysplasia which itself is fraught with 

poor intra-observer agreement3–5, could be used to trigger endoscopic intervention.
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For the general population of patients with non-dysplastic Barrett’s esophagus, the yearly 

risk of developing esophageal adenocarcinoma is low, between 0.12% and 0.33% per year.6,7 

Although some experts have proposed compelling arguments for endoscopic eradication for 

non-dysplastic Barrett’s esophagus8, there are complications, albeit low, with this procedure 

and real costs, incurred by the patient and medical system, with its delivery.9,10 Thus, 

gastrointestinal society guidelines recommend against endoscopic ablative therapy in the 

non-dysplastic population of Barrett’s esophagus and instead recommend endoscopic 

surveillance.7,11,12 However, surveillance has limited effectiveness, as rates of esophageal 

adenocarcinoma have continued to rise despite the widespread practice of Barrett’s 

surveillance.13,14 However, if a biomarker could clearly indicate that a patient was at high 

risk for neoplastic progression, then the balance between risks and benefits would be tipped 

in favor of endoscopic ablation for these selected patients. Moreover, it is conceivable that 

those non-dysplastic Barrett’s patients who are negative for the biomarker could benefit 

from longer intervals in endoscopic surveillance or even discontinuation of surveillance 

entirely.

The following sections will highlight proof-of principle studies demonstrating the potential 

clinical utility of biomarkers for basing decisions on therapy for patients with non-dysplastic 

Barrett’s esophagus, recent genomic discoveries on pathways to carcinogenesis and genetic 

susceptibility to Barrett’s esophagus and esophageal adenocarcinoma, and recently 

published, key, proof-of principle studies demonstrating where we are with using biomarkers 

in clinical practice, and where we are headed with novel methods of biomarker detection to 

predict neoplastic risk in patients with Barrett’s esophagus.

Potential for Biomarker-Based Risk Stratification to Change the Current Management of 
Patients with Non-Dysplastic Barrett’s Esophagus

For patients with non-dysplastic Barrett’s esophagus, gastrointestinal society guidelines 

recommend endoscopic surveillance using high-definition white light endoscopy with 

biopsy of all visible lesions and 4-quadrant, random biopsies obtained every 2 cm as a 

means to detect dysplasia and early cancers.7,11,12 Unfortunately, this practice is not cost-

effective.15 Although not currently recommended by gastrointestinal societies, endoscopic 

therapy using RFA for all patients with non-dysplastic Barrett’s esophagus is also not cost-

effective.16 Recently, Das et al. used a Markov model to assess cost-effectiveness of RFA in 

selected patients with non-dysplastic Barrett’s esophagus who were deemed to be at “high 

risk for cancer progression” based on a biomarker panel. The management strategies that 

were compared in this analysis included biomarker-based RFA ablation of high risk patients 

with non-dysplastic Barrett’s esophagus, no surveillance, the current American College of 

Gastroenterology (ACG) recommended surveillance guidelines, and RFA of all patients with 

non-dysplastic Barrett’s esophagus.17 The investigators modeled a cohort of 50 year-old 

white men with non-dysplastic Barrett’s esophagus recently diagnosed by endoscopy, and 

followed them over their lifetimes. For the biomarker, they selected a commercially 

available panel that assesses genomic instability and microsatellite instability across a group 

of genes that have been implicated in facilitating neoplastic progression of Barrett’s 

esophagus. In the biomarker-based RFA strategy, patients with non-dysplastic Barrett’s 

esophagus who were negative for the biomarker underwent endoscopic surveillance every 10 
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years rather than every 3 years. During the lifetime of the cohort, this model predicted that 

the strategy of biomarker-based RFA dominated the other strategies, yielding the highest 

number of quality of life years at the lowest cost.17 Moreover, using a Monte Carlo 

simulation, they found that treatment with RFA based on a high-risk biomarker profile 

resulted in fewer cancers being diagnosed. Compared with no surveillance, the relative risk 

(RR) of cancer development with the biomarker-based strategy was 0.48, and the number 

needed to treat (NNT) to prevent cancer was only 23. Furthermore, compared with ACG 

guideline-recommended endoscopic surveillance, the RR of cancer development with the 

biomarker-based strategy was 0.49, with a NNT of 24.17 Based on these findings, it is easy 

to appreciate the potential clinical utility of using biomarker-based risk stratification to guide 

clinical decision making on the management of patients with non-dysplastic Barrett’s 

esophagus.

Concepts in Biomarker Identification: Cancer Hallmarks

Biomarkers might be used in a number of different ways, including assessment of the risk of 

cancer development, prediction of response to treatment, and estimation of prognosis.18 

Biomarkers can be factors that simply correlate with a disease, or factors that have a 

functional, mechanistic effect that causes the disease. In general, many of the causative 

biomarkers can be categorized according to the physiologic properties they provide to 

normal cells that enable them to become cancer cells. In 2000, Hanahan and Weinberg 

proposed the concept that several distinct physiologic properties distinguish the behavior of 

cancer cells from that of normal cells, and that genetic alterations within several key 

molecular pathways allow normal cells to acquire these essential cancer properties (i.e. 

hallmarks; Figure 1).19 These acquired cancer hallmarks include independence from 

exogenous mitogenic stimulation, resistance to growth-inhibitory signals, avoidance of 

apoptosis, limitless replication, development of adequate vascular supplies, and the capacity 

to invade and metastasize. In 2011, the same authors proposed two additional hallmarks: 1) 

rewiring of energy metabolism to support enhanced proliferation of cancer cells and 2) 

evading destruction by cancer-killing immune cells (Figure 1).20 Moreover, the acquisition 

of these cancer hallmarks can be accelerated by: 1) genome instability (which can reflected 

by aneuploidy or whole genome doubling) and mutation, and 2) a cancer-promoting 

microenvironment.20,21 In metaplastic Barrett’s tissue specimens, genetic alterations in 

genes that facilitate the acquisition of these cancer hallmarks have been described even 

before the tissues exhibit any histological features of dysplasia (Reviewed in22), suggesting 

that a biomarker(s) is out there that could be used in clinical management strategies for 

patients with non-dysplastic Barrett’s esophagus.

The “omics” (R)Evolution on Pathways of Neoplastic Progression in Barrett’s Esophagus

Incredible advances in “omics” techniques such as whole-genome sequencing and whole-

exome sequencing (i.e. sequencing limited only to coding regions of genes) have 

revolutionized our understanding of how premalignant Barrett’s cells become tumor cells. 

For example, Stachler et al. performed whole-exome sequencing on DNA extracted from 

matching (i.e. from the same patient) tissue specimens of Barrett’s metaplasia and 

esophageal adenocarcinoma to identify somatic (i.e. acquired, not inherited) alterations 

involved in neoplastic progression.23 Using complex bioinformatics analyses, the 
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investigators found that non-dysplastic Barrett’s esophagus has a high frequency of somatic 

mutations ranging from 1.3 to 5.4 mutations per megabase of DNA, rates higher than those 

found in cancers of the prostate and breast.23 Dysplastic Barrett’s esophagus and esophageal 

adenocarcinoma had similar somatic mutational frequencies, both of which were higher than 

those found in non-dysplastic Barrett’s esophagus. Moreover, the mutational signature in 

non-dysplastic Barrett’s esophagus was commonly a transversion from an adenine-adenine 

pair to an adenine-cytosine pair (AA>AC), a type of mutational pattern indicative of 

genotoxic damage from oxidative stress which can result from chronic GERD.23 They found 

that p53 mutations were the earliest shared somatic mutations, often preceding inactivation 

of p16, in non-dysplastic Barrett’s metaplasia and its matching esophageal adenocarcinoma. 

Although inactivation of the tumor suppressor genes p53 and p16 were early alterations 

found in non-dysplastic Barrett’s tissues, activation of oncogenes such as ERBB2 occurred 

in the later dysplastic stage suggesting a role in neoplastic transformation.23 Although this 

study showcases the spectacular molecular and bioinformatics techniques that characterize 

modern day genomics, the study findings primarily just support conclusions of earlier 

genomic investigations that used less “flashy” techniques regarding the traditional pathway 

of carcinogenesis (Reviewed in24). Interestingly, however, this study found that only a 

minority of tumors progressed along this traditional pathway, which involves the step-wise 

accumulation of alterations in the p53 and p16 tumor suppressor genes, followed by 

oncogene activation, and then development of genomic instability. Rather, the study found 

that the majority (62.5%) of tumors in Barrett’s esophagus develop though a “genome-

doubled pathway” (Figure 2).23

In this genome-doubled pathway, p53 mutation was acquired first, followed by whole 

genome doubling, an alteration primarily detected in areas of dysplasia. Genomic instability 

and oncogene amplification developed after whole genome doubling, followed by 

malignancy (Figure 2). In an earlier study using whole genome sequencing on esophageal 

adenocarcinomas, Nones et al. reported evidence of genomic catastrophes that caused 

structural genomic rearrangements leading to large increases in oncogene amplification.25 

The occurrence of whole genome doubling, which facilitates the acquisition of catastrophic 

genomic events, early in the process of Barrett’s carcinogenesis might explain this earlier 

finding by Nones et al.25 Stachler et al. postulated that the genome-doubled pathway may be 

a more rapid pathway to cancer development, and may possibly explain the failure of 

endoscopic surveillance to detect rapid cancer progression in Barrett’s esophagus.23 It is 

clear that incorporation of “omics” data such as those discussed above will continue to 

(r)evolutionize our understanding of how premalignant Barrett’s cells become tumor cells.

The “omics” (R)Evolution of Biomarker Identification

Germline Susceptibility—Incredible advances in genomics techniques have also 

revolutionized our identification of potential biomarkers for predicting risk of developing 

Barrett’s esophagus and esophageal adenocarcinoma. Genome-wide association studies 

(GWAS) compare genome-wide genetic variations among individuals who have the disease 

of interest with controls subjects. The genetic variants studied usually focus on a single-

nucleotide polymorphism (SNP) at a specific location in the genome that can then be 

mapped to a specific gene. Unlike the studies discussed above in which genomics were 
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performed on tissue specimens to identify somatic mutations, GWAS studies are usually 

performed on whole-blood DNA to identify germline (i.e. inherited) alterations. Ek et al. 
used the Barrett’s and Esophageal Adenocarcinoma Consortium (BEACON) dataset, which 

contains clinical information and blood samples from subjects enrolled in 14 

epidemiological studies from three countries.26 From this dataset, the investigators selected 

a subset of subjects with white-European ancestry (including 1509 patients with esophageal 

adenocarcinoma, 2383 patients with Barrett’s esophagus, and 2170 control subjects), and 

performed GWAS on whole-blood DNA samples obtained from these subjects. Using 

complex bioinformatics analyses, they estimated that 25% of esophageal adenocarcinoma 

and 35% of Barrett’s esophagus cases have a polygenic component underlying disease risk.
26 A polygenic trait is defined as a trait influenced by many genes and, indeed, this study 

found that many common variant SNPs (any one of which did not increase risk of disease) 

together accounted for the increased risk of Barrett’s esophagus and esophageal 

adenocarcinoma. Moreover, these unrelated subjects with Barrett’s esophagus and 

esophageal adenocarcinoma were found to have a substantial overlap of SNPs, suggesting a 

shared genetic susceptibility for the two disorders.26 GWAS studies have shown that many 

of the SNPs are located in or around genes that regulate esophageal development (i.e. 

FOXF1, FOXP1), the cystic fibrosis transmembrane conductance regulator (CFTR) gene, 

and the major histocompatibility complex (MHC) locus that regulates activation of the 

immune system.27–29

Germline Susceptibility and Environmental Factors—More recent studies have 

analyzed selected SNPs within different inflammatory pathways to derive information on the 

contribution of genetic susceptibility within these pathways to the risk of developing 

Barrett’s esophagus and esophageal adenocarcinoma. Buas et al. selected 5 different 

inflammation-related pathways that have been previous linked with Barrett’s esophagus and 

esophageal adenocarcinoma including cyclooxygenase (COX), pro-inflammatory and anti-

inflammatory cytokines, oxidative stress, human leukocyte antigen, and nuclear factor 

kappa-light-chain-enhancer of activated B cells (NF-kB).30 They found a significant 

association for germline variations only in the COX pathway (specifically in the antioxidant 

microsomal glutathione S-transferase 1 [MGST1] gene), with risk for Barrett’s esophagus 

and the combined outcome of Barrett’s esophagus and esophageal adenocarcinoma; none of 

the pathways were associated with risk of esophageal adenocarcinoma alone.30 MGST1 

belongs to the GST gene family that encodes proteins responding to oxidative stress. In 

esophageal squamous and Barrett’s epithelial cells, oxidative stress can be induced by 

GERD.31 Up to 40% of adult Westerners report symptoms of GERD, but only a minority of 

those individuals develop Barrett’s esophagus.32 Acid and bile salts, the main noxious 

components of refluxed gastric juice, induce oxidative stress via the production of reactive 

oxygen species (ROS). 31 Huo et al. have recently shown that the intensity of NF-κB 

pathway activation caused by acid and bile salt-induced ROS is substantially greater in 

esophageal squamous cells from patients with Barrett’s esophagus than from GERD patients 

without Barrett’s esophagus.33 Only in squamous cells of the Barrett’s patients is the NF-κB 

activation sufficient to induce expression of caudal-related homeobox transcription factor 2 

(CDX2), a key developmental transcription factor that determines the formation of intestinal 

epithelium and that is frequently found in Barrett’s esophagus.33 Therefore, germline 
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mutations in genes that modify inflammatory responses to oxidative stress, such as MGST1, 

might help to explain differences in intensity of NF-κB activation in esophageal squamous 

cells from GERD with and without Barrett’s esophagus, and perhaps why Barrett’s 

esophagus develops in only some GERD patients.

Other studies have analyzed the interaction between SNPs and the well-known 

epidemiologic risk factors for Barrett’s esophagus including GERD, cigarette smoking, and 

body-mass index (BMI). For example, Dai et al. used SNPs located in or near the FOXF1, 

TBX5, GDF7, MHC, CRTC1, BARX1, and FOXP1 genes (which have been shown in 

GWAS studies to be significantly associated with the risk of Barrett’s esophagus27,34,35), 

and assessed the association of these SNPs with epidemiologic risk factors (GERD, cigarette 

smoking, and BMI) and with the risk of developing Barrett’s esophagus and esophageal 

adenocarcinoma.36 They found having a SNP in the FOXP1 gene in the absence of reflux 

symptoms had an odds ratio (OR) of developing Barrett’s esophagus of 1.5; the highest OR 

of 6.0 was found for patients with reflux symptoms who had no SNP in their FOXP1 gene.36 

The presence of a SNP in the FOXP1 gene combined with at least weekly reflux symptoms 

significantly decreased the risk of Barrett’s esophagus from an OR of 6.0 to 5.44.36 No 

significant associations were found for any of the 7 SNPs with BMI or cigarette smoking 

and risk for Barrett’s esophagus.36 Furthermore, no significant interactions between any of 

these SNPs and the epidemiologic risk factors were found for esophageal adenocarcinoma 

alone. Although the basics of the findings generated from “omics” studies are not surprising 

(i.e. genetic susceptibility, inflammatory pathway signaling, and GERD influence the risk of 

developing Barrett’s esophagus and esophageal adenocarcinoma), the large scale of data 

generated and the identification of novel gene-environment interactions (MGST1 and 

FOXP1 SNPs) that modulate disease risk, clearly exemplify the magnitude with which 

biomarker identification has been (r)evolutionized.

The Future of Biomarkers in the “omics” (R)Evolution

During his state-of-the-union address in 2015, President Barack Obama announced the 

United States Precision Medicine Initiative, whose goal is to improve health by collecting 

clinical and biomarker data on a massive scale, analyzing the data, and developing 

prevention and treatment strategies for specific groups of individuals.18,37 This initiative 

envisions collecting longitudinal data from a large (≈1 million) cohort of Americans (similar 

to other large cohorts in the United Kingdom, in Denmark, and in Germany), and using the 

American cohort to address issues that currently hinder biomarker development such as 

logistical issues of sample size, disease outcomes, and the need for a separate validation 

cohort.37 Biomarker development is also subject to regulatory guidelines, and the Precision 

Medicine Initiative includes regulatory framework alterations designed to help hasten the 

translation of biomarker discoveries into the clinic.37 As noted in the studies discussed 

above, modern “omics” technologies have provided insights into pathways of neoplastic 

progression in Barrett’s esophagus through acquired somatic mutations and genome wide 

doubling, and have increased our understanding of the contribution that inherited, genetic 

variation may play in modifying susceptibility to Barrett’s esophagus and esophageal 

adenocarcinoma. Until recently, most biomarker studies selected a single somatic 

biomarkers based on the biology underlying cancer development (i.e cancer hallmarks). In 
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contrast, recent studies attempting to determine the risk of neoplasia in patients with 

Barrett’s esophagus have used panels comprising multiple different biomarkers.38–40 In the 

era of precision medicine, it is conceivable that genetics, somatic sequencing of esophageal 

tissue, mutational signatures, pathway signatures, and environmental risk factors will all be 

synthesized into a single, risk-prediction model for Barrett’s esophagus and esophageal 

adenocarcinoma, a model that can be “tested” in the large national US cohort established by 

the Precision Medicine Initiative. (Figure 3)

From Laboratory to Clinical Practice

Endoscopic surveillance to detect dysplasia in Barrett’s esophagus is the cancer preventive 

strategy currently endorsed by gastrointestinal societies.7,11,12 Data from a number of 

observational studies have demonstrated that patients with Barrett’s esophagus enrolled in 

surveillance programs have cancers detected at an earlier stage associated with improved 

survival (Reviewed in7,11). Endoscopic surveillance uses high-definition white light 

endoscopy to visually inspect the mucosa, coupled with systematic, four-quadrant biopsies 

obtained at 1–2 cm intervals along the length of the Barrett’s metaplasia, with areas of 

mucosal irregularity sampled separately, preferably by endoscopic mucosal resection 

(EMR).7,11 Subsequent surveillance intervals or interventions are determined by the finding 

of dysplasia in biopsies so obtained.11 Endoscopic surveillance programs are expensive, 

labor-intensive, and time consuming both for patients and physicians.7,11 Furthermore, 

physician adherence to this surveillance protocol is far from ideal, ranging from 30–51%.
41,42 Even if strict adherence to the biopsy protocol is followed, there remain troublesome 

issues of biopsy sampling error and disagreement among pathologists in the histological 

interpretation of dysplasia.443 To overcome these problems, biomarkers may provide a 

diagnostic or predictive yield over traditional histology. Specifically, p53 immunostaining 

has been proposed as an adjunct to routine histologic assessment of dysplasia. Also, newer 

imaging modalities are being technologically advanced to distinguish dysplasia from the 

surrounding areas of non-dysplastic Barrett’s mucosa in vivo so that “targeted” rather than 

random biopsies can be obtained. Futhermore, new modes of sampling are being developed 

(tethered devices and breath tests) and, if proven to be reliable, are non-endoscopic tissue 

sampling methods that may accurately select who may benefit from endoscopy. The studies 

discussed below demonstrate where we are with adding biomarkers to current clinical 

practice and where we may be headed in efforts to predict cancer risk in patients with 

Barrett’s esophagus or even the general population at large. For now, however, the American 

College of Gastroenterology and American Gastroenterological Association recommend 

against the routine use of biomarkers in management of Barrett’s esophagus.7,11

p53 Immunostain: Closer Than You May Think—The tumor suppressor gene p53, 

which is activated by DNA injury, decreases cell proliferation, thus enabling time for DNA 

repair and preventing DNA-damaged cells from undergoing mitosis and replicating the DNA 

damage. If the DNA injury is severe and beyond repair, however, then p53 induces cell death 

through apoptosis. Therefore, inactivation of p53 allows cells to acquire two essential cancer 

hallmarks - the ability to resist growth-inhibitory signals such as DNA damage and the 

avoidance of apoptosis. Moreover, inactivation of p53 is one of the earliest somatic events in 

the neoplastic progression of Barrett’s esophagus (Reviewed in22,23). In general, p53 
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inactivation occurs by mutation in one allele of the gene accompanied by genomic loss of 

the other copy (i.e. loss of heterozygosity). Wild-type p53 protein is rapidly degraded, but 

some p53 mutations render the protein stable so that it accumulates and becomes easily 

detectable in tissue samples by immunostaining. In contrast, other mutations in p53 lead to 

loss of its expression in tissue samples, resulting in loss of immunostaining.

Aberrant p53 expression (overexpression or loss of expression) has been shown in recent 

studies to be a useful indicator of neoplastic progression in Barrett’s esophagus. A case-

control study performed in the Netherlands determined p53 immunostaining in more than 

12,000 biopsy specimens taken from 586 controls (patients with Barrett’s esophagus who 

had no neoplastic progression during follow-up) and from 49 cases (patients with Barrett’s 

esophagus who progressed to high-grade dysplasia or cancer during follow-up).44 Aberrant 

p53 expression was detected in 14% of biopsies from controls, and in 49% of biopsies from 

the cases with neoplastic progression. In the cases, aberrant p53 expression was associated 

with an overall relative risk (RR) of 6.4 for neoplastic progression after adjusting for age, 

gender, length of Barrett’s esophagus, and esophagitis.44 In patients with non-dysplastic 

Barrett’s esophagus at baseline, aberrant p53 expression was associated with an adjusted RR 

of 4.3 for neoplastic progression, whereas the adjusted RR for neoplastic progression in 

those with low grade dysplasia at baseline was 12.2.44

More recently, aberrant p53 expression was prospectively evaluated in patients with 

Barrett’s esophagus enrolled in a surveillance program as a predictor of progression to high 

grade dysplasia (HGD) or esophageal adenocarcinoma.45 Immunostaining for p53 was 

performed on biopsy specimens from Barrett’s patients without HGD or esophageal 

adenocarcinoma, and they were followed for a median period of 71 months. Among the 91 

patients, 11 (12%) progressed to HGD or cancer during follow-up.45 Aberrant p53 

expression was found significantly more often in the patients who progressed to HGD or 

cancer (63.6%) than in patients who did not progress (7.5%).45 Multivariate analysis 

demonstrated that aberrant p53 expression detected by immunostaining was a significant 

(hazard ratio, HR 17) and independent predictor of neoplastic progression.45

Recent studies such as these suggest that detecting aberrant p53 expression by 

immunohistochemistry on non-dysplastic and low-grade dysplastic biopsies of Barrett’s 

esophagus may be a clinically useful predictor of neoplastic progression. In fact, the 

guidelines from the British Society for Gastroenterology state that “the addition of a p53 

immunostain to the histopathological assessment may improve the diagnostic reproducibility 

of a diagnosis of dysplasia in Barrett’s oesophagus and should be considered as an adjunct to 

routine clinical diagnosis.”12 Essentially this means using the p53 immunostain as a 

biomarker of neoplasia, and so doing may enhance the “performance” of the histologic 

diagnosis of dysplasia to risk stratify Barrett’s esophagus patients.

Potential for Acquiring Tissue for Biomarkers Without Endoscopy—Endoscopic 

surveillance has the burden of cost, time, and risks associated both the procedure and the 

sedation. A non-endoscopic tissue acquisition tool may enable sampling for biomarkers 

without the need for endoscopy. One tool that has been studied is the Cytosponge, which is a 

capsule containing a sponge tethered by a string. The swallowed capsule dissolves in the 
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stomach, releasing the sponge that is withdrawn by the string through the esophagus where it 

collects cells that can be processed for immunocytochemistry staining and molecular 

analysis. Initial studies examined tissue collection with the Cytosponge and 

immunocytochemistry analysis for tissue trefoil factor 3 for screening purposes.46,47 Among 

1,110 subjects in a case control study, the ability to detect Barrett’s esophagus was 79.9% 

overall, and was 87.2% among those patients with long segment Barrett’s esophagus (≤ 3 

cm). Additional validation is needed in the general primary care population.47 A more recent 

study explored using clinical and demographic data along with Cytosponge tissue samples 

analyzed for a molecular biomarker panel including protein biomarkers (P53, c-Myc, Aurora 

kinase A), methylation markers (MYOD1, RUNX3), glandular atypia, and TP53 mutation to 

classify patients with Barrett’s esophagus into low-, moderate-, or high-risk categories.48 

The initial discovery cohort consisted of 468 patients with non-dysplastic or high grade 

dysplastic Barrett’s esophagus and esophageal adenocarcinoma; validation was performed 

on an additional cohort of 65 non-dysplastic and high grade dysplastic Barrett’s patients. 

The initial findings suggest that this non-endoscopic sampling tool combined with 

biomarker analyses can stratify Barrett’s patients who are at low risk for progression, as well 

as those who already harbor neoplasia to minimize low yield endoscopic surveillance.48

Real Time Acquisition of Biomarkers: In vivo Imaging—Currently, most 

biomarkers require tissue sampling that then requires various fixation, processing, and 

interpretation procedures for any potential clinical application. Innovations in in vivo 
advanced endoscopic imaging are moving beyond providing a surrogate for histology to 

providing immediately-available information beyond histology that may be either molecular 

or dynamic in nature. Confocal laser endomicroscopy (CLE) provides in vivo imaging at the 

level of microarchitecture with high resolution. Various criteria have been proposed and 

investigated to differentiate nondysplastic tissue from dysplastic tissue.49,50 In the 

gastrointestinal tract, CLE requires the use of a fluorophore, most often the nonspecific 

intravenously administered fluorescein. However, this platform may be used with more 

specific targets such as labeled peptides or antibodies to target molecular markers of interest 

in vivo. A proof of concept study established that a FITC labeled peptide that was associated 

with esophageal neoplasia could be imaged in vivo in human subjects.51 The ASYNYDA 

peptide was labeled with FITC and tested in vitro, ex vivo, and in vivo. After binding, this 

peptide could be detected with confocal laser endomicroscopy. In a study involving 25 

patients with sites varying from squamous, Barrett’s esophagus, high grade dysplasia, and 

esophageal cancer, the receiver operating curve demonstrated an area under the curve for the 

detection of neoplasia of 0.91.51 Such targeted labelling could potentially provide risk 

stratification beyond histology and in a real-time fashion, enabling intra-procedural decision 

making or prediction of response to therapy.

Optical coherence tomography (OCT) based technologies also can be utilized to provide in 
vivo microarchitectural detail. Commercially available systems can be used during an 

endoscopic procedure to image and to distinguish between Barrett’s esophagus and normal 

squamous epithelium.52 Moreover, criteria to determine dysplasia are being developed and 

refined.52 Furthermore, while an increase in microvascular density does correlate with 

increasing carcinogenesis,53 clinicians typically do not rely on vascular features to diagnose 
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neoplasia in routine H&E fixed tissues. The modality of optical coherence tomography 

angiography (OCTA) readily enables a detailed view of the vascularity at the 

microarchitectural level. Features such as irregular branching and heterogeneous vessel size 

on OCTA may potentially correlate with dysplasia in Barrett’s esophagus.54 The OCT based 

technologies have broadened into developing a tethered imaging capsule platform that 

enables cross sectional imaging of the esophagus without the need for endoscopy.55 The 

optical marker of the lack of layered architecture and presence of glands in the epithelium 

may allow for a tethered imaging device (similar to the Cytosponge) to screen for patients 

with Barrett’s esophagus without the need for an endoscopy.

Exploiting the Fifth Sense—The utilization of the often overlooked fifth sense of smell 

may provide some new biomarkers to explore, and is altogether an innovative break from 

traditional biomarker development. A computer aided electronic nose can use a chemical 

interface to detect volatile organic compounds (VOC) exhaled from subjects. The VOC 

profile in the breath can be altered by disease, and the electronic nose uses a machine 

learning platform to develop algorithms for differentiating among disease states based on 

VOC breath patterns. In a pilot study among 122 patients, the electronic nose was able to 

differentiate benign from dysplastic Barrett’s-associated VOCs using breath samples 

acquired over five minutes with an accuracy of 81%.56 The potential of this screening 

method is enticing for the general population given the non-invasive approach using a simple 

breath test.

SUMMARY

Gastrointestinal society guidelines currently recommended against the routine use of 

biomarkers in management of Barrett’s esophagus, but we suspect that these 

recommendations will change in the near future. The success of endoscopic eradication 

therapy in preventing neoplastic progression of dysplastic Barrett’s esophagus, and in silico 
models demonstrating the cost-effectiveness of biomarker-based ablation therapy for non-

dysplastic Barrett’s esophagus have increased the incentive to find a reliable “Barrett’s 

biomarker”. Modern “omics” technologies have rapidly increased the identification of 

putative biomarkers, which can be combined with clinical and environmental factors to 

generate a “personalized” risk prediction model for Barrett’s esophagus and esophageal 

adenocarcinoma. At the clinical front, new, non-invasive modes of tissue sampling are being 

developed and new technologies in in vivo molecular imaging show promise in detecting 

early disease. The Precision Medicine Initiative partners government regulatory networks 

with scientists to promote faster translation of biomarker discoveries into the clinic. Such a 

partnership is pivotal to achieve the goal of moving biomarkers for Barrett’s esophagus from 

bench to bedside.
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KEY POINTS

• The presence of dysplasia is the current gold standard biomarker for cancer 

risk in Barrett’s esophagus, despite its numerous limitations.

• The success of endoscopic therapy in preventing neoplastic progression of 

dysplastic Barrett’s esophagus has stimulated interest in identification of a 

reliable “Barrett’s biomarker”.

• Precision medicine and new biomarker identification techniques such as 

“omics” have (r)evolutionized our approach to biomarker development.

• Immunostaining for p53 is recommended by the British Society of 

Gastroenterology as an adjunct to histological assessment of dysplasia in 

patients with Barrett’s esophagus, essentially meaning that aberrant p53 

expression can be used as a biomarker for neoplasia.

• Early proof-of-principal studies demonstrate the promise of optical 

biomarkers to enhance the sensitivity and specificity of neoplasia detection 

during in vivo imaging for patients with Barrett’s esophagus.

• Non-endoscopic tools may enhance screening for the general population to 

determine who may benefit from an endoscopy.

• The US Precision Medicine Initiative, which brings together government 

regulatory agencies and the scientific community with the common goal of 

hastening the movement of biomarker discoveries into clinical practice, may 

hasten identification of a biomarker that can risk-stratify patients with 

Barrett’s esophagus.
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Figure 1. 
Cancer Hallmarks. The essential properties of cancer cells are shown in the green boxes. In 

general, activation of oncogenes such as ERBB2 is the way in which Barrett’s cells can 

proliferate without exogenous stimulation and inactivation of tumor suppressor genes such 

as p53 and p16 is a common way in which Barrett’s cells resist growth-inhibitory signals. 

The two additional cancer hallmarks proposed in 2011 are shown in the orange circles. The 

rounded boxes in blue are the accelerating features such as whole genome doubling and a 

microenvironment rich in oxidative stress as a result of chronic GERD that allow Barrett’s 

cells faster acquisition of the cancer hallmarks.
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Figure 2. 
The “omics” (R)Evolution on Pathways of Neoplastic Progression in Barrett’s Esophagus. 

Metaplastic Barrett’s cells first acquire a mutation leading to inactivation of p53. The 

traditional pathway involves the step-wise accumulation of alterations in tumor suppressor 

genes such as p16, followed by oncogene activation, and genomic instability, finally 

resulting in cancer formation. In the genome-doubled pathway, the p53-mutant Barrett’s 

cells undergo whole genome doubling, followed by genomic instability and oncogene 

amplification, resulting in cancer formation. It has been proposed that the genome-doubled 

pathway may be a more rapid pathway to cancer development, and may possibly explain the 

failure of endoscopic surveillance to detect early cancer progression in Barrett’s esophagus.
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Figure 3. 
The Future of Biomarkers in the “omics” (R)Evolution. In the era of precision medicine, it is 

conceivable that patients with Barrett’s esophagus would have testing for germline 

susceptibility (SNPs) performed on whole-blood DNA, somatic sequencing for mutations or 

whole genomic doubling performed on Barrett’s tissues specimens acquired by endoscopic 

biopsy, a family history, and an assessment for environmental risk factors that will all be 

synthesized into a single, risk prediction model for neoplastic progression.
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Figure 4. 
Sources of Biomarkers. The sources for interrogation of biomarkers in Barrett’s esophagus 

has extended from beyond the acquisition of tissue with endoscopic biopsy to include cell 

sampling without the need for endoscopy and imaging molecular markers without the need 

for tissue. Furthermore, molecular markers available in the whole body may be utilized and 

sources include blood samples which can provide information encoded in DNA and volatile 

organic compounds (VOCs) which can be interrogated via the novel electronic nose.
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