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Heterogeneity of claudin 18.2
expression in metastatic gastric
cancer
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Claudin 18.2 has emerged as a viable therapeutic target in gastric cancer (GC), but little is known
about the heterogeneity of its expression in GC. This study investigated the heterogeneity of claudin
18.2 expression in 166 patients with metastatic GC whose surgical or paired primary-metastatic
specimens were available. The prevalence of claudin 18.2 positivity (moderate-to-strong expression
in=75% by the 43-14A clone) was 47.0%. Claudin 18.2-positive tumors exhibited more frequent
peritoneal metastasis and a lower incidence of hepatic and distant lymph node involvement. Survival
outcomes were comparable between patients with claudin 18.2-positive and -negative tumors.
Intratumoral heterogeneity was noted in 38.5% of surgical specimens. Paired primary-metastatic
site analysis revealed that 25.2% of patients had discordant results for claudin 18.2 positivity. Across
different metastatic organ categories, peritoneal lesions showed the highest positivity rate (44.3%)
and positive concordance rate (31.4%), whereas liver lesions had the lowest positivity rate (17.9%)
and concordance rate (12.8%). In conclusion, claudin 18.2 expression exhibits intratumoral and
intrapatient spatial heterogeneity in metastatic GC. Claudin 18.2 positivity is associated with more
frequent peritoneal metastasis, and peritoneal lesions are more likely to have positively concordant
claudin 18.2 results with the primary site than other metastatic sites.

Gastric cancer ranks as the fourth leading cause of cancer-related deaths globally and stands as the fifth most
prevalent form of malignancy'. Over the past decade, considerable strides have been made in systemic chemo-
therapy, particularly with the advent of targeted therapies and immunotherapeutic agents, benefiting patients with
advanced gastric cancer. Notably, for tumors expressing human epidermal growth factor 2 (HER2), studies such
as ToGA have underscored the survival advantage of combining trastuzumab with chemotherapy in the initial
treatment phase?. Additionally, research like the Destiny-Gastric-01 trial has revealed the survival benefits of tras-
tuzumab-deruxtecan over standard chemotherapy options in later stages®. Furthermore, recent phase 3 trials have
demonstrated that incorporating immune checkpoint inhibitors (ICIs) alongside chemotherapy extends overall
survival in patients with advanced gastric cancer lacking HER2 expression during their first-line treatment**.

Claudin 18.2 serves as a critical tight junction protein engaged in tissue permeability, paracellular transport,
and signal transduction. While predominantly found at tight junctions within normal gastric epithelium, its
presence becomes pronounced on the surface of gastric adenocarcinoma cells during malignant transformation,
rendering it an appealing target for anti-cancer interventions®. Two pivotal phase 3 trials, namely SPOTLIGHT’
and GLOW?, have showcased that the addition of zolbetuximab, a monoclonal antibody targeting claudin 18.2,
to standard chemotherapy, significantly extends overall survival in patients with unresectable or metastatic
gastric and gastroesophageal junction cancer, particularly in the first-line treatment setting. Recently, a novel
antibody-drug conjugate targeting claudin 18.2 (CMG901) showed promising results in the second- and later-
line setting with a confirmed objective response rate of 32.6%°, further highlighting claudin 18.2 as a viable
therapeutic target in gastric cancer.

One of the distinct histopathologic features of gastric cancer is a substantial intratumoral and intrapatient
spatial heterogeneity'®!!. This heterogeneity may pose a challenge in assessing therapeutic target expression
as well as improving efficacy outcomes with targeted or immunotherapeutic agents. For instance, in the GAS-
THER-1 study'?, a subset of patients who were initially diagnosed with HER2-negative gastric cancer based on
endoscopic specimens exhibited a HER2-positive status upon repeated evaluation using tumor tissues acquired
by endoscopy or biopsy of metastatic sites. This highlights the diagnostic challenge of evaluating HER2 expression
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due to intratumoral and intrapatient spatial heterogeneity. Subsequently, this heterogeneity of HER2 status was
associated with unfavorable clinical outcomes with trastuzumab-based chemotherapy'?, pointing to the chal-
lenge in therapeutic efficacy posed by the heterogeneity. These findings emphasize the significance of biomarker
expression heterogeneity in guiding treatment decisions and predicting clinical outcomes.

However, little is known about the heterogeneity in the expression pattern of claudin 18.2 in different tumor
sites in metastatic gastric cancer. As this intratumoral and spatial heterogeneity of claudin 18.2 expression could
potentially affect the efficacy of claudin 18.2-directed treatments, this is a clinically relevant issue that deserves
investigation. In the current study, we aimed to investigate the heterogeneity in the expression patterns of claudin
18.2 expression using the same detection method employed in phase 3 trials”® across different tumor sites in
metastatic gastric cancer.

Results

Patient characteristics according to claudin 18.2 positivity

Among the overall study population (n=166) (Fig. 1A), 78 patients (47.0%) had claudin 18.2-positive tumors.
The clinicopathological characteristics according to the claudin 18.2 positivity of all 166 patients are summarized
in Table 1, and their chemotherapy regimens are summarized in Supplementary Table 1. Baseline features includ-
ing age, sex, and histologic type were comparable between the claudin 18.2-positive and -negative groups. Of
note, peritoneal metastasis was more frequently noted among patients with claudin 18.2-positive tumors than
in those with claudin 18.2-negative tumors (65.4% vs. 47.7%, P=0.033). In contrast, the proportion of patients
having liver metastasis was lower in patients with claudin 18.2-positive tumors (19.2% vs. 38.6%, P=0.010). The
same finding was noted for the proportion with distant lymph node (LN) metastasis (39.7% vs. 60.2%, P=0.013).
Neither mismatch repair (MMR) status nor PD-L1 CPS score showed a significant difference between the two
groups.

Survival outcomes according to claudin 18.2 positivity
During a median follow-up period of 40.8 months (range 9.6-95.4 months) in surviving patients, progression-
free survival (PFS) was comparable between those with claudin 18.2-positive (median 6.6 months) and claudin
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Figure 1. Scheme of the study population. (A) Clinical characteristics and prognostic value of claudin 18.2
positivity in the overall study population (n=166). (B) Intratumoral heterogeneity of claudin 18.2 expression
was investigated among those who underwent surgical resection of the primary tumor (n=39). (C) Intrapatient
spatial heterogeneity of claudin 18.2 expression across different metastatic sites in paired cases of primary and
metastatic tumors (n=135).
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Variables Claudin 18.2 negative (n=88) | Claudin 18.2 positive (n=78) | p-value
Median age (years) (range) 62 (19-84) 58 (20-82) 0.459
Sex 0.117
Female 28 (31.8) 35 (44.9)

Male 60 (68.2) 43 (55.1)

ECOG PS 0.463
0-1 72 (81.8) 68 (87.2)

=2 16 (18.2) 10 (12.8)

Number of metastatic organs 0.877
0-1 38 (43.2) 45 (57.7)

22 50 (56.8) 33 (42.3)

Site of metastasis

Liver 34 (38.6) 15(19.2) 0.010
Lung 0(0.0) 4(5.1) 0.047
Peritoneum 42 (47.7) 51 (65.4) 0.033
Distant LN 53 (60.2) 31(39.7) 0.013
Bone 4 (4.5) 5(6.4) 0.736
Histology 0.113
WD/MD 35(39.8) 21(26.9)

PD 53 (60.2) 57 (73.1)

Initial status 0.319
Initially metastatic 75 (85.2) 59 (75.6)

Recurrent 12 (13.6) 17 (21.8)

Locally advanced 1(1.1) 2(2.6)

EBV status (n=80) (n=71) 0.188
Negative 79 (98.8) 67 (94.4)

Positive 1(1.3) 4 (5.6)

HER?2 expression status 0.180
Negative 66 (75.0) 66 (84.6)

Positive 22 (25.0) 12 (15.4)

MSI status (n=60) (n=54) 0.999
MSS 59 (98.3) 53 (98.1)

MST high 1(1.7) 1(1.9)

PD-L1 CPS (n=30) (n=26) 0.521
>1 14 (46.7) 9 (34.6)

Table 1. Clinicopathologic characteristics according to claudin 18.2 expression in stage IV gastric cancer.
ECOG PS Eastern Cooperative Oncology Group performance score, LN lymph node, WD well differentiated,
MD moderately differentiated, PD poorly differentiated, EBV Ebstein-Barr virus, HER2 human epidermal
growth factor receptor 2, MSI microsatellite instability, MSS microsatellite stable.

18.2-negative tumors (median 6.3 months) (hazard ratio [HR] 0.97, 95% confidence interval [CI] 0.70-1.34
P=0.86) (Fig. 2A). OS was also similar between the two groups (median 14.4 months and 13.8 months for claudin
18.2-positive and -negative tumors, respectively (HR 1.12, 95% CI 0.81-1.54, P=0.51) (Fig. 2B).

Intratumoral heterogeneity of claudin 18.2 expression

Intratumoral heterogeneity of claudin 18.2 expression was evaluated in 39 patients whose surgical specimens
were available (Fig. 1B). Seven (17.9%) patients did not exhibit any claudin 18.2 expression at all. A homogeneous
expression pattern was observed in 17 patients (43.6%). Heterogeneous expression of claudin 18.2 was noted in
15 patients (38.5%): the superficial pattern accounted for 12.8% (n=5), the invasive-front pattern accounted for
7.7% (n=3), and the random pattern accounted for 17.9% (n=7), respectively (Supplementary Fig. 1).

Claudin 18.2 expression across primary and metastatic sites

Next, among 135 patients whose tumor tissues from both the primary and metastatic sites were available
(Fig. 1C), the concordance and levels of claudin 18.2 expression were evaluated. Figure 3A shows the representa-
tive immunohistochemical (IHC) staining patterns exhibiting concordant or discordant claudin 18.2 expression
between primary and metastatic sites. There were 34 patients (25.2%) whose tumors were positively concordant
for claudin 18.2 expression, while 67 (49.6%) had negatively concordant claudin 18.2 expression. The remain-
ing one-quarter of the patients (n =34, 25.2%) exhibited discordant claudin 18.2 positivity between primary
and metastatic sites, with 14 and 20 patients showing claudin 18.2 positivity only in the primary and metastatic
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Figure 2. Survival outcomes with respect to claudin 18.2 expression status. (A) Progression-free survival and
(B) overall survival.
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Figure 3. Categorization of paired cases into 4 groups based on the concordance of claudin 18.2 expression
determined by immunohistochemical (IHC) staining. (A) Representative examples of immunohistochemical
staining for each group. (B) Percentage of tumor cells exhibiting moderate-to-strong staining patterns for
claudin 18.2 in each group.
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site, respectively (Table 2). Notably, among the 20 cases exhibiting discordance with claudin 18.2 positivity only
in metastatic tumors, all of the specimens from the primary site consisted of biopsy specimens, not surgical
specimens.

Figure 3B depicts the paired percentages of tumor cells having moderate-to-strong claudin 18.2 expression
in the primary and metastatic sites in each patient category for claudin 18.2 concordance.

Heterogeneity of claudin 18.2 expression in different metastatic sites

The claudin 18.2 expression patterns in primary and metastatic sites were then examined among different tumor
sites (Fig. 4). Among the organ categories, peritoneal lesions exhibited the highest rate for claudin 18.2-positiv-
ity (n=31 of 70 cases, 44.3%), whereas liver lesions had the lowest rate for claudin 18.2 positivity (n="7 of 39
cases, 17.9%).

Peritoneal lesions showed a relatively high rate of positive concordance for claudin 18.2 (31.4.%), whereas
liver had the lowest positive concordance rate (12.8%) (Fig. 4). The proportion of cases with discordant results
of claudin 18.2 positivity between primary and metastatic sites ranged from 5.1 to 20.0% across different organ
categories.

Discussion

In the current study, we systematically investigated the intratumoral and intrapatient spatial heterogeneity of
claudin 18.2 in metastatic gastric cancer. The rate of claudin 18.2 positivity was 47.0% in overall stage IV gastric
cancer, which is comparable to the rates reported in phase 3 studies”?. Patients with claudin 18.2-positive tumors
exhibited more frequent peritoneal involvement with a lower incidence of hepatic involvement and distant LN
metastasis. Claudin 18.2-positivity was not prognostic, which aligns with an earlier observation in a metastatic
setting'®. About 40% of patients whose primary tumors were evaluated with surgical specimens exhibited intra-
tumoral heterogeneity of claudin 18.2 expression. Paired analysis of the primary and metastatic sites revealed

Negative 67 14
Positive 20 34

Table 2. Concordance of claudin 18.2 expression in primary and metastatic sites of paired cases.

claudin concordance
. Negatively concordant

. Positively concordant
Discordant: positive in metastatic site

proportion

Discordant: positive in primary site

0.0
peritoneum liver Ilymph node others
peritoneum liver lymph node Others
(n=70) (n=39) (n=20) (n=6)
Negatively concordant 29 (41.4) 27 (69.2) 10 (50.0) 1(16.7)
Positively concordant 22 (31.4) 5(12.8) 4 (20.0) 3 (50.0)
Discordant: positive in metastatic site 9 (12.9) 2(5.1) 2(10.0) 1(16.7)
Discordant: positive in primary site 10 (14.3) 5(12.8) 4 (20.0) 1(16.7)

Figure 4. Concordance of claudin 18.2 expression between primary and metastatic sites across different

metastatic sites.
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that one-quarter of patients had discordant results of claudin 18.2 positivity. Across different metastatic organ
categories, peritoneal lesions showed the highest rate of claudin 18.2 positivity (44.3%), with a relatively high
positive concordance rate for claudin 18.2 positivity between primary and metastatic sites (31.4%).

To our knowledge, this study is the first to explore the heterogeneous profiles of claudin 18.2 expression
among metastatic gastric cancer, with the achievement of higher clinical relevance by applying the same method
for claudin 18.2 evaluation used in recent phase 3 trials”®. While previous studies have explored the heterogeneity
of claudin 18.2 expression in gastric cancer, their applicability to metastatic disease remains limited. This limita-
tion arises from two key factors. First, prior studies primarily focused on earlier stage (stage I-III) gastric cancer,
where surgical specimens were available for analysis'*'®. Second, the use of tissue microarrays'® and antibodies
not employed in the pivotal SPOTLIGHT and GLOW trials'>!¢ limits the generalizability of their findings to
future practice. Our study addresses these limitations by directly comparing claudin 18.2 expression between
primary and metastatic sites within the same patient. Additionally, we investigated differential expression pat-
terns across various metastatic organs. This approach provides novel and practical insights into understanding
the heterogeneity of claudin 18.2 expression in metastatic gastric cancer. Moreover, given that the acquisition of
tumor tissues from metastatic sites is practically challenging, our results could serve as a unique reference for
claudin 18.2 expression across different tumor sites.

In accordance with previous studies reporting intratumoral heterogeneity in resectable gastric cancer
heterogeneous claudin 18.2 expression was also noted in the primary site of metastatic gastric cancer in surgical
specimens. Notably, there have been limited data on the intrapatient spatial heterogeneity of claudin 18.2 expres-
sion, especially in metastatic gastric cancer. A previous Japanese study that employed the same claudin 18.2 clone
(43-14A) but a different cut-oft (=40% tumor cells) reported 18% discordant results for claudin 18.2 positivity
between the primary and regional LN lesions in a localized resectable setting!”. Our results reaffirm the concept
that heterogeneity of claudin 18.2 expression is also present in metastatic gastric cancer, supporting the concept
that intratumoral and spatial heterogeneity is one of the key features of gastric cancer'®'".

The clinical relevance of our study is based on the concept that the heterogeneity of claudin 18.2 expression
in gastric cancer might impact the future application of claudin 18.2-targeted therapy as in the case for HER2.
The GASTHER-1 study showed that a proportion of patients (i.e., 5-8%) revealed ‘recued HER2 positivity’
with additional biopsies and HER?2 testing in patients initially categorized as HER2-negative!?. Subsequently,
rescued HER?2 positivity, which represents heterogeneous HER2 expression per se, was associated with a less
prominent benefit of trastuzumab-based chemotherapy'. Similarly, heterogeneous PD-L1 expression among
primary and metastatic tumors has also been reported'?, indicating its potential to differentially affect efficacy
outcomes of ICI-based treatments. Likewise, our study raises an important question as to how these claudin
18.2 heterogeneities might impact the efficacy of zolbetuximab-based chemotherapy in gastric cancer patients.
On the other hand, there remains a possibility that zolbetuximab-based chemotherapy may still be efficacious
for patients with heterogeneous claudin 18.2 expression. Indeed, various cut-oft values for claudin 18.2 positiv-
ity are currently being employed for novel claudin 18.2-directed treatments. Therefore, it will be important to
identify patient candidates who initially had negative results for claudin 18.2 but are likely to show claudin 18.2
expression on repeated evaluation and therefore could be candidates for zolbetuximab-based chemotherapy.
Future studies should evaluate the diagnostic and therapeutic relevance of additional evaluation of claudin 18.2
for ‘rescued claudin 18.2 positivity’

It also should be noted that there was no paired case whose primary tumors from surgically resected speci-
mens showed claudin 18.2 negativity while the corresponding metastatic tumor exhibited claudin 18.2 positivity.
Although there were not enough cases to draw any definite conclusion, this raises the possibility that the minor
tumor clones expressing claudin 18.2 (i.e. <75%) in the primary tumor were not sufficient enough to make the
metastatic site claudin 18.2 positive (i.e.>75%). However, there were cases that showed claudin 18.2 negativity
in the primary tumor with endoscopically acquired specimens but claudin 18.2 positivity in the metastatic site.
This indicates that this discrepancy may be caused by underrepresented evaluation of the primary tumor with
a limited amount of tumor tissue acquired by endoscopic biopsy. Therefore, this further points to the potential
clinical utility of claudin 18.2 evaluation based on repeated biopsies, which warrants further studies.

In our analysis, claudin 18.2 positivity was associated with a higher incidence of peritoneal metastasis and a
lower incidence of liver/LN metastasis. As this was not seen in previous reports, although a trend for more fre-
quent peritoneal metastasis has been reported'*!, these associations between claudin 18.2 positivity and metasta-
sis to the peritoneum, liver, and LN need to be confirmed in future studies. On the other hand, peritoneal lesions
showed the highest positive rate for claudin 18.2 (44.3%) with a relatively high positive concordance rate (31.4%)
compared to other organ categories. These findings somewhat accord with the previous findings that claudin
18.2 positivity was associated with Borrmann type 4 and diffuse histological type'!, which frequently involve
peritoneal metastasis. While the SPOTLIGHT and GLOW studies”® did not present a subgroup analysis of the
patients with peritoneal metastasis, these potential associations between claudin 18.2 and peritoneal metastasis
suggest a need to explore the efficacy of zolbetuximab-based chemotherapy specifically in this patient subgroup.

There are some limitations to be considered in the current study. The retrospective nature of our study, its
single center-based analysis, and the absence of a validation cohort may limit the interpretation and generaliz-
ability of our data. As the study population was chosen based on the availability of surgical specimens or paired
primary-metastatic tumors, the study population may not fully recapitulate the characteristics of all patients
treated with palliative chemotherapy. In addition, the relatively heterogeneous chemotherapy regimens, which
would differentially affect treatment outcomes, may limit the interpretation of the prognostic value of claudin
18.2 positivity. Nevertheless, it was not the main goal of the current study to investigate the clinical relevance
of claudin 18.2 expression patterns in the context of specific treatments. A limited number of patients for each
organ category is also one of the limitations of this study.
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In conclusion, claudin 18.2 expression exhibits intratumoral and intrapatient spatial heterogeneities in meta-
static gastric cancer. Claudin 18.2 positivity is associated with more frequent peritoneal metastasis, and peritoneal
lesions are more likely to have positively concordant claudin 18.2 results with the primary site than other meta-
static sites. The clinical relevance of claudin 18.2 heterogeneity to the efficacy of claudin 18.2-directed treatments
in gastric cancer patients should be evaluated in future studies.

Patients and methods

Study population

This retrospective study included 166 patients with metastatic gastric adenocarcinoma treated with systemic
chemotherapy from January 2012 to December 2022 at Asan Medical Center, Seoul, Korea, whose surgical and
paired primary-metastatic specimens were available (Fig. 1A). Among the 166 patients, 122 received palliative
chemotherapy without gastrectomy, while the remaining 44 underwent surgery including open and closure fol-
lowed by chemotherapy. Of the surgical group, 16 patients had metastatic disease identified during initial assess-
ment, and 28 patients developed recurrent disease during follow-up.

Among the whole study population (n=166), 39 patients had surgical specimens from the primary site
before chemotherapy administration and were evaluated for intratumoral heterogeneity of claudin 18.2 expres-
sion (Fig. 1B), and 135 had paired tumor tissue specimens from primary and metastatic sites, allowing for the
assessment of claudin 18.2 expression in both primary and metastatic sites (Fig. 1C).

Clinical data including patient age, sex, Eastern Cooperative Oncology Group (ECOG) performance score,
histopathological information including the location and gross type of tumor, histologic subtypes, HER2 and
Ebstein-Barr virus (EBV) status, profiles of chemotherapy, and survival outcomes were obtained from reviewing
the electronic medical records.

This study received approval from the Institutional Review Board (IRB) of Asan Medical Center (IRB No.
2023-0154). Informed consent was waived by the IRB of Asan Medical Center following the de-identification of
patient information. This study was conducted in compliance with the ethical standards of the latest Declara-
tion of Helsinki.

Claudin 18.2 expression by immunohistochemistry

The immunohistochemistry method employed in the authors’ prior study'* was replicated in the present inves-
tigation. For the surgical specimens, representative sections from formalin-fixed paraffin-embedded (FFPE)
blocks were selected by pathologists (YS.P, ].S., and E.C.). Immunohistochemistry (IHC) was performed on 4 pm
thick FFPE sections, which were deparaffinized and re-hydrated using xylene and ethanol serially. Endogenous
peroxidase was blocked by incubation in 3% H,0O, for 10 min, followed by heat-induced antigen retrieval. IHC
staining was performed using a claudin18.2 antibody (clone 43-14A, Ventana) with an autostainer (Benchmark
XT, Ventana Medical Systems) and an OptiView DAB Detection Kit (Ventana Medical Systems), following the
manufacturer’s protocol.

The immunostaining pattern was interpreted as positive only in cases of membranous, linear staining. Granu-
lar expression in the cytoplasm or nucleus was disregarded, considering claudin 18.2 is known to be expressed
on the cellular surface. Claudin 18.2 expression status was assessed using the methods used in previous phase
3 studies”® either in primary or metastatic sites. In paired cases, those having claudin 18.2-positivity on at least
one of the paired tissues were deemed claudin 18.2-positive.

Evaluation of the heterogeneity of claudin 18.2 expression
For patients whose surgical or paired primary-metastatic site specimens were available (Fig. 1B,C), intratumoral
and intrapatient heterogeneity of claudin 18.2 expression was assessed. Claudin 18.2 positivity was defined as at
least 75% of tumor cells showing moderate-to-strong positive staining, following established criteria”®. We evalu-
ated intratumoral heterogeneity only in cases with claudin 18.2 positivity, as weak staining makes it difficult to
assess staining patterns. Intratumoral heterogeneity of claudin 18.2 expression was assessed in surgical specimens
from the primary site (i.e., the stomach) (Fig. 1B) which showed claudin 18.2 positivity, as weak staining makes
assessment of staining patterns difficult. The expression patterns of claudin 18.2 were classified based on the
homogeneity and the pattern of expression within the tumor. The homogeneous pattern was defined as expressed
in more than 90% of the area with a moderate-to-strong intensity as previously described, whereas heterogeneous
patterns were further categorized into superficial, invasive-front, and random patterns'®. The superficial pat-
tern was defined as expression primarily shown in the mucosa; the invasive-front pattern was characterized by
prominent expression in the deep invasive components of the tumor; and the random pattern was defined as a
pattern in which the distribution of expression was patchy with varying intensities that were evenly distributed.
For the evaluation of claudin 18.2 in different metastatic sites (Fig. 1C), these were categorized into following
four groups: peritoneum, liver, lymph node, and others (including ovary, bone, and soft tissue).

Statistical analyses

PFS was defined as the interval of time between the date of initiation of first-line chemotherapy (index date) and
the date of progression or death, whichever comes first. OS was defined as the interval of time between the index
date and the date of death from any cause. Survival outcomes were analyzed using the Kaplan-Meier method,
and then compared among subgroups by using the log-rank test. For the comparison between two-tiered groups,
the Chi-square test or Fisher’s exact test for categorical variables and the t-test or Mann-Whitney U test for
continuous variables were used as appropriate. All statistical analysis was conducted with R software ver. 3.6.2
(R Foundation for Statistical Computing, Vienna, Austria).
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Data availability
The datasets generated and analyzed during the current study are available from the corresponding authors on
reasonable request.
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