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Esophageal cancer (EC) has a poor prognosis when the diagnosis is delayed, but curative treatment is possible if

the diagnosis is timely. The disease subtly progresses before symptoms prompt patients to seek medical attention.

Effective pre-symptomatic screening strategies may improve the outcome of the disease. Recent evidence

provided insights into early diagnosis of EC via blood tests, advanced endoscopic imaging, and artificial

intelligence. Accordingly, this entry reviewed available strategies to diagnose early EC. 
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1. Introduction

In 2018 esophageal cancer (EC) was estimated to account for 508,000 deaths, being the seventh most common

cancer and the sixth cause of cancer death worldwide . Histologically, EC includes esophageal squamous cell

carcinoma (ESCC) and adenocarcinoma (EAC). Usually, ESCC occurs in the middle or upper one-third of the

esophagus, whereas EAC in the lower one-third or junction of the esophagus . ESCC accounts for up to 90% of

ECs in lower-income countries and in those regions spanning from Asian republics to north-central China, known

as the “esophageal cancer belt” . Complementarily, EAC accounts for around 20% of all ECs in Western

Countries . The replacement of esophageal squamous epithelium with intestinal metaplasia containing goblet

cells defines Barrett’s esophagus (BE), which represents a well-known preneoplastic lesion for EAC. Interestingly,

a recent meta-analysis revealed that around 12% of patients diagnosed with EAC had a prior BE diagnosis, and up

to 57% of patients had concurrent diagnoses of BE and EAC .

Due to the late onset of clinical symptoms and the lack of early disease markers, EC is often diagnosed in

advanced stages, when the prognosis is poor: ESCC has an overall 5-year survival rate of 18%, which decreases

to less than 5%, when distant metastases are present at diagnosis . Similarly, when EAC is diagnosed in

advanced stages, the disease has a 5-year survival rate of less than 20% .

However, when early detection and management of EC is possible, the outcome improves significantly, and

mortality decreases . Therefore, several screening and preventive strategies are under investigation, each having

its specific applicability, advantages, and disadvantages . Of note, international guidelines do not currently

include novel blood biomarkers, advanced endoscopy, or artificial intelligence (AI)-assisted endoscopy in the

diagnostic work-up of EC. However, in recent years, the topic is increasingly being investigated, and a growing

body of evidence is being provided. Accordingly, we reviewed the most recent literature addressing the early

detection of ESCC and EAC via blood testing, advanced upper endoscopy, and novel AI systems.
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2. Blood Biomarkers of Esophageal Cancer: A Liquid Biopsy

A biomarker is a biological molecule that can be found in the blood or in biological fluids or tissues of patients .

Blood biomarkers can be used for early diagnosis, prognosis, and clinical management of several cancer types .

There are some highly desirable characteristics that a cancer marker (CM) should possess, namely (i) high

sensitivity in the screening of the general population, (ii) high specificity to a given type of tumor, (iii) be detectable

in early cancers, providing a lead-time over clinical diagnosis, and (iv) correlate with the burden of a tumor,

reflecting any tumor progression or regression . Currently, the perfect CM does not exist, and circulating CMs

recommended for clinical use are limited and include prostate-specific antigen, thyroglobulin, oncofetal antigens

(e.g., carcinoembryonic antigen (CEA), alpha-fetoprotein) and carbohydrate antigens (CA) (e.g., CA125, CA19-9,

CA15.3) .

Historically, CEA has been used as serum CM in the diagnosis of EC . In this regard, CEA levels have been

shown to be significantly higher in EC patients compared to controls . In a meta-analysis , the sensitivity and

specificity of CEA ranged from 8% to 70%, and from 57% to 100%, respectively, while its positive likelihood ratio

(PLR) was 5.94 (95% confidence interval [CI], 3.24–10.89) meaning that patients with EC have a six-fold higher

chance of having increased CEA levels compared to patients without EC . The same study also investigated the

diagnostic performance of squamous cell cancer antigen (SCC-Ag) and cytokeratin 21-1 fragment (CYFRA21-1) in

the diagnosis of EC. The sensitivity and specificity Cyfra21–1 ranged from 36% to 63% and from 89% to 100%,

respectively. The study revealed that patients with EC have a 12-fold higher chance of being Cyfra21–1 test-

positive compared with patients without EC, having a PLR of 12.11 (95% CI, 5.02–29.24). As regards SCC-Ag, its

sensitivity and specificity ranged from 13% to 64% and from 91% to 100%, respectively, whereas its PLR was 7.66

(95% CI: 4.24–13.83).

More recently, the high level of technology of our era paved the way for novel substances that can be applied to the

early detection of EC, providing insights into novel blood tests for screening and early diagnosis of EC (Table 1).

Table 1. Potential circulating blood molecules in the screening of esophageal cancer.
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Type of
Biomarker Disease Panel

miRNA

ESCC

miR-25, miR-100, miR-193-3p, miR-194, miR-223, miR-337-5p, miR-483-5p

miR-10a, miR-22, miR-100, miR-148b, miR-223, miR-133a, miR-127-3p

MiR-21, miR-375

EAC miR-92a-3p, miR-151a-5p, miR-362-3p, miR-345-3p, miR-619-3p, miR-
1260b, and miR-1276

RNU6-1/miR-16-5p, miR-25-3p/miR-320a, let-7e-5p/miR-15b-5p, miR-30a-
5p/miR-324-5p, miR-17-5p/miR-194-5p
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3. Advanced Endoscopic Imaging in the Diagnosis of
Esophageal Cancer

Esophagogastroduodenoscopy (EGDS) is the gold standard test for EC and its precursor lesions . At present,

dysplasia and cancer surveillance in BE follows the Seattle protocol with random 4-quadrant biopsies every 2 cm,

which is expensive, time-consuming, and has a sensitivity ranging from 28% to 85% for the detection of high-grade

dysplasia (HGD)/EAC . These drawbacks contribute to <50% adherence to the Seattle protocol in clinical

practice . Unlike BE, random sampling in ESCC screening would be unpractical because the entire esophageal

mucosa can harbor ESD, and this requires extensive biopsy sampling . Moreover, endoscopic recognition of

early ESCC is challenging, as lesions often pass unrecognized with standard WLE, which may miss up to 40% of

early ESCC even in high-risk populations . Accordingly, the sensitivity of targeted biopsies for ESD may be as

low as 7.7% .

In order to improve the diagnostic yield of standard WLE procedures, novel endoscopic techniques have been

investigated, namely dye spray chromoendoscopy, virtual chromoendoscopy (VCE), confocal laser

endomicroscopy (CLE), and volumetric laser endomicroscopy (VLE) (Table 2).

Table 2. Performance of advanced endoscopic imaging in the diagnosis of esophageal cancer according to

systematic reviews and meta-analyses.

Type of
Biomarker Disease Panel

miR-25-3p, miR-151a-3p, miR-100-5p, miR-375

lncRNA
ESCC

POU3F3, SCCA

Linc00152, CFLAR-AS1, POU3F3

Metabolite
ESCC

propanoic acid, linoleic acid, glycerol-3-phosphate, and L-glutamine

propanoic acid, L-leucine, and hydroxyproline

α-glucose, choline, glutamine, glutamate, valine, and dihydrothymine

Antibody

ESCC
Antibody against p53, NY-ESO-1, MMP-7, Hsp70, Prx VI, Bmi-1

EAC Antibody against amino acid L-proline, ketone body 3-hydroxybutyrate,
carbohydrate D-mannose

ESCC/EAC
anti-p53, anti-HSP70, anti-p16, anti-cyclin B1, anti c-Myc, anti-LY6K

Blood cells
EAC

Neutrophil-lymphocyte ratio

Erythrocyte mutant frequency
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