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Abstract

Background/Aim: Invasive mucinous adenocarcinoma (IMA) of the lung is a rare adenocarcinoma subtype with
abundantintracytoplasmic mucin and poor response to standard non-small cell lung cancer chemotherapy. Molecularly
targeted therapies may be useful in IMA. Zolbetuximab is a chimeric IgG1 monoclonal antibody against Claudin-18.2
(CLDN18.2) that induces cell death in CLDN18.2-positive gastric and gastro-esophageal junction adenocarcinomas.
Iflung IMAs also highly express CLDN18.2, they may be candidates for zolbetuximab treatment. This study evaluated
CLDN18.2 expression in lung IMAs by immunohistochemistry.

Patients and Methods: We analyzed surgically resected samples comprising 30 IMAs, 10 non-mucinous adenocarcinomas
(NMAs), 10 squamous cell carcinomas (SqCCs), 10 small cell carcinomas (SmCCs), 9 large cell carcinomas (LCCs), and
10 large cell neuroendocrine carcinomas (LCNECs) of the lung.

Results: We confirmed CLDN18.2 expression (H-score =50 points) in 77% of IMA samples. Its expression was rarely
observed in other histological types of lung cancer.

Conclusion: CLDN18.2 is frequently expressed in IMAs but rarely in other major lung cancer subtypes, suggesting that
zolbetuximab may represent a promising targeted therapy for IMA.
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Introduction However, IMA has an oncogenic profile distinct from that

of other invasive adenocarcinomas, with frequent Kirsten
Invasive mucinous adenocarcinoma (IMA) of the lung  rat sarcoma virus (KRAS) mutations and infrequent
is a rare variant of adenocarcinoma characterized by = oncogenic mutations, including epidermal growth factor
abundant intracytoplasmic mucin within the tumor, and  receptor (EGFR) mutations (2). Meanwhile, several
it has poor sensitivity to conventional chemotherapy reports of molecularly targeted therapies for IMA can be
regimens used for non-small cell lung cancer (1). found. Seven cases of advanced or recurrent IMA treated
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with bevacizumab (BEV)-combined chemotherapy
showed a favorable overall response rate (ORR) (1). A
study presenting the first case of Mesenchymal-epithelial
transition exon 14-skipping mutation (METex14)-positive
IMA treated with a MET-tyrosine kinase inhibitor (TKI) (3)
was reported, and Tepotinib demonstrated therapeutic
effectiveness; however, the patient died of exacerbated
interstitial lung disease (ILD), possibly associated with
this treatment (3). In a case of IMA with EGFR mutation,
gefitinib therapy resulted in a rapid reduction of
bronchorrhea, associated with a dramatic improvement
in dyspnea, hypoxia, and radiographic abnormalities (4).

Claudin-18 isoform 2 (CLDN18.2) is a tight junction
protein that is normally expressed exclusively in gastric
mucosa cells, its expression is retained in most gastric and
gastro-esophageal junction adenocarcinoma cells, and is
the dominant CLDN18 isoform expressed in both normal
and malignant gastric cells (5). Zolbetuximab is a first-in-
class chimeric immuno-globulin G1 monoclonal antibody
that targets and binds to CLDN18.2 that mediates cell
death of CLDN18.2-positive gastric and gastro-esophageal
junction adenocarcinoma cells via antibody-dependent
cellular cytotoxicity and complement-dependent
cytotoxicity. Targeting CLDN18.2 with zolbetuximab
significantly prolonged progression-free survival and
overall survival when combined with mFOLFOX6
[modified folinic acid (or levofolinate), fluorouracil,
and oxaliplatin regimen] versus placebo combined with
mFOLFOX6 in patients with CLDN18.2-positive, HER2-
negative, locally advanced unresectable or metastatic
gastric or gastro-esophageal junction adenocarcinoma (6).

Arpa et al. reported that gastric surface type mucin
MUC5AC and MUC6 are expressed in IMA, which may
indicate that IMA has a differentiation similar to that of
the gastric mucosa cells (7).1f IMA is also found to have
high expression of CLDN18.2, it may also be eligible
for treatment with zolbetuximab. We found a few
studies of CLDN18.2 expression in IMAs of the lung (8-
12). This study aimed to clarify its expression in IMAs
using immunohistochemistry. For comparison, we also
included samples of non-mucinous adenocarcinoma

Table 1. Expression of CLDN18.2 in lung cancers.

Tumor type H-score (Classification)?

0 1 2 3
IMA (n=30) 7 1 19 3
NMA (n=10) 10 0 0 0
SqCC (n=10) 10 0 0 0
SmCC (n=10) 10 0 0 0
LCC (n=9) 9 0 0 0
LCNEC (n=10) 8 2 0 0

IMA: Invasive mucinous adenocarcinoma; NMA: non-mucinous
adenocarcinoma; SqCC: squamous cell carcinoma; SmCC: small cell
carcinoma; LCC: large cell carcinoma; LCNEC: large cell neuroendocrine
carcinoma. ?0=0 to 49 points; 1=50 to 99 points; 2=100 to 199 points;
3=200 to 300 points.

(NMA), squamous cell carcinoma (SqCC), small cell
carcinoma (SmCC), large cell carcinoma (LCC) and large
cell neuroendocrine carcinoma (LCNEC) of the lung.

Patients and Methods

Patients. We collected 30 IMA, 10 NMA, 10 SqCC, 10
SmCC, 9 LCC and 10 LCNEC samples of the lung obtained
surgically at the University of Yamanashi Hospital. The
pathological diagnosis of these tumors followed the WHO
Classification of Thoracic Tumours (13).Two pathologists
(K.M. and I.T.) independently reviewed hematoxylin
and eosin (HE) stained slides blinded to the original
pathological diagnosis. The Research Ethics Committee
of the Faculty of Medicine, University of Yamanashi
approved this study (approval number: 2859).

Immunohistochemistry. In our previous report, we
described the immunohistochemical method, review
and H-score (14). Claudin18.2 (EPR19202; Abcam,
Cambridge, UK; dilution 1:500) was used as the primary
antibody. We used a positive control (stomach) to perform
the primary antibody reaction. We performed antigen
retrieval through heat treatment by autoclaving at 121°C
for 10 min in Antigen Retrieval solution pH 9 (Nichirei
Biosciences, Tokyo, Japan). We inhibited endogenous
peroxidase by using 3% H,0,.
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Figure 1. Representative invasive mucinous adenocarcinoma (IMA). (A) Hematoxylin-Eosin staining. (B) IMA exhibiting CLDN18.2 immunoreactivity
in the cell membrane (staining intensity 3+). Original magnification x400.

Results

Table I shows the summarized immunohistochemical results.
We used the H-score as an immunohistochemical evaluation
system, which is calculated by adding the products obtained
by multiplying each of four staining intensity gradations with
its percentage of positive cells. We classified the H-score as
0=0 to 49 points, 1=50 to 99 points, 2=100 to 199 points,
and 3=200 to 300 points with the classifications of 1, 2 or 3
defined as positive and 0 as negative. In 30 IMAs, CLDN18.2
had the following immunostaining patterns: 23% classified
0, 3% classified 1, 63% classified 2, and 10% classified
3 (Figure 1). In 10 NMAs, CLDN18.2 had the following
immunostaining patterns: 100% classified 0, 0% classified
1, 0% classified 2, and 0% classified 3.In 10 SqCCs, CLDN18.2
had the following immunostaining patterns: 100% classified
0, 0% classified 1, 0% classified 2, and 0% classified 3. In
10 SmCC, CLDN18.2 had the following immunostaining
patterns: 100% classified 0, 0% classified 1, 0% classified 2,
and 0% classified 3. In nine LCCs, CLDN18.2 had the following
immunostaining patterns: 80% classified 0, 20% classified 1,
0% classified 2, and 0% classified 3.In 10 LCNECs, CLDN18.2
had the following immunostaining patterns: 100% classified
0, 0% classified 1, 0% classified 2, and 0% classified 3.

Discussion

The CLDN family is capable of forming tight-junction
strands and thereby represents the backbone of tight

junctions in vertebrate epithelial and endothelial cells,
as well as in other types of cells; it is composed of 27
members in mammals, and a specific combination of
CLDNs is expressed in a given cell/tissue type (15).

Treatment with zolbetuximab plus mFOLFOX6
led to a clinically meaningful and significant benefit in
progression-free survival and overall survival compared
with placebo plus mFOLFOX6 in patients with previously
untreated, CLDN18.2-positive, HER2-negative, locally
advanced unresectable or metastatic gastric or gastro-
esophageal junction adenocarcinoma (6).

Furthermore, Hong et al. reported that CLDN18.2
expression was evaluated in 414 patients using
immunohistochemistry; in total, 4.1% (17/414) of the
patients were CLDN18.2-positive, including patients with
pancreatic (16.7%, 1/6), gastric (14.1%, 12/85), biliary
tract (6.3%, 1/16), genitourinary/miscellaneous (2.2%,
1/46), and colorectal (0.9%, 2/203) cancers (16).

Sahin et al. showed that CLDN18.2 expression in
gastric (77%, 51/66), pancreatic (80%, 8/10), esophageal
(77%, 17/22), ovarian (10%, 4/42) adenocarcinomas
by immunohistochemistry (17). Cha et al. demonstrated
that high CLDN18.2 expression correlates with favorable
clinical-pathological features and improved survival
outcomes in pancreatic ductal adenocarcinoma,
particularly in patients receiving adjuvant chemotherapy,
suggesting its potential utility as a therapeutic and
prognostic marker (18). They found frequent ectopic
activation of CLDN18.2 in cancers in various organs. These
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data suggest its therapeutic application outside of gastric
cancer.

Our immunohistochemical results showed 77% of
the IMA samples had a high rate of CLDN18.2 expression
(H-score =50 points). Therefore, zolbetuximab that
targets and binds to CLDN18.2 may have a therapeutic
effect on advanced IMAs. We also confirmed CLDN18.2
immunoexpression (H-score =50 points) in 0% of NMA,
SqCC, SmCC and LCC samples and 20% of LCNECs.

In support, Micke et al. reported that the expression of
CLDN18.2 in lung adenocarcinomas is very low (12/195,
6.2%) (8). However, Liu et al. showed strong cellular
expression (25/68, 36.8%) in adenocarcinomas with
mucous or hyper columnar epithelium (9). Furthermore,
Kim et al. showed that CLDN18.2 positivity was more
frequent in invasive mucinous lung adenocarcinomas (4/5,
80%) (10). Wang et al. reported CLDN18.2 expression in
76.2% (64/84) of patients with IMA (11). Yan et al. showed
CLDN18.2 expression in 67.5% (27/40) of lung mucinous
adenocarcinoma (12).

However, these reports did not adequately demonstrate
the extent of CLDN18 expression in other histological types
of lung cancer. Our results support these data.

In conclusion, our results showed that CLDN18.2
is expressed at a high rate in IMAs of the lung. Future
studies, including clinical trials, are needed to evaluate the
therapeutic utility of zolbetuximab in IMA and to further
elucidate the relationship between CLDN18.2 expression and
the biological characteristics of IMA in larger patient cohorts.

Conflicts of Interest

The Authors declare no competing interests in relation
to this study.

Authors’ Contributions

KM collected and analyzed the data and drafted the
manuscript. IT, TI, KK and TK analyzed the data and
contributed to the final draft of the manuscript. All
Authors read and approved the final manuscript.

Artificial Intelligence (AI) Disclosure

No artificial intelligence (Al) tools, including large
language models or machine learning software, were
used in the preparation, analysis, or presentation of this
manuscript.

References

Fujimoto K, Sekine A, Hagiwara E, Asaoka M, Ikeda S, Baba T,
Komatsu S, Ogura T: Favorable treatment response of
bevacizumab-combined chemotherapy for advanced or
recurrent invasive mucinous adenocarcinoma of the lung: A
retrospective observational study. Respir Investig 62(3):
360-364,2024.D0I: 10.1016/j.resinv.2024.02.008

Xu L, Li C, Lu H: Invasive mucinous adenocarcinoma of the
lung. Transl Cancer Res 8(8): 2924-2932, 2019. DOI:
10.21037/tcr.2019.11.02

Okuzumi S, Suzuki H, Morinaga S, Tamura M, Minematsu N:
Mesenchymal-epithelial transition exon 14-skipping
mutation-positive invasive mucinous adenocarcinoma of the
lung: first case treated with mesenchymal-epithelial
transition-tyrosine kinase inhibitors. Intern Med 63(12):
1789-1795,2024.DO0I: 10.2169/internalmedicine.2540-23
Ou GC, Luo W, Zhang WS, Wang SH, Zhao ], Zhao HM, Qiu R:
Gefitinib improves severe bronchorrhea and prolongs the
survival of a patient with lung invasive mucinous
adenocarcinoma: A case report. World | Clin Cases 11(2):
441-448,2023.D0I: 10.12998/wjcc.v11.i2.441

Baek JH, Park DJ, Kim GY, Cheon ], Kang BW, Cha HJ, Kim JG:
Clinical implications of Claudin18.2 expression in patients
with gastric cancer. Anticancer Res 39(12): 6973-6979,
2019.DO0I: 10.21873/anticanres.13919

Shitara K, Lordick F, Bang Y], Enzinger P, [Ison D, Shah MA,
Van Cutsem E, Xu RH, Aprile G, Xu ], Chao ], Pazo-Cid R, Kang
YK, Yang ], Moran D, Bhattacharya P, Arozullah A, Park JW, Oh
M, Ajani JA: Zolbetuximab plus mFOLFOX6 in patients with
CLDN18.2-positive, HER2-negative, untreated, locally
advanced unresectable or metastatic gastric or gastro-
oesophageal junction adenocarcinoma (SPOTLIGHT): a
multicentre, randomised, double-blind, phase 3 trial. Lancet
401(10389): 1655-1668, 2023. DOI: 10.1016/s0140-
6736(23)00620-7

Yamanoi K, Fujii C, Yuzuriha H, Kumazawa M, Shimoda M,
Emoto K, Asamura H, Nakayama J: MUC6 expression is a
preferable prognostic marker for invasive mucinous
adenocarcinoma of the lung. Histochem Cell Biol 157(6):
671-684,2022.D0I:10.1007/s00418-022-02093-1

Micke P, Mattsson JS, Edlund K, Lohr M, Jirstréom K, Berglund
A, Botling ], Rahnenfuehrer ], Marincevic M, Pontén F, Ekman
S, Hengstler ], Woll S, Sahin U, Tiireci O: Aberrantly activated

225



CANCER DIAGNOSIS & PROGNOSIS 6: 222-226 (2026)

claudin 6 and 18.2 as potential therapy targets in non-small-
cell lung cancer. Int] Cancer 135(9): 2206-2214,2014. DOI:
10.1002/ijc.28857

9 LiuJ,YangH,YinD,JiaY, LiS, Liu Y: Expression and prognostic
analysis of CLDN18 and Claudin18.2 in lung adenocarcinoma.
Pathol Res Pract 238: 154068, 2022. DOI: 10.1016/j.
prp.2022.154068

10 Kim M, Woo HY, Kim ], Seo AN: Claudin 18.2 expression in
gastric tumors and other tumor types with gastric
epithelium-like differentiation. In Vivo 39(3): 1540-1553,
2025.DO0I: 10.21873/invivo.13954

11 Wang Y, Gao Y, Zhang Z, Zhang Z, Wang A, Zhao K, Zhang M,
Zhang S, Li M, Sun ], Guo D, Liang Z: Claudin18.2 expression
in pulmonary mucinous adenocarcinoma. ] Cancer Res Clin
Oncol 149(14):12923-12929,2023.D0I: 10.1007 /s00432-
023-05150-x

12 Yan P, Dong Y, Zhang F, Zhen T, Liang ], Shi H, Han A:
Claudin18.2 expression and its clinicopathological feature in
adenocarcinoma from various parts. J Clin Pathol 78(12):
815-821, 2025.DO0I: 10.1136/jcp-2023-209268

13 WHO Classification of Tumours Editorial Board: WHO
Classification of Thoracic Tumours. Lyon, France, IARC press,
2021.

14 Mochizuki K, Tahara I, Inoue T, Kasai K, Kondo T: GATA4 is
diagnostically useful for distinguishing primary ovarian
mucinous carcinomas from metastatic colorectal
adenocarcinomas to the ovary. Histol Histopathol 40(2): 183-
189,2025.D0I: 10.14670/HH-18-783

15 Sugimoto K, Chiba H: The claudin-transcription factor
signaling pathway. Tissue Barriers 9(3): 1908109, 2021. DOI:
10.1080/21688370.2021.1908109

16 Hong]JY, AnJY, Lee ], Park SH, Park JO, Park YS, Lim HY, Kim
KM, Kang WK, Kim ST: Claudin 18.2 expression in various
tumor types and its role as a potential target in advanced
gastric cancer. Transl Cancer Res 9(5): 3367-3374, 2020.
DOI:10.21037 /tcr-19-1876

17 Sahin U, Koslowski M, Dhaene K, Usener D, Brandenburg G,
Seitz G, Huber C, Tiireci O: Claudin-18 splice variant 2 is a
pan-cancer target suitable for therapeutic antibody
development. Clin Cancer Res 14(23): 7624-7634, 2008. DOI:
10.1158/1078-0432.Ccr-08-1547

18 ChaH, Amare ED, Jung YK, Oh YH, Jung WY, Jee S, Bang S, Son H,
SongK, Park H, Myung], Paik S, Kim Y, Kim H: High Claudin 18.2
expression predicts favorable outcomes in pancreatic ductal
adenocarcinoma after curative resection. Anticancer Res
45(10):4565-4573,2025.DOI: 10.21873 /anticanres.17802

226



