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Abstract 

Background Claudin 18.2 (CLDN18.2), a tight junction protein predominantly expressed in the normal gastric 
epithelium, has recently emerged as a potential therapeutic target in various solid tumors. Despite growing interest, 
comprehensive data on CLDN18.2 expression across primary tumors from different organs and their corresponding 
metastatic lesions remain limited.

Methods This study analyzed CLDN18.2 expression in 102 patients with primary adenocarcinomas from various 
organs and their corresponding ovarian metastatic carcinomas and in 81 cases of primary ovarian mucinous tumors 
using immunohistochemistry. We evaluated the association of CLDN18.2 expression with clinicopathologic features 
and survival outcomes.

Results The highest CLDN18.2 positivity rate was observed in gastric adenocarcinomas (40%, 12/30), followed by cer-
vical adenocarcinomas (20%, 1/5) and colorectal adenocarcinomas (4%, 2/50). Notably, primary ovarian mucinous 
tumors showed remarkably high expression rates, reaching 77% overall and 100% in mucinous borderline tumors. 
In contrast, adenocarcinomas of the appendix and breast lacked CLDN18 expression. While CLDN18.2 expression 
was generally maintained during metastasis, some variations in expression patterns were observed, particularly 
in gastric cancers (13%, 4/30). Our analysis found no significant correlation between CLDN18.2 expression and overall 
survival in the patient cohort.

Conclusion The preserved expression of CLDN18.2 in metastatic tumors underscores its potential utility as a target 
for therapeutic approaches. Our findings emphasize the importance of evaluating CLDN18.2 status in both primary 
and metastatic tumors to refine therapeutic strategies.

Keywords Human CLDN18 protein, Adenocarcinoma, Neoplasm metastasis, Ovarian neoplasms, Survival analysis, 
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Introduction
Advancements of medical science have led to signifi-
cant improvements in cancer treatment, yet therapeutic 
options remain limited for patients with inoperable or 
metastatic cancers. This limitation underpins the urgent 
need for novel therapeutic targets, making identification 
of such targets a pivotal aspect of precision medicine.

Claudins (CLDN) are a family of tight junction proteins 
involved in regulating permeability, maintaining barrier 
function, and preserving the polarity of epithelial lay-
ers [1]. These proteins are integral to the formation and 
maintenance of tight junctions, which are crucial for 
cellular integrity and function. To date, 27 CLDN iso-
forms have been identified [2]. Among these, CLDN 18 
exists in two isoforms: CLDN 18.1, primarily expressed 
in normal alveolar epithelium, and CLDN18.2, predomi-
nantly found in normal gastric mucosal cells. During 
carcinogenesis, the disruption of tight junctions exposes 
CLDN18.2 epitopes, making them accessible for tar-
geted monoclonal antibody therapies [3–6]. Zolbetuxi-
mab, a chimeric IgG1 monoclonal antibody targeting 
CLDN18.2, has demonstrated significant improvements 
in median survival and overall survival when used in 
combination with standard chemotherapy as a first-
line treatment [6–8]. Despite these promising results, 
the majority of studies on CLDN18.2 expression have 
focused on primary tumors, with limited data on its 
expression in metastatic sites.

Given the dynamic nature of tumor biology, under-
standing the expression patterns of CLDN18.2 in both 
primary and metastatic tumors across various cancer 
types is crucial for optimizing targeted therapies. This 
study aims to analyze the expression of CLDN18.2 in 
a substantial cohort of patients with various primary 
tumors and their corresponding metastatic sites, with a 
particular focus on ovarian mucinous carcinomas. By 
employing immunohistochemical analysis, we seek to 
evaluate the potential of CLDN18.2 as a therapeutic tar-
get and biomarker across multiple cancer types and met-
astatic tumors.

Materials and methods
Patient cohort and clinicopathologic data
This study encompassed 102 patients with matched 
primary carcinoma and ovarian metastases, alongside 
81 patients diagnosed with primary ovarian mucinous 
tumors. All patients underwent surgical resection of pri-
mary and metastatic lesions at Chonnam National Uni-
versity Hwasun Hospital between 2005 and 2024. Clinical 
data were retrospectively extracted from the patients’ 
medical records, including age, primary tumor site, T 
stage, lymph node metastasis, and chemotherapy regi-
men. Pathologic staging adhered to the American Joint 

Committee on Cancer (AJCC) staging system, 8th edition 
[9]. Overall survival (OS) was calculated from the date of 
surgery until death or the last follow-up visit.

Formalin-fixed paraffin-embedded (FFPE) tumor 
blocks were retrieved from the archives of the Depart-
ment of Pathology. Hematoxylin and eosin (H&E) slides 
were prepared for each case. Tumor sections were care-
fully selected from representative areas, with focus on 
identifying the most malignant and advanced foci. Two 
pathologists (KNI and LKH) independently reviewed the 
slides to evaluate histologic features. Tumors were classi-
fied and subtyped according to the World Health Organi-
zation classification of tumors of the female reproductive 
organs [12] and the digestive system [13]. Tumor-Node-
Metastasis (TNM) staging was performed for the entire 
cohort according to the 8th edition of the AJCC staging 
system. Histopathologic evaluation included histologic 
type, histologic grade, and presence of lymphovascular 
invasion. Clinicopathological variables were consolidated 
into meaningful categories to facilitate statistical analysis. 
Well-differentiated and moderately differentiated tumors 
were categorized as low grade, while poorly differenti-
ated tumors were classified as high grade. T stages 1 and 
2 were grouped as low stage, while stages 3 and 4 were 
considered high stage. This study received approval from 
the Institutional Review Board of the Chonnam National 
University Hwasun Hospital (CNUHH-2024–108).

Claudin18 immunohistochemistry
Claudin18 (CLDN18) expression was assessed using 
immunohistochemistry (IHC) with CLDN18 antibody 
(Clone 43-14A, Roche Diagnostics, Rotkreuz, Swit-
zerland). Tissue sections.  (3  μm thick) from paraffin-
embedded tissue blocks were stained using an automated 
immunostainer (BenchMark ULTRA, Roche Diagnos-
tics) with the OptiView DAB IHC Detection Kit (Ven-
tana Medical Systems, Tucson, AZ, USA), following the 
manufacturer’s protocol. Sections were pretreated with 
ULTRA Cell Conditioning Solution (ULTRA CC1, tris–
EDTA buffer pH 7.8) before incubation with CLDN18 
antibody. Human gastric mucosa tissue served as a posi-
tive control.

Immunohistochemistry scoring
Two experienced pathologists (KNI and LKH), blinded to 
the clinical data, independently assessed the IHC stain-
ing using criteria based on the phase III SPOTLIGHT 
biomarker study criteria [6, 8]. Assessment was per-
formed manually using a microscope, focusing on cell 
membrane staining. The percentage of positive tumor 
cells and staining intensity were evaluated, with intensity 
categorized as 0 (no staining), 1 (weak), 2 (moderate), or 
3 (strong). CLDN18 positivity was defined as ≥ 75% in 
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tumor cells exhibiting moderate-to-strong membranous 
staining. Inter-observer agreement of immunohisto-
chemical assessment between the two pathologists was 
evaluated using Cohen’s kappa coefficient (κ). Analysis 
demonstrated high concordance (κ = 0.921), confirming 
strong reliability in CLDN18.2 immunohistochemical 
staining interpretation.

Statistical analysis
Statistical analysis was conducted using SPSS Statistics, 
version 29.0 (IBM Corp., Armonk, NY, USA) for Win-
dows. Relationships between  CLDN18 expression and 
clinicopathologic parameters were evaluated using Pear-
son chi-squared test or Fisher’s exact test as appropri-
ate.  Inter-observer agreement for immunohistochemical 
assessment between pathologists was evaluated using 
Cohen’s kappa coefficient. Univariate and multivariate 
analyses, including Cox proportional hazard models, 
were employed to determine the effects of individual 
variables on survival and identify independent prognostic 
factors.

Overall survival was estimated using the Kaplan–
Meier method, with between-group differences assessed 
by a stratified log-rank test. A Cox proportional hazard 
model, stratified by age, CLDN18 positivity in primary, 
primary organs, histologic grade, T stage, lymph node 
metastasis, lymphovascular invasion, and chemotherapy 
regimen, was used to estimate hazard ratios (HRs) and 
corresponding 95% confidence intervals (CIs). Statistical 
significance was set at p < 0.05.

Results
Characteristic of the patients
This study examined 102 patients with adenocarcinoma 
originating from various organs and matched ovar-
ian metastatic carcinoma. The patients had a mean age 
of 52.1  years. The primary tumors predominantly arose 
from the gastrointestinal tract (90/102, 88%), with the 
majority coming from the colorectum (50/102, 49%), 
followed by the stomach (30/102, 29%) and appen-
dix (10/102, 10%). Non-gastrointestinal malignancies 
included breast carcinoma (7/102, 7%) and cervical ade-
nocarcinoma (5/102, 5%). HPV genotyping of the cervi-
cal adenocarcinomas revealed all five cases were positive 
for high-risk HPV: three with HPV16, one with HPV18, 
and one with both HPV59 and HPV66. Histologically, 
the tumors showed a slight predominance of low-grade 
tumors (56/102, 55%). Most patients presented with 
high T stage (T3 or T4) according to the AJCC criteria 
(86/102, 84%), and a significant proportion had lymph 
node metastasis (73/102, 72%). Approximately half of 
the patients had lymphovascular invasion (52/102, 51%). 

Following diagnosis, the majority of the patients under-
went platinum-based chemotherapy (77/102, 75%).

Additionally, the study included 81 patients with pri-
mary ovarian mucinous tumors, who had a mean age 
of 49.4  years. These cases were predominantly muci-
nous carcinomas, with a small number of mucinous 
borderline tumors (12/81, 15%). In contrast to the 
metastatic group, most of these tumors were histo-
logically low-grade (74/81, 91%) and had a low T stage 
(74/81, 91%). Lymph node metastasis and lymphovas-
cular invasion were rare in this group (2 cases and 4 
cases, respectively). Forty-four patients received plat-
inum-based chemotherapy after surgery and histologi-
cal diagnosis.

Correlation between CLDN18 expression 
and clinicopathologic variables
The expression of CLDN18 varied significantly across 
different primary organs (Table  1). Gastric adenocarci-
nomas showed the highest positivity rate (12/30, 40%), 
followed by those of the uterine cervix (1/5, 20%) and 
colorectum (2/50, 4%) (P < 0.001). Notably, adenocarci-
nomas of the appendix and breast showed no CLDN18 
expression. CLDN18 expression tended to increase in 
histologically higher-grade tumors with statistical sig-
nificance, while the CLDN18-positive cases tended to 
decrease in higher T stages (P = 0.024 and P = 0.042, 
respectively). However, no significant correlations were 
found between CLDN18 expression and other factors 
such as age, lymph node metastasis, or lymphovascu-
lar invasion (P = 0.245, P = 0.546, and P = 0.411, respec-
tively). The chemotherapy regimen was not included in 
the evaluation of its association with CLDN expression, 
as it is a factor determined retrospectively after surgery 
and tissue diagnosis.

In the primary ovarian mucinous tumor group, CLDN 
expression positivity was notably high (62/81, 77%), 
particularly in mucinous borderline tumors where all 
cases were positive (12/12, 100%) (P = 0.038). How-
ever, no significant correlations were found between 
CLDN expression and clinicopathologic variables such 
as age, histological grade, T stage, lymph node metasta-
sis, or lymphovascular invasion in this group (P = 0.631, 
P = 0.664, P = 0.205, P = 0.053, and P = 0.568, respectively) 
(Table 2).

Comparison of CLDN18 expression in pairs of primary 
and metastatic carcinomas
This study examined 102 paired samples of primary ade-
nocarcinomas and their corresponding ovarian metasta-
ses to assess CLDN18 expression. The analysis revealed 
cases where the expression status of CLDN18 changed 
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between the primary and metastatic sites. Pairs were 
considered concordant when CLDN18 positivity was 
consistent in both the primary and metastatic sites. The 

analysis revealed that the majority of pairs were concord-
ant (93/102, 91%), with a small fraction showing discord-
ant expression patterns (9/102, 9%).

Table 1 Correlation between CLDN18 expression and clinicopathologic variables of 102 patients with ovarian metastasis

* Abbreviation: NA Not applicable

Clinicopathologic variables No CLDN18 in primary 
organs

P value

Negative Positive

Age (mean 52.1)  ≤ 55 yr 65 53 (81%) 12 (19%) 0.245

 > 55 yr 37 34 (92%) 3 (8%)

Primary organs Stomach 30 18 (60%) 12 (40%)  < 0.001

Appendix 10 10 (100%) 0

Breast 7 7 (100%) 0

Uterine cervix 5 4 (80%) 1 (20%)

Colorectum 50 48 (96%) 2 (4%)

Histological grade Low-grade 56 52 (93%) 4 (7%) 0.024

High-grade 46 35 (76%) 11 (24%)

T stage Low (T1 or T2) 16 11 (69%) 5 (31%) 0.042

High (T3 or T4) 86 76 (88%) 10 (12%)

Lymph node metastasis Absent 29 26 (90%) 3 (10%) 0.546

Present 73 61 (84%) 12 (16%)

Lymphovascular invasion Absent 50 41 (82%) 9 (18%) 0.411

Present 52 46 (89%) 4 (11%)

Chemotherapy Platinum-based 77 66 (86%) 11(14%) NA*

Taxane-based 11 11 (100%) 0

Etc 14 10 (71%) 4 (29%)

Total 102 87 (85%) 15 (15%)

Table 2 Correlation between CLDN18 expression and clinicopathologic variables in 81 patients with ovarian mucinous tumor

* Abbreviation: NA Not applicable

Clinicopathologic variables No CLDN18 in primary 
organs

P value

Negative Positive

Age (mean 49.4)  ≤ 50 yr 38 8 (21%) 30 (79%) 0.631

 > 50 yr 43 11 (26%) 32 (74%)

Mucinous tumor Borderline 12 0 (0%) 12 (100%) 0.038

Malignant 69 19 (27%) 50 (73%)

Histological grade Low-grade 74 17 (23%) 57 (77%) 0.664

High-grade 7 2 (29%) 5 (71%)

T stage Low (T1 or T2) 74 16 (22%) 58 (78%) 0.205

High (T3 or T4) 7 3 (43%) 4 (57%)

Lymph node metastasis Absent 79 17 (21%) 62 (78%) 0.053

Present 2 2 (100%) 0 (0%)

Lymphovascular invasion Absent 77 19 (25%) 58 (75%) 0.568

Present 4 0 (0%) 4 (100%)

Chemotherapy None 37 3 (8%) 34 (92%) NA*

Platinum + Taxane 44 16 (36%) 28 (64%)

Total 81 19 (23%) 62 (77%)
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Expression status changes were most frequently 
observed in gastric cancer cases, which also exhibited the 
highest positive expression rate among various primary 
tumors (Table 3). In gastric cancer, both negative-to-pos-
itive and positive-to-negative conversions were observed. 
Specifically, there were three instances of negative-to-
positive conversion and one case of positive-to-negative 
conversion (Fig.  1). Similar conversion patterns were 
noted in adenocarcinomas of other organs. Appendiceal 
and uterine cervix adenocarcinomas showed cases of 
negative-to-positive conversion, while colorectal adeno-
carcinoma exhibited cases of positive-to-negative con-
version (Fig. 2).

Survival outcomes according to CLDN18 overexpression
The impact of various clinicopathologic variables, includ-
ing CLDN18 expression, on patient overall survival was 
analyzed using the Kaplan–Meier method. CLDN18 
expression, whether in the primary organ or ovarian 
metastatic lesions, did not significantly affect overall sur-
vival (P = 0.919, Fig. 3A). However, several other factors 
were found to influence survival outcomes. Among the 
clinicopathologic variables examined, lymph node metas-
tasis and lymphovascular invasion were associated with 
significantly reduced overall survival periods (P = 0.004 
and P = 0.008, respectively, Fig.  3B-C). High-grade his-
tology also showed a marginally significant decrease in 
survival periods (P = 0.076). Multivariate analysis using 
the Cox proportional hazards model revealed that pri-
mary organ, histologic grade, lymph node metastasis, and 

lymphovascular invasion were independent prognostic 
factors for overall survival (P < 0.001, P < 0.001, P = 0.001, 
and P = 0.005, respectively) (Table 4).

In the primary ovarian mucinous tumor group, 
CLDN18 positivity similarly showed no significant rela-
tionship with the patients’ overall survival (P = 0.399, 
Fig. 3D, Table 5). Among various clinicopathologic varia-
bles in this group, high T stage group was associated with 
a significant decrease in overall survival compared to low 
T stage group (P < 0.001, Fig. 3E). Lymphovascular inva-
sion and chemotherapy showed marginal significance in 
affecting survival (P = 0.087, and P = 0.054, respectively, 
Fig.  3F). Multivariate analysis identified T stage as the 
sole independent prognostic factor (P < 0.001) in this 
group.

Discussion
Advancements in medical science have enabled effective 
treatments for numerous cancer patients. However, ther-
apeutic options, particularly chemotherapy, remain lim-
ited for individuals with inoperable cancer or metastasis. 
Consequently, the identification of novel therapeutic tar-
gets has become a crucial focus in precision medicine. 
In recent years, CLDN18.2 has emerged as a promising 
novel agent molecule [3–5, 12, 13]. Despite this progress, 
the majority of data on CLDN18.2 expression is predomi-
nantly confined to primary cancers, with a particular 
emphasis on gastric and pancreatic malignancies [12, 13, 
12, 13, 12, 13, 12, 13]. Notably, there is a current lack of 
studies comparing CLDN18.2 expression between pri-
mary tumors in various organs and their corresponding 
metastatic tumors. To address this gap in knowledge, our 
study aimed to analyze CLDN18.2 expression in diverse 
primary tumors and their matched metastatic ovarian 
tumors using immunohistochemistry. Furthermore, we 
sought to evaluate the potential value of CLDN18.2 as a 
therapeutic target in these contexts.

Claudins (CLDN) are integral components of the tight 
junction family, which encodes two isoforms, CLDN18.1 
and CLDN18.2, resulting from alternative splicing of 
exon. These isoforms share a high degree of homology 
but exhibit tissue-specific expression patterns. CLDN18.1 
is primarily expressed in normal lung tissue and lung ade-
nocarcinomas, while CLDN18.2 exhibits selective expres-
sion on the surface of differentiated epithelial cells in 
normal gastric mucosa [3, 12]. Notably, CLDN18.2 over-
expression has been reported in malignancies of gastric, 
pancreatic, and esophageal origin, highlighting its poten-
tial role in oncogenesis. During the process of malig-
nant transformation, tight junctions undergo disruption, 
leading to the exposure of the CLDN18.2 epitope on the 
surface of tumor cells [5]. While immunohistochemical 
staining for CLDN18 cannot distinguish between these 

Table 3 Conversion of CLDN18 expression status between 
primary cancer and ovarian metastasis

CLDN18 
in primary 
organs

No CLDN18 
in ovarian 
metastasis

Kappa value

Negative Positive

Stomach Negative 18 15 (83%) 3 (17%) 0.730

Positive 12 1 (8%) 11 (92%)

Appendix Negative 10 8 (80%) 2 (20%) NA

Positive 0 0 0

Breast Negative 7 7 (100%) 0 NA

Positive 0 0 0

Uterine cervix Negative 4 3 (75%) 1 (25%) 0.545

Positive 1 0 1 (100%)

Colorectum Negative 48 48 (100%) 0 NA

Positive 2 2 (100%) 0

Total Negative 87 81 (93%) 6 (7%) 0.675

Positive 15 3 (20%) 12 (80%)

Sum 102 84 18
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isoforms, the tissue-specific expression of CLDN18.2 
allows for its clinical application as a biomarker and 
therapeutic target, particularly in cancers of gastric ori-
gin. Recent research, including phase III studies such as 
SPOTLIGHT and GLOW, has demonstrated that mono-
clonal antibody therapy targeting CLDN18.2 significantly 
improves overall survival in patients with unresectable 
gastric and esophageal adenocarcinomas [12, 13]. These 
promising findings have prompted further investigations 
into CLDN18.2 expression across various organs [13, 
12]. Our results largely corroborate previously reported 
CLDN18.2 expression patterns while also revealing 
novel insights. Notably, the expression rate of CLDN18.2 
exhibits geographic variations. A study utilizing the same 

monoclonal antibody (clone 43–14A) reported a positive 
rate of 53.0% in cases with gastric or esophageal adeno-
carcinoma in Germany [13], compared to 87.0% in Japan 
[12]. In our study, we observed a CLDN18.2 expression 
rate of 40% in both primary and metastatic gastric can-
cers, providing evidence that CLDN18.2 expression is 
maintained during the metastatic process.

Yan et  al. conducted a study on CLDN18.2 expression 
in adenocarcinomas originating from various organs. 
Their findings revealed CLDN18.2 expression in lung 
mucinous adenocarcinoma, cholangiocarcinoma, colo-
rectal mucinous adenocarcinoma, and gastric-type cer-
vical adenocarcinoma. However, breast adenocarcinoma 
did not exhibit CLDN18.2 expression [12]. Our study 

Fig. 1 Representative matched pairs illustrating conversion of CLDN18.2 expression. A through F Negative-to-positive conversion from stomach 
to ovarian metastasis; Case 35 with gastric primary of (2 + , 30%, A) and ovarian metastasis of (2 + , 80%, B), Case 36 with gastric primary of (1 + , 
30%, C) and ovarian metastasis of (2 + , 80%, D), and Case 43 with gastric primary of (2 + , 40%, E) and ovarian metastasis of (3 + , 80%, F). (G and H) 
Positive-to-negative conversion from stomach to ovarian metastasis; Case 64 with gastric primary of (3 + , 80%, G) and ovarian metastasis of (2 + , 
30%, H) (magnification × 200)
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corroborated these results, confirming the absence of 
CLDN18.2 expression in breast cancer. Furthermore, 
we observed a high frequency of CLDN18.2 expression 
in ovarian mucinous tumors, aligning with the find-
ings reported by Wagner et al. [13]. In their comprehen-
sive analysis of primary ovarian cancer subtypes (serous, 

endometrioid, clear cell, and carcinosarcoma), Wagner 
et  al. demonstrated that 99.5% of non-mucinous tumors 
lacked CLDN18.2 expression, with positivity almost 
exclusively limited to the mucinous subtype. Our results 
corroborate this observation, further substantiating the 
specific association between CLDN18.2 expression and 

Fig. 2 Representative matched pairs illustrating conversion of CLDN18.2 expression. A through F Negative-to-positive conversion from primary 
tumor to ovarian metastasis; Case 40 with appendiceal primary of (0, 0%, A) and ovarian metastasis of (3 + , 90%, B), Case 154 with appendiceal 
primary of (2 + , 20%, C) and ovarian metastasis of (3 + , 80%, D), and Case 50 with uterine cervix primary of (2 + , 40%, E) and ovarian metastasis 
of (2 + , 80%, F). (G through J) Positive-to-negative conversion from primary tumor to ovarian metastasis; Case 38 with colorectal primary of (3 + , 
80%, G) and ovarian metastasis of (1 + , 80%, H), and Case 145 with colorectal primary of (2 + , 80%, I) and ovarian metastasis of (2 + , 5%, J) 
(magnification × 200)
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Fig. 3 Kaplan–Meier estimates of overall survival according to CLDN18 expression (A), lymph node metastasis (B), and lymphovascular invasion (C) 
in primary cancers with ovarian metastasis; and CLDN18 expression (D), pT stage (E), and lymphovascular invasion (F) in primary ovarian mucinous 
neoplasms

Table 4 Univariate and multivariate analysis for overall survival predictors in 102 patients with ovarian metastasis

† Cox proportional hazards model for multivariate analysis

Clinicopathologic variables No Mean 
survival 
(months)

P-value 
(univariate)

P-value 
(multivariate)†

Hazard ratio 95% 
confidence 
interval

Age (mean 52.1)  ≤ 55 yr 65 62.6 0.472 0.051 1 0.998 3.248

 > 55 yr 37 54.8 1.8

CLDN18 in primary Negative 87 59.5 0.919 0.578 1 0.564 2.973

Positive 15 62.6 1.255

Primary organs Stomach 30 63.6 0.602  < 0.001 1

Appendix 10 78.1 0.007 5.934 1.611 21.863

Breast 7 81.2 0.186 2.325 0.667 8.109

Uterine cervix 5 63.2 0.007 10.092 1.881 54.134

Colorectum 50 50.4  < 0.001 7.633 3.101 18.789

Histological grade Low-grade 56 67.7 0.076  < 0.001 1 2.396 9.997

High-grade 46 52.4 4.894

T stage Low (T1 or T2) 16 73.0 0.237 0.784 1 0.317 2.379

High (T3 or T4) 86 56.5 0.869

Lymph node metastasis Absent 29 81.0 0.004 0.001 1 1.770 10.440

Present 73 50.4 4.298

Lymphovascular invasion Absent 50 72.2 0.008 0.005 1 1.327 5.024

Present 52 47.2 2.582

Chemotherapy Platinum-based 77 54.3 0.466 0.081 1

Taxane-based 11 69.5 0.330 0.634 0.254 1.585

Etc 14 59.9 0.093 2.105 0.884 5.014
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ovarian mucinous histology. It is important to note that 
primary mucinous ovarian carcinoma is a rare entity, 
accounting for only 1–3% of all ovarian cancers. The 
majority of mucinous carcinomas in the ovary are known 
to be metastases from other organs [12, 13, 12], with the 
gastrointestinal tract being the most common primary 
site for metastatic ovarian carcinoma [13]. Wang et  al. 
investigated CLDN18.2 expression in both primary and 
metastatic ovarian mucinous carcinomas. They reported 
CLDN18.2 expression in metastatic ovarian carcinomas 
originating from the upper gastrointestinal tract, but not 
in those of lower gastrointestinal origin [12]. Our study 
yielded similar results, with only a few cases of CLDN18.2 
expression observed in metastatic ovarian carcinomas 
originating from the appendix (Table  2). The distinction 
between pseudomyxoma peritonei, ovarian carcinoma 
of appendix origin, and primary ovarian mucinous car-
cinoma remains a significant diagnostic challenge. Cur-
rently, no definitive biomarker has been identified to 
clearly differentiate between these entities [13, 12]. Given 
the high expression rate of CLDN18.2 in primary ovar-
ian mucinous carcinomas and its limited expression in 
metastatic carcinomas of appendix origin, CLDN18.2 may 
serve as a valuable biomarker for distinguishing between 
primary ovarian mucinous carcinoma and metastatic 
mucinous carcinoma originating from the appendix.

Analysis of CLDN18.2 expression rates in primary 
tumors and their corresponding metastatic carcino-
mas revealed that expression levels were generally 

sustained, consistent with previous studies [12, 13]. 
CLDN18.2 expression was largely preserved during 
metastasis, although some variations in expression 
patterns were observed, particularly in gastric can-
cer. These findings underscore the dynamic nature of 
CLDN18.2 expression between primary and metastatic 
sites, especially in gastric malignancies. The variability 
in expression patterns between primary and metastatic 
lesions carries significant implications for targeted 
therapies and diagnostic approaches in managing these 
cancers. This study emphasizes the importance of 
evaluating CLDN18.2 expression in both primary and 
metastatic sites, as discordant cases, though relatively 
infrequent, may significantly impact treatment deci-
sions and patient outcomes. The differences in expres-
sion patterns between primary and metastatic lesions 
could influence the efficacy of targeted therapies and 
the accuracy of diagnostic approaches.

While some studies have reported that CLDN18.2 
expression decreases as cancer progresses, poten-
tially contributing to tumor cell invasion and metas-
tasis formation [13, 12], our study demonstrated that 
CLDN18.2 expression was largely preserved during 
metastatic dissemination. This apparent discrepancy 
highlights the complex role of CLDN18.2 in cancer 
progression and metastasis. Further research is war-
ranted to elucidate the precise role of CLDN18.2 in the 
metastatic process and its interactions within the ovar-
ian tumor microenvironment.

Table 5 Univariate and multivariate analysis for overall survival predictors in in 81 patients with ovarian mucinous tumor

† Cox proportional hazards model for multivariate analysis

Clinicopathologic variables No Mean 
survival 
(months)

P-value 
(univariate)

P-value 
(multivariate)†

Hazard ratio 95% 
confidence 
interval

Age (mean 49.4)  ≤ 50 yr 38 168.3 0.135 0.319 1 0.515 7.638

 > 50 yr 43 124.1 1.984

CLDN18 ovary Negative 19 162.1 0.399 0.499 1 0.415 6.075

Positive 62 144.6 1.588

Mucinous tumor Borderline 12 145.3 0.550 0.587 1 0.029 7.472

Malignant 69 151.0 0.463

Histological grade Low-grade 74 154.6 0.405 0.186 1 0.529 26.467

High-grade 7 68.8 3.74

T stage Low (T1 or T2) 74 165.9  < 0.001  < 0.001 1 2.501 31.709

High (T3 or T4) 7 30.3 8.906

Lymph node metastasis Absent 79 NA 0.403 0.989 NA NA NA

Present 2 NA

Lymphovascular invasion Absent 77 156.4 0.087 0.35 1 2.165 10.937

Present 4 81 2.165

Chemotherapy None 37 176.4 0.054 0.423 1 2.490 23.194

Platinum + Taxane 44 140.4 2.49
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The prognostic significance of CLDN18.2 expression 
in cancer has been a subject of debate in recent stud-
ies. While Matsuoka et  al. initially suggested that loss 
of CLDN18.2 expression might be a marker of poor 
prognosis in certain tumor types [13], subsequent 
investigations have failed to establish a clear correlation 
between CLDN18.2 expression and survival outcomes 
[12, 13, 12]. Our study, which evaluated the prognos-
tic role of CLDN18.2 in a cohort of 102 patients with 
stage 4 cancer and ovarian metastasis, found no sig-
nificant difference in overall survival (OS) based on 
CLDN18.2 expression. This finding supports the notion 
that CLDN18.2 is not an independent prognostic fac-
tor for overall survival, at least in this specific patient 
population.

CLDN18.2 expression has been observed in borderline 
ovarian mucinous tumors and benign ovarian mucinous 
tumors [13, 12]. Our study corroborated these findings, 
demonstrating CLDN18.2 expression in mucinous bor-
derline tumor and mucinous carcinoma. This is particu-
larly relevant given that mucinous ovarian carcinomas 
tend to occur in relatively younger patients and exhibit 
poor responses to platinum-based chemotherapy, leading 
to worse prognoses [12]. The observed CLDN18.2 over-
expression in these tumors suggests that targeted thera-
pies, such as zolbetuximab, could potentially improve 
survival rates in mucinous ovarian carcinoma.

Interestingly, CLDN18.2 overexpression has been 
reported in other mucinous carcinomas, including 
lung mucinous carcinoma and cervical gastric-type 
adenocarcinoma [4, 12]. Iwaya et  al. proposed that 
aberrant CLDN18.2 expression in colitis-associated colo-
rectal cancer might be linked to chronic inflammation 
and repeated mucosal damage, potentially associated 
with the reprogramming or conversion of colonic precur-
sor cells into gastric epithelial cells [13]. These findings 
highlight the need for further research to elucidate the 
correlation between CLDN18.2 expression and muci-
nous-type adenocarcinoma across various organ systems.

CLDN18.2 expression should be considered along-
side the type of primary tumor when planning treat-
ment strategies. Moreover, the potential of certain 
chemotherapy regimens to delay metastasis warrants 
further investigation and may influence treatment prior-
itization. However, the precise role of CLDN18.2 in the 
tumor microenvironment and its influence on metasta-
sis remains unclear. Exploring these mechanisms could 
provide crucial insights into preventing or delaying 
metastasis. Future research should focus on elucidat-
ing the complex interactions between CLDN18.2, the 
tumor microenvironment, and the metastatic process to 
enhance our understanding of cancer progression and 
improve patient outcomes.

While our study primarily focused on primary can-
cers of the cervix, breast, appendix, stomach, and colon, 
the large cohort size of matched cases and the extended 
timespan over which these samples were collected help 
to mitigate potential biases and enhance the robustness 
of our results. Nevertheless, we acknowledge that the rel-
atively small sample sizes in certain subgroups—uterine 
cervical, appendiceal, and breast cancers—may constrain 
the statistical power of analyses within these specific 
groups. This limitation highlights the importance of vali-
dating our results in larger, independent cohorts to con-
firm their generalizability. Furthermore, our reliance on 
immunohistochemical analyses may not fully represent 
CLDN18.2 overexpression due to tumor heterogeneity 
or variations in the percentage of tumor cells within the 
overall tumor mass. Future studies incorporating com-
plementary mRNA analysis could provide a more com-
prehensive understanding of CLDN18.2 gene expression.

The histopathological heterogeneity of ovarian muci-
nous tumors suggests that certain samples may have been 
differentially influenced by the coexistence of malignant, 
borderline, and benign components, potentially intro-
ducing variability in CLDN18.2 expression assessment. 
The inclusion of benign mucinous tumors as a compara-
tive control would have provided valuable context for 
distinguishing CLDN18.2 expression patterns across dif-
ferent tumor types. Future studies should address this 
limitation by incorporating benign counterparts and 
conducting more detailed analyses across distinct histo-
logical regions within the same tumor to better delineate 
CLDN18.2 expression dynamics.

Additionally, the antibody used in this study detects 
both CLDN18.1 and CLDN18.2 isoforms due to their 
shared epitope homology. This lack of isoform specific-
ity poses an interpretational challenge, particularly in 
tissues where both isoforms may coexist, such as the 
lung and gastrointestinal tract. While the tissue-specific 
expression patterns of CLDN18 isoforms suggest that 
most observed staining in our cohort likely represents 
CLDN18.2, the inability to definitively distinguish iso-
forms limits the precision of our findings. Further stud-
ies employing isoform-specific antibodies or integrating 
complementary mRNA analysis are warranted to pro-
vide a more comprehensive understanding and generate 
robust insights into CLDN18.2 gene expression.

Although our findings indicate that CLDN18.2 over-
expression is not an independent prognostic factor, its 
potential survival benefit in metastatic settings makes 
it a promising candidate for targeted therapies such as 
zolbetuximab. This potential extends to both metastatic 
cancers and primary mucinous ovarian carcinoma, 
where CLDN18.2 demonstrates particular promise 
as a therapeutic target. The sustained expression of 
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CLDN18.2 in metastatic tumors suggests that target-
ing this protein could be considered a novel treatment 
option for patients with advanced disease. This is espe-
cially relevant for mucinous ovarian cancer, where cur-
rent treatment options are limited and outcomes are 
often poor.

In conclusion, our study enhances the understand-
ing of CLDN18.2 expression patterns in various can-
cer types and stages, providing a foundation for future 
research and potential therapeutic interventions. The 
preservation of CLDN18.2 expression during metasta-
sis underscores its potential as a therapeutic target in 
both primary and metastatic ovarian mucinous cancers.
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