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To claim the features of nontumor tissue in gastric cancer patients, especially in those who have undergone gastrectomy, and to
identify the molecular subtypes, we collected the immunogenic and hallmark gene sets from gene set enrichment analysis. �e
activity changes of these gene sets between tumor (375) and nontumor (32) tissues acquired from the Cancer Genome Atlas
(TCGA-STAD) were calculated, and the novel molecular subtypes were delineated. Subsequently, prognostic gene sets were
determined using least absolute shrinkage and selection operator (lasso) regression prognostic method. In addition, functional
analysis was conducted. Totally, three subtypes were constructed in the present study, and there were di�erences in survival
among three groups. Functional analysis showed genes from normal gene set were related to cell adhesion, and genes from tumor
gene set were associated with focal adhesion, PI3K-Akt signaling pathway, regulation of actin cytoskeleton, and VEGF signaling
pathway. Our study created lasting value beyond molecular subtypes and underscored the signi�cance of normal tissues in gastric
cancer development, which drawn a novel prognostic model for gastric treatment.

1. Introduction

Gastric cancer ranks the �fth most common malignancy
worldwide and remains the dominant cause of cancer-re-
lated deaths in China [1]. �e age-adjusted incidence rate
(21.7 per 100,000 reported in 2019) in China is signi�cantly
higher than that in most developed countries, reminding us
of the urgency of gastric cancer prevention and treatment in
the future [1, 2]. A large proportion of patients present with
distant metastatic lymph nodes at diagnosis. Overall, 5-
�uorouracil (5-FU) (�uoropyrimidines)-based or platinum-
based chemotherapy is still the mainstay of treatment in
metastatic settings [3, 4]. Since the completion of the ToGA
study in 2014, the combination of human epidermal growth
factor receptor 2 (HER2) inhibitors and chemotherapy has
become the standard treatment for advanced gastric cancer
patients with HER2 ampli�cation, prolonging the overall
survival (OS) to 13.8 months [5–7]. In those patients with

HER2-negative gastric cancer, vascular endothelial growth
factor (VEGF)-mediated angiogenesis is necessary for
pathogenesis [8–10]. �erefore, various antiangiogenic
drugs, apatinib, bevacizumab, and ramucirumab have been
approved as a standard treatment for prolonging overall
survival in subsequent treatment setting [11]. However, the
increasement of patients’ OS is commonly companied by
relapse in tumor growth after several weeks or months,
which elicits resistance to anti-VEGF molecules, and the
resistance confers the cancer cells a resistant phenotype [12].
Given the essential role of angiogenesis in tumor recurrence,
a ful�lled mechanism of its modulation is necessary. Some
microRNAs (miRNAs) have been highlighted to be related
with angiogenesis. MiR-135a inhibits tumor growth, mi-
gration, invasion, and angiogenesis by targeting the focal
adhesion kinase pathway, modulating VEGF signaling. In
parallel, a link to angiogenesis is implied by the fact that Sp1
overexpression is associated with the upregulation of VEGF
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in gastric cancer, and two targets of miR-218 have been
identified: Angiopoietin-2 and ROBO1 (roundabout guid-
ance receptor 1), and their downregulation result in a re-
duction of tumor proliferation, invasion, and angiogenesis
[12].*ese studies indicated potential value of miRNAs to be
biomarkers for antiangiogenesis. Aside from this, consid-
ering the crosstalk between angiogenesis and immune cells
might be involved with resistance to antiangiogenesis
therapy, and the association of multiple antiangiogenic
molecules or a combination of antiangiogenic drugs with
other treatment regimens has been indicated as alternative
therapeutic strategies to overcome resistance to anti-
angiogenic therapies [5, 13]. All the studies above moved the
field of chemotherapy toward targeted therapy based on
molecular profiling.

*e current molecular subtypes were built on multiple
dimensions encompassing transcriptome profiling [14, 15],
somatic variation [16, 17], simple nucleotide variation [18],
DNA methylation [19], anatomic position [20], and his-
tology, mainly acquired from tumor tissues or cell lines,
which ignored the features of nontumor tissue in gastric
cancer. Additionally, more attention has been paid to the
effect of singular pathways or specific molecules in patients
with gastric cancer rather than comprehensive pathway
activity analysis. *erefore, additional molecular profiling is
urgently needed for clinical practice owing to the intrinsic
heterogeneity of gastric cancer.

In this study, we outlined a novel stratification method
including systematic pathway activity changes of gene sets in
both tumor tissues and nontumor tissues and provided a
more accurate prognostic model based on least absolute
shrinkage and selection operator (LASSO) regression for
patients with gastric cancer, which might help to improve
patient outcomes, to offer suggestions after gastrectomy, and
to facilitate personalized therapy in the nearer future.

2. Materials and Methods

2.1.DataResource andExtraction. RNA expression profiling
of stomach adenocarcinoma and adjacent normal tissues
from the Cancer Genome Atlas (错误!超链接引用无效。
TCGA, https://portal.gdc.cancer.gov/) database (TCGA-
STAD) were downloaded as the test group. Gene expression
data collected from the Gene Expression Omnibus (GEO)
database (GSE84437) were used as the validation group. *e
corresponding clinical data were downloaded from TCGA-
GDC. Immunogenic and hallmark gene sets comprising
those gene sets, which represented cell states and pertur-
bations within the immune system, were acquired from gene
set enrichment analysis (GSEA, https://www.gsea-msigdb.
org/gsea/msigdb/).

2.2. Conduction of Gene Set Variation Analysis and Dis-
tinguishing Subtypes. Gene set enrichment in different
samples was obtained by gene set variation analysis (GSVA,
https://bioconductor.org/), described as noted. *ereafter,
Nbclust, factoextra, and cancersubtypes packages were used

to acquire the optimal classification value and to ascertain
subtypes.

2.3. Establishment of the LASSO Regression Model and Sur-
vival Analysis. First, a Cox regression model was used to
estimate the gene sets related to the prognosis of patients
with gastric cancer, and LASSO regression was performed to
calculate the cutoff value and to detect potential normal and
tumor gene sets. Furthermore, a survival analysis was per-
formed to determine the prognostic LASSO model.

2.4. Functional Enrichment and Protein-Protein Interaction
Analysis. Gene ontology (GO)-enrichment analysis and
Kyoto Encyclopedia of Genes and Genomes (KEGG) en-
richment analysis were used to determine the molecular
functions, biological processes, and cellular pathways of the
model genes involved in the model gene sets. *e Search
Tool for the Retrieval of Interacting Genes/Proteins
(STRING) database (https://string-db.org) was used to map
the proteins of the model genes, and the networks were
visualized using Cytoscape (version 3.9.0).

2.5. Statistical Analyses. All analyses were performed in R
(version 4.1.2). R packages comprising GSEABase, GSVA,
limma, pheatmap, ggplot2, VennDiagram, survival, and
glmnet were used. Statistical significance was set at P< 0.05.

3. Results

3.1. Identification of Discrepant Pathway Activity between
Gastric Cancer and Adjacent Normal Tissues. First, raw
RNA-sequence data (32 normal cases and 375 tumor cases)
from TCGA and gene expression data (433 tumor cases)
from the GEO database were downloaded for further vali-
dation.*e flow diagram is shown in Figure 1. Immunologic
gene sets from microarray gene profiling and hallmark gene
sets (containing 4922 gene sets) from GSEA were used to
calculate the enrichment score (ES) of each sample using the
GSVA method. Differences were detected between normal
tissues and gastric samples (Figure S1). *rough reckoning,
an ES value was obtained for each sample, and based on this,
we established a Cox regressionmodel to screen the data and
then generated the optimal number of clusters by using
nbclust and factoextra packages (Figures 2(a) and 2(b)). By
executing the cancersubtypes package, gastric cancer was
classified into three subtypes (Figures 2(d) and 2(e)), and
significant differences were observed pertaining to OS in the
three subtypes (Figure 2(c)). To validate the gastric cancer
subtype generated from TCGA database, we collected and
analyzed the data of GSE84437 downloaded from the GEO
database. *e accuracy of the cluster model was verified
(Figure S2).

3.2. Relationship betweenClinical Characteristics andDistinct
Subtypes in Gastric Cancer. To explore the relationship
between clinical features and gastric cancer subtypes, we
performed a Chi-square test and found a significant
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difference between subtypes, T stage, and grade (Figure 3,
Table S1). Afterwards, the variation in gene sets in the three
subtypes was evaluated and calculated, and the adjusted P
filter was set to 0.05. In total, 167 gene sets were detected
(Figure 4(a)). Based on the results of the Venn diagram, we
constructed the relationship between differentiated gene sets
and clinical features and visualized them using the pheatmap
package in the R language (Figure 4(b)).

3.3. RiskModel of Gene Sets Determined by LASSO Regression
in Prognostic Setting. Subsequently, a Cox regression model
was established to acquire core gene sets related to the
survival of patients with gastric cancer. *e LASSO re-
gression model was further constructed to identify the
optimal cut-off point of GSVA and to split the patients into
high- and low-risk groups based on the ES value of the gene
sets (Figures 5(a) and 5(b)). Eventually, one normal gene set
(N_GSE21546_UNSTIM_VS_ANTI_CD3_STIM_DP_
THYMOCYTES_UP) and one tumor gene set (T_HALL-
MARK _ANGIOGENESIS) were associated with the
prognosis of patients with gastric cancer (Figures 5(c) and
5(d)). Patients in the low-risk group were more likely to have
better prognosis (Figures 5(e) and 5(f )).

3.4. Functional Pathway Enrichment Analysis. To further
explore the function of the gene sets examined previously,
we conducted GO and KEGG enrichment analyses of the
genes extracted from the gene sets. Genes from the tumor
gene set were associated with the vascular endothelial
growth factor receptor signaling pathway, blood coagula-
tion, focal adhesion, cholesterol metabolism, phosphatidy-
linositol 3-kinase/protein kinase B signaling pathway,
regulation of actin cytoskeleton, and peroxisome pro-
liferator-activated receptor signaling pathway (Figures 6(a)
and 6(b)). All the identified factors contributed to the

occurrence and development of gastric cancer. We then
constructed a protein-protein interaction network using the
STRING database (Figures S3(a) and S3(b)) (https://cn.
string-db.org/). *ereafter, we imported the network into
Cytoscape (version 3.9.0), analyzed the data using the
molecular complex detection (MCODE) tool, and drew two
core gene clusters for the tumor gene sets (Figures S3(c)–
S3(f )). VEGFA, TIMP1, FGFR1, PTK2, and COL3A1 are
mainly related to oncogenic pathways, as mentioned above.
THBS1, FN1, SERPINE1, ZCCHC12, JPH3, and ELMOD1
are related enriched in P53 pathway, which may affect the
prognosis of gastric cancer patients.

4. Discussion

Advances in sequence analysis technology have enabled the
development of more targeted therapy options for patients
with gastric cancer [21–23]. In this study, we calculated the
enrichment score based on GSVA in each patient from
TCGA and GEO databases and developed a novel classifi-
cation using cancer subtype and a nonnegative matrix
factorization method. *ereafter, we constructed a LASSO
regression model to examine the gene sets, divided the
patients into high- and low-risk groups, and examined the
prognostic value of the gene sets identified above. In general,
patients were categorized into three subtypes, which are
clinically relevant and linked to different prognoses. Two
gene sets encompassing a normal gene set and a tumor gene
set were observed using LASSO regression model analysis.
*e genes extracted from the normal group were involved in
the p53 signaling pathway and retinol metabolism, and
genes from the tumor gene set were involved in various
pathways promoting tumorigenesis in gastric cancer.

According to TCGA genomic features, various molec-
ular classifications have been established to date [24–29],
including microsatellite instability/mismatch repair (MSI/
MMR) status, programmed death-ligand 1 (PD-L1) ex-
pression, tumor mutational burden (TMB) status, neuro-
trophic tropomyosin-related kinase fusions, and tumor
Epstein–Barr virus, which revolutionizes the oncology
therapy landscape. Malignant tumors with microsatellite
instability-high (MSI-H) status or deficient MMR systems
are prone to high-level antigens and linked to PD-L1 in-
hibitors. Although Kim et al. [30] detected a 10–22% in-
cidence rate of gastric cancer in global districts, only 3% of
patients with metastatic gastric cancer were certified to have
MSI-H status. *e paucity of the incidence rate of advanced
gastric cancer delineated the limitation of the molecular
features of MSI-H.

TMB refers to the total somatic nonsynonymous coding
mutations per tumor exome and has been inferred to be
correlated with the increased efficacy of immune checkpoint
inhibitors. However, the optimal cutoff value for different
types of tumors remains controversial. Rizvi et al. [31]
claimed that patients with high TMB (>200 per megabase
(Mb)) treated with pembrolizumab had better OS, while
Hellmann et al. [32] concluded that lung cancer patients
with higher TMB (≥10/Mb) treated with nivolumab and
ipilimumab had better prognosis. Van Allen et al. [33]

Records identified from:
Databases (TCGA=407,

GEO=433)
Registers (n=0)

GSVA enrichment analysis;
Cancer subtypes identified

Prognostic gene sets confirmed
Risk model identified

Cox regression model

Cox regression model
NMF, NbCluster methods

Immunologic and hallmark
gene sets from GSEA

Lasso regression model

Function analysis

GO enrichment analysis;
KEGG enrichment analysis;

Protein-protein interaction analysis

Figure 1: Flow diagram of the study.
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reported that neoantigen loads or tumor cytolytic expression
might predict the response to ipilimumab in melanoma;
however, further exploration is needed to determine the cut-
off point. In addition, another study conducted by Ratti et al.

[34]. reported that TMB outstripping 16/Mb was related to
improved prognosis in patients with lung cancer. Yarchoan
et al. [35] detected that the median TMB pertaining to
increased response rates varied among various cancer
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Figure 2: Establishment of subtypes of gastric cancer in TCGA cohort. (a) *e optimal cutoff value of cluster was generated. (b) Vi-
sualization of cluster plot. (c) Survival patterns were drawn by survival analysis. (d) Silhouette plot was sketched. (e) *ree clusters were
identified.
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subtypes. Recently, an exploratory analysis from Keynote-
061 demonstrated that gastric cancer patients with a TMB
greater than 10/Mb could benefit from pembrolizumab in
the second-and later-line settings, even excluding patients
with MSI-H status, which was inconsistent with the results
of the study conducted by Greally et al. [36]; therefore, due to
the complexity of TMB detection and heterogeneity of

tumors, further studies are necessary to explore the pre-
dictive value of TMB in gastric cancer.

PD-L1 expression was determined by immunohisto-
chemistry and has been confirmed to be related to increased
efficacy of treatment in various cancer types. *e objective
response rate (ORR) of gastric cancer patients with positive
PD-L1 expression treated by pembrolizumab was
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three clusters. (b) Correlation between core gene sets and clinical features.
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significantly superior to that of patients without PD-L1
expression. Furthermore, other programmed cell death-1
(PD-1) inhibitors (nivolumab/SHR-1210) have advantages
over placebo in the second- or later-line setting, with

nivolumab prolonging OS at 2-year follow-up and SHR-1210
increasing the ORR to 26.7% [37, 38]. In particular, com-
bining nivolumab and 5-FU-based chemotherapy has been
prioritized for advanced cancer in palliative therapy settings,
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with significant improvements in OS (hazard ratio 0.71, 98%
confidence interval 0.59–0.86), and the therapeutic effect of
these agents was not limited by PD-L1 expression [39, 40]. In
conclusion, PD-L1 served as a prognostic and predictive
marker for pembrolizumab but could not fit all PD-1/L1
inhibitors. Recently, the molecular subtypes mentioned
above have provided innovative strategies for gastric cancer;
however, concern remains. *e emerging expansion of
molecular profiling is necessary because of the heterogeneity
of gastric cancer.

Various other molecular subtypes have been identified.
Wang et al. [41]. discovered a novel subtype of RHOA
mutations in diffuse-type gastric adenocarcinomas. Tan et al.
[42, 43] proposed an intrinsic subtype for gastric cancer cell
lines. Shah et al. [44] classified gene expression at different
anatomic sites. *e studies mentioned above focused on
cancer tissues and ignored the functions of normal tissues. In
this study, we classified three subtypes based on immuno-
genetic gene sets and hallmark gene sets, and changes in both
tumor and nontumor tissues were analyzed. Two gene sets
were identified: one from the normal tissue and one from the
tumor tissue. Genes from the normal gene set were enriched
in the P53 pathway and bladder cancer, which may promote
the colonization of tumor cells. Moreover, genes from the
tumor gene sets were involved in focal adhesion and reg-
ulation of the actin cytoskeleton, which is consistent with the
results of a previous study. Hub genes containing COL5A2,
JAG1, TIMP1, FGFR1, PDFGA, VEGFA, and PTK2 were
collected from the gene sets and were proven to be linked to
the occurrence and development of gastric cancer.

Altogether, we sketched three subtypes encompassing
two prognostic gene sets of gastric cancer based on tumor
and nontumor data, highlighting the molecular features
and significant role of nontumor genes in patients with
cancer.

Abbreviations

5-
fluorouracil:

5-FU

ES: Enrichment score
GEO: Gene expression omnibus
GO: Gene ontology
GSEA: Gene set enrichment analysis
GSVA: Gene set variation analysis
HER2: Human epidermal growth factor receptor 2
KEGG: Kyoto encyclopedia of genes and genomes
LASSO: Least absolute shrinkage and selection

operator
MMR: Mismatch repair
MSI-H: Microsatellite instability-high
ORR: Objective response rate
OS: Overall survival
PD-1: Programmed cell death-1
PD-L1: Programmed death-ligand 1
STRING: Search tool for the retrieval of interacting

genes/proteins
TCGA: *e cancer genome atlas
TMB: Tumor mutational burden.

Data Availability

All the data are available online.

Consent

All authors agreed for publication.

Conflicts of Interest

All authors declare that they have no conflicts of interest.

Authors’ Contributions

Yuzhang Zhu was responsible for the data collection and
manuscript preparation. Zhenzhen Gao and Lei Zhang were
responsible for data analysis and manuscript. Ting Sun was
responsible for data analysis. Yi Bao and Faming Fei were
responsible for manuscript preparation.

Acknowledgments

*e authors would like to thank Dr. Gang Chen andDr. Juan
Xie of Jiaxing Second Hospital. Financial support was
provided by the Jiaxing Science and Technology Bureau
(2020AD30117 and 2021AD30056).

Supplementary Materials

Figure S1. Visualization of enrichment score of gene sets in
gastric cancer and adjacent nontumor tissues by gene set
variation analysis. Figure S2. Establishment of subtypes of
gastric cancer in the GEO cohort. (a). *e optimal cutoff
value of cluster was generated. (b). Visualization of cluster
plot. (c). Survival patterns were drawn by survival analysis.
(d) Silhouette plot was sketched. (e) *ree clusters were
identified. Figure S3. *e protein-protein interaction net-
work of genes in tumor gene set (a), (c), (e) and in normal
gene set (b), (d), (f ). Table S1. Correlation between clinical
features and cancer subtypes. (Supplementary Materials)

References

[1] M. Arnold, C. C. Abnet, R. E. Neale et al., “Global burden of 5
major types of gastrointestinal cancer,” Gastroenterology,
vol. 159, no. 1, 2020.

[2] V. R. Blair, M. McLeod, F. Carneiro et al., “Hereditary diffuse
gastric cancer: updated clinical practice guidelines,” �e
Lancet Oncology, vol. 21, no. 8, pp. e386–e397, 2020.

[3] J. Chao, C. S. Fuchs, K. Shitara et al., “Assessment of pem-
brolizumab therapy for the treatment of microsatellite in-
stability-high gastric or gastroesophageal junction cancer
among patients in the KEYNOTE-059, KEYNOTE-061, and
KEYNOTE-062 clinical trials,” JAMA Oncology, vol. 7, no. 6,
p. 895, 2021.

[4] I. J. Choi, C. G. Kim, J. Y. Lee et al., “Family history of gastric
cancer and Helicobacter pylori treatment,” New England
Journal of Medicine, vol. 382, no. 5, pp. 427–436, 2020.

[5] S. Fukuoka, H. Hara, N. Takahashi et al., “Regorafenib plus
nivolumab in patients with advanced gastric or colorectal
cancer: an open-label, dose-escalation, and dose-expansion

Canadian Journal of Gastroenterology and Hepatology 9

https://downloads.hindawi.com/journals/cjgh/2022/5415758.f1.docx


phase ib trial (REGONIVO, EPOC1603),” Journal of Clinical
Oncology, vol. 38, no. 18, pp. 2053–2061, 2020.

[6] A. P. Gobert, O. Boutaud, M. Asim et al., “Dicarbonyl
electrophiles mediate inflammation-induced gastrointestinal
carcinogenesis,” Gastroenterology, vol. 160, no. 4, 2021.

[7] W. M. Grady, M. Yu, and S. D. Markowitz, “Epigenetic al-
terations in the gastrointestinal tract: current and emerging
use for biomarkers of cancer,” Gastroenterology, vol. 160,
no. 3, pp. 690–709, 2021.

[8] S. S. Joshi and B. D. Badgwell, “Current treatment and recent
progress in gastric cancer,” CA: A Cancer Journal for Clini-
cians, vol. 71, no. 3, pp. 264–279, 2021.

[9] Y. Zhang, F. Wang, H. R. Sun, Y. K. Huang, J. P. Gao, and
H. Huang, “Apatinib combined with PD-L1 blockade syn-
ergistically enhances antitumor immune responses and
promotes HEV formation in gastric cancer,” Journal of Cancer
Research and Clinical Oncology, vol. 147, no. 8, pp. 2209–2222,
2021.

[10] M. A. S. Niranjan Awasthi, C. Zhang, S. G. Klinz et al.,
“Augmenting experimental gastric cancer activity of irino-
tecan through liposomal formulation and antiangiogenic
combination therapy,”Molecular Cancer�erapeutics, vol. 21,
no. 7, pp. 1149–1159, 2022.

[11] D. Ribatti, A. G. Solimando, and F. Pezzella, “*e anti-
VEGF(R) drug discovery legacy: improving attrition rates by
breaking the vicious cycle of angiogenesis in cancer,” Cancers,
vol. 13, no. 14, p. 3433, 2021.

[12] P. Leone, A. Buonavoglia, R. Fasano et al., “Insights into the
regulation of tumor angiogenesis by micro-RNAs,” Journal of
Clinical Medicine, vol. 8, no. 12, p. 2030, 2019.

[13] J. Lin, Z. Liu, S. Liao, E. Li, X. Wu, and W. Zeng, “Elevated
microRNA-7 inhibits proliferation and tumor angiogenesis
and promotes apoptosis of gastric cancer cells via repression
of Raf-1,” Cell Cycle, vol. 19, pp. 2496–2508, 2020.

[14] I. S. Lee, H. Lee, H. Hur et al., “Transcriptomic profiling
identifies a risk stratification signature for predicting peri-
toneal recurrence and micrometastasis in gastric cancer,”
Clinical Cancer Research, vol. 27, no. 8, pp. 2292–2300, 2021.

[15] J. Y. Lee, M. Nam, H. Y. Son et al., “Polyunsaturated fatty acid
biosynthesis pathway determines ferroptosis sensitivity in
gastric cancer,” Proceedings of the National Academy of Sci-
ences, vol. 117, no. 51, pp. 32433–32442, 2020.

[16] F. Jia, J. K. Teer, T. C. Knepper et al., “Discordance of somatic
mutations between asian and caucasian patient populations
with gastric cancer,”Molecular Diagnosis and�erapy, vol. 21,
no. 2, pp. 179–185, 2017.

[17] R. Wadhwa, S. Song, J. S. Lee, Y. Yao, Q. Wei, and J. A. Ajani,
“Gastric cancer-molecular and clinical dimensions,” Nature
Reviews Clinical Oncology, vol. 10, no. 11, pp. 643–655, 2013.

[18] E. Berthenet, K. Yahara, K. *orell et al., “A GWAS on
Helicobacter pylori strains points to genetic variants associated
with gastric cancer risk,” BMC Biology, vol. 16, no. 1, p. 84,
2018.

[19] T. Tahara and T. Arisawa, “DNA methylation as a molecular
biomarker in gastric cancer,” Epigenomics, vol. 7, no. 3,
pp. 475–486, 2015.

[20] H. Nishino, G. Zimmitti, T. Ohtsuka et al., “Precision vascular
anatomy for minimally invasive distal pancreatectomy: a
systematic review,” Journal of Hepato-Biliary-Pancreatic
Sciences, vol. 29, no. 1, pp. 136–150, 2022.

[21] Y. Y. Janjigian, A. Kawazoe, P. Yañez et al., “*e KEYNOTE-
811 trial of dual PD-1 and HER2 blockade in HER2-positive
gastric cancer,” Nature, vol. 600, no. 7890, pp. 727–730, 2021.

[22] Y. Y. Janjigian, S. B. Maron, W. K. Chatila et al., “First-line
pembrolizumab and trastuzumab in HER2-positive oeso-
phageal, gastric, or gastro-oesophageal junction cancer: an
open-label, single-arm, phase 2 trial,” �e Lancet Oncology,
vol. 21, no. 6, pp. 821–831, 2020.

[23] Y. Y. Janjigian, K. Shitara, M. Moehler et al., “First-line
nivolumab plus chemotherapy versus chemotherapy alone for
advanced gastric, gastro-oesophageal junction, and oeso-
phageal adenocarcinoma (checkmate 649): a randomised,
open-label, phase 3 trial,” �e Lancet, vol. 398, no. 10294,
pp. 27–40, 2021.

[24] Y. K. Kang, J. H. Yook, Y. K. Park et al., “PRODIGY: a phase
III study of neoadjuvant docetaxel, oxaliplatin, and S-1 plus
surgery and adjuvant S-1 versus surgery and adjuvant S-1 for
resectable Advanced gastric cancer,” Journal of Clinical On-
cology, vol. 39, no. 26, pp. 2903–2913, 2021.

[25] D. A. Katzka and P. J. Kahrilas, “Advances in the diagnosis
and management of gastroesophageal reflux disease,” BMJ,
vol. 371, Article ID m3786, 2020.

[26] R. J. Kelly, J. A. Ajani, J. Kuzdzal et al., “Adjuvant nivolumab
in resected esophageal or gastroesophageal junction cancer,”
New England Journal of Medicine, vol. 384, no. 13,
pp. 1191–1203, 2021.

[27] W. Kim, T. H. Chu, H. Nienhüser et al., “PD-1 signaling
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