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Objective: Barrett’s esophagus (BE) is the only known precursor to esophageal adenocarcinoma (EAC), 
which has one of the lowest 5-year survival rates in oncology. The reasons for poor survival are twofold: 
the large majority of diagnoses are in advanced stages (~80%) and limited treatment options, with a deficit 
of biology-guided therapies. As a rapidly growing public health concern with poor prognosis, research into 
the molecular progression for BE and novel therapeutics for EAC currently has high clinical utility. Review 
of the literature reveals that innovative analysis of metaplastic progression from BE to EAC at a molecular 
level can shed light on the underlying transformative probabilities of BE into malignant pathologies and may 
impact current of future therapeutic modalities for management of these diseases. 
Background: EAC is the fastest increasing cancer in the United States with a 600% increase over the past 
25 years. This cancer arises from dysplastic tissue of BE, a complication of gastroesophageal reflux disease 
(GERD). Chronic acid and bile reflux in the distal esophagus initiates a metaplastic conversion of normal 
squamous epithelium to premalignant intestinalized columnar epithelium. Patients with BE have a 125-fold 
higher risk of cancer compared to the general population.
Methods: We critically reviewed the current status of BE monitoring, and subsequent therapeutic strategies 
being used in patients who have progressed to cancer. Also, new diagnostic tools and therapeutic candidates 
for BE-related EAC are discussed. Highly-targeted searches of databases containing recent original peer-
reviewed papers were utilized for this review. 
Conclusions: Novel and well-described biomarkers analyzed in the patient’s diseased tissue will provide for 
more powerful diagnostics, but also possess the potential to develop strategies for personalized management 
and identify targets for intervention to either cease disease progression or treat BE and/or EAC. Since 
millions of Americans develop BE without progressing to cancer, there is a critical need to identify the small 
percentage of Barrett’s patients who possess hallmarks of disease progression or carcinogenesis with novel 
screening techniques. Incorporation of such tools into standard screening protocols for BE surveillance 
and/or therapy would be critical to detect malignant transformations before clinically obvious cancer ever 
develops. 
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Introduction

Esophageal cancer is the eighth-most common cancer (1). 
About 83% of esophageal adenocarcinoma (EAC) patients 
do not survive beyond five years (2). Gastroesophageal 
reflux disease (GERD) is the most common diagnosis 
and EAC has the greatest increase in incidence in the 
western world and the link between the two is Barrett’s 
Esophagus (BE)—the only known precursor to EAC. 
Individuals with BE have a 125-fold increased risk of 
developing esophageal cancer compared to the general  
population (3). BE most commonly arises from GERD, as 
up to 15% of GERD patients develop BE (4). It is estimated 
that a quarter of the US adult population suffers from 
GERD (5). Coinciding with increasing GERD and BE 
prevalence, EAC presents the highest increase in incidence 
rate among all cancer types (2,6). Notably, EAC is the 
deadliest cancer by incidence, annually (Figure 1). 

Due to this link between BE and EAC, BE patients are 
monitored to identify EAC development. The increased 
incidence of EAC and severe lethality warrant routine 
screening and surveillance of BE. Diagnosis occurs through 
a combination of endoscopic and histological analyses (7). 
This leads to BE classification of one of the following: 
nondysplastic, indeterminate-grade dysplasia, low-grade 
dysplasia (LGD), and high-grade dysplasia (HGD) (8). 
The cascade of increasing dysplasia ultimately leads to 
malignant degeneration (8). This classification is used to 
guide BE management strategies, per the American Society 
for Gastrointestinal Endoscopy (ASGE) (7). More severe 
dysplasia warrants more frequent endoscopic surveillance 
follow-ups and increasingly proactive intervention (7). 

However, no randomized, controlled trials have shown 
endoscopic BE screening to improve patient survival 
rates (7). At best, only 15% of EAC cases are identified 
during routine surveillance (9) and these patients have 
better clinical outcomes compared to those found 
incidentally. For patients at lower risk, BE monitoring and 
surveillance lack cost-effectiveness (10,11). Yet, patients 
considered to be low-risk for disease progression can 

develop EAC during routine surveillance (10). Due to the 
histological and subjective nature of BE monitoring, inter-
observer agreement among physicians can vary greatly, 
demonstrating the inefficiencies of current methods (11). 
A more robust system for grading risk for malignant 
progression is warranted. Studies investigating the utility 
of molecular and genetic biomarkers have shown potential 
to mitigate the difficulties in risk stratification for EAC 
pathogenesis to better inform interventional strategies (11).

Current treatment of EAC has several clinical limitations. 
EAC has one of the highest mortality rates in cancer, and 
BE has a 10-year mortality rate that is similar or higher 
than other neoplasms (Figure 2). More than half of patients 
diagnosed with EAC have already progressed to late-stage 
carcinogenesis at the time of diagnosis, which coincides 
with a five-year survival rate below 5% (12). Studies have 
reported that chemotherapy has no effect on survival rates 
of EAC patients with distant metastases (12). Median 
survival rate is the same for patients undergoing various 
chemotherapy regimens compared to patients who received 
no therapy in stage IV EAC cohorts (12). The only FDA-
approved targeted therapy for EAC is trastuzumab that 
targets HER2, which is overexpressed in only 7–22% of 
EAC tumors (13). Addition of trastuzumab to chemotherapy 
increases survival by three months (14). Several biomarkers 
known to play roles in chemotherapy resistance have been 
found to be overexpressed in EAC tissue (15). Ongoing 
research is investigating targeted therapies within the 
pathways of epidermal growth factor receptor (EGFR) and 
vascular endothelial growth factor (VEGF) (16). However, 
currently molecular diagnostics do not play a role in EAC 
therapeutic decision-making, and targeted therapies rely on 
this quantitative diagnostic guidance (16). 

We present the following article in accordance with the 
Narrative Review reporting checklist (available at https://
dx.doi.org/10.21037/jgo-21-117).

Methods

Relevant literature was collected through the use of private 
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and governmental databases, hand searches, and high impact 
texts in order to amalgamate findings applicable to the 
current state of the EAC disease space. Information used 
to write this paper was collected from PubMed searches 
inspecting papers’ pertinence to our objectives from peer-
reviewed manuscripts published in 2002 through 2020. 
The key words we used for our searches were: esophageal 
adenocarcinoma, targeted therapy, diagnostics, Barrett’s 
esophagus, meta-analysis, gastro-esophageal reflux disease 
(GERD), standard of care, endoscopy, chemotherapy, 
genomics, proteomics and transcriptomics. Google Scholar 
searches from 2015 through 2020 utilizing the same key 
words was also conducted to elucidate the newest innovations 

in this field. We also utilized hand searches of the references 
of retrieved literature from the Georgetown University 
School of Medicine library searching for texts on relevant 
literature reviews. We also conducted discussions with experts 
in the fields of clinical oncology, gastroenterology, molecular 
diagnostics, and surgical oncology. The personal experience 
of the domain experts participating in the authoring of 
this review (i.e., Drs. Mittal, Abdo and Agrawal) were also 
incorporated into this manuscript.

GERD

It is important to recognize that there are distinct precursors 

Figure 1 Cancer deaths relative to incidence annually (percentage). Esophageal adenocarcinoma is the deadliest cancer in terms of deaths 
relative to annual incidence. Strikingly, the rate of incidence of EAC is rising the faster than any cancer in the US, which could lead to major 
clinical implications in the future. EAC possess a higher deaths per incidence annually rate than some of the more publicized indications like 
pancreatic, lung, brain, breast, liver and colon cancer. EAC, esophageal adenocarcinoma.

Figure 2 A 10-year mortality rate (Barrett’s esophagus metaplasia vs. cancer). The 10-year mortality rate for Barrett’s esophagus (non-cancerous 
disease) is higher or within the range of some cancers in the United States. Although indications like GERD and Barrett’s esophagus are not 
considered very serious, it can be just as deadly as some of the well-described indications in oncology. Esophageal adenocarcinoma, which is 
linked to Barrett’s esophagus, has one of the highest mortality rates in oncology. GERD, gastroesophageal reflux disease.
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before EAC develops. Currently, BE is the only known 
precursor to EAC. The prevalence of BE is increasing 
sharply along with EAC and a heat map of the United 
States shows that these indications are more prevalent in 
some areas of the country, namely the South and Midwest  
(Figure 3). GERD is the only known precursor to BE. 
GERD has a prevalence of 18–28% in the United States 
population (5). Patients with frequent GERD symptoms 
have a 3–5 times higher risk of developing EAC; while 
patients with severe and long-standing GERD symptoms 
have a 43 times more likely chance (4,11). This highlights 
the importance of GERD monitoring and treatment. 
Despite its significant connection to BE and EAC, GERD 
is not routinely screened for disease progression. EsoGuard 
(Lucid Diagnostics, Inc.), is an Esophageal DNA Test 
offered as a Laboratory Developed Test that may be used 
to detect BE, both non-dysplastic, as well as dysplastic. 
This test assays tissue for the presence of both methylated 
CCNA1 and Vimentin and offers a binary result based on a 
proprietary algorithm; two epigenetic biomarkers that have 
been demonstrated to be correlated at high sensitivity and 
specificity with BE (17). Methylated DNA biomarkers are 
attractive because these assays are automatable, inexpensive, 

and not subject to interobserver disagreement when 
inspecting disease hallmarks via histopathology.

Common treatment options for GERD include over 
the counter antacids and proton pump inhibitors (PPIs). 
While this may help treat GERD and alleviate symptoms, 
patients on PPIs can still exhibit pathologic esophageal acid 
exposure, and subsequently disease progression (18). It is 
this gastric acid exposure that leads to premalignant clinical 
manifestations such as BE and potentially a malignant 
EAC prognosis. This shows the need for enhancements 
in the standard of care for GERD screening, as a missed 
diagnosis could potentially be detrimental for the patient 
down the road. By using improved therapies and augmented 
molecular screening for GERD, there is potential of 
possibly lowering the number of cases that progress to 
EAC, by identifying BE patients at the point of care, or 
at the very least identify EAC patients when the disease 
is still in a non-advanced and curable state. The current 
clinical screening approach for GERD patients is not 
molecular-based and the ability to identify non-visible 
BE or short-segment BE can better define the cohorts 
of patients in need of distal esophageal screening and 
potentially candidates of therapeutic options. 

Figure 3 Prevalence of Barrett’s esophagus in the US [2020]. A heatmap of the prevalence of BE by region within the US. The highest rates 
are found in the South, Southeast, and the Midwest. Some of the lowest rates of BE are seen on the West Coast and in the Northeast and 
New England. US, United States; BE, Barrett’s esophagus. 

Low risk High risk
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Pathophysiology of malignant transformation of 
normal esophageal epithelium

Epidemiology

Although BE is the primary risk factor for onset of EAC, 
the progression rate is estimated to be only less than one 
person per one-hundred (19). Thus, it has been suggested 
that further risk factors and predictors of progression be 
identified and monitored to bolster the identification of 
patients at risk of malignant transformation (20). Older age, 
male gender, and overweight status [body mass index (BMI) 
range, 25–29.9] are independent factors increasing the risk 
of BE progression to EAC, while PPIs and statins show 
protective effects against carcinogenesis (21-23). Dysplasia 
currently presents as the best predictor of malignant 
progression (24). However, this presents challenges in cases 
of indefinite dysplasia (24,25). Recent progress in biomarker 
identification has highlighted potential for improvements 
in risk stratification (24,26,27). However, biomarkers are 
not included in the guidelines set forth by GI societies (24). 
Nonetheless, risk stratification of patients into low-risk and 
high-risk groups for esophageal cancer provides clinical 
utility, and significant findings in recent years (e.g. age, 
sex, BMI, dysplasia) have promoted the adoption of this 
epidemiology-based risk stratification (20,25).

Changes in expression patterns and histopathology

There are several theories for the histopathological changes 
observed in the conversion of normal squamous esophageal 
epithelium to the metaplastic columnar cell structure 
observed in BE tissue (28). Several immunohistochemical 
markers have been identified such as CDX2, villin, MUC-
2, but their consistent presence in BE cells is debated. One 
theory centers around the origination of BE cells in the 
stomach where CDX2 promotes intestinal differentiation 
upon gastric gland encounter with acid or bile (29). Other 
recent theories have focused on native esophageal or 
esophageal submucosal gland cells based on hypotheses of 
circulating stem cell recruitment, reactivation of dormant 
p63−/KRT7+ residual embryonic cells, or differentiation of 
p63+KRT5+KRT&+ transitional basal progenitors, noting 
several markers of interest including KRT8, SPINK4, 
ITLN1, LEFTY1, OLFM4 (30,31). Downregulation of 
p63 and SOX2, as well as upregulation of SOX9, CDX2 
and FOXA2 have been shown to alter normal esophageal 
tissue into a morphology similar to columnar epithelium 
but did not result in the presence of goblet cells in BE 

metaplasia (32). BE cells have also been noted to have a 
proliferative advantage compared to squamous mucosal cells 
in an intermittently acidic environment (32). 

Changes in microenvironment

The BE microenvironment resembles that of duodenal 
tissue, with a recent study citing the increased expression 
of RALDH2 and FOXP3 to potentially indicate an anti-
inflammatory, gut like microenvironment (33,34). These 
findings has further been linked to unfavorable survival 
in EAC (35). Other studies have noted increased gram-
negative bacteria and alpha and beta diversity in the 
BE microbiome when compared to normal esophageal  
mucosa (36-38). 

Tissue retrieval techniques

Routine endoscopies 

Esophagogastroduodenoscopy or “upper endoscopy” 
and the procurement of tissue samples are essential in 
the diagnosis and treatment for various diseases within 
the digestive system. If the endoscopic and subsequent 
histological examination of the distal esophagus reveals 
intestinal dysplasia/metaplasia, then patients are then 
officially diagnosed with BE and will be subject to routine 
following-up and screening to assess if the disease is stable, 
progressing or turning cancerous (39). BE presents on a 
visually inspected endoscopy characterized as a salmon-pink 
colored extension of mucosa that grows into the esophagus 
above the gastroesophageal junction (GEJ) (40). To screen 
and surveil, four quadrant biopsies are taken along every 
2 cm of the BE-type mucosa (41). Although this approach 
samples for a small fraction of affected lining, this allows for 
the opportunity to recognize dysplasia. BE is traditionally 
termed as long segment if the extensions are 3 cm or more in 
length, short segment when less than 3 cm, and ultra-short 
segment of less than 1 cm (42). The location of the biopsy 
is important, ultra-short BE is difficult to differentiate 
from irregular GEJ and is presumed to be significantly less 
at risk to develop cancer than traditional BE (43). During 
carcinogenesis, the tissue will develop morphologic changes 
related to unregulated cell growth that is recognized as 
dysplasia. However, active inflammation of the esophagus 
makes it difficult to discern if dysplasia is present or assess if 
other reparative changes are occurring (44). 

The spectrum of change is subdivided into four clinically 
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significant groups: negative for dysplasia, indeterminate 
for dysplasia, LGD and HGD to signify progressively 
increasing risk of progression to EAC. The degree 
of dysplasia is determined by evaluating the cytology, 
architecture, and degree of surface maturation and 
interpreting these findings in conjunction with the amount 
of surrounding inflammation. If the initial diagnostic biopsy 
of BE is negative for dysplasia, a repeat endoscopic exam 
is recommended within a year (44). If the second scope is 
also negative for dysplasia a follow up between 3 to 5 years 
is recommended. If low grade dysplasia is identified on 
initial presentation, a repeat exam is recommended within 
6 months to check for higher grade dysplasia (42). For 
patients with LGD, the annual risk of progression to cancer 
is 0.7% per year, respectively (44). If HGD is diagnosed 
by the gastroenterologist and/or GI pathologists, then the 
recommendation is the patient should be considered for 
endoscopic ablative therapy after an additional confirmatory 
endoscopy (44). Biopsies are taken at 1 cm intervals, which 
suggests that a treatment of endoscopic mucosal resection 
should be done to mitigate further disease progression (42). 
More recently, proactive endoscopic ablation has been 
recommended for higher grades of dysplasia and T1a EAC 
in esophageal epithelium. 

Endoscopies require sedation, specialized equipment/
units and clinical expertise. This inherently carries a high 
healthcare cost and potential risk to patients. Endoscopies 
are standard of care, but less invasive techniques to retrieve 
diseased pathological tissue in the distal esophagus are 
currently in development or are being commercialized.

Non-invasive observation (serum markers) 

An early diagnosis of cancer could provide a much more 
hopeful and promising full recovery for the patient. The 
conventional methods of cancer screening are often invasive 
and expensive, sensitivity and specificity of these methods 
are also insufficient for diagnosis at an early stage. For this 
reason, researchers are attempting to increase sensitivity 
and specificity of early detection methods (45). Analyzing 
the cell free DNA (cfDNA) of a tumor is promising 
addition to non-invasive cancer detection. The cfDNA is a 
generic biomarker which is present in the serum or plasma 
in high concentrations. This identification of circulating 
cancer-related DNA molecules is a non-invasive technique 
for early diagnosis and prognosis in cancer patients with 
esophageal carcinoma (45). Levels of cfDNA in patients 
with esophageal cancer was shown to be significantly high 

and the cfDNA level returned to normal after complete 
resection of the tumor (46). The average circulating cfDNA 
concentrations from esophageal cancer patients are found 
to be significantly higher than those in healthy controls (47).  
The detection of the differences in cfDNA levels is a 
potential approach and less invasive tool for early detection 
of patients with carcinoma of the esophagus (45). However, 
this diagnostic approach is not presently useful for screening 
or prognostication of BE progression into cancer. 

Cytology 

Brush cytology has been examined in BE to reduce 
the need for repeated and continuous endoscopic  
biopsies (48). There are various cytology brushes available 
for tissue retrieval. The designs of these brushes included 
variable sizes and stiffness, wire guided, or non-wire guided, 
single or millilumen, and with or without a flexible guide 
tip (49). Cytology brushes are to be used tangentially 
with pinch biopsies which are helpful in the diagnoses 
of dysplasia, malignancies and infections (49). This 
technique allows larger areas of esophagus epithelium to be  
sampled (50). However, there is a tendency for dysplastic 
cells to be break free or slough off more readily than normal 
cells, so this technique could augment the sample collection 
for diseased esophageal tissues (50). A computer assisted 
brush biopsy technique (EndoCDx; CDx Technologies) 
has been utilized to aid in the diagnosis of BE. In this 
procedure, a stiff endoscopic brush device can sample 
deeper layers of the esophageal epithelium which in turn 
will provide further information about cell populations 
and structures. The samples are analyzed by a high-speed 
automated process and artificial intelligence software 
with a trained pathologist that can identify abnormal 
cells and glandular structures with features of BE or  
dysplasia (50). Although endoscopic cytological analysis has 
some clinical advantages compared to endoscopic biopsy 
analysis, it is still prone to sampling errors and high false-
positive rates for detection of dysplasia (50). There are 
several companies worldwide producing these products, 
paving the way for a less invasive approach for BE tissue 
collection.

EsoCheck
The EsoCheck (Lucid Diagnostics, Inc.) cell collection 
device is a 510(k) cleared non-invasive device that offers 
collection of distal esophageal mucosal cells to test 
for BE and EAC with a DNA biomarker test. During 
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this brief office-based procedure, a patient swallows a 
vitamin pill sized capsule containing a small inflatable 
balloon attached to a thin catheter. As the catheter is 
withdrawn, the inflated balloon swabs the target area to 
collect a sample of cells. Deflation of the balloon prior to 
withdrawal serves to protect the sample from dilution or 
contamination. The collected tissue may then be assessed 
via a panel of methylated biomarkers to detect BE or 
EAC. Additional uses for EsoCheck beyond detection of 
BE/EAC are under study. One example is a study by Falk  
et al. titled “EsoCheck Compared to Biopsies and Brush 
Cytology During Endoscopy for Evaluation of Eosinophilic 
Esophagitis”. This trial is a prospective cross-sectional pilot 
feasibility study of ten patients with suspected or established 
eosinophilic esophagitis for a clinically indicated upper 
endoscopy (51,52).

WATS3D® brush biopsy
WATS3D transepithelial biopsy has been created to 
augment traditional biopsy with the intention of better 
detection of dysplasia and EAC. A study was performed 
to compare the variability of detection of BE, degree of 
dysplasia and adenocarcinoma of WATS3D brush biopsy 
to traditional forceps biopsy (53). WATS transepithelial 
biopsy allows for a wide full-thickness biopsy to be obtained 
along with computer assisted 3D analysis in which 200 of 
the most suspect cells and cell clusters are analyzed (53). 
By taking a wider biopsy with WATS technology, the rate 
of detection of BE and EAC may be higher, and augment 
better detection rates than traditional specimen-retrieval 
approaches (53). A moderate agreement in the findings 
between both methods was found. While WATS3D biopsy 
may not fully replace traditional biopsies, the two methods 
have the potential to be combined to increase sensitivity 
when prognosing BE. 

Cytosponge™
The Cytosponge™ is a cell collection device developed 
to be used in immunohistochemical assays (50). The 
Cytosponge™ device is composed of reticulated foam 
(approximately 30 mm in diameter) compressed within a 
gelatin capsule and attached to a string (50). The capsule is 
then swallowed by the patient, to allow for the dissolution 
of the gelatin and expansion of the foam, cells are absorbed 
within the entire length of the esophagus (50). After the cells 
are retrieved, immunohistochemistry (IHC) is performed 
to detect expression of markers such as trefoil factor 3 
(TFF3). TFF3 is shown to distinguish intestinal cells of 

BE from the other columnar epithelium from the normal 
upper airway (54). Cell collection by Cytosponge™ and 
TFF immunohistochemical analysis is an applicable 
screening tool, including potentially low cost, suitability 
for primary care, high tolerability, and diagnostic 
accuracy (50). Similar to endoscopic brush collection 
of cytology specimens, cells collected by Cytosponge™ 
can be assessed by histological and molecular analyses 
to simultaneously provide information such as grade of 
dysplasia and potential for transformation into cancer  
cells (54). 

Molecular diagnostics

Genomics 

Heritability (genome wide association studies)
Current efforts are focused on assessing the genome of BE 
to further understand the disease progression and pathways. 
One study has attributed 43% of the GERD phenotype, 
the precursor to BE, to be heritable, but these numbers 
are largely unknown in the BE landscape (55). Although 
previous studies have shown genetic predisposition 
between 20% of first- or second-degree relatives with a 
proposed autosomal-dominant mode of inheritance, it is 
unlikely that these factors would account for the majority 
of BE cases, which are largely sporadic in nature (55,56). 
Several genome wide association studies (GWAS) have 
been conducted with respect to BE, most notably by the 
Wellcome Trust Case Control Consortium and the Barrett’s 
and Esophageal Adenocarcinoma Consortium (57-60). 
These studies have linked several chromosome regions and 
loci to BE risk, including the MHC region, FOXF1, FOXP, 
CRTC1, GDF7, TBX5, ALDH1X2, BARX1 and CTFR  
(57-59,61). Heritability of this indication has been estimated 
to be 9.9%, respectively (58). Recently, other approaches, 
such as genome wide exome analyses have been conducted 
in hopes of characterizing the genetic variance in BE. A 
2018 study investigated the integration of common tracts 
of homozygosity within exomes and identified signaling 
pathways significant in BE and EAC such as NOTCH and 
WNT (62). Importantly, inhibition of NOTCH has been 
previously found to increase CDX2 gene expression during 
BE development. Although more than 20 loci have been 
found to be significant as of the present, they account for a 
small minority of the genetic variance in BE, and fail to aid 
in quantifying the risk of BE progression to EAC (61,63). 
Advancing technologies such as next generation sequencing 
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could help in future genome-based investigations, but the 
current knowledge is not sufficient to quantify and qualify 
BE genetic variability. 

Gene-environment interactions
The possibility of genetic elements combined with 
environmental risk factors has also been studied in terms 
of BE risk (64). The largest risk factors that have been 
associated with BE and EAC are the presence of GERD, 
obesity and to a lesser degree—smoking status. A 2018 
study by Dong et al. investigated these three factors 
with the aim of identifying associated SNPs in EAC and  
BE (62). The study found that BE patients had a higher 
BMI than control subjects and were more likely to have 
been previous smokers and report recurrent GERD 
symptoms (62). BE risk associated with obesity was found 
to be doubled in persons with rs491603-AA genotype, 
and significant interactions with smoking exposure were 
found with chromosome 15p14, along with several other  
chromosomes (62). However, none of the gene-environment 
interactions reached genome-wide significance. A 2019 
study found no interactions between smoking, alcohol 
consumption, or cardiovascular status with the previously 
found BE genotypes (65). The latter study, however, 
consisted of a smaller sample size as well as investigated a 
smaller number of SNPs. The findings of the two studies 
are, generally, inconclusive and indicate the need for further 
investigation.

Progression from pre-malignant BE to EC
There is no current biomarker that is used to selectively 
determine the risk of a patient with pre-malignant BE to 
EAC. The current standard of care involves determining 
the level of dysplasia present in the patient’s tissue and 
stratifying them according to metaplasia, LGD, and 
HGD (64). However, this technique has clinical limitations 
due to its dependence on physician observation. For 
example, there is less than 50% interobserver agreement 
when diagnosing tissue with LGD (11). Interpace 
Diagnostics (Pittsburg, PA) has developed a test based upon 
mutational load (ML) assessment of the tissue. Trindade et 
al. found that ML was correlated to the grade of dysplasia, 
and can aid in histological evaluation of tissue for patients 
with BE indefinite for dysplasia (66). The test assesses 10 
genetic loci of tumor suppressor genes [1p (CMM1, L-myc), 
3p (VHL, HoGG1), 5q (MCC, APC), 9p (CDKN2A), 10q 
(PTEN, MXI1), 17p (TP53), 17q (RNF43, NME1), 18q 
(SMAD4, DCC), 21q (TFF1, PSEN2) and 22q (NF2)], 

assigns a value according to the degree of cumulative 
genetic derangement, and determines risk of progression of 
BE indefinite for dysplasia to HGD with 100% specificity at 
an ML above 1.5. Another study focused on a methylation-
based assay and predicted BE progression to EAC with 
a sensitivity of up to 50% (66,67). On another hand, a 
Northern Ireland group used a biomarker panel with a 
combination focus on LGD, abnormal DNA ploidy and 
Aspergillus oryzae lectin and correctly identified 24% of BE 
progressors prior to cancer development (68). 

Transcriptomics

RNAseq
Transcriptomic sequencing has been performed on 
premalignant and malignant esophageal tissue and used 
to investigate the noncoding RNA landscape within the 
disease space. Genes such as BRCA1 and PRKDC have 
been found as driver genes for EAC in such studies, as 
well as a 4-gene combination of CTSL, COL17A1, KLF4 
and E2F3 that helped in providing discrepancy between 
BE and EAC tissues (69). Transcriptomic studies have 
found 685 long noncoding RNAs to be dysregulated 
in EAC tissue, as well as dysregulation among repeat 
elements in BE tissue dependent on the stage of the 
tissue observed (69). Such studies have also been used to 
identify upregulated transcription factors—EGR1, EGR3, 
FOSB, FOS, NR4A1, ATF3—in LGD BE and EAC as 
potential prognostic biomarkers (69). Single cell RNA 
sequencing techniques have found that BE cell populations 
identified by the markers LEFTY1 and OLFM4 display 
a high amount of transcriptional overlap with esophageal 
submucosal gland cells, but this overlap is not observed in 
gastric/duodenal cells (31). The study also found that the 
markers SPINK4 and ITLN1 serve as a predecessor to 
goblet cells in BE which could be promising in identifying  
metaplasia (31). 

Gene expression assays
Microarray analyses in the BE disease space have been 
implemented to identify biomarkers of interest. An analysis 
from 2009 of three microarray datasets identified DDC 
and TFF3 as upregulated in the BE tissue as compared to 
normal esophageal tissue (70). While this could serve as a 
helpful pre-BE identifier, it does not provide information 
on BE progression thereafter to EAC. Another study 
focused on expression of microRNA (miRNA) using 
microarray analysis and found that dysregulation of specific 
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miRNAs could serve as a cause of metaplastic processes in 
the disease (71,72). Interestingly, gene expression studies 
have found that the stromal and extracellular matrix genes 
linked to EAC tumor growth are expressed in tissue prior 
to dysplasia, pointing to the importance of detecting these 
changes via markers in precancerous BE tissue, as this 
would provide earlier detection as opposed to real-time 
physical visual inspection of malignant specimens (73). 

Additional diagnostics and proteomics

Aneuploidy
In non-dysplastic and LGD patients, aneuploidy due to 
P16 allelic loss has been observed, specifically in up to 
75% of metaplastic cases (74). Aneuploidy has been found 
to be present in 90% of HGD and EAC cases (75). Flow 
cytometry is used in the current diagnostic landscape to 
assess the aneuploid characteristics of non-dysplastic and 
LGD patients to predict their risk of progression (76).

P53
P53 staining of LGD tissue can be helpful in defining risk 
of HGD and EAC development along with inspection of 
the loss of heterozygosity (LOH) of the gene (77). LOH 
in the tumor suppressor P53 has been observed in both 
EAC and HGD tissue resulting in a 16-fold increase in 
the risk of developing EAC (76). One study found that the 
mutated gene was found in 72% of EAC cases and 69% of 
LGD cases, but only in 2.5% of non-dysplastic cases (77). 
While this could serve as an effective biomarker for EAC 
progression risk, a conflicting study found that 32.7% of BE 
patients with this type of P53 LOH behavior progressed to 
EAC (78).

Histopathology
The histopathology of BE is defined by the replacement of 
the squamous epithelium normally found in the esophagus 
with columnar epithelium. This morphological change 
has served as a prognosticator for BE development, 
and is dependent upon staining of tissue and observer 
classification. While this change is fairly obvious in initial 
progression to BE tissue, distinguishing between LGD and 
HGD tissue suffers from inter-observer disagreement issues 
due to the subtlety of changes. Studies have found that 
there is only 58% agreement between pathologists when 
attempting to separate normal esophageal samples from BE 
samples, and less than 50% agreement in diagnosing low 

grade dysplasia in BE patients (11,79). 

IHC/immunofluorescence (IF)—commercial
IHC has been used in diagnostic, predictive and prognostic 
BE applications. IHC of TFF3 has been used to screen 
patients for BE, as well as on P21, P53, and ERCC1 to 
predict a patient’s potential response to chemotherapy (77). 
IHC analysis of EGFR, Cyclin A, and Cyclin D1 have 
also been used in a predictive manner (77). Biomarkers 
for prognostic endpoints have also been investigated using 
IHC, with markers such as Cyclin D1 and EGFR indicating 
decreased survival, and COX-2 and VEGF being associated 
with metastases, recurrence or shorter survival (77). IHC 
has also been used to identify EPCAM as a potential 
EAC-specific biomarker, which could be useful as a BE 
progression risk marker (80). 

Cernostics (Pittsburg, PA) developed a tissue-based BE 
diagnostic assay (TissueCypher®) which aims to risk stratify 
LGD patients for EAC. The assay uses IF labeling of K20, 
p16INK4a, AMACR, p53, HER2/neu, CD68, COX-2, 
HIF-1α and CD45RO and subsequent analysis using the 
TissueCypher® Image Analysis Platform (81). The platform 
segments cell-based objects and tissue structures such as 
epithelial and stromal compartments in order to capture 
morphological information, as well as biomarker intensity 
from IF labeling (81). In a recent study, the assay sensitivity 
was 68% as compared to 76% by trained pathologists, 
with assay specificity of 79% as compared to 64–77% by 
pathologists (82). Importantly, the assay detected 50–56% 
of BE disease progressors that had previously been down 
staged to non-dysplastic BE by pathologists (82). The assay, 
therefore, demonstrates potential in correctly identifying 
BE progression markers that pathologists may not be 
inspecting during routine screening protocols for this 
indication. 

Mass spectroscopy 
Mass spectrometry has recently been used to investigate 
and identify BE relevant biomarkers (83). An early study 
used matrix-assisted laser desorption/ionization mass 
spectrometry to attempt to identify protein peak differences, 
but the technology was not compatible with formalin-
fixed, paraffin-embedded tissue, serving as a problem 
for general use as the majority of patients are surveilled 
through biopsies in which the tissue is fixed as such, and 
an effective mass spectrometry approach would aim to 
make use of this tissue. Mass spectrometry techniques have 
recently become compatible with formalin-fixed, paraffin-
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embedded tissue, making the technology potentially useful 
for BE prognostication (84). The SWATH-MS platform 
was used to identify proteomic expression trends related to 
EAC treatment resistance, in particular, cisplatin, 5-FU and 
taxanes (HMGB1, IL-1RA, LGALS3BP, PRMT1, S100A8, 
SFN, and TXN) (15). The use of mass spectrometry is novel 
within the BE diagnosis landscape but proves promising due 
to the high-throughput nature of the technology itself using 
original biopsy tissue and having the ability to use antibody 
free detection and quantification of multiple biomarkers 
simultaneously (83). 

Imaging for early detection of Barrett’s 
carcinogenesis 

Narrow-band imaging endoscopy (NBI)

NBI is an optical image enhanced technology that enhances 
blue and green light to highlight abnormal neoplastic 
vasculature (85). There are retrospective studies that have 
evaluated the role of positron emission tomography-
computed tomography (PET-CT) scan in comparison 
with NBI endoscopy, to detect second primary cancers 
of head and neck cancer (86). However, this imaging 
modality showed that NBI endoscopy has high sensitivity 
for detecting head and neck cancers but the specificity was 
greatly lower compared to PET/CT scans (86). 

Magnified NBI

Magnified NBI is an endoscopy performed with a magnifying 
endoscope using a standard video-endoscopic system and 
narrow-band imaging system (87). However, this imaging 
modality does not always produce clear imaging or precise 
gross inspection of diseased tissue due to the background 
mucosa interfering with the full visibility (88). 

Acid sprayed endoscopy

Acetic-acid spray is a diagnostic method used to observe 
the in-vivo histology of EAC. This method presents verified 
histology that shows the opening of the cancerous glands 
that allows for change in the mucosa color to be white 
allowing gross inspection of the enhanced surface structure 
of Barrett’s mucosa (89). It is important to note that this 
diagnostic imaging modality does not provide molecular 
information about the tissue of interest, thus a conclusion 
can only be made by the eye of the observer. 

CT

Computed tomography (CT) can be implemented in order 
to stage esophageal tumors, for example, revealing soft-
tissue masses within the esophagus upon transition from BE 
metaplasia to EAC (90). However, the imaging modality 
is not able to provide extremely accurate or reliable 
information (90).

PET-CT

PET-CT has been shown to have no benefit in patients 
diagnosed with dysplastic BE but could be beneficial in 
detecting EAC disease progression, invasion and metastases 
to regional or distant lymph nodes or organs (44).

Endoscopic ultrasound (EUS)

EUS is used for diagnosing and staging esophageal cancers, 
as well as choosing effective treatment options (91). It has 
been cited as the best diagnostic tool for finding he depth of 
tumor invasion as well as local lymph node spread, but has 
also been shown to over- and under-stage patients (44,91). 
This is also seen when used in BE applications, with depth 
invasion findings leading to over-staging in the majority of 
patients (92).

It is important to note that the aforementioned imaging 
modalities provide no molecular information about the 
tissue of interest, limiting the clinical utility of disease 
progression predictability, categorization of dysplasia and if 
malignant transformations are occurring.

Therapy to prevent or eradicate EAC

Ablation techniques 

For BE patients with high grade dysplasia, one of the 
early treatments options is endoscopic ablation. There are 
different types of ablation techniques used when treating 
BE. One technique is endoscopic cryotherapy. It is the 
process of using a rapid cooling agent, such as liquid 
nitrogen, to induce targeted tissue destruction. Results 
from a study with 80 BE patients with HGD and LGD 
treated with two to three cryoablation cycles showed, 91% 
complete eradication of dysplasia (CE-D) in LGD patients 
and 81% in HGD patients (93). Showing that cryotherapy 
can be a safe effective method in treating and managing the 
progression of BE. Another technique is radiofrequency 
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ablation (RFA) which is a modality that utilizes heat energy 
to destroy diseased tissue. RFA has shown 90.5% CE-D 
in LGD and 81% CE-D in HGD patients, compared 
to 22.7% in LGD and 19.0% in HGD in the control  
group (94). However, once Barrett’s tissue has been removed 
via ablation, patients still require follow-up surveillance to 
monitor disease recurrence as patients can still progress to 
cancer within a year of ablative extirpation (95).

Anti-reflux surgical modalities

Anti-reflux surgery serves as one treatment option for 
GERD-related symptoms in patients with BE (96). This 
endoscopic approach facilitates fundoplication, reinforcing 
the sphincter and relieving inflammation (97). Anti-reflux 
surgery has shown to provide physiologic and symptomatic 
control in the maintenance of chronic GERD (98). 
However, anti-reflux surgery has shown conflicting results 
in patients with BE. Some studies show that this procedure 
not only treats GERD-related symptoms, but can also 
disrupt BE progression and prevent the development 
of EAC (99,100). Meanwhile, other studies and meta-
analyses indicate that only a small percentage of BE patients 
undergo recovery, and that long-term results of anti-reflux 
surgery are not as promising as short-term results (98,101). 
Additionally, BE patients must still undergo routine 
surveillance following anti-reflux surgery (98). Ultimately, it 
is inconclusive if anti-reflux surgery reduces the likelihood 
of carcinogenic development and progression, and thus 
serves as a therapy for symptom control in BE, while not 
yet serving as a viable cancer-prevention therapy (96).

Perioperative chemotherapy

Perioperative chemotherapy methods are used to increase 
survival rates in early stage EAC patients. The MAGIC 
trials included the use of epirubicin, cisplatin, and 5-FU 
(ECF). Perioperative treatment with ECF showed a  
five-year survival rate of 36% compared to 23% for surgery 
alone (102). Another study known as the ACCORD 
trials used cisplatin and 5-FU. It saw a five-year survival 
of 38% compared to 24% for surgery alone (102). The 
FLOT protocol includes the use of 5-FU, leucovorin, 
oxaliplatin, and docetaxel in preoperative chemotherapy. 
Perioperative FLOT treatment showed a 58.7% 3-year 
survival rate, compared to the 30.9% for patients that 
received an esophagectomy first (103). When compared 
to contemporary neoadjuvant chemoradiation and 

perioperative chemotherapy, FLOT has become the 
favorable choice (104). While perioperative chemotherapy 
treatments have shown to increase overall survival for EAC 
patients, there is still much work to be done in the field to 
find the most durable regimen.

Chemoradiation

Although chemotherapy may show to be beneficial in 
other forms of cancers; it is not highly effective in treating 
advanced EAC. Chemotherapy treatments alone vs. no 
therapy in advance EAC patients did not demonstrate any 
survival benefits (105). Specific biomarkers associated with 
EAC that possibly contribute resistance to chemotherapy 
have been identified. This network of biomarkers 
associated with increased resistance to taxanes, platins, and 
anthracyclines were overexpressed or downregulated when 
observed before the course of chemotherapy treatment for 
EAC (15). Another treatment option for EAC has been 
conducting surgical extirpation of the lesion and non-
cancerous margins. An esophagectomy carries a number 
of possible complications. This includes leakage, stricture, 
delayed emptying, chylothorax, and reflux (106). Without 
additional therapy, it also has a rate of local reoccurrence as 
high as 35% (107). The current standard of care is combing 
therapies in hopes of increasing survival for patients. 
One of these methods is neoadjuvant chemoradiotherapy 
(CRT). This combination can downstage the tumor and 
improve results after surgery. Survivability for patients 
that underwent this method was 43.2 months, compared 
to the 27.1 months with surgery alone (108). When 
looking at adjuvant settings of CRT, the overall 3-year 
survival went up from 41% to 50% and median survival 
went from 27 months to 36 months compared to surgery  
alone (109). While this does increase survivability, it does not 
affect the 5-year mortality rate for the disease. Abdo et al. 
proposes that molecular diagnostics of proteins associated 
with increased resistance or enhanced chemosensitivity 
for all FDA-approved therapies for EAC should be 
routinely scrutinized to optimize first line therapy for these  
patients (110). 

Targeted therapy 

Up to 90% of esophageal cancers express EGFR, but anti-
EGFR therapy does not show to improve survival (111).  
Because of this, targeted therapy is limited in its use. 
Currently there are two FDA approved targeted therapy 
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treatments for EAC (111). The first one targets HER2. 
The overexpression of HER2 causes heterodimerization 
which then promotes oncogenesis (112). This has led 
to the use of trastuzumab (Herceptin™) as first- or 
second-line treatment for HER2 positive cases (111). 
Trastuzumab works by disrupting the HER2 signaling 
pathway by receptor depletion (113). This treatment has 
shown to improve survival for patients expressing HER2 
at high levels. It is important to note that HER2 positive 
cases only account for 20% of esophageal cancers (111). 
Meaning that for the larger number of EAC patients, this 
treatment is not an option. The second FDA approved 
treatment targets VEGF. VEGF was observed as a 
mediator for angiogenesis in this disease. Ramucirumab 
is used as a second-line treatment in inhibiting the VEGF 
pathway. A double blinded, randomized, trial showed 
that ramucirumab did have a survival benefit over the  
control (114). It is important to remember these treatments 
offer a short survival benefit over traditional methods. 
Further research is required to discover stronger druggable 
targets for inhibition of disease drivers in EAC lesions. 

Immunotherapy 

Immunotherapy helps improve the immune system in 
recognition and elimination of cancer cells. Recent clinical 
success in this method includes chimeric antigen t-cell 
(CAR T) therapy, programmed death-1 (PD-1), and 
cytotoxic T lymphocyte antigen-4 (CTLA-4) antibody  
blocking (115). This type of treatment is beneficial because 
it can be applied to patient populations that may not be 
eligible for certain targeted therapies. Pembrolizumab 
(Key t ruda™)  i s  a  PD1  inh ib i to r  tha t  ha s  been  
FDA approved for second-line treatment in esophageal 
cancer (111). Patients that have received prior treatment 
were observed to have an 11.6% objective response rate 
(ORR) after being treated with pembrolizumab (116). To 
increase the response rate, studies are being conducted using 
pembrolizumab in conjunction with different treatments. A 
phase II study using pembrolizumab in combination with 
cisplatin and fluorouracil showed an ORR of 60% (117). 
Ongoing studies for first line treatment are being conducted 
to analyze the benefits of the combination pembrolizumab 
with other therapies (117). Another immune checkpoint 
inhibitor that is being studied is Nivolumab which targets 
the PD-1/PD-L1 pathway (118). Phase II trials using 
nivolumab in conjunction with ipilimumab, a monoclonal 
CTLA-4 targeting antibody, showed an objective response 

rate of 24% (118,119). As of 2020 nivolumab was FDA 
approved for use in patients showing metastatic esophageal 
squamous cell carcinoma (ESCC). 

CheckMate 577 trial was conducted to evaluate 
nivolumab as a therapy option in resected esophageal or 
GEJ cancer patients. Results showed that participants who 
received nivolumab had a median diseases free survival of 
22.4 month, compared to the 11.0 month of the placebo 
group (120). Following this trial, in May 2021 the FDA 
approved nivolumab for treatment use in patients with 
complete resection of esophageal or GEJ cancer that have 
had neoadjuvant chemoradiation therapy.

Esophageal cancers are usually grouped together during 
studies, but it is important to recognize there is differences 
among them. A molecular comparison between EAC, 
ESCC, and GAC revealed there were evident differences 
between adenocarcinomas and squamous cell carcinoma. 
ESCC had significantly lower mutational rates compared 
to EAC and GAC (121). These results raise the question in 
the validity of grouping these cancers together. Instead, it 
enforces the theory that treatments should be decided based 
on histological subtypes and molecular target status. 

Conclusions

EAC is the deadliest and fastest rising cancer in the United 
States (Figures 1 and 2). With BE as the only known 
precursor for EAC, advancements in the monitoring of 
BE are essential to enable early diagnosis and improve 
patient outcomes. Although many clinical limitations 
persist, significant progress has been made in the diagnosis, 
prognosis, and therapy for Barrett’s-related esophageal 
cancer. EAC’s high resistance to chemotherapy has presented 
a need for the development of effective targeted therapies. 
Ongoing research of interventions of the EGFR and 
VEGF pathways, alongside ongoing findings in checkpoint 
inhibitor trials, show potential for improvement in the 
clinical treatment of Barrett’s-related esophageal cancer. To 
optimally translate therapeutic developments into clinical 
utility, progress must be made in the diagnosis of Barrett’s-
related esophageal cancer to enable earlier detection and 
intervention (1). An ability to observe molecular expression 
patterns that are hallmarks of carcinogenesis would provide 
gastroenterologists and oncologists insight into the disease’s 
stability.

Advancements in tissue retrieval techniques have paved a 
road for the adoption of less invasive and more descriptive 
monitoring, surveillance, and characterization of BE 
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pathogenesis. Significant progress has been made regarding 
genomic, transcriptomic, and proteomic approaches for 
molecular diagnostics of Barrett’s-related esophageal 
cancer; however, these research innovations and findings 
are yet to be translated into full clinical adoption. The 
current standard diagnostic paradigm suffers from a lack of 
interobserver agreement and descriptive diagnostic tools 
to inform the effective and efficient use of therapeutic 
options. Further research into preventative therapies and 
the increased use of molecular diagnostics can provide 
actionable information for clinicians to mitigate the threats 
presented by Barrett’s-related esophageal cancer.
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