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An analysis of claudin proteins has proposed the subdivision of the claudin family into ‘classic’ and ‘non-classic’
groups, according to the alternative splicing of the CLDN18 gene exons, and the classic (CLDNs 1-10, CLDN14,
CLDN15, CLDN17, CLDN19) and non-classic types (CLDN 11-13, CLDN16, CLDN18, and CLDNs 20-24).

cancer gastric cancer treatment biomarkers

| 1. Introduction

Gastric cancer (GC) is an important global health-care challenge and accounts for one of the top-five leading
causes of cancer-related deaths worldwide, with 768,793 deaths estimated in 2020 &I, Unfortunately, most patients

are diagnosed at advanced stages with a five-year survival rate of only 6% (23],

A combination of a fluoropyrimidine (capecitabine or 5-fluorouracil) plus a platinum agent (oxaliplatin or cisplatin)
has remained as the first-line choice of treatment for most patients with metastatic GC over the past few decades.
The identification of predictive and actionable molecular abnormalities has been challenging in GC. Epidermal
growth factor (EGF), MET, and vascular endothelial growth factor (VEGF) are examples of potential therapeutic
targets that have been proved unsuccessful in first-line strategies BIRIBIZIEIR  However, molecularly driven
approaches have been gaining attention since 2010. HER-2 was the first biomarker to allow the incorporation of an
effective targeted therapy—trastuzumab—in combination with chemotherapy in the first-line setting for patients with
an immunohistochemistry (IHC) score of 3+ or with FISH positivity and an IHC score of 2+ 19, |ndeed, higher
HER2 expression and amplification have been linked to a greater benefit from treatment regimens containing
trastuzumab 19,

Later, both PD-L1 expression, measured using the combined positive score (CPS), and microsatellite instability-
high (MSI-H)/mismatch repair deficiency (MMR-D) status were established as predictive biomarkers of benefit for
anti-PD1 monoclonal antibody therapies in combination with chemotherapy for first-line treatment of metastatic GC
(1112 The addition of both nivolumab and pembrolizumab has proved to increase overall survival (OS) when
compared to chemotherapy alone in the phase lll trials Checkmate-649 and Keynote-859, respectively, with the
clinical benefit, however, being limited to those with higher CPS scores 112 Nonetheless, the ideal cutoff value

of the CPS to truly differentiate tumors that derive or not benefit from immunotherapy is yet to be determined.
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More recently, Claudin 18.2 (CLND18.2) entered this select group of biomarkers in GC. Zolbetuximab, a chimeric
immunoglobulin G1 antibody specific for CLND18.2, has recently demonstrated benefit in combination with
oxaliplatin-based chemotherapy for CLND18.2-positive metastatic GC based on the results of two large phase llI
trials (131241 with the advent of this novel therapeutic strategy, it becomes necessary to understand when anti-

CLND18.2 therapies should be chosen over or in combination with other targeted agents in metastatic GC.

| 2. Claudins

Cancer metastasis requires local infiltration into the adjacent stroma and surrounding normal cells. As such, the
epithelial-mesenchymal transition (EMT) plays a valuable role in tissue invasion by enabling tumor cells to assume
a mesenchymal phenotype leading to cell migration, invasiveness, and resistance to apoptosis 3. For such
processes to initiate, there is a progressive loss of epithelial cell markers which results in an increased cellular
migration capacity and, therefore, higher metastatic potential. Contact between epithelial cells is mediated by
structures such as tight junctions (TJs), desmosomes, and gap and adherens junctions. The loss of the binding

characteristics of these structures consolidates the first step in the EMT process.

TJs are endogenous proteins located at the cellular membrane composed, amongst others, of claudins (CLDNs)—
an important group of 27 R8I proteins that act in epithelial cell layer permeability and polarity as well as cellular
migration [8ILA20N12111221[23][24] ' AR analysis of claudin proteins has proposed the subdivision of the claudin family
into ‘classic’ and ‘non-classic’ groups, according to the alternative splicing of the CLDN18 gene exons 2326 gnd
the classic (CLDNs 1-10, CLDN14, CLDN15, CLDN17, CLDN19) and non-classic types (CLDN 11-13, CLDN186,
CLDN18, and CLDNs 20-24). However, more recently, claudins have been divided based on sequence homology
(28] Their structure is composed of N-terminal and C-terminal regions in the cytoplasm, two extracellular loops, and

four transmembrane domains 2827 (Figure 1).
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Figure 1. Representation of CLDN18.2 in gastric cancer cells, and structure and interaction with anti-CLDN18.2

Zolbetuximab—designed in Biorender.

CLDNs are located at the apical region of the cell membrane and act in the TJ complex, promoting cell adhesion,
maintaining cell polarity, and allowing cell migration, matrix remodeling, as well as cell proliferation. They also play
an important role in selective paracellular permeability, which is pivotal as a barrier at the epithelial cellular layer 12
(201[21](241[28]29]  The |ack of CLDN expression may be associated with increasing levels of metastatic tumor cell
migration and infiltration. On the other hand, CLDNs are commonly overexpressed in several cancers including GC

[27] therefore being associated with a higher metastatic potential 27,

In normal gastric mucosa, CLDN1-5, CLDN7-12, CLDN16, and CLDN18 are constitutively expressed 2%, Also,
several different CLDN family members were found to be expressed in GC 22, However, CLDN18 has gained the
most attention as a therapeutic target and has been more intensively studied in GC due to its normal expression in
gastric cells combined with its consistent and stable expression in gastric tumor cells 1. The CLDN18 gene has
two splice variants encoding two isoforms: CLDN18.1, expressed in normal and lung cancer cells, and CLDN18.2,
which is almost exclusively present in normal gastric mucosa cells, although it may be expressed in lung,
esophageal, pancreatic, and gastric tumor cells 2232 |n differentiated and stem gastric epithelial cells, CLDN18.2
is present in the TJs [231132I33134] gnd regulates the permeability to both Na+ and H+ in gastric acid by functioning
as a barrier in the gastric mucosa 22, playing a role in cellular polarity, retaining a barrier function, as well as

promoting resistance to gastric acid 38,
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Due to the location of CLDN18.2, during the malignant transformation of the normal epithelial cells of the gastric
mucosa into GC, alterations in cell polarity lead to the exposure of the cellular surface that contains CLDN18.2
epitopes, functioning as a possible target for therapies such as monoclonal antibodies B2E7. Also, CLDN18
expression is found to be different depending on the histological type of GC, with CLDN18.2 presenting higher
expressions in diffuse GC [28l[39],

Specifically in GC, CLDN18 appears to have different functions based on the level of expression in tumor cells.
While highly expressed in normal gastric tissue, the downregulation of CLDN18 expression has been identified in
approximately 58% of GCs, increasing to 74% in intestinal phenotype GC 9. Also, CLDN18 downregulation is
more frequently found in GC cells than in the surrounding gastric and intestinal metaplasia mucosa 4142l This
feature may correlate with GC development, tumor proliferation, and infiltration. Interestingly, upon tissue analysis
of early-stage GC, the Ki67 proliferation index at the invasive front seems to inversely correlate with the expression
of CLDN18. Those findings suggest that both high proliferation and cancer cell invasion require a decrease in
CLDN18 expression 42, These finding can also raise the alarm for a possible correlation between CLDN18.2
expression and GC prognosis with studies suggesting that patients whose tumors maintain CLDN18 expression

present a longer OS compared to those lacking CLDN18 expression [2Q141],

It is also important to note that, while CLDN18 downregulation plays a part in GC proliferation, higher levels of
CLDN18 expression are also of upmost importance. Correlative studies analyzing CLDN18.2 immunohistochemical
expression in GC have been conducted with interesting findings. In one of those studies, 42.2% of GC (203 of 481)
presented with a strong IHC staining (IHC 3+ score) and demonstrated a correlation with mucin phenotype and
EBV status. However, no associations between CLDN18.2 expression and survival and the intestinal phenotype of
other clinicopathological features were found 3l In another Korean study, the clinical relevance of the expression
of CLDN18.2 was evaluated in 367 GC patients. The authors reported 74.4% and 29.4% of positive expression,
presenting with moderate-to-strong staining, respectively 44, These positive expression rates were higher in
patients with diffuse-type GC and HER2-positive tumors, but no correlation with survival or other characteristics

was shown 441,

In addition, a study evaluating Japanese GC patients demonstrated CLDN18.2 positivity in 87% (228 of 262) of all
primary tumors and 80% (108 of 135) of lymph node metastatic disease [28. Also, upon analyzing CLDN18.2, a
moderate-to-strong expression (CLDN18.2 expression =2+ membrane staining intensity in =40% of tumor cells)
was encountered in 52% (135 of 262) of primary gastric tumors and 45% (61 of 135) of lymph node metastases
[38] The investigators also demonstrated a higher CLDN18.2 expression in Lauren-diffuse-subtype and high-grade
tumors (28 Regarding metastatic GC, CLDN18 expression has been demonstrated to be lower in patients with

peritoneal and liver metastasis, but higher expression levels were observed in patients with bone and lymph node
metastasis 451461,

Data regarding the prevalence of CLDN18.2 expression throughout different populations around the globe are
limited. However, a recently presented study reported the prevalence and biomarker analysis of over 4000 locally

advanced unresectable or metastatic GC tumor samples tested for CLDN18.2 status from two different studies 4.
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In this study, CLDN18 positivity was defined as =75% of tumor cells demonstrating a moderate-to-strong IHC
staining, and 4507 patients presented with a valid CLDN18 IHC results, of which 1730 (38.4%) were CLDN18.2-
positive tumors. As with other cited studies, a statistically significant association between CLDN18.2 status and
tumor type was demonstrated (p = 0.0002): diffuse tumors presented the highest prevalence of CLDN18.2 positivity
(48.3%) when compared to intestinal and mixed-type tumors (38.8% and 42.9%, respectively). In this study [,
significant correlations between CLDN18.2 expression and sex (p < 0.0001) were identified, with CLDN18.2
prevalence being higher in female patients (42.8%) compared to male patients (36.2%). Also, statistically relevant
correlations were present between CLDN18.2 status and race (p = 0.0004), with CLDN18.2 prevalence being
higher in White patients (42.3%) when compared to Asian patients (36.4%), raising the question of a possible
specific population that may benefit more from anti-CLDN18.2 targeted therapies. Interestingly, this report
demonstrated an accurate correlation of CLDN18.2 positivity from samples collected through biopsy (38.6%) and
those collected through tumor resection (37.6%), as well as samples collected from metastatic sites (39.4%) and
samples collected from primary tumor sites (38.0%). Across the globe, CLDN18.2 prevalence ranged from 30% to
44% across patients from all regions (Asia Pacific, China Mainland, North America, South America, and Europe/the
Middle East). The prevalence of CLDN18.2-positive patient samples was 36.5% in the Asia Pacific region, 37.7% in
North America, 35.0% in mainland China, 30.0% in South America, and 44.0% in Europe/the Middle East [47].
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