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Abstract: Background: Although some studies have reported on the expression of caveolin-1 (CAV-1) in gastric 
cancer, the role and clinical importance of CAV-1 in gastric cancer are still controversial. Methods: In total, 154 
paraffin-embedded gastric cancer tissue samples and 70 paired normal gastric tissue samples from the pathol-
ogy department of our hospital were collected from January 2011 to December 2014. Immunohistochemistry was 
used to detect the expression of CAV-1 in gastric cancer and normal gastric tissue, and its relationship with vari-
ous clinical pathological characteristics and the prognosis of gastric cancer was analyzed. Results: Gastric cancer 
tissue expressed CAV-1 in 21.4% (33/154) of cases but it was not expressed in normal gastric tissue (0%, 0/70) 
(P<0.001). In patients with higher T stage (T3-T4) gastric cancer, the positive rate of CAV-1 was 24.6% (31/126), 
which was significantly higher than that in patients with T1-T2 cancer (7.1%, 2/28) (P=0.042). Moreover, among 
patients with preoperatively elevated levels of the tumor biomarker carbohydrate antigen 19-9 (CA19-9) (>37 U/ml), 
the positivity rate for CAV-1 was 34.6% (9/26), which was significantly higher than that in patients with low CA19-9 
levels (16.9%, 20/118) (P=0.042). Survival analysis revealed that compared with patients with no CAV-1 expression 
in their gastric tumors, patients with CAV-1 expression in their gastric tumors had lower 5-year relapse-free survival 
(RFS) and overall survival (OS), but the difference did not reach statistical significance (P>0.05). Multivariate analy-
sis using a Cox proportional hazards model revealed that CAV-1 expression was an independent prognostic factor 
for 5-year RFS (hazard ratio=2.059, 95% confidence interval: 1.093-3.879, P=0.025) and OS (hazard ratio=1.924, 
95% confidence interval: 1.002-3.696, P=0.049) in gastric cancer patients. Conclusion: High expression of CAV-1 
in gastric cancer tissue is associated with poor prognosis and may be a potential biological marker for anti-gastric 
cancer treatment.
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Introduction

Gastric cancer is among the most common 
malignancies worldwide. Global cancer data 
from 2022 revealed that its incidence ranks 
fifth among malignant tumors [1], while in 
China, gastric cancer has the third highest  
mortality rate, seriously affecting the popula-
tion’s health and safety [2]. In recent years, 
although significant advances have been ma- 
de in the comprehensive treatment of gastric 
cancer, tumor recurrence and metastasis still 
lead to low survival rates for patients.

Caveolin-1 (CAV-1) is the main structural marker 
protein on the bottle-shaped vesicular struc-

tures (caveolae) that inwardly invaginate the 
cell membrane. It not only participates in the 
formation and stability of caveolae, but also 
interacts with various cell membrane proteins 
and signaling molecules, regulating multiple 
cellular physiological functions, including intra-
cellular and extracellular signal transduction, 
cholesterol transport, cell proliferation, and 
tumor development [3-6]. Some studies have 
investigated the expression and function of 
CAV-1 in malignancies, reporting that CAV-1 is 
significantly upregulated in various tumors, 
such as prostate cancer, bladder cancer, liver 
cancer, and esophageal squamous cell carci-
noma, and that it promotes tumor progression, 
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suggesting that CAV-1 plays a procancer role 
[7-12]. However, other studies have shown that 
in tumors such as breast cancer and pancrea- 
tic cancer, high expression of CAV-1 inhibits 
tumor growth and invasion and plays an anti-
cancer role [13, 14]. Therefore, CAV-1 plays a 
complex dual role in malignancies and has 
become a hot research topic.

In gastric cancer, the role of CAV-1 in inhibiting 
or promoting cancer is still controversial. Some 
studies have shown that CAV-1 inhibits the pro-
gression of gastric cancer [15], and its overex-
pression indicates better overall survival for 
gastric cancer patients [16]. However, other 
studies have shown that positive expression of 
CAV-1 promotes the progression of gastric can-
cer and leads to a poor prognosis [17]. In this 
study, the expression of CAV-1 in gastric cancer 
tissues was further investigated, and the rela-
tionships between its expression and various 
clinical pathological features and patient prog-
nosis were analyzed. The aim of this study was 
to elucidate the molecular mechanisms under-
lying the occurrence and development of gas-
tric cancer, and provide a valuable perspective 
for the diagnosis and clinical prognosis assess-
ment of gastric cancer.

Materials and methods

Patient information and tissue samples

Paraffinized gastric cancer tissue samples from 
a total of 154 patients who were hospitalized 
and underwent surgery at our hospital from 
January 2011 to December 2014 were collect-
ed from the pathology department archives, 
along with 70 paired normal gastric paraffin tis-
sue samples. The inclusion criterion was that a 
patient was diagnosed with gastric cancer by 
pathological diagnosis of the surgical speci-
men, and the participants or the participants’ 
legal guardians/next of kin agreed to partici-
pate in the scientific research. Patients who 
underwent any antitumor treatment, such as 
targeted therapy, chemotherapy, immunothe- 
rapy, or radiotherapy, prior to surgery were ex- 
cluded from this study. Histological grading  
was performed according to the World Health 
Organization (WHO) standard (5th edition, 
2019). Gastric cancer patients were staged 
according to the American Joint Committee  
on Cancer (AJCC) Cancer Staging Manual, 8th 
edition. Among 154 cases of gastric cancer, we 

obtained relapse-free survival (RFS) and over- 
all survival (OS) data for 132 and 130 gastric 
cancer patients, respectively. Patients were  
followed for a median of 60 months (range, 
3-60 months). The 5-year RFS and OS rates 
were 53.8% and 58.5%, respectively. The study 
methodology adhered to the applicable guide-
lines and regulations set forth by the Affiliated 
Dongyang Hospital of Wenzhou Medical Uni- 
versity.

Tissue array preparation

Tissue Array Preparation: We followed the 
methods described by Wang et al., 2020 [18]. 
To summarize, the Quick-ray® tissue microarray 
system (Cat. No.UT-06) and the Quick-ray pre-
made recipient block (Cat. No.UB-06) wax mo- 
del, both produced by Unitma Co., Ltd. in Seoul, 
Korea, were utilized for the preparation of tis-
sue specimens measuring 1 mm in diameter. 
Two specific locations were chosen from each 
sample of gastric cancer tissue for sampling 
purposes.

IHC staining: analysis and assessment

An Envision System (Cat. No. K5007; Dako, 
Glostrup, Denmark) was used for IHC staining 
of paraffin-embedded tissue sections, follow-
ing a previously described method [19, 20]. 
Briefly, the sections were submerged in boiling 
sodium citrate (pH 6.0) for 2 min in a pressure 
cooker. After being treated with 0.3% hydrogen 
peroxide for 10 min to block endogenous per-
oxidase activity, the sections were incubated 
with primary antibody overnight at 4°C. The 
sections were then incubated with secondary 
antibody for 50 min at room temperature, fol-
lowed by incubation with 3,3’-diaminobenzi- 
dine (DAB) (Cat. No. K5007; Dako, Glostrup, 
Denmark) at room temperature. The primary 
antibodies used in the experiments included  
an anti-CAV-1 rabbit monoclonal antibody (Cat. 
No. ab32577; clone E249; diluted to a con- 
centration of 1:500; obtained from Abcam, 
Cambridge, England). For the secondary anti-
body, Dako’s HRP rabbit/mouse universal anti-
body (Cat. No. K5007; Dako, Glostrup, Den- 
mark) was used. Criteria for CAV-1 staining 
assessment: CAV-1 staining was primarily local-
ized to the cell membrane, with some cytoplas-
mic staining observed. In this study, positive 
staining was defined as ≥1% of cancer cells or 
normal gastric mucosal glandular epithelial 
cells exhibiting either intact or partial cell mem-
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brane staining [21]. The interpretation of the 
staining results was independently completed 
by two pathologists. If the results from the two 
pathologists were not consistent, a third pathol-
ogist evaluated and determined the final score.

Patient follow-up

Patients were followed up using previously 
described methods [18, 22]. In brief, patients 
entered follow-up after surgery, with a check-up 
every six months. Local recurrence or distant 
metastasis of gastric cancer was diagnosed 
through clinical imaging or pathological histol-
ogy. Follow-up was conducted through tele-
phone after surgery, with a 6-month interval 
between each follow-up. Follow-up was termi-
nated if the patient died. RFS was defined as 
the time from surgery to relapse/metastasis 
and OS was defined as the time from surgery to 
death (excluding non-tumor-related deaths).

Statistical analysis

Data processing was conducted using SPSS 
23.0 analysis software (SPSS Inc., Chicago, IL, 
USA). Categorical data were expressed as pro-
portions or rates, and continuous data were 
presented as mean ± standard deviation (x ± 
S). Group comparisons for categorical variables 
were performed using the chi-square test, while 
continuous data were analyzed using the t-test 
or one-way ANOVA. The chi-square test was 
used to analyze the differences in CAV-1 pro-
tein expression between groups and the rela-
tionship between CAV-1 expression and the cli- 
nical pathological characteristics of patients. 
The Kaplan-Meier method was used to calcu-
late the OS and RFS rates of gastric cancer 
patients. The log-rank test was used to analyze 
the differences in survival curves between dif-
ferent CAV-1 expression groups. Survival curves 
were plotted using GraphPad Prism software 
(GraphPad software Inc., San Diego, CA, USA). A 
Cox proportional hazards model (input method) 
was used to analyze the independent prognos-
tic factors of gastric cancer patients. A P-value 
of less than 0.05 was considered to indicate 
statistical significance.

Results

Clinicopathological characteristics and CAV-1 
expression in gastric cancer

There were 105 male patients and 49 female 
patients with gastric cancer; their ages ranged 

from 37 to 86 years, with a median age of 68 
years. The histological grade ranged from well 
to moderately differentiated in 72 patients and 
poorly differentiated in 82 patients; and the 
pTNM stage was stage I in 14 patients, stage II 
in 31 patients, stage III in 103 patients, and 
stage IV in 6 patients. The other clinical and 
pathological characteristics and grouping de- 
tails are listed in Table 1. Among them, body 
mass index (BMI) information was missing for 3 
patients; preoperative blood tumor marker car-
cinoembryonic antigen (CEA) and carbohydrate 
antigen 19-9 (CA19-9) data were missing for  
10 patients; and carbohydrate antigen 72-4 
(CA72-4) data were available for 72 patients 
but were missing for 82 patients.

Among the 154 cases of gastric cancer tis- 
sue samples, 33 were CAV-1 positive (21.4%, 
33/154), while the CAV-1 positivity rate in 70 
normal gastric tissue samples was 0.0% (0/70) 
(Table 2). The CAV-1 positivity rate in gastric 
cancer tissues was significantly higher than 
that in normal gastric tissues (P<0.001) (Figure 
1).

Relationship between CAV-1 expression and 
clinical pathological features of gastric cancer

As shown in Table 1, the positivity rate of CAV-1 
in patients with T3-T4 stage gastric cancer was 
24.6% (31/126), while the CAV-1 positivity rate 
in patients with T1-T2 stage was 7.1% (2/28), 
with a statistically significant difference be- 
tween the two groups (P=0.042). Moreover, 
among patients with preoperatively elevated 
levels of the tumor biomarker CA19-9 (>37 U/
ml), the positivity rate for CAV-1 was 34.6% 
(9/26), while the CAV-1 positivity rate in pa- 
tients with low CA19-9 levels was 16.9% (20/ 
118), with a statistically significant difference 
also observed between the two groups (P= 
0.042). CAV-1 expression was not associated 
with gender, age, histological grade, tumor size, 
Lauren classification, lymph node metastasis, 
smoking status, alcohol consumption, BMI or 
other characteristics in gastric cancer patients.

Relationship between CAV-1 expression and 
prognosis in gastric cancer patients

Survival analysis revealed that the 5-year aver-
age RFS period for CAV-1 positive gastric can-
cer patients was 32.9 months, with anRFS rate 
of 43.3% (13/30), which was lower than that for 
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Table 1. Association of CAV-1 expression with clinicopathological parameters in gastric cancer pa-
tients

Variables No. of patients CAV-1  
negative, n (%)

CAV-1  
positive, n (%) χ2 P-value*

Gender
    Male 105 79 (75.2) 26 (24.8) 2.178 0.140
    Female 49 42 (85.7) 7 (14.3)
Age (years)
    ≤60 34 29 (85.3) 5 (14.7) 1.171 0.279
    >60 120 92 (76.7) 28 (23.3)
Tumor size (cm)
    ≤5 93 72 (77.4) 21 (22.6) 0.185 0.667
    >5 61 49 (80.3) 12 (19.7)
Tumor differentiation
    High-Moderate 72 58 (80.6) 14 (19.4) 0.316 0.574
    Poor 82 63 (76.8) 19 (23.2)
Lauren classification
    Intestinal 106 84 (79.2) 22 (20.8) 1.493 0.474
    Mixed 19 13 (68.4) 6 (31.6)
    Diffuse 29 24 (82.8) 5 (17.2)
T stage
    T1-T2 28 26 (92.9) 2 (7.1) 4.148 0.042
    T3-T4 126 95 (75.4) 31 (24.6)
Lymph node metastases
    No 33 28 (84.8) 5 (15.2) 0.983 0.321
    Yes 121 93 (76.9) 28 (23.1)
Tumor stage
    I-II 45 39 (86.7) 6 (13.3) 2.475 0.116
    III-IV 109 82 (75.2) 27 (24.8)
Smoke
    No 71 58 (81.7) 13 (18.3) 0.761 0.383
    Yes 83 63 (75.9) 20 (24.1)
Drink
    No 93 73 (78.5) 20 (21.5) 0.001 0.977
    Yes 61 48 (78.7) 13 (21.3)
BMI
    <18.5 23 18 (78.3) 5 (21.7) 2.583 0.275
    18.5-23.9 97 79 (81.4) 18 (18.6)
    >23.9 31 21 (67.7) 10 (32.3)
CEA (ng/ml)
    ≤5 110 85 (77.3) 25 (22.7) 1.941 0.164
    >5 34 30 (88.2) 4 (11.8)
CA19-9 (U/ml)
    ≤37 118 98 (83.1) 20 (16.9) 4.134 0.042
    >37 26 17 (65.4) 9 (34.6)
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CAV-1 negative gastric cancer patients [5-year 
average RFS period of 42.5 months, RFS rate 
of 56.9% (58/102)], but the difference was not 
significant (P=0.076) (Figure 2A).

The 5-year average survival period for CAV-1 
positive gastric cancer patients was 39.3 
months, with an OS rate of 46.7% (14/30), 
which was lower than that for CAV-1 negative 

D7S522 locus (7q31.1), which is frequently 
deleted in human cancers, including head and 
neck squamous cell carcinoma, prostate can-
cer, renal cell carcinoma, ovarian adenocarci-
noma, colon cancer, and breast cancer, sug-
gesting a close relationship between CAV-1 and 
tumorigenesis [23]. Previous studies have indi-
cated that CAV-1 plays a dual role in malignant 
tumors, acting either as a promoter or inhibitor 

CA72-4 (U/ml)
    ≤6.9 58 46 (79.3) 12 (20.7) 0.078 0.781
    >6.9 14 10 (71.4) 4 (28.6)
*Pearson’s chi-square test was used for the comparison of the CAV-1positive expression rate among different groups. A bold 
value of P<0.05 indicates statistical significance. Abbreviations: CAV-1 = caveolin-1; BMI = body mass index; CEA = carcinoem-
bryonic antigen; CA19-9 = carbohydrate antigen 19-9; CA72-4 = carbohydrate antigen 72-4.

Table 2. CAV-1 expression in gastric tissue specimens

Tissue samples No.
CAV-1 expression

χ2 P-value
Negative, n (%) Positive, n (%)

Noncancerous 70 70 (100.0%) 0 (0.0%) 17.592 <0.001
Cancerous 154 121 (78.6%) 33 (21.4%)
Abbreviation: CAV-1 = caveolin-1.

gastric cancer patients [5-year 
average survival period of 46.3 
months, OS rate of 62.0% 
(62/100)], but the difference 
was not significant (P=0.095) 
(Figure 2B).

Multivariate Cox proportional 
hazards model analysis re- 
vealed that CAV-1 expression 
was an independent prognos-
tic factor associated with poor 
prognosis for both 5-year RFS 
(HR=2.059, 95% CI=1.093-
3.879, P=0.025) and OS (HR= 
1.924, 95% CI=1.002-3.696, 
P=0.049) (Table 3).

Discussion

CAV-1 is the main structural 
protein and marker protein on 
the vesicle structure (caveolae) 
with a bottleneck shape re- 
cessing inwardly in the cell 
membrane and a diameter of 
approximately 50-100 nm [3, 
4]. Studies have shown that 
CAV-1 is involved in various 
physiological functions of hu- 
man cells, including transmem-
brane substance transport, 
cell phagocytosis, lipid homeo-
stasis, intracellular cholesterol 
transport, and signal transduc-
tion [3-6]. The gene encoding 
human CAV-1 is located at a 
known fragile site (FRA7G) 

Figure 1. Immunochemical analysis of caveolin-1 (CAV-1) expression in 
gastric tissues. A. Normal gastric tissue with negative expression of CAV-1 
in gastric glandular epithelial cells (200× magnification). B. Gastric cancer 
tissue with positive CAV-1 expression in cancer cells (200× magnification).

Figure 2. Associations between caveolin-1 (CAV-1) expression and the sur-
vival of patients with gastric cancer. Associations of CAV-1 expression with 
relapse-free survival (RFS) (A) and overall survival (OS) (B) were analyzed 
in the gastric cancer cohort. P-values were calculated using the Mantel-Cox 
log-rank test.
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Table 3. Multivariate Cox regression analysis for RFS and OS according to clinicopathological information and CAV-1 status

Variables
RFS OS

B SE Wald HR (95% CI) P-value* B SE Wald HR (95% CI) P-value*
CAV-1 (positive vs. negative) 0.722 0.323 4.990 2.059 (1.093-3.879) 0.025 0.655 0.333 3.864 1.924 (1.002-3.696) 0.049
Age (>60 vs. ≤60) 0.715 0.386 3.435 2.045 (0.960-4.358) 0.064 0.727 0.415 3.063 2.069 (0.917-4.669) 0.080
Gender (female vs. male) 0.333 0.487 0.467 1.395 (0.537-3.621) 0.494 0.616 0.522 1.394 1.851 (0.666-5.148) 0.238
Tumor differentiation (poor vs. high-moderate) 0.587 0.345 2.901 1.799 (0.915-3.538) 0.089 0.692 0.370 3.507 1.998 (0.968-4.124) 0.061
Tumor size (>5 cm vs. ≤5 cm) 0.233 0.275 0.717 1.263 (0.736-2.166) 0.397 0.090 0.295 0.094 1.095 (0.613-1.953) 0.760
Lauren classification (Mixed vs. Intestinal) -1.017 0.572 3.158 0.362 (0.118-1.110) 0.076 -0.779 0.574 1.838 0.459 (0.149-1.415) 0.175
Lauren classification (Diffuse vs. Intestinal) 0.584 0.400 2.137 1.794 (0.819-3.927) 0.144 0.543 0.425 1.638 1.722 (0.749-3.957) 0.201
Lymph node metastases (Yes vs. No) 0.783 0.665 1.389 2.189 (0.595-8.051) 0.239 0.687 0.743 0.854 1.987 (0.463-8.524) 0.355
T stage (T3-T4 vs. T1-T2) -0.455 0.684 0.443 0.634 (0.166-2.424) 0.506 -0.705 0.680 1.076 0.494 (0.130-1.873) 0.300
Tumor stage (III-IV vs. I-II) 1.003 0.803 1.561 2.728 (0.565-13.165) 0.211 1.494 0.849 3.098 4.454 (0.844-23.504) 0.078
Smoke (Yes vs. No) 0.310 0.430 0.519 1.363 (0.587-3.168) 0.471 0.407 0.461 0.780 1.503 (0.609-3.712) 0.377
Drink (Yes vs. No) 0.014 0.340 0.002 1.015 (0.521-1.977) 0.966 0.140 0.361 0.150 1.150 (0.566-2.335) 0.699
BMI (18.5-23.9 vs. <18.5) 0.281 0.432 0.423 1.324 (0.568-3.086) 0.515 0.309 0.458 0.456 1.362 (0.555-3.339) 0.500
BMI (>23.9 vs. <18.5) -0.584 0.558 1.097 0.558 (0.187-1.663) 0.295 -0.534 0.574 0.864 0.586 (0.190-1.807) 0.353
*A bold value of P<0.05 indicates statistical significance. Abbreviations: CAV-1 = caveolin-1; BMI = body mass index; RFS = relapse-free survival; OS = overall survival; B = coefficient estimate; SE = standard 
error; Wald = Wald statistic; HR = hazard ratio; 95% CI = 95% confidence interval.
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of cancer [7-14]. For example, it has been re- 
ported to be upregulated in tumors such as 
prostate cancer and bladder cancer, promoting 
tumor progression [7-12], whereas in breast 
cancer and pancreatic cancer, its high expres-
sion has been shown to inhibit tumor growth 
and invasion, exerting an anticancer effect [13, 
14].

The role of CAV-1 in the occurrence and devel-
opment of gastric cancer and the prediction of 
patient outcomes is also controversial. Some 
studies suggest that CAV-1 inhibits the progres-
sion of gastric cancer and is associated with 
better overall survival of gastric cancer patients 
[15, 16]. However, other studies suggest that 
expression of CAV-1 promotes the progression 
of gastric cancer and is associated with poor 
prognosis [17]. Burgermeister et al. proposed 
the “CAV-1 + companion protein X” concept to 
explain its dual role: CAV-1 interacts via its CSD 
domain. When it interacts with beneficial pro-
teins, it maintains tissue homeostasis; when  
it interacts with tumor-promoting proteins, it 
promotes cancer progression [24]. Additionally, 
posttranslational modifications (e.g., tyrosine 
or serine phosphorylation) alter CAV-1 function, 
enhancing tumor growth or survival [25, 26].

To further elucidate the role and clinical value 
of CAV-1 in gastric cancer, we used immunohis-
tochemistry to detect the expression of CAV-1 
in gastric cancer and normal gastric tissues. 
We found that the expression of CAV-1 in gas-
tric cancer tissues significantly deviated from 
that in normal gastric tissues, where it was 
entirely absent. These findings highlight the 
potential of CAV-1 as a biomarker for the pres-
ence of gastric cancer. Furthermore, in our 
analysis, CAV-1 expression was notably higher 
in individuals with advanced T stages (T3-T4), 
suggesting its involvement in tumor progres-
sion. Moreover, the positive correlation be- 
tween CAV-1 and CA19-9, a marker often asso-
ciated with aggressive disease and poor prog-
nosis [27-30], further supports the potential 
role of CAV-1 in enhancing tumor invasiveness 
and metastatic tendency. Clinically, the com-
bined detection of CAV-1 and CA19-9 may help 
identify a subgroup of patients with more bio-
logically aggressive tumors who might benefit 
from intensified treatment or closer monitoring. 
This association with tumoral aggression might 
help elucidate mechanisms of tumor biology 
specific to gastric cancer. Notably, CAV-1 ex- 
pression was not correlated with other clinical 

pathological features, such as age, gender, or 
histological grade, indicating that its involve-
ment may be isolated to specific aspects of 
cancer progression rather than broad oncogen-
ic processes.

In terms of prognosis, while our findings indi-
cate that compared with their CAV-1 negative 
counterparts, CAV-1 positive patients had lower 
5-year RFS and OS rates, these differences did 
not reach statistical significance in the univari-
ate analysis. This could be attributed to the re- 
latively small number of CAV-1 positive patients, 
which may have limited the ability to detect a 
statistically significant correlation with survival. 
Despite this limitation, further analysis using 
the Cox proportional hazards model revealed 
that CAV-1 positivity is an independent prog-
nostic factor, underscoring its potential role in 
predicting clinical outcomes in patients with 
gastric cancer.

In summary, the expression of CAV-1 is clinically 
significant in gastric cancer, particularly in rela-
tion to disease progression and prognosis. How- 
ever, the limitations of this study include the 
small sample size of CAV-1 positive patients, 
which restricts comprehensive statistical analy-
sis. Future research should aim to include larg-
er, more diverse populations to confirm these 
findings and understand the underlying biologi-
cal mechanisms. The development of targeted 
therapies that consider CAV-1 expression has 
the potential to improve gastric cancer treat-
ment strategies and patient management.
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