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Abstract

BACKGROUND

Gastric cancer is a leading cause of cancer-related mortality worldwide. Many somatic
mutations have been identified based on next-generation sequencing; they likely play a
vital role in cancer treatment selection. However, next-generation sequencing has not

been widely used to diagnose and treat gastric cancer in the clinic.

AIM
To test the mutant gene frequency as a guide for molecular diagnosis and personalized

therapy in gastric cancer by use of next-generation sequencing.

METHODS

We constructed a panel of 24 mutant genes to detect somatic nucleotide variations and
copy number variations based on an next-generation sequencing technique. Our custom
panel included high-mutation frequency cancer driver and tumour suppressor genes.
Mutated genes were also analysed using the cBioPortal database. The clinical
annotation of important variant mutation sites was evaluated in the ClinVar database.
We searched for candidate drugs for targeted therapy and immunotherapy from the

OncoKB database.

RESULTS

In our study, the top 16 frequently mutated genes were TP53(58%), ERBB2(28%),
BRCA2 (23%), NF1(19%),PIK3CA(14%),ATR(14%),MSH2(12%),FBXW7(12%),BMPR1A
(12%), ERBB3 (11%), ATM(9%), FGFR2(8%), MET(8%), PTEN(6%), CHD4(6%), and
KRAS(5%). TP53 is a commonly mutated gene in gastric cancer and has a similar
frequency to that in the cBioPortal database. 33 gastric cancer patients (51.6%) with
microsatellite stability and eight patients (12.5%) with microsatellite instability-high

were investigated. Enrichment analyses demonstrated that high-frequency mutated




genes had transmembrane receptor protein kinase activity. We discovered that BRCA2,

PIK3CA, and FGFR2 gene mutations represent promising biomarkers in gastric cancer.

CONCLUSION
We developed a powerful panel of 24 genes with high frequencies of mutation that
could detect common somatic mutations. The observed mutations provide potential

targets for the clinical treatment of gastric cancer.
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Core Tip: High frequencies of mutation might provide new insights for individualized
and precise treatment by use of next-generation sequencing in gastric cancer patients.
However, next-generation sequencing has not been widely used to diagnose and treat
gastric cancer in clinical practice. Thus, this study analysed 24 powerful genes with high

frequencies of mutation based on an next-generation sequencing technique.

INTRODUCTION

Gastric cancer (GC) is a common malignancy worldwide; although the ipcidence and

mortality of GC have declined globally over the past 50 years, it remains the fifth most
frequently diagnosed cancer and the third leading cause of cancer-related deathl!l. It is
estimated that GC is the second most common cancer in China and ranks third in
cancer-related deaths/?. The mechanisms underlying GC metastasis and adverse
prognostic factors are still unclear, mainly due to the high heterogeneity of tumours[3l.

Moreover, the efficacy of traditional methods, such as surgery, radiotherapy, and




chemotherapy, is limited and the majority of GC patients are already at an advanced
stage when diagnosedl®l. The molecular characteristics of mutated genes can provide
guidance for potential therapeutic biomarkers and have significant clinical implications
for GC diagnosis and treatment/51.

The classic pathological classification of GC is mainly based on gross and histological
morphology as well as cell biological characteristics, including the Borrmann, Lauren,
and WHO classifications. With the development molecular diagnostic techniques,
especially next-generation sequencing (NGS), The Cancer Genome Atlas (TCGA) and
the Asian Cancer Research Group (ACRG) have unprecedented insight into the
molecular characteristics of GCl67l. Targeted therapy or immunotherapy needs to be

mbined with the molecular characteristics of GC. In clinical practice, both the
National Comprehensive Cancer Network (NCCN) guidelines and Chinese Society of
Clinical Oncology (CSCO) guidelines have affirmed the value and significance of NGS
in the treatment of GC,_and it has been increasingly used in clinical practice for the
diagnosis of cancers, such as breast cancer and non-small-cell lung cancerfl. As an
essential complement to pathological diagnoses, NGS is an increasingly accessible
choice for clinical doctors and researchers(’?l. NGS requires only small amounts of
tissue, such as fresh tissue or formalin-fixed paraffin-embedded (FFPE) tumour tissue
specimens. This method can rapidly identify specific changes in DNA sequences and
detect multiple targets simultaneously. NGS technology can facilitate more accurate
targeted therapy and immunotherapy and improve its therapeutic effect in GCI1-13,
However, the clinical applications of molecular classification are limited because it is
difficult to significantly improve therapeutic effects and select individualized
treatments in GC.

We explored a panel with 24 genes with a high frequency of mutation related to GC
in the present study. We used NGS technology combined with bioinformatics methods
to quickly identify differences in mutated genes and obtained valuable gene expression
information. FFPE tumour tissue specimens were obtained from 64 GC patients. We

analysed the correlation between TP53 gene mutations and their clinicopathological




features to develop a detailed solution for important mutation sites and recommend
mutation-based treatment options. In addition, we discovered promising target sites,

which can provide insights into drug development in follow-up clinical research.

MATERIALS AND METHODS

Patients and tissue samples

We recruited 64 patients with GC from the First Affiliated Hospital of Bengbu Medical
College. This research was approved by the First Affiliated Hospital of Bengbu Medical
College and performed in accordance with the Declaration of Helsinki. All patients
provided signed informed consent for voluntary participation in the study. 64 patients
had not received chemotherapy or radiotherapy before sample collection. FFPE tumour
tissue specimens from GC patients who received gastrectomy or gastroendoscopic
surgery were obtained from the pathology department. We used germline DNA from
FFPE paracancerous tissues as a reference to detect somatic variation. We utilized a
high-throughput sequencing platform and domain capture technology of the target area
to test a novel 24-gene panel (Tablel).

DNA extraction and quality control

Genomic DNA (gDNA) from FFPE cancer and paracancerous tissues was extracted
using a QIAGEN tissue kit (QIAGEN GmbH, Hilden, Germany) according to the
manufacturer's specifications. The DNA concentration was analysed using a Qubit® 2.0
Fluorometer (Thermo Fisher Scientific, Waltham, MA, USA), and DNA integration was
evaluated using an Agilent Bioanalyzer 2100 instrument (Agilent Technologies, Santa
Clara, CA, USA). We used multimembrane polymerase chain reaction (PCR) to assess
FFPE DNA integrity.

Library preparation and hybridization capture

The novel 24-gene panel consisted of introns, promoters, and fusion regions. 24 mutated
genes were recorded in the Catalogue of Somatic Mutations in Cancer (COSMIC)

database (http://cancer.sanger.ac.uk/cosmic). The library was prepared using an Ion

Ampliseq Library kit 2.0 (Life Technologies) according to the manufacturer’s




specifications. We submitted 300 ng of gDNA for each tissue from each sample using an
ultrasonicator (Covaris, Woburn, MA, USA). Next, small fragments of the 200 bp main
band were used to perform end repair, a-tailing, and adapter ligation with the KAPA
LTP Library Preparation kit according to the manufacturer’s instructions. Fragmented
DNA was converted to an NGS library. After subsequent PCR amplification, the cDNA
was quality-controlled and purified. The pre-library was mixed according to the
proportion of the data volume. A hybridization system was configured, and magnetic
beads were captured.

Clustering and sequencing

The library was diluted to a concentration of 100 pM using the Ion Library Equalizer kit
(Life Technologies, USA) before template preparation. Enriched, templated ion sphere
particles were obtained using a DA8600 Ion Proton sequencer (DAANGENE, China)
equipped with an Ion P1 chip (Life Technologies, USA).

Bioinformatics analysis

Raw NGS data analysis, including base calling, quality control, and sequence alignment
to the hg19 human reference genome, was performed with Ion Reporter software (Life
Technologies, Carlsbad, CA, USA). All variants were visually confirmed using the
Integrative Genomics viewer (IGV). Mutations were named according to the Single

Nucleotide Polymorphism database (dbSNP)(http: / /www.ncbi.nlm.nih.gov/snp/) and

COSMIC database. The mutation population frequencies were annotated by the NHLBI
Exome Sequencing Project (http://evs.gs.washing ton.edu/EVS/).

A “stomach adenocarcinoma” study (TCGA, Nature 2014) containing 295 samples is
available in the cBioPortal database. By choosing mRNA expression Z scores relative to
diploid samples (RNA Seq V2 RSEM) within two SDs from the mean (a threshold of
+2.0), the complete data of 258 patients were downloaded from the cBioPortal database

(http:/ /www .cbioportal.org). The variant sites of mutated genes were indicated by

reference to the ClinVar database (http://www.ncbi.nlm.nih.gov/clinvar). Mutation-

based targeted drug recommendation information was identified using the OncoKB

database (https://github.com/oncokb). Gene Ontology (GO) and Kyoto Encyclopedia




of Genes and Genomes (KEGG) pathway analyses were performed to explore the
related enrichments and pathways using Cluster Profiler in R software.

Statistical analysis

We used R software (version 4.0.5), SPSS 22.0 (SPSS Inc. Chicago, IL, USA) and
GraphPad Prism 9 (GraphPad Software Inc., La Jolla, CA, USA) for statistical analyses.
Chi-square tests were employed to analyse the relationship between TP53 mutations
and clinicopathological characteristics. FDR<0.05 was used to evaluate the significance
of GO terms and KEGG pathways. Differences at P<0.05 were considered statistically

significant.

RESULTS

Clinical and histopathologic features of patients

First, we analysed 64 Chinese GC patients. The median age was 64 years. Of the
patients, 78.1% were male and the primary clinical stage was II/III (79.7%).
Histologically, intestinal GC accounted for 62.5%, and diffuse GC accounted for 34.4%.
Subsequently, 295 patients were selected from the cBioPortal database of varying races,
including Caucasian (58.3%), Asian (26.1%), and other races; 258 patients were analysed
as a control group. The majority of patients in this group were also male (60.5%). The
primary clinical stage was II/III (75.2%), and the major histology was intestinal GC
(65.5%). All patients’ clinical data are shown in Table 2.

Detection and analysis of somatic nucleotide variations in the custom panel and
cBioPortal database

24 genes with high frequencies of mutation were detected by NGS. Our study found
that the top 16 frequently mutated genes were TP53(58%), ERBB2(28%), BRCA2
(23%),NF1(19%), PIK3CA(14%), ATR(14%),MSH2(12%), FBXW7(12%), BMPR 1A(12%),
ERBB3(11%), ATM(9%), FGFR2(8%), MET(8%), PTEN(6%), CHD4(6%), and KRAS(5%)
(Figure 1). Most gene mutations were missense mutations. We then checked the
mutation frequency of 24 common genes in 258 GC patients using the cBioPortal

database. The top 16 most frequently mutated genes were TP53(48% ),CDKN2A (45%),




PIK3CA(31%), ERBB2(24%), BRCA2(20%), KRAS(18%), ERBB3 (18%), NF1(17%),
PTEN(16%), CHD4(16%), ATM(14%), ATR(14%), FBXW7(14%), MTOR(13%),
FGFR2(13%), and AR(11%) (Figure 2).We found a higher mutation frequency of TP53,
ERBB2, BRCA2, NF1, and PIK3CA in our data and in the cBioPortal database. KRAS
and CDKN2A had lower frequencies of mutations in our custom panel but higher
frequencies in the cBioPortal database. In contrast, BMPR1A and MSH2 had higher
mutations in our custom panel than in the cBioPortal database.

We discovered that TP53 mutations were the highest frequency in both our data and
the cBioPortal database. We then investigated the relationship between TP53 mutations
and clinicopathological features. Although an association was not observed between
clinicaathological features and TP53 mutations(P>0.05) in our custom panel, somatic
TP53 mutations were negatively correlated with distant metastases(p=0.040), and TP53
mutations were also observed less frequently in diffuse GC(p=0.017) in the cBioPortal
database (Table 3). The TP53 mutations were mainly missense mutations, fragment
deletions, and insertions, in both our data and the cBioPortal database (Figure 3A-B).
We discovered that the most common TP53 mutations were R273H/C/S, R175H/C/G,
and R248Q/H in the cBioPortal database (Figure 3C). These mutation hotspots were
also detected in our cohort. TP53 mutation sites are recorded as pathogenic mutations
in Li-Fraumeni syndrome(LFS) and hereditary cancer predisposition in the ClinVar
database.

This study detected ERBB2 mutations in 18 samples. Four samples with ERBB2 point
mutations also had concurrent ERBB2 amplification, and two patients had concurrent
amplification with ERBB3. ERBB2 was mainly mutated in this study but mainly
amplified in the cBioPortal database (Figure 4A-B). The most common ERBB2 mutation
occurred at S310F in the cBioPortal database (Figure 4C), although a mutation at S310F
was not detected in our study. However, four patients with the p.V842 mutation were
found in our cohort. The V842 mutation site is a potential pathogenic mutation in

stomach adenocarcinoma according to the ClinVar database.




BRCA2 mutations were found in 15 patients in our cohort; 3 mutations were
synonymous and 12 were nonsynonymous. The nonsynonymous mutations included
missense mutations and frameshift mutations. Two samples had BRCA2 at N1784Kfs*3
in the cBioPortal database (Figure 5A), but we did not find any BRCA2 mutations at
N1784Kfs*3 in our panel. NF1 mutations were found in 13 patients in our cohort. NF1
was detected at the 1679Dfs*21 Location in three samples in the cBioPortal database
(Figure 5B), but none of the patients in our study had a mutation at this particular
location. The PIK3CA mutation was found in nine patients in our cohort. The mutation
hotspots of PIK3CA were E542K, E545K, and H1047R, which was consistent with the
cBioPortal database (Figure 5C). Furthermore, we found the E545K mutation in four
patients and H1047R in one patient. E545K and H1047R are recorded as likely
pathogenic mutations in stomach adenocarcinoma according to the ClinVar database.
Functional enrichment analysis of the mutated genes by GO and KEGG analysis
We performed an entichment analysis to identify the biological function of the 24
differentially mutated genes associated with GC. The GO enrichment analysis included
biological processes, cellular components, and molecular functions. The related
biological processes primarily consisted of protein kinase B signalling, epithelial cell
proliferation, and protein kinase B signalling regulation; the cellular components
included the chromosome region and cytoplasmic side of the plasma membrane; and
the enriched molecular functions consisted of transmembrane receptor protein kinase
activity. Thus, the GO enrichment analysis demonstrated that the biological function of
these mutations might be related to the tumour interaction with transmembrane
receptor protein kinase activity (Figure 6A). The KEGG pathway analysis indicated that
these genes were enriched in tumour-related signalling pathways, including the
PI3BK-Akt, MAPK_and Ras signalling pathways and platinum drug resistance (Figure
6B). In summary, these results indicated that the function of these mutated genes was
highly associated with the occurrence of GC.

Clinical indications for targeted therapy




To evaluate the clinical value and predict the response to targeted therapy in these gene
mutations, we searched for targeted drugs wusing the OncoKB database

(https:/ /github.com/oncokb). The OncoKB database, a comprehensive and precise

oncology database, can classify mutated gengs and provide clinical evidence levels.
There are four OncoKB therapeutic levels of evidence: level 1, FDA-approved drugs;
level 2, standard care; level 3, clinical evidence; and level 4, biological evidence. We
discovered that many gene mutations in our data were recognized as standard care
biomarkers corresponding to FDA-approved drugs (Table 4). Ten patients showed
ERBB2 amplification in our data; these patients would apparently benefit from FDA-
approved ERBB2 inhibitors, including trastuzumab and pertuzumab. For patients with
an ERBB2 mutation at V8421, which is level 3B in breast cancer, neratinib can be used.
Alpelisib plus fulvestrant targets the PIK3CA alteration at the C420R, E542, E545, Q546,
and H1047 sites. BRCA2 alteration is classified as level 3B in peritoneal serous
carcinoma and breast cancer, and it responds to olaparib and talazoparib. The KRAS
mutation at G12C is considered level 3B and represents a predictive target for adagrasib
and sotorasib in non-small-cell lung cancer. The NF1, FGFR2, PTEN, MET, KRAS, KIT,
MTOR, CDKN2A, and PDGFRA mutations are currently level 4 mutations. Large
clinical studies are needed to explore the efficacy of these targets in GC. The results can
provide clinical actionability for targeted therapy.

Distribution of microsatellite instability in gastric cancer

Microsatellite instability (MSI) is a biomarker of sensitivity to immune checkpoint
inhibitors. Microsatellites are short tandem repeats throughout the human genome.
Tumour tissue has altered microsatellite length due to the insertion or deletion of
repeated units; this tissue promotes the appearance of new microsatellite alleles
compared to normal tissue. We obtained the results of MSI testing and divided MSI into
three levels. MSI=0 was defined as microsatellite stability (MSS); 0<MSI<0.3 was
defined as microsatellite instability-low (MSI-L); and MSI20.3 was defined as
microsatellite instability high (MSI-H).




MSS was the primary type in the present study, accounting for 51.6% of patients. The
percent of MSI-L was 35.9%, and the percent of MSI-H was 12.5% (Figure 7A). In the
cBioPortal database, MSS was also the dominant type. However, the proportion of MSI-
H was higher than that observed in our data (Figure 7B). The mismatch repair (MMR)
system repairs defects during DNA replication. MSI can thus result from germline
mutations in certain MMR genes. MSH2 is a DNA mismatch repair gene that is
associated with Lynch syndrome; we found MSH2 mutations in nine patients. We
found the T8M mutation in four patients. This mutation is recorded as a pathogenic
mutation in Lynch syndrome and hereditary cancer predisposition according to the
ClinVar database. Overall, these results suggest that MSI plays a significant role in the

heterogeneity of GC and the selection of treatment options.

DISCUSSION

NGS is a robust technology platform in the field of oncology that can help doctors
accurately and thoroughly understand the gene mutation status of patients in a short
period of time and thereby assist in guiding selection of therapeutic strategies!4l. In this
study, 24 mutated genes were identified as GC-related genes with a high frequency of
mutation; they can be used to provide patients with personalized and accurate
treatment. Our results showed that somatic nucleotide variations were detected in all 64
patients. Thus, our study identified an efficient custom panel of 24 mutant genes that
can quickly provide common drug targets with a relatively low detection cost.

Our study found a higher mutation frequency of TP53, ERBB2, BRCA2, NF1, and
PIK3CA in GC. TP53 is the most common gene mutation associated with GC, which is
consistent with previously reported results!'®. TP53 is closely associated with biological
processes, including the effects of the cell cycle, DNA repair, energy metabolism, and
antioxidant defencel617l. Our study discovered TP53 mutation hotspots, including
R175, R248, and R273. A related clinical study also confirmed that TP53 point mutations
in tumours mainly occurred at the same conserved sites. Recent research indicated that

GC patients with these hotspot mutations had poor prognoses!'8l. A study




demonstrated that the prodrug APR-246 could represent a new cancer treatment
strategy for mutant p53 because it can promote tumour cell death!]. Lee et al.found that
adavosertib (WEE1 inhibitor) combined with paclitaxel showed high tumour reduction
in GC patients with TP53 mutations[20l.

ERBB2 hotspot mutations are found in the extracellular domain (ECD; primarily
S310F) in the public database. However, we identified an ERBB2 mutation at V842,
which is commonly found in colorectal cancerl2ll. We discovered that 15 patients carried
BRCA1/2 mutations. The current study also demonstrated that GC or GEJ tumour
patients carried BRCA1/2 mutationsi22l, which may be related to tumorigenesis,
including GC development. A molecular analysis of BRCA1/2 mutations clearly
revealed distinct categories of tumours/®l. A recent study showed that NF1 has
prognostic relevance to clinical outcomes in GC patients(2! and leads to the
dysregulation of the RAS/MAPK pathwayl!®l. Our study demonstrated that PIK3CA
mutations were highly frequent and occurred at the E542K and H1047R sites. A
previous study showeduthat overexpression of the PIK3CA gene due to H1047R or
E542K point mutations can induce gain-of-function activation of the PI3K-AKT-mTOR
pathway and cause phenotypic changes in human cancers, such as enhanced
proliferation and invasionl?l. These genes could become potential prognostic markers
and biomarkers for the treatment of GC patients.

In addition, we found different phenomena in two separate cohorts. In our database,
KRAS and CDKN2A had lower mutation frequencies and BMPR1A and MSH2 had
higher mutation frequencies than those in the cBioPortal database. This discrepancy
may be due to tumour heterogeneity, sample size, and/or patient race. We found three
patients with KRAS mutations and two with KRAS amplification. Fu et al.demonstrated
that Chinese GC patients with KRAS mutations at the G12V site had shorter OS than
patients with wild-type KRAS 27]. BMPR1A and MSH2 are GC susceptibility genes;
therefore, this finding has potential implications for screening and managing these gene

carriers.




We thelﬁxplored promising drugs for potential therapeutic targets. ERBB2 is also
known as human epidermal growth factor receptor-2 (HER-2) and belongs to the family
of epidermal growth factor (EGF) receptor tyrosine kinases!?l. EGF receptor tyrosine
kinases can act on downstream MAPKs and the PI3K pathway to promote cancer
development. Trastuzumab, combined with chemotherapy and pembrolizumab, has
shown promising antitumour activity in patients with advanced GCI?’l; therefore, the
OncokB database recommends these drugs as level 1. A recent clinical study found
synergistic antitumour activity of an Fc-optimized anti-HER2 drug (margetuximab)
with an anti-PD-1 checkpoint blocking drug (pembrolizumab)B30. In addition, several
new ERBB2 tyrosine kinase inhibitors have been developed, including tucatinib,
poziotinib, and pirotonibl®!l. Tyrosine kinase inhibitors (TKIs) directly act on intra
cellular protein tyrosine kinases by competitively binding to the tyrosine kinase domain
and inhibiting tyrosine kinase phosphorylation. TKIs thus play an important role in
personalized therapy of GC.

PIK3CA, a downstream signalling pathway of EGFR and ERBB2, has been frequently
identified as echanism of drug resistance. A phase I multicentre clinical trial
evaluated the safety of the PI3K inhibitor BYL719 in combination with the HSP90
inhibitor AUY922 for treating advanced GC. Currently, the FDA has approved PARP
inhibitors for treating ovarian, breast, prostate, and pancreatic cancers that carry BRCA
mutations. The detection of embryonic BRCA1/2 mutations may help promote the
development of PARP inhibitors in gastroesophageal cancer. We then determined that
the BRCA2 mutation was associated with genetic susceptibility for cancer. The BRCA2
mutation at 12490T is likely associated with pathogenic mutations in hereditary breast-
ovgrian cancer syndrome according to the ClinVar database.

FGFR2 is a member of the fibroblast growth factor receptor (FGFR) family and is
located at 10g26. Our study found that approximately 8% of patients had FGFR2
mutations. Prior research has indicated that approximately 5-10% of GC patients show
FGFR2 amplification, which is associated with a poor prognosisi2l. The FIGHT study

demonstrated that bemarituzumab combined with chemotherapy significantly




improved progression-free survival and overall survival in fibroblast growth factor
receptor 2b-positive (FGFR2b+) advanced GCI33l. Research has shown that the CDK4/6
inhibitor PD-0332991 could be a promising therapeutic agent for those with CDKN2A
mﬁations, which occur at high frequency in GCI34l.

Numerous studies have shown that MSI is caused by defects in MMR genes, which
are closely related to the occurrence of tumours. MSI has been shown to play an
essential role in the development of GC. MSI is a highly mutated phenotype caused by
short repeat polymorphisms and single nucleotide substitutions in MMR DNA. The
hMSH?2 gene is one of the critical proteins in MMR. A clinical study suggested that MSI-
H/dMMR-positive tumour patients who received preoperative chemotherapy
combined with surgery had a poorer prognosis than patients who underwent surgery
alone. This result indicated that identifying the MSI/MMR status might help screen
patients with GC who need preoperative chemotherapy!®l. More importantly, MSI-
H/dMMR has been recognized as one of the critical biomarkers in immunotherapy for
GCll. The Keynote-062 study showed that pembrolizumab combined with chemo
therapy could prolong the survival of GC patients with MSI-HP7l. The results suggested
that immunotherapy should play a significant role in GC.

Our research found that the MSH2 mutation probability was 18.75% in our panel but
2.7% in the cBioPortal database. This difference might be due to the selected population
and sample quantity. In addition, it could be related to race. A study reporting clinical
risk factors found that male sex, advanced age, MLH1 or MSH2 mutations, and a family
history of Lynch syndrome were associated with an increased risk of GCB8l. These
findings suggest that an individualized, risk-stratified surveillance approach may be
appropriate for individuals carrying Lynch syndrome-associated mutations to reduce
GCrisk.

Taken together, these findings suggest that this novel panel of 24 genes with high
frequencies of mutation might provide new insights for individualized and precise
treatment in GC patients. Nevertheless, there are some limitations to our study. First,

we only compared our data with that of data from the cBioPortal database; thus, a




multi-database analysis is required for further validation. Second, the use of NGS could
lead to few clinically meaningful responses. Patients and their doctors may jointly
decide to order a gene panel at no additjgnal cost from the public health care system.In
addition, the frequently mutated genes need to be further explored to determine their
functions and underlying mechanisms. Therefore, large cohorts in multicentre
prospective clinical studies are needed to validate these prognostic mutation genes and

their frequency to guide clinical targeted treatment.

CONCLUSION

A novel panel of 24 gastric cancer-related genes with a high frequency of mutation can
be used to quickly detect mutated genes based on high-throughput sequencing. Mutant
gene information, including insertions, deletions, copy number changes, and structural
variations, can be efficiently captured. The observed mutations can provide potential

targets for the clinical treatment of gastric cancer.
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