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Abstract

Gastric cancer (GC) is a prevalent malignant tumor within the digestive system,
with over 40% of new cases and deaths related to GC globally occurring in China.
Despite advancements in treatment modalities, such as surgery supplemented by
adjuvant radiotherapy or chemotherapeutic agents, the prognosis for GC remains
poor. New targeted therapies and immunotherapies are currently under invest-
igation, but no significant breakthroughs have been achieved. Studies have
indicated that GC is a heterogeneous disease, encompassing multiple subtypes
with distinct biological characteristics and roles. Consequently, personalized
treatment based on clinical features, pathologic typing, and molecular typing is
crucial for the diagnosis and management of precancerous lesions of gastric
cancer (PLGC). Current research has categorized GC into four subtypes: Epstein-
Barr virus-positive, microsatellite instability, genome stability, and chromosome
instability (CIN). Technologies such as multi-omics analysis and gene sequencing
are being employed to identify more suitable novel testing methods in these areas.
Among these, ultrasensitive chromosomal aneuploidy detection (UCAD) can
detect CIN at a genome-wide level in subjects using low-depth whole genome
sequencing technology, in conjunction with bioinformatics analysis, to achieve
qualitative and quantitative detection of chromosomal stability. This editorial
reviews recent research advancements in UCAD technology for the diagnosis and
management of PLGC.

Key Words: Gastric cancer; Precancerous lesions of gastric cancer; Molecular typing;
Ultrasensitive chromosomal aneuploidy detection; Adjuvant therapy; Application
prospects
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Core Tip: The purpose of this editorial is to provide an overview of the current diagnostic and therapeutic guidelines for
gastric precancerous lesions, and to explore the potential clinical application of ultrasensitive chromosomal aneuploidy
detection in the field of gastric cancer prevention and control. By doing so, this article aims to advance future research in this
area.
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INTRODUCTION

Gastric cancer (GC) is the third leading cause of cancer-related deaths globally, with the highest incidence particularly in
East Asia, Central, and Eastern Europe[1]. The number of incidences of GC will likely increase in the future due to higher
socioeconomic status and aging populations[2]. In recent times, the prevalence of pan-cancer screening and gastroscopy
has led to early identification and treatment of a growing number of patients in the initial (gastric pre-cancer) phase. The
use of endoscopic mucosal resection (EMR) and endoscopic submucosal dissection (ESD) has significantly enhanced
patient survival. However, the majority of cases are still diagnosed at an advanced stage, resulting in the majority of
patients succumbing to GC[3]. Despite the advancements in medical technology, a significant number of patients are
reluctant to undergo endoscopy. Thus, researchers are still actively investigating the stages of precancerous lesions of
gastric cancer (PLGC) and searching for more expedited and streamlined diagnostic approaches. These remain pressing
issues in current PLGC research.

Due to the subtle symptoms of GC, the condition is typically discovered at an advanced stage in patients who seek
medical attention, leading to higher mortality rates and a poorer prognosis. Advancements in next-generation sequencing
and other genomic technologies have spurred new research into the molecular characteristics of GC[4]. Gene mutations,
chromosomal aberrations, differential gene expression, and epigenetic alterations are some of the genetic and epigenetic
factors that influence the pathogenesis of GC. Thus, The Cancer Genome Atlas (TCGA) network proposes a four-subtype
classification scheme for GC based on the molecular biology of potential tumors for each subtype, including Epstein-Barr
virus (EBV)-positive, microsatellite instability (MSI), genome stability (GS) type, and chromosome instability (CIN) type
[5]. One of the most frequent genetic alterations is CIN, often referred to as chromosomal copy number aberration (CNA).
The ultrasensitive chromosomal aneuploidy detection (UCAD) technology relies on low-coverage whole-genome
sequencing (LC-WGS) to diagnose or predict a patient's tumor risk by identifying chromosomal CNA in a sample.

The purpose of this editorial is to offer an updated overview of the established diagnostic and treatment criteria for
gastric precancerous lesions. It covers emerging diagnostic and treatment techniques, and explores the potential for
deploying UCAD technology as an early diagnostic tool.

PLGC: EARLY PREVENTION AND CURRENT STATUS IN CLINICAL DIAGNOSIS

At this stage, the clinical consensus of PLGC can be categorized into atrophy (loss of gastric glands), intestinal metaplasia
(replacement of gastric epithelium by intestinal epithelium), and dysplasia (intraepithelial neoplasia, including low-grade
intraepithelial neoplasia and high-grade intraepithelial neoplasia)[6].

Helicobacter pylori (H. pylori) infection, the most common chronic bacterial infection in humans, is the strongest known
risk factor for gastric carcinogenesis. Chronic and persistent inflammation resulting from H. pylori in the stomach lining
may give rise to progressive atrophic gastritis and intestinal metaplasia[7].

H. pylori strains have a cytotoxin-associated gene A (CagA) that encodes a 120-140 kDa CagA protein, an oncoprotein
that affects tumor cells. It also contains additional virulence factors, including vacuolating cytotoxin A, duodenal ulcer-
promoting gene A protein, outer inflammatory protein A, and gamma-glutamyl transpeptidase. Most individuals
infected with H. pylori are asymptomatic, yet have an increased risk of developing peptic ulcers or gastric adenocar-
cinoma(8,9].

In addition to H. pylori, age, tobacco and alcohol consumption, high salt intake and a diet low in fruits and vegetables,
familial susceptibility, previous gastric surgery, and pernicious anemia are all relevant risk factors. It is clear that control
of the above risk factors is an important basis for the prevention of PLGC[10].

Screening for cancer risk factors is a straightforward process; however, precisely identifying at-risk groups for early
screening poses a challenge. To mitigate this, it is essential to implement effective strategies that optimize the selection of
individuals who are most likely to benefit from early screening. The primary diagnostic method currently used is
endoscopic biopsy, with the challenge being the identification of individuals at risk of developing PLGC in the absence of
positive signs[11]. It is apparent that endoscopy, as an invasive medical examination, receives limited acceptance from
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certain demographics who may also be restricted by underlying diseases and age. The development and implementation
of novel early cancer diagnostic tools must adhere to the reliability, reproducibility, and cost control standards set by the
World Health Organization. Furthermore, they must prioritize ease of use and patient comfort[12].

Available studies have shown a significant level of heterogeneity in the histopathology and molecular biology of GC.
Screening for hallmark molecules of PLGC involves identifying genetic or protein markers that can be used for early
diagnosis and prognostic determination. Most of the screened molecules such as oncogenes, intercellular adhesion
molecules, growth factors, and certain hormone receptors exhibit deficiencies in sensitivity, specificity, and reliability,
with only a few being recognized.

A paper published in Nature a few years ago by TCGA proposed dividing GC into four subtypes based on molecular
characteristics[13].

EBV-positive phenotype is frequently associated with PIK3CA mutations, DNA hypermethylation, and amplification
of JAK2, CD274, and PDCD1LG2. MSI is a type characterized by a high mutation rate, including mutations in genes that
activate oncogene signaling pathways. The GS type, which occurs most often in the histologically diffuse form, is caused
by mutations in RHOA or fusions of GTPase-activating protein genes in the THO family. CIN type, which has the
hallmark heterozygous chromosomes and in situ amplification of the receptor lysine kinase.

The conventional method of devising treatment plans based on tumor phenotypic characteristics will be replaced by a
mode that considers gene alterations instead[14]. Utilizing single gene expression changes can direct targeted medication
therapy, which is a more rational, efficient and personalized mode of treatment compared to chemotherapy for the same
morphology type. Additionally, multi-gene detection will become an essential research area[15].

GUIDELINES FOR THE TREATMENT OF PLGC: STANDARDS AND DEVELOPMENTS

Early GC without lymph node metastasis may be treated through endoscopic or surgical means, depending on the extent
of tumor invasion. Adjuvant radiotherapy or chemotherapy is not necessary after surgery.

Locally advanced GC or early GC with lymph node metastasis should be managed using comprehensive surgical
treatment. The decision of direct radical surgery vs preoperative neoadjuvant chemotherapy, before radical surgery,
depends on the depth of tumor invasion and whether or not lymph node metastasis is present. For patients with locally
advanced GC who have undergone successful radical surgery, adjuvant treatment planning (including adjuvant
chemotherapy and, if necessary, adjuvant chemoradiotherapy) should be based on the postoperative pathological staging.

Recurrent or metastatic GC requires comprehensive treatment consisting mainly of medication. Palliative surgery,
radiotherapy, interventional therapy, and local therapies should also be administered as needed, along with optimal
supportive therapies, including analgesia, stenting, and nutrition support. It is essential to give supportive therapies
actively at the appropriate time[16].

Endoscopic techniques
EMR is the endoscopic removal of mucosal lesions, in whole or in part, for the diagnosis and treatment of superficial
tumors of the gastrointestinal tract[17].

ESD is a new technology developed on the basis of EMR. According to the lesions with different parts, sizes and infilt-
ration depths, special electrocautery knives such as IT knives, Dual knives, Hook knives, etc. are selected for endoscopic
gradual separation of tissues between the mucous membrane layer and the intrinsic muscular layer, and finally the lesion
mucous membrane and submucosal layer are completely removed[18].

Other endoscopic treatments include laser therapy, argon knife, microwave therapy, etc. They can only remove the
tumor, but cannot obtain complete pathological specimens or be sure that the tumor is completely removed. Therefore,
they are mostly used for the treatment of precancerous gastric lesions and require close follow-up after treatment, and are
not recommended as the first choice of treatment for early GC[19,20].

Surgery and chemotherapy

PLGC surgery is divided into radical surgery and non-radical surgery. Radical surgery should completely remove the
primary lesion and thoroughly clear the regional lymph nodes, mainly including standard surgery, modified surgery and
extended surgery; non-radical surgery mainly includes palliative surgery and tumor reduction surgery[21,22].

Chemotherapy is divided into palliative chemotherapy, adjuvant chemotherapy, neoadjuvant chemotherapy, and
conversion therapy.

Neoadjuvant chemotherapy is recommended for locally advanced GC without distant metastases (T3/4, N+). The
regimen should consist of a two-drug combination of platinum and fluorouracil or a three-drug combination based on the
two-drug regimen combined with paclitaxel. It should not be used as a single agent[11].

The GC management process is shown in Figure 1.

UCAD APPLICATION PROSPECTS

In the article "Hallmarks of cancer: The next generation" in Cell, the authors systematically summarized various hallmarks of
cancer development. They highlighted genomic instability (or chromosomal instability) as the fundamental cause of
cancer development, present in almost all malignant tumors. Thus, genomic instability is considered the root cause of
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Figure 1 The gastric cancer management process. EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection; GC: Gastric cancer;
PLGC: Precancerous lesions of gastric cancer; UCAD: Ultrasensitive chromosomal aneuploidy detection.

cancer[23].

CIN is a feature of certain cells that results in the production of daughter cells that have an altered chromosome
number or structure. This is a common feature in cancer cells. The fundamental aspects of chromosomal instability
include changes in chromosome copy number, which leads to the emergence of cells with aneuploidy, as well as
alterations in chromosome structure. These changes can include polyploidy, chromosomal translocations, genomic chaos,
and non-clonal chromosomal aberrations[24].

The mechanism behind cancer cells is the irregular distribution of chromosomes during mitosis in zygote cells and the
persistence of errors in chromosome segregation. This leads to modifications in chromosome copy number, as well as
intrachromosomal segment amplification or deletion[25].

The substantial loss, gain, and rearrangement of DNA accumulate, resulting in chromosomal instability. This
instability leads to extensive genomic complexity, which is a hallmark of cancer that is either present or expected.
Chromosomal instability is strongly associated with tumor staging, metastasis, poor prognosis, and treatment resistance.
This includes the loss or amplification of driver genes, focal rearrangements, extrachromosomal DNA, micronucleus
formation, and the activation of innate immune signaling. These mechanisms lead to the diversification of tumor
subclones in terms of space and time. This facilitates metastasis, accelerates the phenotypic adaptation of tumors,
promotes cellular immortality, the escape from immune surveillance, and the development of resistance to drug
treatments, among other processes[26].

CIN has been extensively studied as an innovative test. Using patient-derived tumor organoids to imitate colorectal
cancer, researchers confirmed the existence of anaphase chromatin bridges in colorectal cancer cell lines. Causes consisted
of insufficient disassembly of sister chromatids, telomere fusion producing bicentric chromosomes, and incomplete
replication. These manifestations of CIN are prevalent in organs resembling colorectal cancer and have a significant
impact on tumor evolution and therapeutic response. The levels of CIN and tolerance to mitotic errors play a crucial role
in shaping the aneuploid landscapes and karyotypic heterogeneity[27].

Copy number and structural changes due to CIN are common features of multiple myeloma (MM). Primary and
secondary genetic events caused by CIN lead to an increase in malignant plasma cell genomic instability by interfering
with cell cycle checkpoints, thus accelerating proliferation. Thus, an assessment of CIN in MM and its precursor states
may help to mitigate the progression of symptomatic disease and the risk of relapse[28].

CIN plays a role in the development of some subtypes of diffuse infiltrating gliomas. In isocitrate dehydrogenase-
mutant astrocytomas, copy number variation (CNV) levels rise overall with tumor grade, duration, and proximity of
infiltrating cells within the same tumor. The detection of CIN through CNV, DNA methylation, and/or gene expression
profiling can effectively identify gliomas influenced by this molecular mechanism[29].

UCAD is a cutting-edge approach for identifying cellular chromosomal instability. This technique leverages body fluid
free DNA or tissue genomic DNA as a template and utilizes LC-WGS, together with bioinformatics analysis, to identify
chromosomal instability at the genome-wide scale. This technique has the potential to aid in the detection of tumors,
monitor the effectiveness of treatment, and assess the likelihood of recurrence and metastasis. Samples including
peripheral blood, exfoliated cells, menstrual blood, fresh and frozen tissues, formalin-fixed paraffin-embedded, urine,
and others, can be analyzed for diagnostic purposes.
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UCAD has been applied in clinical studies at this stage. Ye et al[30] collected samples of pancreatic cystic fluid from 102
patients with pancreatic cystic neoplasms (PCN) and employed UCAD to examine distinct CIN characteristics among
different types of PCN. The deletion of chr3p and chr6p was used to define subtypes of serous cystadenoma. Meanwhile,
the gain of chrlq and chr8q was associated with latent malignant PCN and facilitated the detection of high-risk
intraductal papillary mucinous neoplasm.

Wang et al[31] collected plasma samples from 47 patients suspected of having lesions in the biliary tract. They utilized
UCAD to analyze free DNA for CNV analysis through low-coverage whole genome sequencing. The results
demonstrated the most frequent copy number gains in chr3q (7/29) and chr8q (6/29), with the most prevalent copy
number losses noted in chr7p (6/29), chr17p (6/29), and chr19p (6/29). The sensitivity and specificity of the plasma CNV
assay for the diagnosis of biliary tract cancer were 89.7% and 88.9%, respectively.

Feng et al[32] obtained 196 plasma samples from two groups of patients: a discovery cohort of individuals with PLC
who were not eligible for surgery, and a validation cohort of patients who underwent pathologically confirmed hepatec-
tomies. Of the 172 individuals, 22 (95.7%) surgically ineligible hepatocellular carcinomas were identified as having CNV
in at least 1 of the 29 segments. 54 (69.4%) of the hepatocellular carcinomas eligible for surgery received positive
screenings, and subsequently, confirmed to be cancerous by pathologic examination. Additionally, 26/27 non-cancers
were identified with negative screenings.

Ye et al[33] gathered mucosal samples from 40 patients with GC from the hospital. 20 were microbiome-enriched, 5
tested positive for EBV DNA, and 15 had H. pylori DNA. Meanwhile, 20 of the samples were found to have CIN. UCAD
can be used to identify 3 distinct subtypes of GC in the Chinese population, providing valuable guidance for future
research on GC treatment and prevention. UCAD can identify three distinct subtypes of GC in the Chinese population.
This finding could provide valuable guidance for further research on the prevention and treatment of GC.

CONCLUSION

In recent years, there has been an acceleration in precision treatment for PLGC, however, obstacles remain. The evolving
endoscopic technology and surgical treatment have not sufficiently addressed the high recurrence rate after surgery.
While there is a clinical benefit trend in anti-HER?2 therapy and anti-CLDN18.2 monoclonal antibody therapy, additional
research is necessary to optimize treatment and maximize patient benefit[34,35]. Early diagnostic treatment remains a
pressing and essential need for improvement with a significant demand for less invasive or non-invasive testing and
highly specific biomarkers[36]. Research efforts must focus on developing more convenient, comfortable, and highly
accurate diagnostic tests, like tests on body fluids such as peripheral blood, urine or saliva, and gastric fluids, for early
assessment of the likelihood of patient progression. Early treatment is critical for reducing the risk of developing GC.

In this context, UCAD has been researched and applied as a new test for early prevention in patients with positive
early sequencing results or for gastroscopy and treatment to timely remove lesions at a stage when PLGC has not
progressed. With the gradual decrease in the cost of second-generation sequencing, UCAD assays are expected to become
more cost-effective in the near future. Meanwhile, the UCAD assay can capture both human and microbiome DNA while
detecting specimens from mucosal, blood, and urine sources. This convenience, comfort, and information make it a
superior technology for GC subtyping compared to other methods. Overall, this new approach may improve diagnostic
and therapeutic strategies for PLGC in a cost-effective manner, achieving true precision.
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