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ABSTRACT

BACKGROUND: Serum Cystatin S (CST4), a secretory protein that inhibits cellular matrix degradation, significantly influences the tumor
microenvironment and tumor progression. However, the prognostic value of serum CST4 in gastric cancer (GC) remains unclear. This study
aims to explore serum CST4’s utility in GC prognostic assessment.

METHODS: A cohort of 334 patients with GC who underwent radical gastrectomy was assessed. Preoperative serum CST4 levels were
measured alongside traditional tumor markers, correlating with clinical data and patient outcomes. The cohort was divided into training and
test sets at a ratio of 3:1 for Cox regression analyses, which identified CST4 as an independent risk factor for overall survival (OS) and dis-
ease-free survival (DFS). A prognostic model was developed, validated with calibration curves, and its predictive value was evaluated using
receiver operating characteristic (ROC) curves. In addition, CST4 expression was correlated with immune cell infiltration using data from The
Cancer Genome Atlas (TCGA). Patients were stratified by median CST4 levels, and Kaplan-Meier curves for OS and DFS were plotted.

RESULTS: Cystatin S was confirmed as an independent risk factor for OS and DFS. Integrating CST4 with traditional markers and TNM path-
ological staging significantly enhanced the predictive value for prognosis. Cystatin S’s impact on tumor progression is likely mediated
through modulation of the immune microenvironment, including immune suppression and evasion.

CONCLUSION: Cystatin S is an effective biomarker for GC prognostic assessment, assisting in the evaluation of prognosis and the selec-

tion of treatment strategies for patients with GC.
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Introduction

Gastric cancer (GC) is one of the most prevalent malignant
tumors globally, with particularly high incidence and mortality
rates in East Asia, including China.'3 The prognosis of GC is
influenced by a multitude of factors, such as tumor staging,
patient age, sex, and the biological characteristics of the tumor.*
In clinical practice, the assessment of prognosis is pivotal for
tailoring therapeutic strategies.” While the TNM staging sys-
tem has been instrumental in prognosticating patients with
GG, its reliance on anatomical descriptors overlooks critical
determinants such as tumor biology and host immune
response.® Furthermore, conventional tumor markers, includ-
ing carcinoembryonic antigen (CEA) and carbohydrate anti-
gen 19-9 (CA19-9), have demonstrated limitations in
sensitivity and specificity, particularly in early detection and
prognosis prediction of GC.”

*Chao Gu, Shan Chen, Lining Huang, and Chenliang Cao contributed
equally to this work.

In recent years, with the deepening understanding of tumor
biology, new biomarkers have been gradually identified and
applied in the diagnosis and prognostic assessment of tumors.%?
Serum cysteine protease inhibitor Cystatin S (CST4), as a
secretory protein, has been demonstrated to play a significant
role in the development of various tumors.’012 Cystatin S can
influence the degradation of the extracellular matrix (ECM)
and the alteration of the tumor microenvironment by inhibit-
ing the activity of cysteine proteases, thereby participating in
the regulation of tumor cell adhesion, proliferation, and inva-
sive migration.!>!* Despite recognition of CST4’s potential,
current investigations have primarily focused on its diagnostic
utility,°17 leaving its prognostic value, particularly in the con-
text of GC, relatively unexplored.

This study aims to evaluate the predictive value of CST4 for
the overall survival (OS) and disease-free survival (DFS) of
patients with GC through an in-depth analysis of clinical data
and serum CSTH4 levels, combined with univariate and multi-
variate Cox regression analysis. Furthermore, by establishing a
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prognostic model and time-dependent receiver operating char-
acteristic (ROC) analysis, this study will explore the advan-
tages, disadvantages, and potential complementarity of CST4
compared with traditional tumor markers and TNM staging in
the prognostic assessment of GC. It is hoped that the findings
of this study will provide new perspectives for the prognostic
assessment of GC and offer strong reference for clinical treat-
ment decisions.

Materials and Methods
Study subjects

This study included 334 patients with gastric cancer who

underwent curative surgery at the Department of
Gastrointestinal Surgery, The Affiliated Suzhou Hospital of
Nanjing Medical University from June 2019 to May 2024. All
patients underwent preoperative serum CST4 and routine
serum tumor marker tests. The inclusion criteria for the study
subjects were patients diagnosed with gastric cancer, aged
18years or older, and without other severe complications. The
study has been approved by the hospital’s ethics committee and

has obtained informed consent from all patients.

Data collection

Clinical data of the patients were collected, including age, sex,
tumor pathological staging, tumor size, and so on. The collec-
tion of clinical data followed strict privacy protection measures
to ensure the confidentiality of patient information.

Serum sample collection and processing

All serum samples were collected preoperatively, centrifuged
using standard operating procedures, and stored at -80°C until
testing. The concentration of serum CST4 was quantitatively
detected by enzyme-linked immunosorbent assay (ELISA),
using the Human Cystatin 4 (CST4) ELISA Kit from SAB
(Sino American Biochemistry Co., Ltd.), catalog number:

SEMEK13486.

Detection of tumor markers

Tumor markers in the serum, including CEA, CA19-9, and so

on, were detected using an automated immunoassay system.

Follow-up

Long-term follow-up was conducted for all patients, recording

their OS and DFS.

Statistical methods and data analysis

Continuous variables with normal distribution are expressed as
mean (X) * standard deviation (SD), and those with skewed
distribution are expressed as median/interquartile range.

Categorical variables are represented numerically. Statistical
analysis was performed using SPSS version 23.0. Normally dis-
tributed continuous variables were compared using paired ¢
tests, skewed continuous variables were compared using non-
parametric tests, and categorical variables were compared using
chi-square tests. The correlation between CST4 and clinical
data was statistically analyzed using the Spearman method. The
RNAseq data of TCGA-STAD (Stomach Adenocarcinoma)
were downloaded and organized from the TCGA database
(https://portal.gdc.cancer.gov), and the correlation analysis
between CST4 and immune cell infiltration was calculated
using the ssGSEA algorithm provided by the GSVA package
[1.46.0] with markers of 24 immune cells. The results of the
correlation analysis were visualized using the ggplot2 package
(v3.3.3). Patients were randomly divided into a training set and
a test set in a 3:1 ratio. Univariate and multivariate Cox regres-
sion analysis was used in the training set to evaluate the impact
of CST4 and other clinical variables on the prognosis of patients
with GC. Prognostic models were established using R (v3.6.3),
the NomogramEx package (v3.0), and the rms package (v1.3.2),
and the accuracy of the models was tested using calibration
curves. Time-dependent ROC analysis was used to evaluate the
predictive value of various indicators and combined risk factors
for prognosis. Survival curves were plotted using the Kaplan-
Meier method, and the survival differences between patients
with different CST4 levels were compared using the Cox
regression test. Survival analysis and visualization were per-
formed using the ggplot2 package (v3.3.3), glmnet package
(v4.1.2), survival package, and survminer package. P value of
<.05 was considered statistically significant.

The additional methods used in this study are presented in
the supplementary materials, and the schematic of this study is
shown in Figure 1.

Results

Association of serum CST4 expression with
biochemical and clinical characteristics in patients

with GC

The clinical characteristics of the 334 patients with GC are
presented in Table 1 and Supplementary Table S1. Correlation
analysis revealed a positive correlation between CST4 expres-
sion and Pathologic Stage as well as CEA (Figure 2A and B);
however, CST4 expression was negatively correlated with OS

and DFS (Figure 2C and D) (Table 2).

Prognostic value of CST4 expression in
postoperative patients with GC

Kaplan-Meier analysis was conducted to evaluate the associa-
tion between CST4 expression and survival outcomes in
patients with GC. The analysis showed that increased CST4
expression was related to reduced OS and DFS in the patients
with GC (Figure 3A and B). This finding suggests that CST4
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Table 1. Biochemical and clinical characteristics of patients with GC.

CHARACTERISTICS OVERALL TRAINING SET TEST SET P VALUE
n 334 250 84

Sex, n (%) .661
Female 101 (30.2%) 74 (22.2%) 27 (8.1%)

Male 233 (69.8%) 176 (52.7%) 57 (17.1%)

Age, median (IQR) (years) 67 (60, 73) 66.5 (57.25, 75) 67 (65, 68) .993
Tumor volume, median (IQR) (cm3) 13.8 (8.325, 28.5) 14.3 (8.4, 28.9) 13.8 (4.475, 25.95) 175
Pathologic stage, n (%) 116
I 37 (11.1%) 28 (8.4%) 9 (2.7%)

I 113 (33.8%) 76 (22.8%) 37 (11.1%)

i 175 (52.4%) 138 (41.3%) 37 (11.1%)

v 9 (2.7%) 8 (2.4%) 1(0.3%)

CEA, median (IQR) (ng/mL) 7.55 (5.66, 10.33) 7.55 (5.7575, 10.66) 7.66 (5.4475, 9.99) .346
CA19-9, median (IQR) (U/mL) 17.12 (8.995, 26.468) 17.58 (9.285, 26.88) 13.705 (5.9775, 25.55) 112
CA724, median (IQR) (U/mL) 7.545 (5.955, 9.4075) 7.565 (5.975, 9.4075) 7.43 (5.8475, 9.32) .538
CA125, median (IQR) (U/mL) 21.55 (10.125, 39.608) 20.54 (9.015, 39.608) 30.48 (12.985, 39.585) 182
CST4, median (IQR) (U/mL) 126.88 (113.73, 139.09) 126.95 (112.77, 139.5) 126.65 (114.48, 136.53) 607
OS, median (IQR) (months) 33 (25, 46) 32 (24, 45) 38 (28, 47.25) .063
DFS, median (IQR) (months) 29 (18, 42.917) 28 (18, 39.75) 31.5 (20, 45) .069

may serve as a prognostic factor for survival in GC. To further
validate this, we examined the TCGA database and found
that CST4 expression was negatively correlated with OS
(Figure 3C), disease-specific survival (DSS) (Figure 3D), and

progression-free interval (PFI) (Figure 3E), which supports
our Kaplan-Meier analysis results.

Univariate and multivariate Cox regression analyses were
used to assess prognostic factors for postoperative OS and
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Figure 2. Association of serum CST4 expression with biochemical and clinical characteristics in patients with GC.
(A-D) The correlation scatter plot demonstrated the correlations between serum CST4 expression and TNM staging (A), CEA expression (B), OS (C), and DFS (D).
OS: overall survival, DFS: disease-free survival. Quantitative data are shown as mean = SD (A). P values were determined by 2-way ANOVA test (A), 2-tailed unpaired

Student's t test (B, C, D) (*P<.05, **P <.01, **P < .001).

DFS in patients with GC. The results showed that CST4,
CEA, CA19-9, and Pathologic Stage are independent risk
factors for OS (Table 3), while CST4, CEA, and Pathologic
Stage are independent risk factors for DFS (Table 4). The
risk scores of the independent risk factors derived from the
Cox regression analysis for OS and DFS are displayed in
Figure 4. The prognostic predictive model was constructed
based on the risk factors identified through Cox regression
analysis (Figure 5A and B), which effectively forecasts the
prognosis of patients with GC at the first, second, and third
year post-surgery. The calibration curves demonstrated excel-
lent model fit (Figure 5C and D).

Furthermore, the predictive accuracy of the independent
risk factors and combined risk scores model obtained from
the Cox regression analysis for OS and DFS at the first, sec-
ond, and third year post-surgery was measured using time-
dependent ROC curves (Figure 6). In the first postoperative
year, the area under the curve (AUC) for CST4 in predicting

Table 2. Correlations between CST4 and clinical characteristics in
patients with GC.

CHARACTERISTICS CORRELATION P VALUE
Sex —0.021 707
Age 0.043 437
Tumor volume 0.107 .051
Pathologic stage 0.183 .001
CEA 0.194 <.001
CA19-9 0.109 .056
CA724 0.100 .068
CA125 —-0.108 .058
0S —-0.263 <.001
DFS -0.318 <.001

Bold values indicate statistical significance.
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Figure 3. Kaplan-Meier analysis of survival outcomes in patients with GC. (A, B) Kaplan-Meier curves of OS (A) and DFS (B) in 334 gastric cancer
patients from our cohort, grouped by CST4 expression levels. (C-E) Kaplan-Meier curves of OS (C), DSS (D), and PFI (E) in gastric cancer patients from
TCGA database, grouped by CST4 expression levels. OS: overall survival, DFS: disease-free survival. DSS: disease-specific survival, PFI: progression-
free interval. P values were determined by log rank test (A-E) (*P <.05, **P <.01, ***P <.001).

Table 3. Univariate and multivariate COX regression analyses of prognostic factors related to OS in patients with GC.

CHARACTERISTICS TOTAL (N) UNIVARIATE ANALYSIS MULTIVARIATE ANALYSIS

HAZARD RATIO (95% Cl) P VALUE HAZARD RATIO (95% CI) P VALUE
Sex 250
Female 73 Reference
Male 177 0.862 (0.596-1.246) 430
Age 250 1.003 (0.989-1.018) .685
Tumor volume 250 1.025 (1.014-1.036) <.001 1.011 (0.999-1.022) .071
Pathologic stage 250
| 29 Reference Reference
I 75 1.911 (0.789-4.628) 151 1.326 (0.543-3.241) .536
1 138 5.501 (2.404-12.584) <.001 4.523 (1.954-10.469) <.001
v 8 166.434 (49.682-557.556) <.001 21.059 (5.498-80.664) <.001
CEA 250 1.095 (1.063-1.127) <.001 1.072 (1.033-1.113) <.001
CA19-9 250 1.027 (1.010-1.044) .002 1.019 (1.001-1.036) .034
CA724 250 0.994 (0.927-1.064) .854
CA125 250 0.993 (0.982-1.003) 169
CST4 250 1.036 (1.024-1.048) <.001 1.024 (1.012-1.036) <.001

Bold values indicate statistical significance.
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Table 4. Univariate and multivariate COX regression analyses of prognostic factors related to DFS in patients with GC.

UNIVARIATE ANALYSIS

CHARACTERISTICS TOTAL (N)

HAZARD RATIO (95% Cl)

MULTIVARIATE ANALYSIS

P VALUE

P VALUE HAZARD RATIO (95% Cl)

Sex 250

Female 73 Reference

Male 177 0.946 (0.671-1.332)
Age 250 1.001 (0.988-1.015)
Tumor volume 250 1.019 (1.009-1.028)
Pathologic stage 250

| 29 Reference

I 75 2.882 (1.216-6.830)
1] 138 7.093 (3.111-16.171)
1\ 8 310.176 (86.757-1108.954)
CEA 250 1.090 (1.059-1.121)
CA19-9 250 1.018 (1.003-1.034)
CA724 250 0.980 (0.921-1.043)
CA125 250 0.992 (0.983-1.002)
CST4 250 1.032 (1.021-1.042)

Bold values indicate statistical significance.
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Figure 4. The risk scores derived from the Cox regression analysis for OS (A) and DFS (B). OS: overall survival, DFS: disease-free survival.

OS (AUC =0.869) was higher than that for Pathologic Stage
(AUC=0.849) and CA19-9 (AUC=0.775), but lower than
that for CEA (AUC =0.888).The combined risk score model
(AUC=0.985) showed a significantly higher AUC compared
with the individual risk factors (Figure 6A). Similarly, in the
first postoperative year, the AUC for CST4 in predicting
DFS (AUC=0.703) was lower than that for Pathologic
Stage (AUC=0.757) and CEA (AUC =0.744), but the com-
bined risk score model (AUC =0.847) showed a significantly

higher AUC compared with the individual risk factors
(Figure 6B). The same pattern was observed in the second
and third postoperative years, with the combined risk score
model consistently showing a higher AUC than the indi-
vidual risk factors for both OS and DFS (Figure 6C to F). In
summary, these results elucidate the advantages of combined
risk scores model for CST4, pathology, and tumor markers in
terms of sensitivity and specificity for predictive assessment
of gastric cancer.
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response to surgery and chemotherapy, with the patient achieving a complete response (CR), maintaining low serum CST4 levels that gradually
decreased. (B) Patient 2 experienced tumor recurrence 8 months after surgery and chemotherapy, with poor response to subsequent chemotherapy,
radiotherapy, and further radiotherapy, remaining in progressive disease (PD), with sustained elevation of serum CST4 levels. (C) Patient 3 had a good
response to surgery and chemotherapy, achieving a complete response (CR) upon postoperative review, with a significant reduction in serum CST4
levels. Two years postoperatively, the patient’s condition progressed with hilar lung metastasis and entered progressive disease (PD). After
chemotherapy, radiotherapy, immunotherapy, and targeted therapy, the patient achieved a partial response (PR), with tumor reduction. Preop,
preoperative; RT, radiotherapy; mFOLFOX6, Oxaliplatin + Leucovorin + 5-Fluorouracil; SOX, Oxaliplatin + S-1; TCF, Docetaxel + Cisplatin + 5-Fluorouracil.

Notably, during the follow-up period, we conducted surveil-
lance on the postoperative CST4 levels in a subset of patients.
We were delighted to discern a marked reduction in CST4 lev-
els subsequent to surgery. The CST4 levels demonstrated a sig-
nificant correlation with the tumor progression of patients,
including complete response (CR), partial response (PR), and
progressive disease (PD). These findings, which we have
detailed in Figure 7, suggest that CST4 not only serves as a
prognostic marker but also as a potential indicator of treatment
response and tumor progression.

Mechanisms of CST4 affecting gastric cancer

prognosis

In our comprehensive analysis of the role of CST4 in gastric
cancer prognosis, we used data from the TCGA-STAD data-

base to uncover several key mechanisms. GSEA enrichment
analysis of CST4-correlated genes revealed a significant

positive correlation with pathways involved in ECM formation
(Figure 8A and B). Through the STRING database, we identi-
fied a notable interaction network between CST4 and the CTS
family genes (CTSA, CTSB, CTSL, CTSW) (Figure 8C),
further pinpointing proteins that may collaborate with CST4
to modulate gastric cancer prognosis. Correlation analysis
within the TCGA database exposed significant links between
CST4 and ECM proteins (Figure 8D), suggesting CST4s role
in the dynamics of the tumor microenvironment. The impact
of CST4 expression on ECM-related genes, including
COL1A1, LAMA1, FN1, and ELN, at both the protein and
mRNA levels was further confirmed by knocking down CST4
in gastric cancer cells (Figure 8E and F). Using transcriptomic
data from the TCGA database and employing the ssGSEA
algorithm based on the principle of linear support vector
regression for deconvolution, we inferred immune cell infiltra-
tion across different tissues and found that CST4 expression in
gastric cancer was negatively correlated with the infiltration of
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Figure 8. Mechanisms of CST4 affecting gastric cancer prognosis. (A) Heatmap of top 50 CST4-positively correlated genes in TCGA-STAD database. (B)
Mountain plot of GSEA enrichment analysis for CST4-positively correlated genes in TCGA-STAD database. (C) Exploration of CST4-interacting proteins
via STRING database (https://version11.string-db.org/). (D) Correlation analysis of CST4 with extracellular matrix proteins in TCGA database. (E) Western
blot showed the protein expression of extracellular matrix-related genes COL1A1, LAMA1, FN1, and ELN when CST4 was knocked down in gastric cancer
cells (MKN-45, HGC27). (F) gRT-PCR detected the mRNA expression of extracellular matrix-related genes COL1A1, LAMA1, FN1, and ELN when CST4
was knocked down in gastric cancer cells (MKN-45, HGC-27). (G) Analysis of immune cell infiltration in gastric cancer patients by CST4 expression in the
TCGA database. (H-K) The correlation scatter plot demonstrated the correlations between CST4 expression and infiltration of CD8+ T cells (H), T helper
cells (1), Tcm cells (J), and TReg cells (K). (L) Correlation between CST4 expression and TGFB2 expression. The data are representative of 3 independent
experiments. Quantitative data are shown as mean = SD (E, G), and P values were determined by 2-tailed unpaired Student’s ¢ test (H-L) (*P <.05,

**P<.01, ***P<.001).

CD8+ T cells, T helper cells, and Tem cells (Figure 8G to J),
while it was positively correlated with the infiltration of TReg
cells (Figure 8K). This elucidates a potential mechanism by
which CST4, through interactions with the CTS enzyme fam-
ily, inhibits ECM degradation, thereby affecting immune cell
infiltration. In addition, a positive correlation was identified
between CST4 expression and TGF-f2 (Figure 8L), which
may underlie the observed correlations between CST4 expres-
sion and immune cell infiltration in patients with GC.

Discussion

CST4 has been demonstrated to play a significant role in the
development of various malignancies.!®1? Studies by Zhang
et al'® have indicated that the overexpression of CST4 pro-
motes the invasiveness of gastric cancer by activating the
ELFN2 signaling pathway. Guo et al'! discovered that CST4
facilitates lymph node metastasis of esophageal cancer cells

through the VEGF-MAPK/ERK-MMP9/2 pathway. Yang
et al'? investigated how CircRNA circ_0023984 promotes the
progression of esophageal squamous cell carcinoma by regulat-
ing the miR-134-5p/Cystatin S axis. Although CST4’s role in
tumorigenesis has been extensively studied, most research has
focused on its mechanisms within tumor tissues. However, as a
secretory protein, CST4’s detectability in serum suggests its
potential as a tumor marker. Current research on serum CST4
has primarily concentrated on its diagnostic utility for can-
cer.>17 For instance, research by Cai et al’® has shown that the
combined detection of serum CST4 and DR-70 aids in the
early diagnosis of colorectal cancer. Studies by Huang et al'
have also highlighted the significance of serum CST4 in the
diagnosis of colorectal cancer. Zhou et al'” further confirmed
the clinical application value of serum CST4 in combination
with tumor markers for the diagnosis of digestive system
malignancies. In Supplementary Figure S1, the differential
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expression of the CST4 protein in gastric cancer (GC) tissues
and adjacent non-neoplastic tissues was validated using immu-
nohistochemistry and data from The Cancer Genome Atlas
(TCGA). However, in this study, diverging from previous
research on the diagnostic value of CST4, we have elucidated
the role of serum CST4 in the prognostic assessment of gastric
cancer. We found that the expression level of serum CST4 is an
independent prognostic factor for OS and DFS in patients
with GC. Kaplan-Meier analysis further substantiated this
observation, showing that increased CST4 expression was
associated with reduced OS and DFS, suggesting that CST4
may have a role in tumor progression and patient survival.

The correlation between postoperative CST4 levels and
tumor progression, as described in Figure 7, presents an inter-
esting observation. These results hint at CST4’s potential as a
prognostic marker and a bioindicator of treatment response
and tumor progression. However, we remain cautious about
drawing a definitive causal link between CST4 and metastasis
or recurrence based on our current dataset. Further research
with expanded patient cohorts and in-depth molecular analy-
ses would be beneficial to better understand the mechanisms
through which CST4 may influence tumor dynamics.

Through time-dependent ROC curve analysis, we further
validated the effectiveness and superiority of the risk score model
combining CST4 with pathology and conventional tumor mark-
ers in the prognostic assessment of gastric cancer. This finding
provides a new biomarker and prognostic model for gastric can-
cer and offers a new dimension for the application of CST4 in
oncology. While the tumor-node-metastasis (TNM) staging
system is a proven method for assessing patient prognosis, our
findings suggest that integrating CST4 levels might offer addi-
tional value by providing a more nuanced understanding of
tumor behavior and tumor microenvironment.!® By incorporat-
ing CST4 levels into existing prognostic frameworks, clinicians
could better stratify patients based on their risk profiles, poten-
tially guiding more personalized treatment strategies. This could
be particularly beneficial in determining candidates for aggres-
sive therapies or closer monitoring.

Our analysis of public databases revealed a positive correla-
tion between CST4 expression and the infiltration of regulatory
T cells (TReg cells), while a negative correlation was observed
with the infiltration levels of central memory T cells (Tem),
helper T cells,and CD8+ T cells. This suggests that CST4 may
exert a complex regulatory role within the tumor immune
microenvironment. This could be attributed to the properties of
CST4 as a protein that inhibits the activity of cysteine proteases,
where CST4 suppresses the degradation of the ECM by inhib-
iting the activity of cysteine proteases (CT'S family),'*!> medi-
ating the infiltration of immune cells with tumoricidal effects
such as Tem, helper T cells, and CD8+ T cells.” In addition,
the positive correlation between CST4 and TGF-f2 expression
may influence the activation of TGF-P receptors and the activ-
ity of its downstream signaling molecules, thereby suppressing

the proliferation of activated T cells and effectively inhibiting
the differentiation and effector functions of T cells.20
Furthermore, the activation of the TGF-B pathway can pro-
mote the differentiation and function of TReg cells, indirectly
promoting the infiltration of TReg cells.?!?2 We also found that
CST4 expression in patients with GC is positively correlated
with CEA and Pathologic Stage. Carcinoembryonic antigen is
a tumor-associated antigen that is typically overexpressed when
tumor cells proliferate rapidly.>?* The TNM pathological stag-
ing is the most commonly used indicator for assessing the pro-
gression of digestive tract tumors.® By elucidating the potential
role of CST4 in the tumor immune microenvironment, we have
also well understood the relationship between CST4 expression
and tumor cell proliferation and invasion, which is well corrob-
orated by the correlation between CST4 expression and CEA
and Pathologic Stage.

Despite providing new insights into CST4’s role in the
prognostic assessment of gastric cancer, this study has some
limitations. First, the sample size of this study is relatively
small, which may affect the generalizability of the results.
Second, this study only analyzed the expression level of
serum CST4 and did not consider other molecular markers
that may affect prognosis. In addition, although we have
preliminarily elucidated the mechanism by which CST4
inhibits the degradation of the ECM by inhibiting the
activity of cysteine proteases (CTS family), thereby mediat-
ing the infiltration of immune cells, further mechanism vali-
dation and in-depth exploration of the specific molecular
mechanisms of CST4’s role in the tumor immune microen-
vironment are still necessary. To address these limitations,
we will further verify the prognostic value of CST4 by
expanding the sample size, combining other molecular
markers, and adopting a multicenter study design. Moreover,
in-depth research on the specific mechanisms of CST4’s
role in the tumor immune microenvironment will help
develop new cancer immunotherapy strategies. Furthermore,
we will explore the expression patterns of CST4 in different
tumor types to further investigate its prognostic value in
other malignancies and study the combined application of
CST4 with other immunotherapy targets to enhance the
efficacy of cancer treatment.

Conclusions

This study elucidates the pivotal role of serum Cystatin S
(CSTH4) in the prognostic assessment of gastric cancer, thereby
introducing a novel biomarker for clinical management.
Distinguished from prior research that has concentrated on the
diagnostic utility of CST4, our study highlights its prognostic
significance, offering a novel perspective for the personalized
treatment and surveillance of patients with GC. We anticipate
that our findings not only contribute a new dimension to the
application of CST4 in oncology but also illuminate new direc-
tions for future research and clinical practice.
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