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Abstract

Exosomal microRNAs (miRNAs) have emerged as promising biomarkers for gastric cancer (GC) prognosis. In this study, 76 GC patients treated at Changzhou
Second People's Hospital (October 2020-May 2022) were prospectively enrolled, with monthly telephone follow-up to collect mortality and survival data for
calculating overall survival. Exosomal miRNAs and clinical and pathological data from these patients constituted the training cohort, while validation was
performed using a 400-patient cohort from The Cancer Genome Atlas database. A novel five-exosomal miRNA signature (miR-652-3p, miR-184, miR-340-3p,
miR-96-5p, and miR-29a-3p) was identified as associated with overall survival. The resulting nomogram, which integrates this miRNA signature with key
clinicopathological factors, achieved prognostic discrimination (C-index: 0.82). These findings demonstrate the clinical utility of this tool for individualized

risk stratification.
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Introduction

Gastric cancer (GC) stands as a major and widely prevalent form of
malignant neoplasm, posing a formidable threat to global public
health['. In 2022, statistical data revealed that the worldwide inci-
dence of malignant tumors reached 19.965 million new cases, lead-
ing to 9.737 million deaths?. GC, in particular, accounted for
968,000 of these new cases and 660,000 deaths, placing it fifth in
both incidence and mortality ratest?. GC exhibits significant hetero-
geneity, with its pathogenesis comprising a complex interplay of
multiple factors, gene regulation, and progressive stages®l. Conse-
quently, the 5-year overall survival (OS) rate for GC patients remains
low, and the overall mortality rate ranks third among cancer-related
deaths!'. Thus, it is crucial to investigate the molecular markers
linked to its prognosis, as well as to develop an efficient risk predic-
tion model to enhance the OS rate of patients.

Recent advances in cancer diagnostics have utilized synthetic
nanomaterials, such as DNA nanostructures and polymer-based
sensors, for biomarker detectionl¥. Despite their programmable
detection capabilities, these materials face significant clinical trans-
lation challenges: complex synthesis requiring specialized facilities,
the immunogenicity risks from artificial components, and high
production costs. In contrast, naturally derived exosomal microR-
NAs (miRNAs) offer inherent translational advantages. Their native
human origin ensures biological compatibility by avoiding immune
rejection. Standardized isolation uses US Food and Drug Administra-
tion (FDA)-approved protocols (e.g., ultracentrifugation), and detec-
tion via routine quantitative polymerase chain reaction (qPCR)
aligns with cost-effective clinical workflows[l,

miRNAs represent a class of endogenous noncoding RNAs, typi-
cally 22 nucleotides long, that are unable to encode proteins.
However, they can bind to messenger RNAs through molecular
sponging, thereby regulating gene expression at the post-transcrip-
tional level®. Studies have shown that miRNA is a key molecule
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involved in the occurrence and development of GC, and can be a
potential prognostic molecular marker for GCI7,

Exosomes, with diameters ranging from 30 to 200 nm, are minus-
cule vesicles secreted by living cells and encased in lipid bilayer
membranesl®. They are widely present in bodily fluids such as
serum, urine, pleural effusion, and saliva. Exosomes contain various
bioactive molecules including miRNA, long noncoding RNA,
messenger RNA, proteins, and lipids®l. The formation and contents
of extracellular vesicles are specific. The cellular components reflect
both the phenotype and developmental origin of their parent cells.
Exosomes play crucial roles in intercellular substance exchange and
information transmission. Serving as "scouts" for tumor metastasis,
exosomes participate in transmitting metastatic signals, promoting
migration, inducing epithelial-mesenchymal transition, and creat-
ing a pre-metastatic niche. The abundance and stability of exoso-
mal miRNAs make them significant in liquid biopsies. These miRNAs
are internalized by the recipient cells through various mechanisms,
exerting regulatory effects on the target genes within those cellsl'0l
Thus, exosomal miRNAs hold potential as biological markers for the
diagnosis and prognosis of GC.

Our research centered on isolating plasma from GC patients to
sequence exosomal miRNAs. We then analyzed these miRNAs in
conjunction with clinical features and prognostic information. Ulti-
mately, we constructed a miRNA-based prediction model and con-
firmed its predictive efficacy using The Cancer Genome Atlas (TCGA)
GC dataset. Our goal wasto enhance the understanding of the rela-
tionship between exosomal miRNAs and the prognosis of GC.

Materials and methods

Study design and patients
This study was a single-center observational study. Approval for
this study was obtained from the Ethics Committee of the
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Changzhou Second People's hospital (approval number: [2020]
KY261-01). We enrolled 76 GC patients who were treated at
Changzhou Second People's hospital from October 2020 to May
2022, and all patients provided written informed consent. They were
followed up once a month by telephone after discharge. Through-
out the study period, data on mortality and survival rates were
collected, allowing for calculation of the OS rate. The clinical
and pathological data of the participants were collected as the
training group.

Study participants had to meet the following criteria: (1) The diag-
nosis of GC was implemented according to the World Health Organi-
zation's (WHO's) pathological diagnostic criteria; (2) none of the
patients had any additional immune, endocrine, or metabolic
diseases; (3) the patients who had not undergone any antitumor
treatment prior to admission; and (4) the patient did not receive
antitumor treatment before the peripheral blood sample collec-
tion period.

GC data were obtained from TCGA database (https://portal.gdc.
cancer.gov), and a cohort of 400 patients with comprehensive data
encompassing survival time, survival status, cancer stage, gender,
age, and miRNA profiles were selected. This dataset served as the
validation group for our study.

Isolation of plasma exosomes

Extracellular vesicle (EV) extraction was performed using the
ExoQuick-TM kit (SBI, USA) following the manufacturer's instruc-
tions. The extracted EV samples were stained and observed under
an electron microscope to examine their particle morphology.

miRNAs sequencing and data analysis

Sequencing was performed using the lllumina Nextseq 500 plat-
form (lllumina, USA). Subsequently, the raw sequencing data were
analyzed for quantification of miRNA expression and miRNA diffe-
rential expression analysis.

Statistical analysis

All analyses were performed using R 4.2.2 statistical software
(www.r-project.org). Continuous variables are presented as the
mean = standard deviation (SD) (normally distributed) or median
(P25, P75) (non-normal), compared by Student's t-test or the
Mann-Whitney U-test (Shapiro-Wilk normality test). Categorical
variables are expressed as n (%) and were analyzed by Chi-square or
Fisher's exact test. Qualitative data are presented as absolute
numbers or percentages. The Kaplan-Meier method was used to
plot survival curves and compute the OS rate, and the log-rank test
was used to compare survival outcomes between the two groups.
For multiple testing correction, miRNA p-values from the univariate
analysis were adjusted by the Benjamini-Hochberg false discovery
rate (FDR) (g < 0.05). Statistical significance was defined as two-
sided p < 0.05 (or g < 0.05 for the FDR).

Least absolute shrinkage and selection operator-Cox
dimension reduction analysis

We conducted a least absolute shrinkage and selection operator
(LASSO)-Cox dimension reduction analysis using the 'glmnet' and
'survival' packages in R. The A value that corresponded to the mini-
mal partial likelihood deviance was chosen as the optimal A for our
study. Normalized read counts underwent log,-transformation
(training cohort only). Feature selection was performed via 10-fold
cross-validated LASSO-Cox regression (maximum iterations =
1,000). The regularization parameter A was determined at 1 stan-
dard error from the minimum partial likelihood deviance (optimal
A = 0.15). Post-selection criteria required miRNA detection in > 90%
of the training samples. Multivariate Cox analysis confirmed

Page 2 of 8

A miRNA model for GC prognosis

independent prognostic significance after adjustment for clinical
covariates.

Risk score = exprmipesa3p X Amires2-3p + EXPrmir-18s X Amip-1ss +
EXPrimir340-3p X Mmir-340-3p + EXPImiR-96-5p X Amir-96-5p + EXPImir-29a-3p X
AmiR20a-3p Where expryigya represents the expression level of the
miRNA, and A miRNA is the associated A value.

Analysis of cell signaling pathways

The target genes of the five miRNAs used for GC prognosis were
predicted using the miRPath v4.0 online analysis tool. Enrichment
analysis of the cell signaling pathways was conducted, alongside
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) enrichment analysis of the target genes. The top
20 pathways were then visualized.

Construction of nomograms

A nomogram analysis was developed for the training group using
the 'rms' package in R. The upper section of the nomogram repre-
sents the scoring system, while the lower section constitutes the
prediction system. This tool accurately forecasts the 1-year, 2-year,
and 3-year OS rates of the GC patients by calculating the total points
(the sum of the points awarded for each factor). The prediction
accuracy for OS was verified in the validation group. Calibration
curves and the concordance index (C-index) values were used to
demonstrate the precision of the survival predictions.

Results

Prevalence of GC patients

The training group comprised 76 GC patients, including 55 men
and 21 women, with an average age of 67.34 + 9.46 years. Forty-two
cases died in the training group, accounting for 55.26% (Table 1).
The validation group consisted of 400 GC patients, including 261
men and 139 women, with a mean age of 64.49 + 11.85 years;
240 cases died in the validation group, accounting for 60% (Table 1).
The training group had more advanced tumors (Stage IV/T4/M1, all
p < 0.01). The validation cohort showed a higher N1 rate (p < 0.01).
This reflects inherent selection biases: single-center studies often
treat more aggressive cases, while the TCGA predominantly includes
surgical candidates!'"l.

Construction of miRNA risk score

Comprehensive miRNA profiling identified 1,334 distinct miRNAs
in the training group and 2,158 in the validation group. Finally, we
identified five candidate miRNAs along with their respective
lambda values (miR-652-3p: -0.0529964688819932; miR-184:
0.00193748008867359; miR-340-3p: 0.0513602381783128; miR-96-
5p: 0.0475860943623225; miR-29a-3p: 0.123147129022319) using
LASSO-Cox, which were based on the OS of the GC patients in the
training group (Fig. 1a, b).

The miRNA risk score equation constructed from these five
miRNAs was Risk score = exprmipesz3p X -0.0529964688819932 +
€XPrmi1ss X 0.00193748008867359  +  eXpryiraae3p X
0.0513602381783128 + eXPrypossp X 0.0475860943623225 +
eXPlmig 290-3p X 0.123147129022319.

The coefficient sign and magnitude of each miRNA indicate its
prognostic function: miR-652-3p acts as a protective factor (risk-
reducing); miR-184 contributes minimally to risk; and miR-340-3p,
miR-96-5p, and miR-29a-3p function as risk-increasing factors, of
which miR-29a-3p is the primary risk driver because of its dominant
coefficient magnitude.

The predefined multigene signature formula was applied to
compute miRNA risk scores for both the training and validation
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Table 1. Baseline characteristics of GC patients in the training and validation
groups
Variables Tra|?r;n:g7g6r)oup Vallc(ist;oro%;oup p-value
Age (years) 67.34 £9.46 64.49 +11.85 0.05
Time (days) 1,095.00 460.00 <0.01
(431.00, 1,095.00) (274.75,782.75)
Status Dead 42 (55.26%) 240 (60.00%) 0.44
Alive 34 (44.74%) 160 (40.00%)
Gender Female 21 (27.63%) 139 (34.75%) 0.23
Male 55(72.37%) 261 (65.25%)
Stage I 17 (22.37%) 50 (12.50%) <0.01
I 9(11.84%) 130 (32.50%)
1] 27 (35.53%) 181 (45.25%)
\% 23 (30.26%) 39 (9.75%)
Tumor stage 1 12 (15.79%) 16 (4.00%) <0.01
2 11 (14.47%) 82 (20.50%)
3 5 (6.58%) 188 (47.00%)
4 48 (63.16%) 114 (28.50%)
Metastasis 0 53 (69.74%) 358 (89.50%) <0.01
1 23 (30.26%) 26 (6.50%)
Unknown 0 (0.00%) 16 (4.00%)
Spread of 0 26 (34.21%) 125 (31.25%) <0.01
cancer to 1 7(9.21%) 105 (26.25%)
lymphnodes 18 (23.68%) 81 (20.25%)
3 25 (32.89%) 84 (21.00%)
Unknown 0 (0.00%) 5(1.25%)
Lauren Intestinal 42 (55.26%) 83 (56.08%) 0.12
classification  piffuse 29 (38.16%) 63 (42.57%)
Mixed 5 (6.58%) 2(1.35%)
Radiotherapy Not 57 (75.00%) 296 (79.36%) 0.40
performed
Performed 19 (25.00%) 77 (20.64%)
Pharmaceutical Not 31 (40.79%) 188 (50.40%) 0.13
therapy performed
Performed 45 (59.21%) 185 (49.60%)

cohorts. Patients were stratified into high-risk (score > median) and
low-risk (score <median) groups using the cohort-specific median
score as the threshold. Kaplan-Meier analysis compared the OS
between these risk strata. The results showed that the OS rate of the

a 54 55 55 53 53 54 53 53 53 48 47 42 43 40 32 28 29 28 22 19 17 15 9 7 3 2

400
I

Partial Likelihood Deviance
200
1
-

100
1
o
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Fig. 1
with GC patients in the training group.
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low-risk group was higher in the training dataset (p < 0.0001) and
the validation dataset (p = 0.021) (Fig. 2a, b).

Functional analysis of prognosis-related miRNA
target genes in GC patients

The target genes of the five miRNAs used for GC prognosis were
predicted using the miRPath v4.0 online analysis tool. Enrichment
analysis of the cell signaling pathways was conducted, alongside GO
and KEGG enrichment analysis of the target genes. The top 20 path-
ways were then visualized. (Fig. 3a, b). The top 20 enriched terms of
the KEGG enrichment analysis were shigellosis, focal adhesion, the
P13K-Akt signaling pathway, the FoxO signaling pathway, prostate
cancer, viral carcinogenesis, epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitor, resistance, proteoglycans in cancer,
adherens junction, the p53 signaling pathway, regulation of the
actin cytoskeleton, cell cycle, small-cell lung cancer, colorectal
cancer, human papillomavirus infection, pathways in cancer, hepa-
tocellular carcinoma, bacterial invasion of epithelial cells, apoptosis,
and salmonella infection. The top 20 enriched terms of the GO
enrichment analysis were protein binding, cytosol, nucleus, nucleo-
plasm, cytoplasm, RNA binding protein-containing complex, viral
process, cadherin binding, chromatin organization, negative regula-
tion of transcription by RNA polymerase Il chromatin binding, DNA
binding, extracellular exosome, transferase activity, positive regula-
tion of transcription by RNA polymerase, focal adhesion, rhythmic
process, positive regulation of transcription, DNA-template, and
cytoplasmic stress granules.

Construction and evaluation of nomogram

A prognostic nomogram was developed by integrating the
miRNA risk score with variables such as age, the tumor's pathological
stage, risk score, radiotherapy, and pharmaceutical therapy (Fig. 4).
To assess the accuracy of the nomogram in predicting the OS rate, a
calibration curve was used. The 45° dotted line in the figure repre-
sents an ideal curve, suggesting that the predicted OS rate aligns
closely with the actual survival outcomes. The figure illustrates that
the 1-year, 2-year, and 3-year OS rates for GC patients, as predicted
by the nomogram in both the training and validation dataset, are
closely aligned with the actual OS rate (Fig. 5a, b). Additionally,

b Cox Family
54 54 43 29 11

Coefficients

T T T T T
-6 -5 -4 -3 -2

Log Lambda

(a) LASSO deviance profiles for miRNAs associated with GC patients in the training group. (b) LASSO coefficient profiles for miRNAs associated
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the C-index for the nomogram, along with age, stage, risk score,
radiotherapy, and pharmaceutical therapy, was calculated. Upon
comparison, it was observed that the nomogram had the highest C-
index, i.e., 0.82 (Fig. 6). Decision curve analysis (DCA) revealed that
patients could gain significant benefits from use of the nomogram
in clinical decision-making (Fig. 7).

Discussion

With the advance of high-throughput sequencing technology,
the integrated analysis of multiple omics, including genomics, tran-
scriptomics, and proteomics, has emerged as a prominent field in
biological research!2l, miRNA regulatory networks play critical roles
in disease pathogenesis through post-transcriptional gene regula-
tion. These small noncoding RNAs modulate the target genes'
expression by inducing mRNA degradation or translational
repression['3l. Alterations in miRNA expression or dysfunction can
significantly impact tumors' initiation and development. Researches
have demonstrated that miRNA serves as a potential prognostic
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b Survival analysis of risk score in validation group
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(a) Survival curves of the effect of miRNA-based risk scores on GC patients in the training group. (b) Survival curves of the effect of miRNA-based

b Genes Union: top 20 enriched terms

protein binding 1952 targets

cytosol

nucleus 1142 targets

nucleoplasm 759 targets

cytoplasm 1151 targets
RNA binding

protein-containing complex 182 targets

viral process 161 targets

cadherin binding 103 targets

chromatin organization 112 targets

Term Name

hegative regulation of transcription by
RNA polymerase II
chromatin binding 126 targets

DNA binding

395 targets

extracellular exosome 381 targets

transferase activity 330 targets

positive regulation of transcription by

RNA polymerase Il 224 targets

focal adhesion 108 targets.

thythmic process 51 targets

positive regulation of transcription,

DNA-templated 137 targets

cytoplasmic stress granule 34 targets

0 25 50
~log10(FDR)

(a) KEGG enrichment analysis of the miRNAs' target genes. (b) GO pathway enrichment analysis of the miRNAs' target genes.

factor for GC, participating in numerous processes such as the prolif-
eration, differentiation, metastasis, and drug resistance of GC'4, For
example, miR-6165 had been reported to be underexpressed in GC
tissues and to regulate the upregulation of STRN4, thereby
facilitating the migration and invasion of GC cells!'%), Research indi-
cates that N2 tumor-associated neutrophils (N2-TANs) convey miR-
47445-5p and miR-3911 via their originating exosomes, and are
capable of downregulating the expression of SLIT2 in GC cells,
consequently facilitating the metastasis of GC'®l, In addition, it has
been discovered that miRNA arm-imbalance contributes to the
progression of GC. Altering miR-574's targets may represent a
promising therapeutic strategy for treating this diseasel'’l. Our study
aimed to detect the expression levels of circulating exosomal
miRNAs in GC patients through high-throughput sequencing
combined with bioinformatics methods. By using LASSO-Cox
regression, we identified fivemiRNAs related to the prognosis of GC,
namely miR-652-3p, miR-184, miR-340-3p, miR-96-5p and miR-29a-
3p. Based on these miRNAs, a risk score was obtained. Finally, a
nomogram model was constructed by combining age, the tumors'

Dai et al. Gastrointestinal Tumors 2025, 12: 017
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(a) Calibration plot of the comparison between the predicted and actual survival probability over 1, 2, and 3 years in the training group. (b)

Calibration plot of the comparison between predicted and actual survival probability over 1, 2, and 3 years in the validation group.

pathological stage, risk score, radiotherapy, and pharmaceutical
therapy.

miR-652-3p demonstrates context-dependent duality in tumori-
genesis, functioning as both a tumor suppressor and an oncogene
across malignancies!'8l. This functional divergence may stem from
tumor-specific microenvironments, distinct target gene repertoires,
or unidentified molecular modifiers. Experimental validation of
multiple miR-652-3p targets has confirmed its regulatory role in core
oncogenic pathways!['8. Dysregulation of miR-652-3p has been
documented in gastrointestinal cancers, including esophageal,
gastric, and colorectal carcinomas. RNA sequencing revealed signifi-
cant upregulation in GC patients' serum['®, corroborated by real-
time gPCR in plasma samples from 50 GC patients. Notably, miR-
652-3p (alongside miR-627-5p and miR-629-5p) shows promise as a
noninvasive diagnostic and prognostic biomarker panel for GCI20,

Dysregulation of miR-184 is consistently observed in human
tumor specimens across multiple malignancies. Its expression levels
correlate significantly with clinicopathological parameters, estab-
lishing miR-184 as a validated prognostic biomarker!2'.22], Functional
studies have demonstrated that exogenous miR-184 supplementa-
tion acts as a tumor suppressor, inhibiting neoplastic proliferation

Dai et al. Gastrointestinal Tumors 2025, 12: e017

and metastatic dissemination in both cell culture and animal
models. These findings position miR-184 as a promising therapeutic
target in oncology. The expression of miR-184 in GC tissues is
related to lymph node metastasis and the tumor size-lymph node
involvement-metastasis (TNM) stage, and the mechanism may be
that the inhibition of miR-184 expression induces the activation of
extracellular signal-regulated kinase 1, which increases the transla-
tion of its expression products, thereby shortening the cell cycle and
accelerating the division and differentiation of cancer cells23].
Furthermore, downregulated miR-184 activates tumor necrosis
factor-a, which, in turn, activates vascular endothelial growth factor
and insulin-like growth factor 2, promoting the formation of tumor
neovascularization around cancer cells and enhancing their metas-
tasis and invasion capabilities[24],

miR-340, an intragenic miRNA encoded within Intron 5 of the
RNF130 gene (chr5g35.3)12], demonstrates pan-cancer dysregula-
tion with diagnostic biomarker potential. In GC, epigenetic silencing
via CpG island hypermethylation in its promoter region correlates
with pathogenesis?®l, Notably, miR-340 shows significant overex-
pression in miRNA profiles of GC tissuel2’], suggesting its utility for
detection and stratification of GC.
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Mature miR-96-5p (derived from the miR-96 precursor at 7g32.2)
exhibits oncogenic properties in breast cancer and thyroid
cancer?8l, In GC, miR-96-5p drives tumor progression by direct
targeting of ZDHHC5 to enhance cell proliferation and invasion(29l,
These coordinated functions establish miR-96-5p as a candidate
diagnostic biomarker and therapeutic target for GCB3,

Prediction effect

Age

Pharmaceutical therapy

Radiotherapy

Stage

Risk Score

Predition Mode

0 0.2 0.4 0.6 0.8 1
C-Index
Fig. 6 The predictive effect of the nomogram model, risk score, age,
radiotherapy, pharmaceutical therapy, and the tumor's pathological
stage in GC patients on OS was evaluated by the C-index.

A miRNA model for GC prognosis

As a member of the miR-29 family, miR-29a-3p has been impli-
cated in regulating the onset and progression of various cancersBl,
It is involved in the pathogenesis of numerous tumors, such as influ-
encing the drug resistance of cancer cells to chemotherapy by
directly regulating the collagen Type V alpha 2 chain3233], In highly
metastatic GC cell lines, miR-29a-3p expression is significantly
downregulated. Functional restoration experiments demonstrate
that miR-29a-3p overexpression suppresses oncogenic pheno-
types—including proliferation, clonogenicity, migration, and inva-
sion—establishing its therapeutic potential for metastatic GCI34l.

The interaction between miRNA and its target genes is intricate,
potentially involving the regulation of multiple target genes by
several miRNAs, thereby establishing a complex regulatory
networkB%l, By integrating bioinformatics techniques with large-
scale database analyses, the relationship between miRNA and the
occurrence and progression of cancer, along with its potential
signaling mechanisms, can be elucidated more systematically. KEGG
pathway and GO functional enrichment analyses (performed using
miRPath v4.0) suggested that the target genes of these miRNAs
were significantly enriched in proliferation-associated pathways
(e.g., the PI3K-AKT signaling pathway, cell cycle)36-38], These find-
ings imply a potential functional relevance in modulating the
progression fo GC; however, the precise biological roles of these
exosomal miRNAs require experimental validation in future studies.
The miRNA-based prediction model provides a tool for individual-
ized risk assessment to inform patient counseling and surveillance
strategies. This model also enables stratification of GC patients into
distinct prognostic subgroups. For example, high-risk patients may
be prioritized for more frequent follow-up or adjuvant therapy trials,
whereas low-risk cohorts could avoid overtreatment.

The training cohort had a higher proportion of advanced-stage
patients (Stage IV: 30.26% vs 9.75%) and distant metastases (M1:
30.26% vs 6.5%) compared with the TCGA validation cohort. This
reflects inherent selection biases: single-center studies often treat
more aggressive cases, while the TCGA predominantly includes
surgical candidates!''l. Crucially, the model maintained accuracy
across these divergent populations, which underscores its robust-
ness for broad clinical application.

However, this study has the following limitations. Firstly, the study
is limited by a small sample size. It is necessary to collect large-scale,

0.4 1
0.3
—  TreatAll
— Treat None
% — Nomogram
5 021 — Age
@ — Stage
2 — Riskscore
— Radiotherapy
011 = Pharmaceutical therapy
0.0 1 \

0% 10% 20% 30%

Threshold Probability

40% 50%

Fig.7 DCA revealed that patients could gain significant benefits from use of the nomogram in clinical decision-making.
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multi-center clinical data to further validate the efficacy of this
model and to investigate the mechanisms of the five miRNAs
through both in vivo and in vitro experiments. Moreover, the expres-
sion of miRNAs undergoes dynamic changes during different stages
of tumor development and within varying microenvironments. In
the early and late stages of GC, miRNA expression patterns may alter
significantly. The model constructed here might not adequately
adapt to these dynamic changes. The nomogram identifies high-risk
patients who may benefit from intensified monitoring or enroll-
ment in clinical trials, but it does not prescribe specific therapies.
Treatment decisions should integrate this risk profile with estab-
lished clinical guidelines and patient-specific factors. Finally, the
expression of miRNA can be influenced by various factors, including
diet, ethnicity, and environmental factors. Furthermore, the lack of
standardization in miRNA detection techniques means that differ-
ent methods used by different laboratories can result in inconsis-
tent detection outcomes!'8l, These factors collectively impact the
model's accuracy.

Conclusions

We developed a plasma exosomal miRNA-based signature (miR-
652-3p, MiR-184, miR-340-3p, miR-96-5p, and miR-29a-3p) and inte-
grated it with clinicopathological factors to construct a prognostic
nomogram. The model demonstrated robust performance in
predicting GC outcomes and may aid risk stratification for personal-
ized management. The biological significance of this signature
warrants further investigation.
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