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‭BRAIN. Broad Research in‬
‭Artificial Intelligence and Neuroscience‬

‭1. Introduction‬
‭Artificial‬‭intelligence‬‭(AI)‬‭management‬‭of‬‭esophageal‬‭squamous‬‭cell‬‭carcinoma‬‭(ESCC)‬‭has‬

‭illustrated‬‭highly‬‭encouraging‬‭results‬‭in‬‭both‬‭the‬‭treatment‬‭and‬‭diagnosis‬‭of‬‭this‬‭type‬‭of‬‭cancer.‬‭AI‬
‭technologies,‬ ‭with‬ ‭a‬ ‭particular‬ ‭focus‬ ‭on‬ ‭convolutional‬ ‭neural‬ ‭networks‬ ‭(CNN)‬ ‭and‬ ‭deep‬ ‭learning‬
‭(DL)‬‭algorithms,‬‭have‬‭proven‬‭to‬‭be‬‭exceptionally‬‭effective‬‭in‬‭the‬‭identification‬‭and‬‭classification‬‭of‬
‭esophagus‬ ‭lesions.‬ ‭Numerous‬ ‭preclinical‬ ‭studies‬ ‭have‬ ‭underscored‬ ‭the‬ ‭significant‬ ‭utility‬ ‭that‬ ‭AI‬
‭systems‬‭bring‬‭to‬‭the‬‭diagnosis‬‭of‬‭ESCC‬‭(Tani,‬‭Y.,‬‭et‬‭al.‬‭2023;‬‭Piraianu,‬‭A.I.,‬‭et‬‭al,‬‭2023;‬‭Fulga,‬‭I.,‬‭et‬
‭al.‬ ‭2008;‬ ‭Patrascanu,‬ ‭O.S.,‬ ‭et‬ ‭al.‬ ‭2024).‬ ‭One‬ ‭notable‬ ‭multicenter‬ ‭study‬ ‭demonstrated‬ ‭that‬
‭computer-aided‬ ‭diagnosis‬ ‭systems,‬ ‭grounded‬ ‭in‬ ‭artificial‬ ‭intelligence,‬ ‭effectively‬ ‭support‬ ‭the‬
‭diagnosis‬ ‭of‬ ‭lymph‬ ‭node‬ ‭metastasis‬ ‭in‬ ‭ESCC‬ ‭(Zhang,‬ ‭S.T.,‬ ‭et‬‭al.‬‭2023).‬‭This‬‭finding‬‭underscores‬
‭the potential of AI to augment traditional diagnosis frameworks.‬

‭In‬‭a‬‭more‬‭recent‬‭and‬‭innovative‬‭research‬‭approach,‬‭deep‬‭learning‬‭techniques‬‭were‬‭applied‬
‭specifically‬ ‭for‬ ‭the‬ ‭early‬ ‭detection‬ ‭of‬ ‭esophageal‬‭squamous‬‭cell‬‭carcinoma‬‭(Liao,‬‭J.,‬‭et‬‭al.,‬‭2023).‬
‭The‬ ‭challenge‬ ‭in‬ ‭early‬ ‭esophageal‬ ‭cancer‬ ‭detection‬ ‭often‬‭lies‬‭in‬‭the‬‭ability‬‭to‬‭accurately‬‭diagnose‬
‭subtle‬‭macroscopic‬‭lesions‬‭using‬‭endoscopy.‬‭The‬‭interpretation‬‭of‬‭endoscopic‬‭images‬‭relies‬‭heavily‬
‭on‬ ‭the‬ ‭experience‬ ‭and‬ ‭diagnostic‬ ‭proficiency‬ ‭of‬ ‭the‬ ‭endoscopist,‬ ‭making‬ ‭it‬ ‭vulnerable‬ ‭to‬ ‭human‬
‭error.‬ ‭Herein‬ ‭lies‬ ‭the‬ ‭growing‬ ‭relevance‬ ‭of‬ ‭AI-assisted‬ ‭endoscopy‬ ‭which‬ ‭plays‬ ‭a‬ ‭pivotal‬ ‭role‬ ‭in‬
‭reducing these discrepancies and enhancing diagnosis accuracy.‬

‭AI‬‭endoscopy‬‭has‬‭the‬‭potential‬‭to‬‭significantly‬‭minimize‬‭the‬‭variability‬‭and‬‭errors‬‭associated‬
‭with‬‭human‬‭interpretation,‬‭thereby‬‭improving‬‭diagnosis‬‭outcomes.‬‭A‬‭recent‬‭systematic‬‭review‬‭and‬
‭meta-analysis‬‭bolstered‬‭the‬‭evidence‬‭for‬‭AI‬‭effectiveness‬‭in‬‭the‬‭endoscopic‬‭diagnosis‬‭of‬‭esophageal‬
‭cancer‬ ‭(Guidozzi,‬ ‭N.‬ ‭et‬ ‭al.,‬ ‭2023).‬ ‭This‬ ‭body‬ ‭of‬ ‭evidence‬ ‭collectively‬ ‭suggests‬ ‭that‬ ‭AI,‬ ‭when‬
‭integrated‬ ‭into‬ ‭endoscopic‬ ‭procedures,‬‭can‬‭greatly‬‭enhance‬‭early‬‭detection‬‭capabilities‬‭and‬‭offer‬‭a‬
‭robust,‬ ‭reliable‬ ‭support‬ ‭system‬ ‭for‬ ‭medical‬ ‭professionals‬ ‭in‬ ‭diagnosing‬‭esophageal‬‭squamous‬‭cell‬
‭carcinoma.‬ ‭As‬ ‭such,‬ ‭the‬ ‭continued‬ ‭development‬ ‭and‬ ‭implementation‬ ‭of‬ ‭AI‬ ‭technologies‬ ‭in‬ ‭this‬
‭domain‬ ‭promises‬ ‭to‬ ‭elevate‬ ‭the‬ ‭standards‬ ‭of‬ ‭medical‬‭practice,‬‭potentially‬‭leading‬‭to‬‭better‬‭patient‬
‭outcomes and more efficient management of esophageal cancer.‬

‭In‬ ‭terms‬ ‭of‬ ‭treatment,‬ ‭AI‬ ‭could‬ ‭play‬ ‭an‬ ‭important‬ ‭role‬ ‭in‬ ‭planning‬ ‭surgery‬ ‭and‬ ‭adjuvant‬
‭treatments‬ ‭such‬ ‭as‬ ‭chemotherapy‬ ‭and‬ ‭radiotherapy.‬ ‭A‬ ‭notable‬ ‭example‬ ‭is‬ ‭the‬ ‭use‬ ‭of‬ ‭AI‬ ‭for‬ ‭the‬
‭assessment‬‭of‬‭intrapapillary‬‭capillary‬‭invasion,‬‭which‬‭helps‬‭to‬‭determine‬‭tumor‬‭invasion‬‭depth‬‭and,‬
‭implicitly,‬‭to‬‭select‬‭the‬‭most‬‭appropriate‬‭therapeutic‬‭strategy.‬‭Thus,‬‭a‬‭group‬‭of‬‭researchers‬‭focused‬
‭on‬ ‭the‬ ‭tools‬ ‭that‬ ‭AI‬ ‭offers‬ ‭in‬ ‭addressing‬ ‭this‬ ‭disease‬ ‭and‬ ‭tried‬ ‭to‬ ‭provide‬ ‭an‬ ‭upgraded‬ ‭vision‬ ‭to‬
‭maximize present uses and identify future directions of this technology (Zhang, Y.H., et al., 2020).‬

‭Esophageal‬ ‭cancer‬ ‭is‬ ‭a‬ ‭major‬ ‭diagnosis,‬ ‭economic,‬ ‭and‬ ‭therapeutical‬ ‭challenge‬ ‭in‬
‭high-endangered‬ ‭regions.‬ ‭Its‬ ‭major‬ ‭risk‬ ‭factors‬ ‭include‬ ‭tobacco‬ ‭and‬ ‭alcohol‬ ‭consumption,‬ ‭both‬
‭carcinogens‬ ‭can‬ ‭cause‬ ‭direct‬ ‭damage‬ ‭to‬ ‭the‬ ‭DNA‬ ‭of‬ ‭esophageal‬ ‭cells,‬ ‭leading‬ ‭to‬ ‭mutations‬ ‭and‬
‭neoplasm‬ ‭development;‬ ‭dietary‬ ‭factors‬ ‭such‬ ‭as‬ ‭hot‬ ‭beverages‬ ‭consumption‬ ‭which‬ ‭causes‬ ‭chronic‬
‭inflammation‬‭and‬‭increases‬‭ESCC‬‭risk;‬‭nutritional‬‭deficiencies,‬‭as‬‭well‬‭as‬‭preserved‬‭and‬‭processed‬
‭foods; socio-economical factors and genetic predispositions.‬

‭AI‬‭use‬‭has‬‭advanced‬‭outcome‬‭prediction‬‭and‬‭diagnosis‬‭by‬‭integrating‬‭various‬‭features‬‭such‬
‭as‬ ‭clinical,‬ ‭pathological,‬ ‭radiological,‬ ‭and‬ ‭genetic‬‭variables‬‭to‬‭achieve‬‭promising‬‭results.‬‭Big‬‭data‬
‭AI‬‭can‬‭discover‬‭hidden‬‭patterns,‬‭meaningful‬‭information,‬‭and‬‭deep‬‭knowledge‬‭from‬‭huge‬‭masses‬‭of‬
‭data.‬

‭For‬ ‭example,‬ ‭deep‬ ‭learning‬‭and‬‭machine‬‭learning‬‭technologies‬‭can‬‭be‬‭used‬‭to‬‭extract‬‭deep‬
‭understanding‬ ‭in‬ ‭areas‬ ‭such‬ ‭as‬ ‭genomics,‬ ‭transcriptomics,‬ ‭proteomics,‬ ‭radio‬ ‭mics,‬ ‭and‬ ‭digital‬
‭pathological‬‭image‬‭analysis‬‭as‬‭so:‬‭analyzing‬‭large-scale‬‭genomic‬‭data‬‭and‬‭DNA‬‭sequences‬‭to‬‭help‬
‭identify‬‭mutations,‬‭structural‬‭variations,‬‭and‬‭genetic‬‭variants‬‭associated‬‭with‬‭different‬‭diseases,‬‭ML‬
‭models‬ ‭can‬ ‭predict‬ ‭the‬ ‭functional‬ ‭impact‬ ‭of‬ ‭genetic‬ ‭mutations,‬ ‭for‬ ‭example,‬ ‭whether‬ ‭a‬ ‭variant‬ ‭is‬
‭benign or pathogenic, also improves the understanding of genotype-phenotype relationships.‬
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‭In‬ ‭transcriptomics,‬ ‭the‬ ‭models‬ ‭are‬ ‭applied‬ ‭to‬ ‭analyze‬ ‭RNA‬ ‭sequencing‬‭data‬‭to‬‭understand‬
‭gene‬ ‭expression‬ ‭patterns‬ ‭across‬ ‭different‬ ‭conditions‬ ‭or‬ ‭tissues.‬ ‭These‬ ‭models‬ ‭can‬ ‭uncover‬
‭differential‬ ‭gene‬ ‭expression,‬ ‭leading‬ ‭to‬ ‭insights‬ ‭into‬ ‭cell‬ ‭behavior,‬ ‭development,‬ ‭and‬ ‭disease‬
‭progression.‬ ‭It‬ ‭also‬ ‭helps‬ ‭with‬ ‭dimensionality‬ ‭reduction‬ ‭and‬ ‭clustering‬ ‭in‬ ‭scRNA-seq‬ ‭data,‬
‭identifying‬ ‭cell‬ ‭types‬ ‭and‬ ‭states‬ ‭in‬ ‭complex‬ ‭tissues,‬ ‭for‬ ‭example‬ ‭identifying‬ ‭rare‬‭cell‬‭populations‬
‭and providing insight into cell differentiation in developmental biology or cancer.‬

‭This‬ ‭approach‬ ‭can‬ ‭assist‬ ‭physicians‬ ‭in‬ ‭a‬ ‭comprehensive‬ ‭and‬ ‭synthetic‬ ‭understanding‬ ‭of‬
‭tumoral‬‭pathology.‬‭In‬‭addition,‬‭AI‬‭can‬‭identify‬‭recently‬‭developed‬‭biomarkers‬‭from‬‭available‬‭data,‬
‭helping‬ ‭to‬ ‭improve‬ ‭the‬ ‭process‬ ‭of‬ ‭screening,‬ ‭detection,‬ ‭diagnosis,‬ ‭treatment,‬ ‭and‬ ‭prognosis‬ ‭of‬
‭tumors.‬ ‭By‬ ‭doing‬ ‭so,‬ ‭personalized‬ ‭treatment‬ ‭can‬ ‭be‬ ‭provided‬ ‭and‬ ‭clinical‬ ‭outcomes‬ ‭can‬ ‭be‬
‭optimized for each patient (Kawamura, M. et al., 2024).‬

‭DL,‬ ‭particularly‬ ‭CNNs‬ ‭is‬ ‭applied‬ ‭to‬ ‭digitized‬ ‭pathology‬ ‭slides‬ ‭to‬ ‭identify‬ ‭and‬ ‭classify‬
‭disease‬ ‭states‬ ‭such‬ ‭as‬ ‭cancerous‬ ‭tissues,‬ ‭they‬ ‭can‬ ‭also‬ ‭assess‬ ‭the‬ ‭tumoral‬ ‭grade‬ ‭and‬ ‭severity‬ ‭by‬
‭analyzing patterns in tissue images, providing more consistent and objective grading.‬

‭AI‬‭and‬‭the‬‭learning‬‭methods‬‭vary‬‭in‬‭complexity‬‭and‬‭applicability:‬‭Deep‬‭Learning‬‭(DL)‬‭and‬
‭Machine‬ ‭Learning‬ ‭(ML)‬ ‭are‬ ‭general‬ ‭frameworks‬ ‭that‬ ‭incorporate‬ ‭multiple‬ ‭specific‬ ‭techniques,‬
‭including‬‭neural‬‭networks‬‭(Lee,‬‭S.I.‬‭et‬‭al.,‬‭2018;‬‭LeCun,‬‭Y.,‬‭et‬‭al.,‬‭2015)‬‭and‬‭Convolutional‬‭Neural‬
‭Networks‬ ‭(CNN)‬ ‭represent‬ ‭neural‬ ‭networks‬ ‭that‬ ‭apply‬ ‭in‬ ‭specific‬ ‭scenarios‬ ‭(images‬ ‭for‬ ‭CNN)‬
‭(Piraianu, A.I., 2023).‬

‭2. Literature Review‬
‭The‬‭authors‬‭performed‬‭an‬‭extensive‬‭current‬‭literature‬‭review,‬‭that‬‭included‬‭original‬‭articles‬

‭studying‬‭various‬‭clinical‬‭AI‬‭applications‬‭in‬‭ESCC.‬‭The‬‭authors‬‭have‬‭also‬‭conducted‬‭comprehensive‬
‭searches‬‭of‬‭Google‬‭Scholar,‬‭Science‬‭Direct,‬‭PubMed,‬‭and‬‭Web‬‭of‬‭Science‬‭databases‬‭for‬‭identifying‬
‭relevant‬‭manuscripts.‬‭2‬‭sets‬‭of‬‭keywords‬‭were‬‭used‬‭to‬‭recognize‬‭the‬‭title‬‭terms,‬‭studies‬‭abstract,‬‭and‬
‭keywords:‬ ‭(i)‬ ‭the‬ ‭first‬ ‭set‬ ‭included‬ ‭„artificial‬ ‭intelligence”‬ ‭combined‬ ‭with‬ ‭„esophageal‬‭squamous‬
‭cell‬‭carcinoma”‬‭and‬‭„diagnosis”;‬‭(ii)‬‭the‬‭second‬‭set,‬‭the‬‭term‬‭„artificial‬‭intelligence”‬‭combined‬‭with‬
‭„esophageal‬‭squamous‬‭cell‬‭carcinoma”‬‭and‬‭„treatment”.‬‭We‬‭limited‬‭our‬‭search‬‭to‬‭papers‬‭published‬
‭in‬ ‭English‬‭within‬‭the‬‭previous‬‭6‬‭years;‬‭in‬‭addition,‬‭AI‬‭and‬‭ESCC‬‭publications‬‭were‬‭consulted‬‭and‬
‭we found more than 33 relevant ones.‬

‭The‬‭selection‬‭criteria‬‭for‬‭our‬‭review‬‭were‬‭meticulously‬‭focused‬‭on‬‭studies‬‭that‬‭examined‬‭the‬
‭application‬ ‭of‬ ‭artificial‬ ‭intelligence‬ ‭in‬ ‭the‬ ‭context‬ ‭of‬ ‭esophageal‬ ‭squamous‬ ‭cell‬ ‭carcinoma.‬
‭Throughout‬‭our‬‭research,‬‭we‬‭diligently‬‭and‬‭consistently‬‭applied‬‭these‬‭selection‬‭criteria‬‭to‬‭assess‬‭the‬
‭relevance‬ ‭and‬ ‭quality‬ ‭of‬ ‭the‬ ‭studies‬ ‭included.‬ ‭To‬ ‭ensure‬ ‭thorough‬ ‭evaluation,‬ ‭the‬ ‭studies‬ ‭were‬
‭critically‬ ‭analyzed‬ ‭based‬‭on‬‭several‬‭key‬‭criteria:‬‭(1)‬‭the‬‭journal‬‭in‬‭which‬‭the‬‭study‬‭was‬‭published,‬
‭(2)‬ ‭the‬ ‭publication‬ ‭date‬ ‭to‬ ‭ensure‬ ‭the‬ ‭latest‬ ‭advancements‬ ‭were‬ ‭considered,‬ ‭(3)‬ ‭the‬ ‭overall‬ ‭study‬
‭design‬‭to‬‭analyze‬‭the‬‭robustness‬‭of‬‭the‬‭search‬‭framework,‬‭(4)‬‭the‬‭methods‬‭of‬‭analysis‬‭employed‬‭in‬
‭each‬ ‭study‬ ‭to‬ ‭gauge‬ ‭their‬ ‭appropriateness‬ ‭and‬ ‭precision,‬ ‭(5)‬ ‭the‬ ‭results‬ ‭presented,‬ ‭and‬ ‭(6)‬ ‭the‬
‭conclusions drawn by the authors.‬

‭During‬ ‭the‬ ‭initial‬ ‭screening‬ ‭process,‬ ‭the‬ ‭abstracts‬ ‭of‬ ‭the‬ ‭identified‬ ‭studies‬ ‭were‬ ‭carefully‬
‭reviewed‬ ‭and‬ ‭any‬ ‭studies‬ ‭that‬ ‭were‬ ‭not‬ ‭written‬ ‭in‬ ‭English‬ ‭were‬ ‭excluded‬ ‭to‬ ‭maintain‬ ‭linguistic‬
‭consistency‬ ‭and‬ ‭comprehensive‬ ‭understanding.‬ ‭To‬ ‭further‬ ‭assure‬ ‭the‬ ‭quality‬ ‭and‬ ‭reliability‬‭of‬‭the‬
‭data,‬ ‭particular‬ ‭attention‬‭was‬‭given‬‭to‬‭several‬‭specific‬‭characteristics‬‭in‬‭the‬‭comprehensive‬‭review‬
‭of‬ ‭studies‬ ‭that‬ ‭met‬ ‭all‬ ‭the‬ ‭criteria.‬ ‭This‬ ‭included‬ ‭evaluating‬ ‭the‬ ‭rational‬ ‭design‬ ‭of‬ ‭methods,‬ ‭the‬
‭clarity‬ ‭and‬ ‭accuracy‬ ‭of‬ ‭the‬ ‭results,‬ ‭the‬ ‭depth‬ ‭of‬ ‭the‬ ‭discussion,‬ ‭the‬‭soundness‬‭of‬‭the‬‭conclusions,‬
‭and‬‭identifying‬‭any‬‭signs‬‭of‬‭methodological‬‭bias‬‭or‬‭issues‬‭in‬‭data‬‭interpretation‬‭that‬‭might‬‭influence‬
‭or negatively impact the results of the reviewed studies.‬

‭Additionally,‬ ‭we‬ ‭scrutinized‬ ‭potential‬ ‭sources‬ ‭of‬ ‭bias‬ ‭that‬‭could‬‭arise‬‭from‬‭various‬‭factors‬
‭such‬ ‭as‬ ‭sample‬ ‭size,‬ ‭selection‬ ‭process,‬ ‭and‬ ‭data‬ ‭analysis‬ ‭methods.‬ ‭By‬ ‭doing‬ ‭so,‬ ‭we‬ ‭aimed‬ ‭to‬
‭identify‬ ‭any‬ ‭methodological‬ ‭flaws‬ ‭or‬ ‭interpretational‬ ‭errors‬ ‭that‬‭could‬‭undermine‬‭the‬‭validity‬‭and‬
‭reliability‬‭of‬‭the‬‭findings.‬‭This‬‭rigorous‬‭approach‬‭allowed‬‭us‬‭to‬‭curate‬‭a‬‭selection‬‭of‬‭studies‬‭that‬‭not‬
‭only‬ ‭aligned‬ ‭with‬ ‭our‬ ‭initial‬ ‭criteria‬ ‭but‬ ‭also‬ ‭upheld‬ ‭high‬ ‭standards‬ ‭of‬ ‭scientific‬ ‭integrity.‬ ‭Such‬
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‭thorough‬ ‭vetting‬ ‭ensures‬ ‭that‬ ‭the‬ ‭conclusions‬ ‭drawn‬‭from‬‭our‬‭review‬‭are‬‭founded‬‭on‬‭high-quality‬
‭evidence,‬ ‭providing‬ ‭a‬ ‭reliable‬ ‭foundation‬ ‭for‬ ‭understanding‬ ‭the‬‭application‬‭of‬‭AI‬‭in‬‭the‬‭diagnosis‬
‭and treatment of ESCC.‬

‭The‬ ‭inclusion‬ ‭criteria‬ ‭were‬ ‭the‬ ‭following:‬ ‭studies‬ ‭examining‬ ‭the‬ ‭AI‬ ‭application‬ ‭in‬
‭otorhinolaryngology,‬ ‭the‬ ‭treatment‬ ‭and‬ ‭diagnosis‬ ‭of‬‭ESCC;‬‭English‬‭publications;‬‭published‬‭in‬‭the‬
‭last 6 years, studies in the structure of an academic journal article.‬

‭Exclusion‬‭criteria‬‭were‬‭the‬‭following:‬‭non-English‬‭articles;‬‭withdrawn‬‭studies‬‭(the‬‭removal‬
‭is‬ ‭essential‬ ‭to‬ ‭maintain‬ ‭the‬ ‭integrity‬ ‭and‬ ‭credibility);‬ ‭posters,‬ ‭short‬ ‭papers‬ ‭or‬ ‭abstracts‬ ‭only;‬
‭duplicate‬ ‭studies;‬ ‭and‬ ‭studies‬ ‭with‬ ‭an‬ ‭abstract‬ ‭or‬ ‭title‬ ‭that‬ ‭does‬ ‭not‬ ‭match‬ ‭the‬ ‭topic.‬ ‭Research‬
‭limitations‬ ‭included‬ ‭methodology‬ ‭variations‬ ‭between‬ ‭included‬ ‭studies‬ ‭and‬ ‭potential‬ ‭publication‬
‭bias. The rapid evolution of AI technologies in healthcare restricts capturing the latest research.‬

‭3. Results‬
‭After‬ ‭a‬ ‭thorough‬ ‭assessment‬ ‭and‬ ‭review‬ ‭of‬ ‭the‬ ‭356‬ ‭articles,‬ ‭the‬ ‭authors‬ ‭identified‬ ‭and‬

‭included‬ ‭a‬ ‭subset‬ ‭of‬ ‭33‬ ‭directly‬ ‭relevant‬ ‭papers‬ ‭to‬ ‭our‬ ‭research.‬ ‭These‬ ‭selected‬ ‭studies‬ ‭provided‬
‭valuable‬ ‭insights‬ ‭into‬ ‭the‬ ‭AI‬ ‭use‬ ‭and‬ ‭impact‬ ‭in‬ ‭Otorhinolaryngology,‬ ‭forming‬ ‭the‬ ‭basis‬ ‭of‬ ‭our‬
‭review.‬ ‭The‬ ‭33‬ ‭scientific‬ ‭articles‬ ‭reviewing‬ ‭the‬ ‭present‬ ‭applications‬ ‭of‬ ‭AI‬ ‭in‬ ‭the‬ ‭management‬ ‭of‬
‭ESCC have been schematically summarized in Table 1.‬

‭Table 1. Scientific articles analyzing AI management in ESCC.‬

‭Year of‬
‭Study‬ ‭Author‬

‭ML/DL/C‬
‭NN‬

‭Method‬

‭Application‬

‭AI endoscopy‬

‭2020‬ ‭Tokai Y. (2020)‬ ‭CNN‬ ‭Early diagnosis‬

‭2023‬ ‭Mohan A. (2023)‬ ‭ML‬
‭DL‬ ‭Diagnosis, treatment, and prognosis‬

‭2019‬ ‭Horie Y. (2019)‬ ‭CNN‬ ‭Early screening‬

‭2023‬ ‭Huang J. (2023)‬ ‭ML‬
‭DL‬ ‭Early screening‬

‭2022‬ ‭Gong EJ. (2022)‬ ‭DL‬ ‭Diagnosis‬

‭2020‬ ‭Hussein M. (2020)‬ ‭DL‬ ‭Screening and early diagnosis‬

‭2023‬ ‭Pan Y (2023)‬ ‭CNN‬ ‭Diagnosis‬

‭2023‬ ‭Zhang J.Q. (2023)‬ ‭CNN‬ ‭Screening, early diagnosis, and‬
‭favorable prognosis‬

‭2021‬ ‭Shiroma S. (2021)‬ ‭DL‬ ‭Diagnosis‬
‭2018‬ ‭di Pietro M. (2018)‬ ‭CNN‬ ‭Screening, diagnosis, and therapy‬
‭2021‬ ‭Bang C.S. (2021)‬ ‭ML‬ ‭Diagnosis‬
‭2020‬ ‭Huang L.M. (2020)‬ ‭CNN‬ ‭Early screening‬
‭2021‬ ‭Liu Y. (2021)‬ ‭CNN‬ ‭Early screening‬
‭2021‬ ‭Li J.C. (2021)‬ ‭CNN‬ ‭Early screening‬
‭2022‬ ‭Tsai T.J. (2022)‬ ‭CNN‬ ‭Early screening‬

‭2022‬ ‭Shimamoto. Y. (2022)‬ ‭ML‬
‭DL‬ ‭Depth invasion screening‬

‭2021‬ ‭Berbís M.A. (2021)‬ ‭ML‬ ‭Diagnosis‬

‭2023‬ ‭Yuan X.L. (2023)‬ ‭CNN‬ ‭Early screening‬
‭2022‬ ‭Liu W. (2023)‬ ‭CNN‬ ‭Early screening‬

‭Advanced‬
‭imaging diagnosis‬

‭with AI‬

‭2023‬ ‭Hosseini F. (2023)‬ ‭CNN‬ ‭Early screening CT‬

‭2024‬ ‭Wu X (2024)‬ ‭DL‬ ‭Prediction‬
‭CT‬

‭2023‬ ‭Yue Y. (2023)‬

‭CNN‬
‭GloD‬

‭LoATUNe‬
‭t‬

‭Segmentation‬
‭PET-CT‬
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‭2023‬ ‭Zhong H. (2023)‬
‭CNN‬
‭3D‬

‭Res-UNet‬

‭Segmentation‬
‭CT‬

‭2021‬ ‭Yeh J.C. (2021)‬ ‭CNN‬
‭3D-CNN‬

‭Prognosis‬
‭PET-CT‬

‭Molecular and‬
‭genomic‬

‭diagnosis with AI‬
‭2022‬ ‭Sasagawa S. (2022)‬ ‭ML‬ ‭Immuno-genomic profile‬

‭AI radiotherapy‬
‭2024‬ ‭Kawamura M. (2024)‬ ‭ML‬ ‭Revolutionizing AI radiotherapy‬
‭2021‬ ‭Jin D. (2021)‬ ‭ML‬ ‭Tumor size measurement‬
‭2021‬ ‭Liu R. (2021)‬ ‭ML‬ ‭Radiotherapy efficiency evaluation‬
‭2023‬ ‭Xie Y. (2023)‬ ‭ML‬ ‭Radiotherapy response prediction‬

‭4. Discussions‬
‭Esophageal‬‭cancer‬‭(EC)‬‭is‬‭one‬‭of‬‭the‬‭most‬‭common‬‭malignant‬‭tumors‬‭of‬‭the‬‭digestive‬‭tract.‬

‭Early‬‭EC‬‭lesion‬‭treatment‬‭by‬‭endoscopic‬‭therapy‬‭can‬‭lead‬‭to‬‭a‬‭cure,‬‭the‬‭curative‬‭effect‬‭being‬‭similar‬
‭to‬ ‭surgery.‬ ‭Currently,‬ ‭the‬ ‭upper‬ ‭gastrointestinal‬ ‭endoscopy‬ ‭remains‬ ‭the‬ ‭standard‬ ‭method‬ ‭for‬
‭diagnosing‬ ‭CE,‬ ‭with‬ ‭its‬ ‭accuracy‬ ‭partly‬ ‭dependent‬ ‭on‬ ‭the‬ ‭clinicians’‬ ‭professional‬ ‭experience.‬
‭Artificial‬ ‭intelligence‬ ‭use‬ ‭in‬ ‭screening‬ ‭for‬ ‭early‬ ‭detection‬ ‭of‬ ‭CE‬ ‭is‬ ‭especially‬ ‭helpful‬ ‭for‬ ‭less‬
‭experienced‬ ‭endoscopists.‬ ‭Tokai‬ ‭at‬ ‭al.,‬ ‭reviewed‬ ‭the‬ ‭advances‬ ‭in‬ ‭applied‬ ‭artificial‬ ‭intelligence‬
‭technology‬ ‭in‬ ‭the‬ ‭early‬ ‭clinical‬ ‭diagnosis‬ ‭of‬ ‭EC‬ ‭by‬ ‭endoscopy,‬ ‭which‬ ‭proved‬ ‭useful‬ ‭for‬ ‭those‬
‭interested in this field (Tokai, Y., et al. 2020).‬

‭Combining‬ ‭artificial‬ ‭intelligence‬ ‭technologies‬ ‭with‬ ‭endoscopic‬ ‭methods‬ ‭is‬ ‭a‬ ‭promising‬
‭direction‬ ‭for‬ ‭improving‬ ‭the‬ ‭management‬ ‭and‬ ‭diagnosis‬ ‭of‬‭esophageal‬‭cancer.‬‭This‬‭integration‬‭has‬
‭the‬ ‭potential‬ ‭to‬ ‭improve‬ ‭patient‬ ‭outcomes‬ ‭and‬ ‭minimise‬ ‭the‬ ‭mortality‬ ‭rate‬ ‭associated‬ ‭with‬ ‭this‬
‭serious‬‭form‬‭of‬‭cancer.‬‭A‬‭recent‬‭study‬‭aimed‬‭to‬‭analyze‬‭and‬‭understand‬‭the‬‭application‬‭of‬‭artificial‬
‭intelligence‬‭in‬‭the‬‭diagnosis,‬‭treatment,‬‭and‬‭prognosis‬‭of‬‭esophageal‬‭cancer,‬‭highlighting‬‭the‬‭crucial‬
‭role‬ ‭of‬ ‭computer-assisted‬ ‭diagnosis‬ ‭and‬ ‭computer-aided‬ ‭detection‬ ‭as‬ ‭essential‬ ‭tools‬ ‭for‬ ‭medical‬
‭practitioners in the near future (Mohan, A., et al., 2023).‬

‭The‬ ‭CNN‬ ‭system‬ ‭developed‬ ‭for‬ ‭esophageal‬ ‭cancer‬ ‭detection‬ ‭can‬ ‭quickly‬ ‭examine‬ ‭stored‬
‭endoscopic‬ ‭images‬ ‭with‬ ‭elevated‬ ‭sensitivity.‬ ‭However,‬‭intensive‬‭training‬‭could‬‭improve‬‭diagnosis‬
‭accuracy.‬‭The‬‭use‬‭of‬‭this‬‭system‬‭could‬‭facilitate‬‭early‬‭identification‬‭in‬‭practice,‬‭with‬‭the‬‭potential‬‭to‬
‭improve short-term prognosis (Horie, Y., et al., 2019).‬

‭Another‬ ‭study‬ ‭pursues‬ ‭to‬ ‭highlight‬ ‭the‬ ‭applications‬ ‭and‬ ‭perspectives‬ ‭of‬ ‭artificial‬
‭intelligence-assisted‬ ‭endoscopic‬ ‭ultrasound‬ ‭(EUS-AI)‬ ‭in‬ ‭the‬ ‭digestive‬ ‭diseases‬ ‭field‬ ‭in‬ ‭the‬ ‭last‬
‭decade.‬‭It‬‭complements‬‭recent‬‭studies,‬‭which‬‭have‬‭revealed‬‭that‬‭EUS-AI‬‭has‬‭proven‬‭superiority‬‭or‬
‭at‬ ‭least‬ ‭equivalence‬ ‭compared‬ ‭to‬ ‭conventional‬ ‭methods‬ ‭in‬ ‭the‬ ‭diagnosis,‬ ‭prognosis,‬ ‭and‬ ‭quality‬
‭monitoring‬ ‭of‬ ‭under‬ ‭epithelial‬ ‭lesions,‬ ‭early‬ ‭esophageal‬ ‭and‬ ‭gastric,‬ ‭also‬ ‭pancreatic‬ ‭diseases,‬
‭including‬ ‭cysts,‬ ‭autoimmune‬ ‭pancreatitis,‬ ‭and‬ ‭cancer.‬ ‭EUS-AI‬ ‭implementation‬ ‭has‬ ‭opened‬ ‭new‬
‭perspectives‬ ‭for‬ ‭individualized‬ ‭precise‬ ‭medicine‬ ‭and‬ ‭introduced‬ ‭new‬ ‭approaches‬ ‭in‬ ‭the‬ ‭diagnosis‬
‭and treatment of digestive diseases (Huang, J., et al., 2023).‬

‭A‬‭deep‬‭learning‬‭model‬‭has‬‭recently‬‭been‬‭developed‬‭that‬‭can‬‭accurately‬‭classify‬‭esophageal‬
‭cancers,‬ ‭precancerous‬ ‭lesions,‬ ‭and‬ ‭non-neoplasms.‬ ‭This‬ ‭model‬ ‭validation‬ ‭was‬ ‭carried‬ ‭out‬ ‭by‬
‭multicenter‬ ‭external‬ ‭tests,‬ ‭and‬ ‭the‬ ‭explanations‬ ‭for‬ ‭its‬ ‭decisions‬ ‭are‬ ‭supported‬ ‭by‬ ‭attention‬ ‭map‬
‭analysis‬ ‭(Gong,‬ ‭E.J.,‬ ‭et‬ ‭al.,‬ ‭2022).‬ ‭Computer-aided‬ ‭diagnosis‬ ‭can‬ ‭play‬ ‭a‬ ‭crucial‬ ‭role‬ ‭in‬ ‭the‬ ‭near‬
‭future‬ ‭in‬ ‭supporting‬ ‭endoscopists‬ ‭for‬ ‭the‬ ‭early‬ ‭detection‬ ‭and‬ ‭diagnosis‬ ‭of‬ ‭esophageal‬ ‭cancers,‬
‭thereby‬‭facilitating‬‭the‬‭administration‬‭of‬‭curative‬‭endoscopic‬‭therapy.‬‭This‬‭technology‬‭promises‬‭to‬
‭support‬ ‭doctors’‬ ‭efforts‬ ‭in‬ ‭identifying‬ ‭and‬ ‭treating‬ ‭esophageal‬ ‭cancer‬‭in‬‭its‬‭early‬‭stages‬‭(Hussein,‬
‭M., et al., 2020).‬

‭A‬‭2023‬‭study‬‭investigated‬‭the‬‭use‬‭of‬‭artificial‬‭intelligence‬‭to‬‭diagnose‬‭early-stage‬‭ESCC‬‭and‬
‭estimate‬‭the‬‭depth‬‭of‬‭tumor‬‭invasion‬‭through‬‭various‬‭imaging‬‭techniques.‬‭The‬‭remarkable‬‭ability‬‭of‬
‭AI‬ ‭to‬ ‭recognize‬ ‭images‬ ‭is‬ ‭essential‬ ‭for‬ ‭the‬ ‭identification‬ ‭and‬ ‭diagnosis‬ ‭of‬ ‭ESCC,‬ ‭having‬ ‭the‬
‭potential‬ ‭to‬ ‭reduce‬ ‭diagnosis‬ ‭errors‬ ‭and‬ ‭support‬ ‭endoscopists‬ ‭in‬ ‭their‬ ‭evaluations‬ ‭(Pan,‬ ‭Y.,‬ ‭et‬ ‭al.‬
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‭2023).‬ ‭Advances‬ ‭in‬ ‭diagnostic‬ ‭technologies‬ ‭have‬ ‭facilitated‬ ‭screening‬ ‭implementation,‬ ‭early‬
‭detection,‬ ‭and‬ ‭improved‬ ‭prognosis.‬ ‭The‬ ‭use‬ ‭of‬‭CNN‬‭for‬‭image‬‭analysis‬‭promises‬‭to‬‭revolutionize‬
‭esophageal‬‭cancer‬‭diagnosis‬‭and‬‭prognosis,‬‭offering‬‭promising‬‭perspectives‬‭in‬‭the‬‭early‬‭detection‬‭of‬
‭early‬‭stages‬‭and‬‭dysplasia‬‭(Zhang,‬‭J.Q.,‬‭et‬‭al.‬‭2023).‬‭In‬‭recent‬‭years,‬‭artificial‬‭intelligence‬‭potential‬
‭built‬ ‭on‬ ‭deep‬ ‭learning‬ ‭has‬ ‭been‬ ‭explored‬ ‭for‬ ‭the‬ ‭diagnosis‬ ‭of‬ ‭superficial‬ ‭ESCC‬ ‭in‬ ‭video‬ ‭images‬
‭obtained‬‭during‬‭esogastroduodenoscopy‬‭(EGD)‬‭(Shiroma,‬‭S.,‬‭et‬‭al.,‬‭2021).‬‭Since‬‭the‬‭esophagus‬‭can‬
‭be‬ ‭easily‬ ‭accessed‬ ‭by‬ ‭endoscopy,‬ ‭early‬ ‭identification,‬‭and‬‭curative‬‭treatment‬‭is‬‭feasible‬‭(DiPietro,‬
‭M.,‬ ‭et‬ ‭al.,‬ ‭2018).‬ ‭Esophageal‬ ‭cancer‬ ‭diagnosis‬ ‭or‬ ‭precancerous‬ ‭lesions‬ ‭by‬ ‭endoscopic‬ ‭imaging‬
‭depends‬ ‭on‬ ‭the‬ ‭clinician’s‬ ‭level‬ ‭of‬ ‭expertise‬ ‭and‬ ‭is‬ ‭inevitably‬ ‭affected‬ ‭by‬ ‭the‬ ‭variability‬ ‭of‬
‭observations between different operators.‬

‭The‬ ‭need‬ ‭for‬‭more‬‭effective‬‭methods‬‭to‬‭detect‬‭and‬‭characterize‬‭early‬‭esophageal‬‭neoplasm‬
‭has‬ ‭led‬ ‭to‬ ‭an‬ ‭AI‬‭research‬‭intensification.‬‭Thus,‬‭AI‬‭techniques‬‭in‬‭the‬‭endoscopic‬‭detection‬‭of‬‭early‬
‭EC‬ ‭are‬ ‭intensively‬ ‭reviewed.‬ ‭Research‬ ‭is‬ ‭also‬ ‭being‬ ‭done‬ ‭on‬‭the‬‭morphopathological‬‭and‬‭genetic‬
‭diagnosis of early EC, as well as risk assessment (Huang, L.M, et al., 2020).‬

‭Remarkable‬ ‭technological‬ ‭progress‬ ‭is‬ ‭currently‬‭being‬‭observed‬‭in‬‭the‬‭AI‬‭field‬‭applications‬
‭for‬ ‭the‬ ‭early‬ ‭clinical‬ ‭detection‬ ‭of‬ ‭CE‬ ‭by‬ ‭endoscopy,‬ ‭being‬ ‭useful‬ ‭for‬ ‭those‬ ‭interested‬ ‭in‬ ‭this‬
‭development‬‭(Liu,‬‭Y.,‬‭2021).‬‭Non-magnifying‬‭endoscopy‬‭with‬‭narrow-band‬‭imaging‬‭(NM-NBI)‬‭has‬
‭been‬ ‭often‬ ‭used‬ ‭in‬ ‭routine‬ ‭ESCC‬ ‭screening.‬ ‭NBI‬ ‭performance‬ ‭for‬ ‭early‬ ‭ESCC‬ ‭screening‬ ‭is,‬
‭however,‬ ‭notably‬ ‭affected‬‭by‬‭operator‬‭experience.‬‭Artificial‬‭intelligence‬‭can‬‭be‬‭a‬‭unique‬‭approach‬
‭to compensate for operator inexperience (Li, J.C., et al., 2021).‬

‭Another‬ ‭update‬ ‭is‬ ‭represented‬ ‭by‬ ‭esophageal‬ ‭cancer‬ ‭early‬ ‭diagnosis‬ ‭by‬ ‭band-selective‬
‭hyperspectral‬‭imaging.‬‭Thus,‬‭the‬‭integration‬‭of‬‭hyperspectral‬‭imaging‬‭(HSI)‬‭with‬‭spectral‬‭selection‬
‭for‬‭color‬‭reproduction‬‭was‬‭explored.‬‭White‬‭light‬‭imaging‬‭(WLI)‬‭was‬‭simulated‬‭to‬‭mimic‬‭NBI‬‭(Tsai,‬
‭T.J.,‬ ‭et‬ ‭al.,‬ ‭2022).‬ ‭Shimamoto‬ ‭Y.’s‬ ‭2020‬ ‭study‬ ‭explores‬ ‭artificial‬ ‭intelligence‬ ‭use‬ ‭for‬ ‭real-time‬
‭evaluation‬ ‭of‬ ‭video‬ ‭images‬ ‭in‬ ‭determining‬ ‭the‬ ‭invasion‬ ‭depth‬ ‭of‬ ‭esophageal‬ ‭squamous‬ ‭cell‬
‭carcinoma (Shimamoto, Y., et al, 2020).‬

‭Generally,‬ ‭AI‬ ‭and‬ ‭ML‬ ‭have‬ ‭considerable‬‭potential‬‭to‬‭assist‬‭physicians‬‭in‬‭the‬‭evaluation‬‭of‬
‭cancerous‬ ‭diseases‬ ‭and‬‭other‬‭gastrointestinal‬‭tract‬‭conditions.‬‭Their‬‭use‬‭in‬‭radiology‬‭interpretation‬
‭and‬ ‭endoscopic‬ ‭pathologic‬ ‭images‬ ‭can‬ ‭have‬ ‭extensive‬ ‭applications‬ ‭in‬ ‭various‬ ‭clinical‬ ‭scenarios.‬
‭They‬ ‭include‬ ‭automatic‬ ‭tumoral‬ ‭detection,‬ ‭classification‬ ‭and‬ ‭segmentation,‬ ‭assessment‬ ‭of‬ ‭tumor‬
‭staging, patient stratification, and treatment response prediction (Berbis, M.A., et al., 2021).‬

‭Although‬ ‭NBI‬ ‭is‬‭a‬‭useful‬‭way‬‭for‬‭the‬‭detection‬‭and‬‭delineation‬‭of‬‭ESCC,‬‭there‬‭is‬‭a‬‭risk‬‭of‬
‭incorrectly‬ ‭determining‬ ‭some‬ ‭lesions'‬ ‭edges‬ ‭even‬ ‭with‬ ‭NBI.‬ ‭Yuan‬ ‭et‬ ‭al.,‬ ‭aimed‬ ‭to‬ ‭develop‬ ‭an‬ ‭AI‬
‭system‬ ‭for‬ ‭detecting‬ ‭superficial‬ ‭ESCC‬‭and‬‭precursor‬‭lesions,‬‭also‬‭delineating‬‭lesions‬‭extent‬‭under‬
‭NBI.‬‭This‬‭AI‬‭system‬‭could‬‭accurately‬‭detect‬‭superficial‬‭ESCCs‬‭and‬‭precursor‬‭lesions‬‭and‬‭delineate‬
‭the extent of lesions under NBI (Yuan, X.L., et al, 2023).‬

‭Another‬‭study‬‭mentions‬‭that‬‭endoscopy‬‭with‬‭WLI‬‭is‬‭the‬‭most‬‭used‬‭technique‬‭used‬‭for‬‭ESCC‬
‭screening,‬ ‭but‬ ‭it‬ ‭can‬ ‭be‬ ‭difficult‬ ‭to‬ ‭precisely‬ ‭detect‬ ‭and‬ ‭delineate‬ ‭early‬ ‭ESCC‬ ‭margins‬ ‭using‬‭this‬
‭method.‬‭The‬‭authors‬‭developed‬‭an‬‭AI‬‭model‬‭that‬‭improves‬‭this‬‭detection‬‭and‬‭delineation‬‭capability‬
‭under‬ ‭WLI‬ ‭endoscopy,‬ ‭thereby‬ ‭providing‬ ‭a‬ ‭more‬ ‭accurate‬ ‭and‬ ‭efficient‬ ‭method‬ ‭for‬ ‭the‬ ‭early‬
‭diagnosis‬‭of‬‭ESCC.‬‭It‬‭is‬‭remarkable‬‭that‬‭by‬‭using‬‭AI,‬‭the‬‭study‬‭demonstrated‬‭a‬‭favourable‬‭approach‬
‭to‬ ‭improve‬ ‭efficiency‬ ‭and‬ ‭accuracy‬ ‭in‬ ‭the‬ ‭diagnosis‬ ‭of‬ ‭early‬ ‭ESCC,‬ ‭a‬ ‭condition‬ ‭where‬‭rapid‬‭and‬
‭accurate detection can significantly influence patient prognosis and treatment (Liu, W., et al, 2022).‬

‭AI‬ ‭and‬ ‭integrated‬ ‭endoscopic‬ ‭technologies‬‭offer‬‭new‬‭insights‬‭and‬‭solutions‬‭for‬‭esophageal‬
‭cancer‬ ‭diagnosis‬ ‭and‬ ‭treatment.‬ ‭These‬ ‭advances‬ ‭could‬ ‭significantly‬ ‭improve‬ ‭diagnosis‬ ‭accuracy,‬
‭disease‬ ‭management,‬ ‭and‬ ‭patient‬ ‭prognosis,‬ ‭particularly‬ ‭in‬ ‭the‬ ‭early‬ ‭identification‬ ‭of‬ ‭malignant‬
‭tumors.‬‭The‬‭use‬‭of‬‭AI‬‭is‬‭particularly‬‭beneficial‬‭for‬‭less‬‭experienced‬‭practitioners,‬‭helping‬‭to‬‭reduce‬
‭error rates and improve outcomes.‬

‭This‬‭review‬‭results‬‭highlight‬‭machine‬‭learning-based‬‭potential‬‭methodologies‬‭in‬‭esophageal‬
‭cancer‬ ‭early‬ ‭detection.‬ ‭The‬ ‭average‬ ‭analyzed‬ ‭methodologies‬ ‭accuracy‬ ‭in‬ ‭endoscopic‬ ‭computed‬
‭tomography‬ ‭(CTE)‬ ‭was‬‭over‬‭89%,‬‭highlighting‬‭a‬‭significant‬‭impact‬‭in‬‭the‬‭early‬‭CE‬‭identification.‬
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‭Furthermore,‬ ‭the‬ ‭greatest‬ ‭success‬ ‭in‬ ‭using‬ ‭clinical‬ ‭imaging‬ ‭for‬ ‭early‬ ‭detection‬ ‭has‬ ‭been‬ ‭seen‬ ‭in‬
‭WLI.‬ ‭Among‬ ‭all‬ ‭machine‬ ‭learning‬ ‭techniques,‬ ‭CNNs‬ ‭have‬ ‭demonstrated‬ ‭superior‬ ‭accuracy‬ ‭and‬
‭sensitivity‬‭in‬‭early‬‭CE‬‭identification‬‭compared‬‭to‬‭other‬‭methods.‬‭The‬‭use‬‭of‬‭these‬‭machine‬‭learning‬
‭methods‬ ‭can‬ ‭significantly‬ ‭contribute‬ ‭to‬ ‭improving‬ ‭the‬ ‭accuracy‬ ‭in‬ ‭the‬ ‭early‬ ‭detection‬ ‭of‬ ‭CE,‬
‭providing‬ ‭essential‬ ‭support‬ ‭to‬ ‭radiologists,‬ ‭endoscopists,‬ ‭and‬ ‭pathologists‬ ‭in‬ ‭diagnosis‬ ‭and‬
‭therapeutic planning (Hosseini, F., et al, 2023).‬

‭Obtaining‬ ‭an‬ ‭accurate‬ ‭prediction‬ ‭of‬ ‭the‬ ‭depth‬ ‭invasion‬ ‭of‬ ‭ESCC‬ ‭is‬ ‭crucial‬ ‭for‬ ‭optimizing‬
‭treatment‬ ‭and‬ ‭reducing‬ ‭invasive‬ ‭procedures,‬ ‭thereby‬ ‭minimizing‬ ‭complications‬ ‭and‬ ‭associated‬
‭costs.‬ ‭Currently,‬ ‭available‬ ‭methods,‬ ‭which‬ ‭are‬ ‭often‬ ‭invasive‬ ‭and‬ ‭expensive,‬ ‭have‬ ‭difficulty‬
‭achieving‬ ‭the‬ ‭required‬ ‭level‬ ‭of‬ ‭precision.‬ ‭This‬ ‭situation‬ ‭underlines‬ ‭the‬ ‭urgent‬ ‭need‬ ‭for‬ ‭more‬
‭effective and non-invasive alternatives (Wu, X., et al, 2024).‬

‭Radiotherapy‬‭plays‬‭a‬‭crucial‬‭role‬‭in‬‭esophageal‬‭squamous‬‭cell‬‭carcinoma‬‭primary‬‭treatment.‬
‭In‬ ‭the‬ ‭pre-radiotherapy‬ ‭planning‬ ‭stage,‬ ‭a‬ ‭major‬ ‭challenge‬ ‭is‬ ‭the‬ ‭precise‬ ‭delineation‬ ‭of‬ ‭gross‬
‭esophageal‬ ‭tumor‬ ‭(GTV)‬‭volume‬‭on‬‭images.‬‭In‬‭the‬‭current‬‭clinical‬‭practice,‬‭manual‬‭delineation‬‭is‬
‭affected‬‭by‬‭high‬‭integrated‬‭variability‬‭and‬‭even‬‭between‬‭assessments‬‭by‬‭the‬‭same‬‭oncologist‬‭and‬‭is‬
‭an‬ ‭exhausting‬ ‭task.‬ ‭There‬ ‭is‬ ‭an‬ ‭urgent‬ ‭requirement‬ ‭for‬ ‭efficient‬ ‭computer-aided‬ ‭automatic‬
‭segmentation‬ ‭methods.‬ ‭For‬ ‭this‬ ‭purpose,‬ ‭there‬ ‭was‬ ‭developed‬ ‭a‬ ‭new‬ ‭deep‬ ‭neural‬ ‭network‬‭named‬
‭GloD-LoATUNet (Yue, Y., et al., 2023).‬

‭Another‬ ‭innovative‬ ‭method‬ ‭was‬ ‭implemented‬ ‭to‬ ‭evaluate‬ ‭the‬ ‭3D‬ ‭Res-UNet‬ ‭model‬
‭effectiveness‬ ‭in‬ ‭the‬ ‭fully‬ ‭automated‬ ‭segmentation‬ ‭of‬ ‭esophageal‬ ‭cancer‬ ‭(EC)‬ ‭and‬ ‭to‬ ‭compare‬
‭segmentation‬ ‭accuracy‬ ‭between‬ ‭traditional‬ ‭images‬ ‭(CI)‬ ‭and‬ ‭40‬ ‭keV‬ ‭virtual‬ ‭monoenergy‬ ‭images‬
‭(Zhong, H., et al., 2023).‬

‭The‬ ‭existence‬ ‭of‬ ‭lymphovascular‬ ‭invasion‬ ‭(LVI)‬ ‭and‬ ‭perineural‬ ‭invasion‬ ‭(PNI)‬‭is‬‭of‬‭great‬
‭importance‬‭in‬‭the‬‭prognosis‬‭of‬‭esophageal‬‭squamous‬‭cell‬‭carcinoma.‬‭At‬‭present,‬‭positron‬‭emission‬
‭tomography‬ ‭(PET)‬ ‭is‬ ‭the‬ ‭only‬ ‭means‬ ‭of‬ ‭functional‬ ‭assessment‬ ‭before‬ ‭treatment.‬ ‭In‬ ‭this‬ ‭regard,‬‭a‬
‭method‬ ‭was‬ ‭proposed‬ ‭to‬ ‭predict‬ ‭LVI‬ ‭and‬ ‭PNI‬ ‭presence‬ ‭in‬ ‭esophageal‬ ‭squamous‬ ‭cell‬ ‭carcinoma‬
‭using‬ ‭pet‬ ‭imaging‬ ‭data‬ ‭by‬ ‭teaching‬ ‭a‬ ‭three-dimensional‬ ‭convolutional‬ ‭neural‬ ‭network‬ ‭(3D-CNN)‬
‭(Yeh, J.C., et al, 2021).‬

‭Recent‬ ‭advances‬ ‭in‬ ‭radiomic‬ ‭technologies‬ ‭signify‬ ‭the‬ ‭advent‬ ‭of‬ ‭a‬ ‭groundbreaking‬ ‭era‬ ‭in‬
‭biomarker‬ ‭discovery,‬ ‭heralding‬ ‭the‬ ‭potential‬ ‭for‬ ‭much‬ ‭deeper‬ ‭and‬ ‭more‬ ‭detailed‬ ‭tumor‬
‭characterization.‬ ‭This‬ ‭new‬ ‭frontier‬ ‭is‬ ‭made‬ ‭possible‬ ‭by‬ ‭the‬ ‭availability‬ ‭of‬ ‭massive‬ ‭volumes‬ ‭of‬
‭medical‬‭data‬‭and‬‭the‬‭sophisticated‬‭use‬‭of‬‭computerized‬‭image‬‭analysis,‬‭significantly‬‭augmented‬‭by‬
‭the‬ ‭capabilities‬ ‭of‬‭artificial‬‭intelligence.‬‭These‬‭advancements‬‭open‬‭up‬‭promising‬‭new‬‭perspectives‬
‭for‬ ‭the‬ ‭identification‬ ‭of‬ ‭more‬ ‭accurate‬ ‭and‬ ‭robust‬ ‭biomarkers,‬ ‭which‬ ‭are‬ ‭crucial‬ ‭in‬ ‭the‬ ‭precise‬
‭understanding and treatment of various cancers, including esophageal cancer.‬

‭AI-assisted‬ ‭medical‬ ‭imaging‬ ‭and‬ ‭machine‬ ‭learning‬ ‭represent‬ ‭a‬ ‭significant‬ ‭leap‬ ‭forward,‬
‭holding‬‭immense‬‭potential‬‭to‬‭transform‬‭clinical‬‭outcomes‬‭by‬‭enhancing‬‭early‬‭detection‬‭capabilities,‬
‭facilitating‬‭precise‬‭tumor‬‭segmentation,‬‭and‬‭predicting‬‭the‬‭patterns‬‭of‬‭tumor‬‭invasion‬‭in‬‭esophageal‬
‭cancer.‬‭These‬‭technologies‬‭are‬‭not‬‭only‬‭valuable‬‭in‬‭increasing‬‭the‬‭accuracy‬‭and‬‭efficiency‬‭of‬‭initial‬
‭diagnosis but also play a critical role in ongoing therapeutic monitoring and planning.‬

‭Implementing‬ ‭these‬ ‭cutting-edge‬ ‭technologies‬ ‭into‬ ‭clinical‬ ‭practice‬ ‭promises‬ ‭to‬
‭revolutionize‬‭the‬‭way‬‭practitioners‬‭approach‬‭cancer‬‭diagnosis‬‭and‬‭treatment.‬‭By‬‭reducing‬‭interrater‬
‭variability,‬ ‭AI‬ ‭can‬ ‭ensure‬ ‭more‬ ‭consistent‬ ‭and‬ ‭reliable‬ ‭assessments‬ ‭across‬ ‭different‬ ‭medical‬
‭professionals.‬ ‭Moreover,‬ ‭these‬ ‭technologies‬ ‭can‬ ‭substantially‬ ‭decrease‬ ‭the‬ ‭manual‬ ‭effort‬ ‭required‬
‭for‬ ‭image‬ ‭analysis,‬ ‭freeing‬ ‭up‬ ‭valuable‬ ‭time‬ ‭for‬ ‭healthcare‬ ‭providers‬‭to‬‭focus‬‭on‬‭patient‬‭care‬‭and‬
‭other‬ ‭critical‬ ‭tasks.‬ ‭Additionally,‬ ‭the‬ ‭reduction‬ ‭in‬ ‭associated‬ ‭complications‬ ‭with‬ ‭manual‬ ‭image‬
‭interpretation leads to improved patient outcomes and a better overall healthcare experience.‬

‭Furthermore,‬‭AI‬‭and‬‭machine‬‭learning‬‭algorithms‬‭offer‬‭the‬‭capability‬‭to‬‭continuously‬‭learn‬
‭and‬ ‭improve‬ ‭from‬ ‭new‬ ‭data,‬ ‭enhancing‬ ‭their‬ ‭accuracy‬ ‭and‬ ‭utility‬ ‭over‬ ‭time.‬ ‭This‬ ‭continuous‬
‭improvement‬‭can‬‭facilitate‬‭the‬‭development‬‭of‬‭personalized‬‭treatment‬‭plans,‬‭tailored‬‭to‬‭the‬‭specific‬
‭characteristics‬ ‭of‬ ‭the‬ ‭patient’s‬ ‭tumor,‬ ‭thereby‬ ‭optimizing‬ ‭therapeutic‬ ‭efficacy‬ ‭and‬ ‭minimizing‬
‭adverse effects.‬
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‭As‬‭these‬‭technologies‬‭continue‬‭to‬‭evolve,‬‭they‬‭will‬‭likely‬‭become‬‭integral‬‭components‬‭of‬‭a‬
‭comprehensive‬ ‭cancer‬ ‭care‬ ‭strategy,‬ ‭seamlessly‬ ‭integrating‬ ‭with‬ ‭existing‬ ‭diagnostic‬ ‭tools‬ ‭and‬
‭therapeutic‬‭approaches.‬‭AI’s‬‭potential‬‭to‬‭provide‬‭real-time,‬‭data-driven‬‭insights‬‭can‬‭assist‬‭clinicians‬
‭in‬‭making‬‭more‬‭informed‬‭decisions,‬‭ultimately‬‭leading‬‭to‬‭better‬‭prognosis‬‭and‬‭higher‬‭survival‬‭rates‬
‭for‬ ‭patients‬ ‭with‬ ‭esophageal‬ ‭cancer.‬ ‭The‬ ‭convergence‬‭of‬‭AI‬‭with‬‭radio‬‭mics‬‭and‬‭medical‬‭imaging‬
‭thus‬ ‭holds‬ ‭the‬ ‭promise‬ ‭of‬ ‭a‬ ‭future‬ ‭where‬ ‭cancer‬‭care‬‭is‬‭more‬‭precise,‬‭personalized,‬‭and‬‭effective,‬
‭paving‬ ‭the‬ ‭way‬ ‭for‬ ‭significant‬ ‭advancements‬ ‭in‬ ‭the‬ ‭early‬ ‭detection,‬ ‭diagnosis,‬ ‭and‬ ‭treatment‬ ‭of‬
‭esophageal cancer, and possibly other types of cancer as well.‬

‭Biopsy‬‭specimen‬‭immunogenomic‬‭profiling‬‭predicts‬‭response‬‭to‬‭neoadjuvant‬‭chemotherapy‬
‭in‬‭ESCC.‬‭Esophageal‬‭squamous‬‭cell‬‭carcinoma‬‭is‬‭one‬‭of‬‭the‬‭most‬‭aggressive‬‭types‬‭of‬‭cancer‬‭and‬‭is‬
‭mainly‬ ‭treated‬ ‭with‬ ‭platinum-based‬ ‭NAC.‬ ‭Some‬ ‭of‬ ‭these‬ ‭react‬ ‭well‬ ‭to‬ ‭NAC.‬ ‭Still,‬ ‭biomarkers‬
‭predict‬ ‭NAC‬ ‭sensitivity‬ ‭and‬ ‭their‬ ‭response‬ ‭mechanism‬ ‭in‬ ‭esophageal‬ ‭squamous‬ ‭cell‬ ‭carcinoma‬
‭remains‬‭unclear.‬‭Genome‬‭and‬‭RNA‬‭sequencing‬‭examination‬‭of‬‭141‬‭ESCC‬‭biopsy‬‭specimens‬‭before‬
‭NAC‬ ‭treatment‬ ‭to‬ ‭result‬ ‭in‬ ‭a‬ ‭machine‬ ‭learning-based‬ ‭diagnosis‬ ‭model‬ ‭was‬ ‭performed‬ ‭to‬ ‭predict‬
‭NAC‬ ‭reactivity‬ ‭in‬ ‭ESCC‬ ‭and‬ ‭analysis‬ ‭of‬ ‭the‬ ‭association‬ ‭between‬ ‭immunogenomic‬ ‭features‬ ‭and‬
‭NAC‬ ‭response.‬ ‭Neutrophil‬ ‭infiltration‬ ‭may‬ ‭play‬ ‭an‬ ‭important‬ ‭role‬ ‭in‬ ‭ESCC's‬ ‭response‬ ‭to‬ ‭NAC.‬
‭Specific‬‭copy‬‭number‬‭alterations‬‭and‬‭copy‬‭number‬‭signatures‬‭in‬‭the‬‭ESCC‬‭genome‬‭have‬‭also‬‭been‬
‭shown‬ ‭to‬ ‭be‬ ‭significantly‬ ‭associated‬‭with‬‭NAC‬‭response.‬‭Interactions‬‭between‬‭tumor‬‭genome‬‭and‬
‭immune‬ ‭characteristics‬ ‭of‬ ‭ESCC‬ ‭are‬ ‭probably‬ ‭a‬ ‭good‬ ‭indicator‬ ‭of‬ ‭a‬ ‭therapeutic‬ ‭target‬‭for‬‭ESCC,‬
‭and machine learning prediction for NAC response is useful (Testa, U., et al, 2017).‬

‭Major‬ ‭somatic‬ ‭genetic‬ ‭abnormalities‬ ‭presented‬ ‭a‬ ‭different‬‭genetic‬‭landscape‬‭in‬‭esophageal‬
‭adenocarcinoma‬ ‭(EAC)‬ ‭compared‬ ‭to‬ ‭ESCC.‬ ‭EAC‬ ‭is‬ ‭a‬ ‭heterogenous‬ ‭cancer,‬ ‭that‬ ‭is‬ ‭dominated‬‭by‬
‭copy‬ ‭number‬ ‭alterations,‬ ‭a‬ ‭high‬ ‭mutational‬ ‭burden,‬‭receptor‬‭tyrosine-kinase‬‭co-amplification,‬‭and‬
‭frequent‬‭TP53‬‭mutations.‬‭The‬‭cellular‬‭origins‬‭of‬‭EAC‬‭are‬‭still‬‭not‬‭well‬‭understood:‬‭animal‬‭models‬
‭have‬ ‭supported‬‭a‬‭cellular‬‭origin‬‭either‬‭from‬‭stem‬‭cells‬‭located‬‭in‬‭the‬‭basal‬‭layer‬‭of‬‭the‬‭esophageal‬
‭epithelium‬ ‭or‬ ‭from‬ ‭progenitors‬‭present‬‭in‬‭the‬‭cardia‬‭region.‬‭Many‬‭studies‬‭support‬‭the‬‭cancer‬‭stem‬
‭cells‬ ‭(CSCs)‬ ‭existence‬‭and‬‭their‬‭capability‬‭of‬‭initiating‬‭and‬‭maintaining‬‭EAC‬‭or‬‭ESCC.‬‭The‬‭exact‬
‭CSCs‬ ‭identification‬ ‭as‬ ‭well‬ ‭as‬ ‭their‬ ‭purpose‬ ‭in‬ ‭EAC‬ ‭and‬ ‭ESCC‬ ‭pathogenesis‬ ‭remain‬ ‭to‬ ‭be‬
‭demonstrated.‬‭The‬‭reviewed‬‭studies‬‭suggest‬‭that‬‭the‬‭current‬‭molecular‬‭and‬‭cellular‬‭characterization‬
‭of‬ ‭EAC‬ ‭and‬ ‭ESCC‬ ‭should‬ ‭serve‬ ‭as‬ ‭a‬ ‭background‬ ‭for‬ ‭the‬ ‭development‬ ‭of‬ ‭up-to-date‬ ‭treatment‬
‭strategies (Merchan Gomez, B., et al, 2023).‬

‭AI‬‭systems,‬‭particularly‬‭CNNs‬‭and‬‭deep‬‭learning‬‭methods,‬‭have‬‭significantly‬‭improved‬‭the‬
‭accuracy‬ ‭of‬ ‭diagnosing‬ ‭ESCC,‬ ‭with‬ ‭some‬ ‭methodologies‬ ‭achieving‬ ‭over‬ ‭89%‬ ‭accuracy‬ ‭in‬ ‭early‬
‭detection‬ ‭via‬ ‭endoscopic‬ ‭computed‬ ‭tomography‬ ‭(CTE).‬ ‭AI‬ ‭algorithms,‬ ‭such‬ ‭as‬ ‭deep‬ ‭learning‬
‭models,‬ ‭are‬ ‭used‬ ‭to‬ ‭analyze‬ ‭MRI‬ ‭or‬ ‭CT‬ ‭scans‬ ‭of‬ ‭the‬ ‭brain,‬ ‭detecting‬ ‭early‬ ‭signs‬ ‭of‬ ‭tumors‬ ‭or‬
‭abnormal‬ ‭growths.‬ ‭This‬ ‭can‬ ‭be‬ ‭crucial‬ ‭for‬ ‭identifying‬ ‭brain‬ ‭metastasis‬ ‭from‬ ‭neoplasms‬ ‭like‬
‭pharyngo-esophageal‬ ‭cancer.‬ ‭CNNs‬ ‭excel‬ ‭in‬ ‭pattern‬ ‭recognition,‬ ‭helping‬ ‭in‬ ‭the‬ ‭identification‬ ‭of‬
‭small‬ ‭lesions‬ ‭that‬ ‭might‬ ‭indicate‬ ‭early-stage‬ ‭neurological‬ ‭deterioration,‬ ‭potentially‬ ‭linked‬ ‭to‬
‭cancer-related‬ ‭effects.‬ ‭Some‬ ‭patients‬ ‭suffer‬ ‭from‬ ‭neurodegenerative‬ ‭conditions,‬ ‭such‬ ‭as‬ ‭cognitive‬
‭decline‬ ‭due‬ ‭to‬ ‭cancer-related‬ ‭factors.‬ ‭AI‬ ‭can‬ ‭help‬ ‭detect‬ ‭these‬ ‭changes‬ ‭early‬ ‭through‬ ‭imaging‬
‭biomarkers,‬ ‭improving‬ ‭treatment‬ ‭outcomes.‬ ‭Studies‬ ‭have‬ ‭highlighted‬‭AI's‬‭role‬‭in‬‭reducing‬‭human‬
‭error‬ ‭rates‬ ‭and‬ ‭variability‬ ‭in‬ ‭interpretation‬ ‭during‬ ‭endoscopic‬ ‭procedures,‬ ‭providing‬ ‭substantial‬
‭support for medical professionals, and improving early detection capabilities.‬

‭AI‬ ‭use‬ ‭in‬ ‭genomic‬ ‭analysis‬ ‭represents‬ ‭a‬ ‭significant‬ ‭advance‬ ‭in‬ ‭cancer‬ ‭diagnosis‬ ‭and‬
‭treatment.‬ ‭Biopsy‬ ‭specimens‬ ‭immunogenomic‬ ‭offers‬ ‭a‬ ‭promising‬ ‭method‬ ‭for‬ ‭personalizing‬
‭treatment,‬ ‭while‬‭genomic‬‭and‬‭molecular‬‭characterization‬‭of‬‭esophageal‬‭cancer‬‭opens‬‭new‬‭avenues‬
‭for‬ ‭innovative‬ ‭therapies.‬ ‭Integrating‬ ‭these‬ ‭approaches‬ ‭into‬ ‭clinical‬ ‭practice‬ ‭can‬ ‭transform‬ ‭cancer‬
‭management by providing patients with more effective and personalized treatments.‬

‭From‬‭a‬‭radiation-oncology‬‭specialist’s‬‭point‬‭of‬‭view,‬‭broad‬‭perspectives‬‭are‬‭emerging‬‭on‬‭the‬
‭application‬ ‭of‬ ‭artificial‬ ‭intelligence‬ ‭in‬ ‭radiotherapy.‬ ‭Thus,‬ ‭the‬ ‭use‬ ‭of‬ ‭AI‬ ‭in‬ ‭the‬ ‭context‬ ‭of‬
‭self-segmentation‬ ‭is‬ ‭explored‬ ‭and‬ ‭current‬ ‭trends‬ ‭in‬ ‭planning,‬ ‭optimization,‬ ‭evaluation,‬ ‭and‬
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‭prognosis‬‭prediction‬‭in‬‭radiation‬‭treatments‬‭are‬‭analyzed,‬‭focusing‬‭on‬‭the‬‭benefits‬‭that‬‭AI‬‭can‬‭bring‬
‭to‬ ‭both‬ ‭patients‬ ‭and‬ ‭medical‬ ‭staff,‬ ‭highlighting‬‭future‬‭perspectives‬‭for‬‭this‬‭technology‬‭in‬‭the‬‭field‬
‭(Jin,‬ ‭D.,‬ ‭et‬‭al.,‬‭2021).‬‭Extensive‬‭studies‬‭have‬‭addressed‬‭the‬‭following‬‭AI-assisted‬‭ESCC‬‭treatment‬
‭perspectives:‬

‭-DeepTarget,‬ ‭with‬ ‭whole‬ ‭tumor‬ ‭assessment‬ ‭and‬ ‭clinical‬ ‭target‬ ‭volume‬ ‭segmentation‬ ‭in‬
‭esophageal cancer radiotherapy (Dong, Y., et al, 2015);‬

‭-Clinical‬ ‭target‬ ‭volume‬ ‭precise‬ ‭delineation‬‭for‬‭cross-segmented‬‭ESCC‬‭based‬‭on‬‭the‬‭lymph‬
‭node metastases model (Liu, Z., et al., 2021);‬

‭-Evaluating‬‭local‬‭and‬‭regional‬‭failure‬‭and‬‭its‬‭impact‬‭on‬‭survival‬‭by‬‭comparing‬‭involved‬‭field‬
‭irradiation‬‭(IFI)‬‭with‬‭elective‬‭lymph‬‭node‬‭irradiation‬‭(ELN)‬‭for‬‭patients‬‭with‬‭esophageal‬‭squamous‬
‭cell carcinoma who underwent postoperative radiotherapy (Moding, E.J., et al. 2013);‬

‭-Advances‬‭in‬‭understanding‬‭the‬‭hallmarks‬‭of‬‭cancer‬‭and‬‭the‬‭discovery‬‭of‬‭specific‬‭pathways‬
‭by‬ ‭which‬ ‭cells‬ ‭react‬ ‭to‬ ‭radiation‬ ‭have‬ ‭opened‬ ‭new‬ ‭perspectives‬ ‭for‬ ‭the‬ ‭development‬ ‭of‬ ‭targeted‬
‭molecular‬ ‭therapies,‬ ‭intending‬ ‭to‬ ‭expand‬ ‭the‬ ‭therapeutic‬ ‭efficacy‬ ‭of‬ ‭radiotherapy‬ ‭with‬ ‭the‬
‭development‬ ‭of‬ ‭strategies‬ ‭that‬ ‭could‬ ‭improve‬ ‭the‬ ‭results‬‭of‬‭radiation‬‭therapy,‬‭either‬‭by‬‭increasing‬
‭the chances of tumor healing or by reducing toxicity on healthy tissues (Xie, Y., et al., 2023);‬

‭-Establishment‬ ‭and‬ ‭validation‬ ‭of‬ ‭an‬ ‭artificial‬ ‭neural‬ ‭network-based‬ ‭radiomics‬ ‭model‬ ‭for‬
‭pretreatment‬ ‭prediction‬ ‭of‬ ‭radiotherapy‬ ‭reaction‬ ‭of‬ ‭advanced‬ ‭ESCC,‬ ‭by‬ ‭using‬ ‭integrated‬ ‭data‬
‭combined with the feasible baseline features of computed tomography (Turing, A.M.I., et al., 1950).‬

‭Integrating‬ ‭artificial‬ ‭intelligence‬ ‭into‬‭esophageal‬‭squamous‬‭cell‬‭carcinoma‬‭treatment‬‭offers‬
‭numerous‬ ‭benefits,‬ ‭from‬ ‭non-invasive‬ ‭and‬ ‭accurate‬ ‭diagnosis‬ ‭to‬ ‭optimizing‬ ‭and‬ ‭personalizing‬
‭radiation‬ ‭therapy.‬ ‭Continued‬ ‭advances‬ ‭in‬ ‭the‬ ‭field‬ ‭promise‬ ‭to‬ ‭significantly‬ ‭improve‬ ‭treatment‬
‭outcomes‬ ‭and‬ ‭patients’‬ ‭quality‬ ‭of‬ ‭life,‬ ‭while‬ ‭reducing‬ ‭the‬ ‭risks‬ ‭and‬ ‭side‬ ‭effects‬ ‭associated‬ ‭with‬
‭traditional procedures.‬

‭AI‬ ‭has‬ ‭facilitated‬ ‭more‬ ‭precise‬ ‭treatment‬ ‭planning‬ ‭and‬ ‭execution‬ ‭in‬ ‭radiotherapy,‬ ‭with‬
‭advancements‬ ‭such‬ ‭as‬ ‭automatic‬ ‭segmentation‬ ‭methods‬ ‭–‬ ‭like‬ ‭the‬ ‭newly‬ ‭developed‬ ‭deep‬ ‭neural‬
‭network GloD-LoATUNet – enhancing the accuracy of tumor volume delineation.‬

‭Integration‬ ‭of‬ ‭AI‬ ‭into‬ ‭molecular‬ ‭and‬ ‭genomic‬ ‭diagnosis‬ ‭has‬ ‭allowed‬ ‭for‬ ‭the‬ ‭prediction‬ ‭of‬
‭treatment responses, opening doors for personalized therapeutic strategies.‬

‭Research‬ ‭in‬ ‭the‬ ‭field‬ ‭of‬ ‭artificial‬ ‭intelligence‬ ‭(AI),‬ ‭particularly‬ ‭when‬ ‭applied‬ ‭to‬ ‭medical‬
‭diagnosis‬ ‭and‬‭treatment,‬‭often‬‭faces‬‭a‬‭variety‬‭of‬‭limitations.‬‭One‬‭of‬‭the‬‭primary‬‭challenges‬‭is‬‭data‬
‭quality‬ ‭and‬ ‭availability,‬ ‭as‬ ‭most‬ ‭AI‬ ‭models‬ ‭require‬ ‭large‬ ‭volumes‬ ‭of‬ ‭high-quality‬ ‭data‬ ‭to‬ ‭learn‬
‭effectively.‬ ‭In‬ ‭many‬ ‭instances,‬ ‭the‬ ‭necessary‬ ‭data‬ ‭may‬ ‭be‬ ‭incomplete,‬ ‭inconsistent,‬ ‭or‬‭difficult‬‭to‬
‭access, which can hinder the development and accuracy of these models.‬

‭Data‬ ‭heterogeneity‬ ‭is‬ ‭another‬ ‭significant‬ ‭limitation,‬ ‭as‬ ‭data‬ ‭sourced‬ ‭from‬ ‭different‬
‭institutions,‬ ‭machines,‬ ‭or‬ ‭patient‬ ‭populations‬ ‭can‬ ‭vary‬ ‭widely,‬ ‭leading‬ ‭to‬ ‭inconsistency‬ ‭that‬ ‭can‬
‭affect‬ ‭the‬ ‭model’s‬ ‭performance.‬ ‭This‬ ‭variability‬ ‭necessitates‬ ‭extensive‬ ‭preprocessing‬ ‭and‬
‭normalization efforts to ensure that the AI systems can generalize across diverse datasets.‬

‭Population‬‭diversity‬‭further‬‭complicates‬‭the‬‭generalizability‬‭of‬‭AI‬‭models.‬‭Many‬‭models‬‭are‬
‭trained‬‭on‬‭specific‬‭populations‬‭or‬‭demographics,‬‭which‬‭can‬‭limit‬‭their‬‭effectiveness‬‭when‬‭applied‬‭to‬
‭different‬ ‭groups.‬ ‭For‬ ‭instance,‬ ‭a‬ ‭model‬ ‭trained‬ ‭on‬ ‭a‬ ‭predominantly‬‭caucasian‬‭population‬‭may‬‭not‬
‭perform‬‭as‬‭well‬‭on‬‭a‬‭diverse,‬‭multi-ethnic‬‭cohort.‬‭This‬‭limitation‬‭underscores‬‭the‬‭need‬‭for‬‭training‬
‭datasets‬ ‭to‬ ‭be‬ ‭representative‬ ‭of‬ ‭the‬ ‭broader‬ ‭population‬ ‭to‬ ‭avoid‬ ‭biases‬ ‭and‬ ‭ensure‬ ‭equitable‬
‭performance across all patient groups.‬

‭The‬‭cost‬‭associated‬‭with‬‭developing,‬‭implementing,‬‭and‬‭maintaining‬‭AI‬‭systems‬‭is‬‭another‬
‭major‬‭consideration.‬‭The‬‭financial‬‭investment‬‭required‬‭for‬‭these‬‭technologies‬‭includes‬‭not‬‭only‬‭the‬
‭initial‬ ‭development‬ ‭and‬ ‭acquisition‬ ‭of‬ ‭data,‬ ‭but‬ ‭also‬ ‭ongoing‬ ‭expenses‬ ‭related‬‭to‬‭system‬‭updates,‬
‭maintenance,‬ ‭and‬ ‭integration‬ ‭with‬ ‭existing‬ ‭healthcare‬ ‭infrastructure.‬ ‭Small‬ ‭or‬ ‭under-resourced‬
‭medical‬ ‭facilities‬ ‭may‬ ‭find‬ ‭it‬ ‭challenging‬ ‭to‬ ‭allocate‬ ‭the‬ ‭necessary‬ ‭funds‬ ‭for‬ ‭these‬ ‭advanced‬
‭systems, potentially leading to disparities in access to cutting-edge diagnostic and treatment tools.‬
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‭Despite‬ ‭these‬ ‭limitations,‬ ‭ongoing‬ ‭research‬ ‭and‬ ‭technological‬ ‭advancements‬ ‭continue‬ ‭to‬
‭address‬ ‭these‬ ‭challenges,‬ ‭bringing‬ ‭AI‬ ‭closer‬ ‭to‬ ‭realizing‬ ‭its‬ ‭full‬ ‭potential‬ ‭in‬ ‭enhancing‬ ‭medical‬
‭diagnosis and treatment.‬

‭5. Conclusions‬
‭The‬‭field‬‭of‬‭AI‬‭in‬‭the‬‭diagnosis‬‭and‬‭treatment‬‭of‬‭esophageal‬‭cancer‬‭is‬‭solidly‬‭positioned‬‭at‬

‭the‬ ‭forefront‬ ‭of‬ ‭medical‬ ‭innovation,‬ ‭offering‬ ‭promising‬ ‭prospects‬ ‭for‬ ‭further‬ ‭advancements.‬
‭Continuous‬ ‭research‬ ‭and‬ ‭development,‬ ‭coupled‬ ‭with‬ ‭efforts‬ ‭to‬ ‭address‬ ‭existing‬ ‭limitations,‬ ‭are‬
‭likely‬‭to‬‭enhance‬‭AI’s‬‭role‬‭in‬‭personalized‬‭medicine,‬‭improving‬‭diagnosis‬‭accuracy‬‭and‬‭therapeutic‬
‭efficacy.‬‭As‬‭AI‬‭technologies‬‭continue‬‭to‬‭mature,‬‭they‬‭hold‬‭the‬‭potential‬‭to‬‭revolutionize‬‭cancer‬‭care,‬
‭promoting‬ ‭more‬ ‭precise,‬ ‭personalised,‬ ‭and‬‭effective‬‭treatment‬‭paradigms.‬‭These‬‭solid‬‭foundations‬
‭position‬ ‭AI‬ ‭as‬ ‭a‬ ‭critical‬ ‭tool‬ ‭in‬ ‭transforming‬ ‭clinical‬ ‭practice‬ ‭and‬ ‭improving‬ ‭patient‬ ‭outcomes‬ ‭in‬
‭esophageal squamous cell carcinoma.‬

‭Latest‬ ‭advances‬ ‭in‬ ‭artificial‬ ‭intelligence‬ ‭use‬ ‭and‬ ‭integrated‬ ‭endoscopic‬ ‭technologies‬ ‭have‬
‭transformed‬‭approaches‬‭in‬‭esophageal‬‭cancer‬‭treatment‬‭and‬‭diagnosis.‬‭The‬‭implementation‬‭of‬‭these‬
‭technologies‬ ‭offers‬ ‭significant‬ ‭opportunities‬‭to‬‭enhance‬‭diagnosis‬‭accuracy,‬‭disease‬‭treatment,‬‭and‬
‭prognosis.‬ ‭Artificial‬ ‭intelligence‬ ‭plays‬ ‭an‬ ‭important‬ ‭role‬ ‭in‬ ‭malignant‬ ‭lesions‬ ‭early‬ ‭detection,‬
‭reducing‬‭errors‬‭and‬‭inter-rater‬‭variability,‬‭which‬‭can‬‭revolutionize‬‭clinical‬‭practice‬‭and‬‭lead‬‭to‬‭more‬
‭personalized‬ ‭and‬ ‭effective‬ ‭treatments.‬ ‭Also,‬ ‭advances‬‭in‬‭genomic‬‭and‬‭molecular‬‭analysis‬‭increase‬
‭the‬ ‭prospect‬ ‭of‬ ‭developing‬ ‭innovative‬ ‭therapies‬ ‭tailored‬ ‭specifically‬ ‭to‬ ‭each‬ ‭patient,‬ ‭which‬ ‭could‬
‭radically transform the management of esophageal cancer.‬
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