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Abstract

Background: The monoclonal antibody zolbetuximab (formerly IMAB362), which is being devel-

oped as a potential treatment for gastric cancer (GC), targets Claudin 18.2 (CLDN18.2), a GC bio-

marker. This study aimed to determine the prevalence of CLDN18.2 in primary tumors and lymph

node (LN) metastases of Japanese patients with GC.

Methods: CLDN18.2 expression was investigated in tissue samples from patients with gastric

adenocarcinoma archived at Kurume University Medical Center, Japan, between 2000 and 2012.

Expression of CLDN18.2 in tumor samples was evaluated by immunohistochemistry using the

same detection antibody (43-14A) and assay used in the FAST clinical trial (NCT01630083), a phase

2 randomized trial that compared the safety and antitumor activity of the zolbetuximab-

chemotherapy combination with chemotherapy alone. Samples showing any specific staining

with ≥1+ intensity were defined as CLDN18.2-positive.

Results: Of 263 samples analyzed (134 primary gastric tumors and corresponding LN metastases;

128 primary tumors only; one LN metastases only), CLDN18.2 was detected in 87% (n = 228/262)

of all primary tumors and 80% (n = 108/135) of LN metastases. Moderate-to-strong CLDN18.2

expression (≥2+ membrane staining intensity in ≥40% of tumor cells [FAST eligibility criterion])

was observed in 52% (n = 135/262) of primary tumors and 45% (n = 61/135) of (LN) metastases.

CLDN18.2 expression was significantly higher in GCs of the diffuse histological subtype per

Lauren classification and in high grade (G3) tumors.

Conclusions: The high prevalence of CLDN18.2 among Japanese patients with GC supports the

therapeutic assessment of zolbetuximab in this population.
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Introduction

Gastric cancer (GC) is among the malignancies with a high unmet
medical need (1–3). It is one of the most commonly diagnosed can-
cers and among the leading causes of cancer-related deaths world-
wide (3). Incidence rates are particularly high in East Asian
countries (eg, Japan, Republic of Korea, China) (2) and incidences
of proximal (cardia) anatomic and of diffuse histologic variants are
rising (1,4,5). In general, GC has a poor prognosis with limited
treatment options, and in countries where GC screening is not rou-
tinely performed, most cases are diagnosed at an advanced stage (6).
Currently, trastuzumab and ramucirumab are the only targeted
agents approved in a wide number of countries for GC, including in
the United States, European Union, Japan, and the Republic of
Korea (7–9); however, these treatment options have one or more
shortcomings that restrict their utility, including modest survival
benefits and the development of secondary resistance (10).

A limiting factor in developing highly effective targeted therapies
for GC has been the scarcity of suitable biomarkers that can serve as
targets (11–13). Claudin 18 splice variant 2 (CLDN18.2), a member
of the Claudin family of tetraspanin proteins expressed at epithelial
tight junctions, has been identified as an attractive biomarker for
targeted therapy (14). Prior evidence demonstrates the tissue specifi-
city of Claudin 18 isoforms and identifies CLDN18.2 as the domin-
ant isoform of Claudin 18 expressed in normal gastric and gastric
adenocarcinoma tissues (14,15). In normal tissue, CLDN18.2
expression is restricted to gastric mucosa cells (14,15); however,
upon malignant transformation, perturbations in gastric mucosa cell
polarity lead to the accessibility of CLDN18.2 to therapeutic anti-
bodies (16). Furthermore, CLDN18.2 is aberrantly expressed in
pancreatic, ovarian, biliary, and lung adenocarcinomas (14,17–23).

Zolbetuximab (formerly known as IMAB362) is a first-in-class
monoclonal antibody specific to a CLDN18.2 epitope. Preclinical
studies have demonstrated that zolbetuximab primarily binds to
tumor cell surface CLDN18.2, but only to a limited extent to
CLDN18.2 on normal gastric mucosa cells. Zolbetuximab mediates
cell death through antibody-dependent cellular cytotoxicity and
complement-dependent cytotoxicity (16,24). Early clinical studies
(ClinicalTrials.gov Identifiers: NCT00909025, NCT01197885,
NCT01671774) have found zolbetuximab to be well tolerated and
showing evidence of antitumor activity (25,26). In a randomized
phase 2 study (FAST; NCT01630083), the clinical effects of zolbe-
tuximab in combination with EOX chemotherapy were evaluated in
patients with histologically confirmed advanced gastric and gastro-
esophageal junction cancers with moderate-to-strong CLDN18.2-
expression (membrane staining intensity of ≥2+ by immunohisto-
chemistry [IHC]) in ≥40% of cancer cells). In these patients, zolbe-
tuximab, combined with chemotherapy, prolonged overall and
progression-free survival over chemotherapy alone with acceptable
safety and tolerability (25–28). Furthermore, in a subpopulation of
patients with high CLDN18.2 expression (≥2+ staining intensity in
≥70% tumor cells), the observed antitumor activity was pronounced
(29). In addition, health-related quality-of-life was maintained for a
longer duration in patients who received EOX + zolbetuximab ther-
apy compared with EOX alone (29).

Gastric cancer is a heterogeneous disease with significant variations
in molecular characteristics observed across ethnic populations (30–32).
Clinical trials of zolbetuximab to date have been conducted in Central
and Eastern Europe (14); extension of the clinical program to Asia, and
in particular to Japan, where GC is among the most frequently occur-
ring neoplasms (33), can potentially have a great therapeutic impact.

We therefore investigated CLDN18.2 expression in tissue samples from
a cohort of Japanese patients using the same analytically validated CE-
marked in vitro diagnostic IHC assay employing the same 43-14A
detection antibody used in the FAST trial. The aims of this study were
to establish the prevalence of CLDN18.2 expression in GC, and identify
a patient population who may be eligible for future clinical assessment
of zolbetuximab in the Japanese population.

Materials and methods

Tissue sample collection

Formalin-fixed, paraffin-embedded (FFPE) tissue blocks of gastric
adenocarcinoma tissues including primary tumors, and in certain
cases, lymph node (LN) metastases, were collected at Kurume
University Medical Center in Japan between 2000 and 2012 from
patients of Japanese ethnicity with approval by the local ethics com-
mittee. If primary tumor and LN metastasis were available from the
same patient, these samples were referred to as ‘matched pairs.’ The
histopathologic diagnosis, grading, and staging were performed
according to the Japanese Classification of Gastric Carcinoma (34);
diffuse and intestinal histopathologic subtypes were based on
Lauren classification (35). Normal human stomach tissue, which is
known to express CLDN18.2, was used as positive control tissue.

Immunohistochemistry and histologic assessment

All tissue samples were stained using the monoclonal mouse antibody
clone 43-14A as part of the analytically validated histology kit. FFPE
tissue sections (3 μm) from the primary tumor and LN metastatic tis-
sue samples were mounted on Matsunami Platinum PRO Adhesive
Microscope Slides (Matsunami Glass Ind., Ltd., Osaka, Japan)
together with normal FFPE human stomach tissue sections as positive
controls. Slides were incubated in a drying oven at 58−60°C for 1
hour, and subsequently deparaffinized, rehydrated, and washed in dis-
tilled water. Thereafter, slides were transferred into epitope retrieval
solution (10mM Tris, 1mM EDTA, pH 9.0, preheated to 95−100°C)
for 15minutes at 95−99°C. Slides were cooled at room temperature
for 10minutes, washed, and then incubated for up to 20minutes at
room temperature. Endogenous peroxidases were blocked by incuba-
tion with 3% hydrogen peroxide for 10minutes at room temperature.
Slides were washed, blocked, and incubated with primary mouse 43-
14A monoclonal antibody that was developed against a membrane
epitope C-terminus of claudin 18 (Ganymed Pharmaceuticals AG,
Mainz, DE), for 30minutes at room temperature, followed by a 30-
minute incubation with a ready-to-use visualization reagent containing
a polymer reagent conjugated with horseradish peroxidase and goat
anti-mouse Fab antibody fragments (Nichirei Biosciences, Inc., Tokyo,
Japan). Antibody binding was visualized by incubation with the per-
oxidase substrate 3,3’-diaminobenzidine for 5minutes. After counter-
staining with Mayer’s hematoxylin, followed by dehydration, and
mounting with X-TRA-Kitt (Medite, Burgdorf, Germany), tissue sec-
tions were analyzed using conventional light microscopy.

Evaluation of stained samples was performed by two independ-
ent scientists (RY, CR). To determine CLDN18.2 expression status,
samples were analyzed according to a two-component scoring meth-
od: the intensity of staining (including complete basolateral as well
as lateral membrane staining) and the percentage of tumor cells
stained at the different staining intensities in relation to all tumor
cells present in the respective tissue sample. The intensity of the
staining was classified as 0 (no membrane or cytoplasmic reactivity),
1+ (weak membrane or cytoplasmic reactivity), 2+ (moderate
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membrane or cytoplasmic reactivity), and 3+ (strong membrane or
cytoplasmic reactivity). Samples were defined as CLDN18.2-positive
if they showed specific staining with at least 1+ intensity in any frac-
tion of tumor cells (‘any positivity’). The staining of tumor samples
was considered valid and included into the analysis only if the posi-
tive control (healthy stomach tissue) showed the expected staining
pattern. Percentage of overall CLDN18.2 positive cells was deter-
mined by the estimated number of CLDN18.2+ cells divided by the
estimated overall number of tumor cells in each sample including
primary and corresponding LN met when available.

Statistical analysis

Statistical parameters were analyzed using GraphPad Prism 6.04 soft-
ware (GraphPad Software, Inc., CA, US). Fisher’s exact tests were cal-
culated using SAS Enterprise Guide version 6.1. Two data sets were
compared with an unpaired nonparametric Mann-Whitney test (non-
matched pairs), and a Wilcoxon matched-pairs signed rank test (for
matched pairs of primary tumors and LN metastases). Three data sets
were compared with a nonparametric Kruskal-Wallis test with
Dunn’s multiple comparisons. The correlation between the percentage
of CLDN18.2-positive tumor cells in primary tumors and correspond-
ing LN metastases was determined using Spearman’s rank correl-
ation. A two-tailed P value of < 0.05 was considered significant.

Results

CLDN18.2 expression in gastric tumors and lymph

node metastases of Japanese patients

Tissue samples from 263 patients were collected; 134 primary gas-
tric tumors/LN metastases matched pairs, 128 primary GC tumors
only, and one LN metastasis only. These tissue samples were

assessed and CLDN18.2 was detected in 87% (n = 228/262) of pri-
mary tumors and 80% (108/135) of LN metastases (Table 1).
Micrographs of representative stained tissues are shown in Fig. 1A.
Normal gastric epithelium, known to express CLDN18.2 (14),
stained positive; individual tumor samples consisted of a mixture of
tumor cells expressing CLDN18.2 at different staining intensities.
As such, we correlated the fraction of tumor cells at each staining
intensity (1+, 2+, 3+) with the fraction of all stained tumor cells for
each individual sample. Primary tumor samples with a high fraction
of CLDN18.2 reactivity had a large proportion of tumor cells
stained with 3+ intensity (Spearman r = 0.8413; 95% CI
0.8006–0.8743; P < 0.0001, Fig. 1B, left panel). Similarly, a high
fraction of tumor cells from LN metastasis showed the strongest cor-
relation with 3+ staining intensity (Spearman r = 0.8297; 95%
0.7664–0.8770; P < 0.0001, Fig. 1B, right panel).

Among primary tumor samples, moderate-to-strong CLDN18.2
expression (≥2+ membrane staining intensity in ≥40% of tumor
cells; eligibility criterion in FAST) was observed in 52% (n = 135/
262) of primary tumors and 45% (n = 61/135) of LN metastases
(Table 1). Furthermore, 24% (n = 64/262) of all specimens screened
displayed 2+/3+ CLDN18.2 staining in at least 70% of the tumor
cells.

As shown in Table 1, primary tumor samples with undifferenti-
ated grade 3 tumors were more prevalent (55.0%, n = 144/262)
than moderately differentiated or well-differentiated grade 1 and 2
tumors (26.3%, n = 69/262). The number of GC samples with
pathologically positive LN metastases (pN+) was 51.2% (n = 134/
262) and the number of those without LN metastases (pN0) was
48.9% (n = 128/262). More than half of the analyzed primary
tumor samples were diffuse variants according to the Lauren classifi-
cation (51.1%, n = 134/262), whereas the intestinal variant com-
prised the second largest group (22.5%, n = 59/262). The majority

Table 1. CLDN 18.2 expression in gastric tumor and LN metastases

Pathological classification Cases (N = 262) CLDN18.2 expression

N % Any positivity 2-sided
P-value,
Fisher’s Exact

Staining intensity ≥2+
in ≥40% of cells

2-sided
P-value,
Fisher’s exactn [%] n [%]

Primary stomach cancer
All samples 262 100 228 [87.0] – 135 [51.5] –

Histologic variant (Lauren classification)
Diffuse 134 51.1 119 [88.8] 77 [57.5]
Intestinal 59 22.5 47 [79.7] >0.05 23 [39.0] 0.019
Mucinous 7 2.7 6 [85.7] 1 [14.3]
Othera 10 3.8 7 [70.0] – 3 [30.0] –

Missingb 52 19.9 49 [94.2] – 31 [59.6] –

Grading
G1/2 69 26.3 54 [78.3] 0.034 26 [37.7] 0.005
G3 144 55.0 129 [89.6] 85 [59.0]
Missingb 49 18.7 45 [91.8] – 24 [49.0] –

N stage
pN0 128 48.9 117 [91.4] 0.044 66 [51.6] >0.05
pN+ 134 51.2 111 [82.8] 69 [51.5]

T stage
pT1/2 70 26.7 65 [92.9] >0.05 35 [50.0] >0.05
pT3/4 192 73.3 163 [84.9] 100 [52.1]

LN metastases
All samples 135 100 108 [80.0] – 61 [45.2] –

Abbreviations: %, percentage of N; [%], percentage of n; G, grade; LN, lymph node; N, total number of cases; n, number among N; n/a, not applicable.
aGroup ‘Other’ includes endocrine (n = 3), hepatoid (n = 4), and neuroendocrine (n = 3) tumors.
bGroup ‘Missing’ also includes cases where a classification was not applicable or not assessable.
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of samples were obtained from advanced tumors (pT3/4; 73.3%, n
= 192/262). Examination of CLDN18.2 expression in tumors at dif-
ferent grades, stages, or histology revealed that loss of CLDN18.2
expression was significantly more likely in patients with differen-
tiated lower-grade (G1/2) tumors (P = 0.034) and in nodal-positive
disease (P = 0.044) than in undifferentiated and in nodal-negative
tumors, respectively. Furthermore, these data suggest that moderate-
to-strong and homogenous expression levels of CLDN18.2 (at least
40% of the tumor cells stained at 2+/3+ intensity) positively corre-
lated with the diffuse histologic variant (57.5% vs 39.0%, for dif-
fuse and intestinal variants, respectively; P = 0.019), as well as
tumors with a higher grade of dedifferentiation (59.0% vs 37.7%
for G3 and G1/2 tumors, respectively; P = 0.005). Taken together,
these data suggest CLDN18.2 expression is well preserved in gastric
adenocarcinoma from Japanese patients. Prevalence of CLDN18.2
expression in GC of Japanese patients is similar to those in the
European population, and high expression of this biomarker corre-
lates with unfavorable prognostic factors.

CLDN18.2 expression in matched pairs of primary

tumors and lymph node metastases

The persistence of CLDN18.2 expression in metastases was assessed
in 134 matched pairs of primary tumor and LN metastasis samples,
as well as in the one LN metastasis-only sample (total 135).
CLDN18.2 expression was detected in 80% (n = 108/135) of LN
metastases; 45% (n = 61/135) of samples expressing CLDN18.2
exhibited 2+/3+ reactivity in at least 40% of tumor cells (Table 1).

A comparison of metastatic lesions to the primary lesions from
which they were derived showed 66% of the paired samples were
both CLDN18.2-positive (n = 89/134) and 16% were both
CLDN18.2-negative (n = 21/134). In a few cases, CLDN18.2
expression was observed either in the primary tumor (9%, n = 12/
134) or in the LN metastasis (9%, n = 12/134). As detailed
in Fig. 2A, the fraction of tumor cells expressing CLDN18.2 at
any staining intensity strongly correlated between primary tumor
and LN metastasis samples in matched pairs (Spearman r = 0.7245,

A

B

C
LD

N
18

.2
-p

os
iti

ve
 tu

m
ou

r 
ce

lls
, %

L
N

 m
et

as
ta

si
s

P
ri

m
ar

y 
tu

m
o

u
r a cb

d fe

C
LD

N
18

.2
-p

os
iti

ve
 tu

m
ou

r 
ce

lls
, %

Cases, primary tumour Cases, lymph node metastasis

Figure 1. Expression of CLDN18.2 in primary gastric tumors and LN metastases.

(A) Intra-individually matched pairs of samples from a patient with strong CLDN18.2 expression in both the primary tumor (a-c) and corresponding lymph node

metastasis (d-f) at three different magnifications.

(B) The graph depicts the distribution of CLDN18.2 staining intensities in tumor cells from patient samples of primary tumor and LN metastases. CLDN18.2

staining intensity in tumor cells from each tissue sample analyzed were classified as 1+, 2+, and 3+ CLDN18.2 reactivity and are shown.

CLDN18.2, claudin 18.2; LN, lymph node.

*Indicates normal stomach mucosal epithelium expressing CLDN18.2.

Jpn J Clin Oncol, 2019, Vol. 49, No. 9 873



P < 0.0001). In 43% (n = 58/134) of matched samples, the fractions
of CLDN18.2-positive cells in matched primary tumors and LN
metastases were comparable (within 5% of each other) (Fig. 2B). In
33% (n = 44/134) of samples, the percentage of stained cells was
higher in the primary tumors than in LN metastases, and in 24% (n
= 32/134) of samples, the percentage of stained cells was higher in
LN metastases than in the primary tumors. Thus, CLDN18.2
expression was frequently maintained during the metastatic dissem-
ination of GC within an individual patient.

Discussion

In GC, CLDN18.2 is targeted as a differentiation molecule that is
highly specific for the gastric mucosa cell lineage, and largely main-
tained upon malignant transformation. The objective of this study
was to assess the GC-associated expression of CLDN18.2 in a
Japanese population with GC, with the assay recently used in the
patient selection for FAST, a randomized phase 2 clinical trial inves-
tigating the anti-CLDN18.2 antibody zolbetuximab. Our key find-
ing was that in this particular sample collection the prevalence of
CLDN18.2 expression in Japanese patients with gastric adenocar-
cinoma (87%) was slightly higher than the European patient popu-
lation (77%) (14). Previous reports described CLDN18 being
expressed in 30–86% of Japanese patients with GC (15,36,37). As
those IHC studies were performed with different detection monoclo-
nal antibodies or immune sera using various scoring algorithms, the
range of results was wide and it was not unequivocally clear how
many Japanese patients would eventually be eligible for zolbetuxi-
mab treatment within a clinical trial. Our study, performed with the
same validated assay as used in the FAST study, provides reliable
information on the prevalence of CLDN18.2 expression in Japanese
patients with GC and can be used as a guide to determine patient eli-
gibility for further exploration of zolbetuximab therapy in the
Japanese GC population. Furthermore, moderate-to-strong
CLDN18.2 membrane staining in at least 40% of tumor cells was as
frequent in Japanese samples as in samples from European GC
populations who were treated with, and who experienced a survival
benefit from, zolbetuximab in the FAST trial. The fraction of

samples with any CLDN18.2 staining was also similar in the
European and Japanese cohorts. We also found that high
CLDN18.2 expression correlated with the diffuse histologic variant.
Diffuse GCs generally also have less treatment options, since the
trastuzumab target, HER2, is predominantly expressed in the intes-
tinal variant (38–40).

Some reports suggest that CLDN18.2 expression decreases as
the cancer progresses, contributing to the invasive potential of the
tumor cells and formation of metastases (41,42). In our study,
CLDN18.2 expression in the primary gastric tumors of Japanese
patients with GC was maintained upon metastatic spread to the
regional LNs. In 80% of samples with LN metastases, primary
tumors displayed any CLDN18.2 positivity with about half the
tumors showing strong expression. This is consistent with our find-
ings from the FAST trial in Central and Eastern European patients
with GC, but further studies are needed to clarify the role of
CLDN18.2 in GC progression.

A limitation of this retrospective study is that all tumor samples
came from one institution, which raises the possibility that these
data do not accurately represent the overall Japanese patient popula-
tion. However, the large cohort size, together with the long timespan
over which these samples were collected, may reduce the risk of
these factors having a substantial impact on the results. Moreover,
our results show CLDN18.2 expression in Japanese patients with
GC is very similar in levels and distribution pattern to that seen in
the European population screened for the FAST trial. These data
therefore provide a strong support for the feasibility of clinical test-
ing of zolbetuximab in patients with GC in Japan.
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