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Abstract

Background: Claudin-18 isoform 2 (CLDN18.2) is expressed in multiple cancers and is a
promising target for antitumor therapy. However, there is limited knowledge regarding the
prevalence and characteristics of CLDN18.2-positive colorectal cancer (CRC).

Objectives: To determine the clinicopathological and molecular features of patients with
CLDN18.2-positive CRC.

Design: Single-center retrospective study.

Methods: A total of 805 patients who underwent surgical resection for pathological stage
I-1Il CRC at the National Cancer Center Hospital (Tokyo, Japan) between 1997 and 2019 were
identified. Expression of CLDN18.2 was evaluated by immunohistochemistry. The association
of CLDN18.2 expression with clinicopathological features and treatment outcomes was
assessed. The cutoff for CLDN18.2 positivity was defined as =1%.

Results: Among these patients, 17 (2.1%) had CLDN18.2-positive CRC. Right-sided CRC was
significantly more common in patients who were CLDN18.2 positive than in those who were
CLDN18.2 negative (76.5% vs 28.3%, p <0.0001), as was mucinous or poorly differentiated
adenocarcinoma (17.6% vs 3.0%; 17.6% vs 2.2%, p < 0.0001), T3-4 disease (100% vs 84.3%,
p=0.075), lymphatic invasion (64.7% vs 24.2%, p <0.0001), BRAF V600E mutation (29.4% vs
4.1%, p<0.0001), and deficient mismatch repair (MMR) status (47.1% vs 10.0%, p <0.0001).
Multivariate analysis did not identify CLDN18.2 expression status to be an independent
predictor of relapse-free survival (RFS) or overall survival (0S).

Conclusion: Approximately 2% of all CRC cases in this study were CLDN18.2 positive and had
unfavorable features (e.g., mucinous or poorly differentiated adenocarcinoma, T3-4 disease,
lymphatic invasion, BRAF V600E mutation) and deficient MMR status. CLDN18.2 positivity did
not have a significant impact on RFS or 0S.
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Introduction

Colorectal cancer (CRC) is a major leading cause
of death from cancer worldwide.! The standard
treatment for resectable CRC is radical resection
followed by adjuvant therapy if indicated.?3

Patients with unresectable CRC undergo chemo-
therapy with or without molecular-targeting
agents based on molecular features, such as the
presence of BRAF V600E mutation* or RAS
mutation,>® and DNA mismatch repair (MMR)
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status.”8 However, the prognosis of unresectable
CRC is poor, with a 5-year survival rate of less
than 20%.° Therefore, the development of novel
therapeutic agents that can improve survival in
patients with unresectable CRC is eagerly awaited.

Claudin-18 isoform 2 (CLDN18.2) is a subtype of
claudin-18 that belongs to a family of tight junction
proteins involved in multiple processes, including
control of paracellular permeability.1® CLDN18.2 is
recognized for its high expression in gastric epithe-
lial cells, and its expression in gastric cancer cells has
also been documented.l® Therefore, CLDN18.2
has been attracting attention as a biomarker.
Zolbetuximab, the first-in-class CLDN18.2-
targeted antibody, improved overall survival (OS)
when added to chemotherapy in patients with
CLDNI18.2-positive gastric or gastroesophageal
junction adenocarcinoma in the phase III
SPOTLIGHT and GLOW trials.!’:12 CLDN18.2
expression is also observed in other types of cancers,
including those of the pancreas, biliary tract, and
lungs.!31¢ Development of CLDN18.2-targeted
treatment is ongoing in patients with advanced
solid malignancies and includes a monoclonal anti-
body (ClinicalTrials.govidentifier: NCT04400383),
bispecific antibodies (ClinicalTrials.gov identifier:
NCT05482893 and NCT04900818), an
antibody—drug conjugate (ClinicalTrials.gov identi-
fier: NCT05009966), and CAR T cells
(ClinicalTTrials.gov identifier: NCT03874897).

The CLDN18.2 positivity rate in CRC has been
reported to range from 0.9% to 14%.1617-19
Previous reports have shown an association
between the expression of CLDN18.2 and the
expression of MUCS5AC.17-18 However, the prev-
alence and clinicopathological features of
CLDNI18.2-positive CRC have not been investi-
gated in large-scale studies. Furthermore, little is
known about the clinically relevant molecular fea-
tures of CLDN18.2-positive CRC.

Therefore, in this study, we sought to determine
the clinicopathological and molecular features of
CLDN18.2-positive CRC and the prevalence of
CLDNI18.2 positivity in surgically resected CRC
samples.

Materials and methods
Clinical specimens

Tissue microarrays were constructed as previ-
ously reported,2® using surgical specimens from

all patients treated for pathological stage I-III
CRC at the National Cancer Center Hospital
(Tokyo, Japan) between 1997 and 2019. The
reporting of this study conforms to the ESMO
Guidance for Reporting Oncology Real-World
evidence.?!

Clinicopathological information

We retrospectively reviewed the medical records
of all patients treated during the study period and
collected data on baseline demographics (sex and
age), pathological findings (tumor location, histo-
logical subtype, mucinous component, pathologi-
cal stage, resection margin status, lymphovascular
invasion), perioperative chemotherapy (neoadju-
vant and adjuvant therapy), and patient outcomes
(relapse-free survival (RFS) and OS). KRAS,
NRAS, and BRAF V600E mutation status was
determined by PCR assay as previously reported.2?
DNA MMR status was determined by immuno-
histochemistry of MMR proteins as previously
reported.20

The staging was based on the Union for
International Cancer Control TNM classifica-
tion (8th edition). Right-sided primary tumors
were defined as those originating in the cecum,
ascending colon, or transverse colon. Left-sided
primary tumors were defined as those originat-
ing in the descending colon, sigmoid colon, rec-
tosigmoid colon, or rectum. RFS was measured
as the interval between the day of surgical resec-
tion for primary CRC and the first relapse of dis-
ease, all-cause mortality, or censored at the last
date of confirmed survival without disease
relapse. OS was calculated as the interval
between the day of surgical resection and death
from any cause or censored at the last date of
confirmed survival.

Expression of CLDN18.2

We evaluated CLDN18.2 expression, using the
CLDNI18 antibody (Clone 43-14A; Roche
Ventana, Oro Valley, AZ, USA) with the HISTO
STAINER automated immunostainer (Nichirei
Biosciences, Tokyo, Japan) according to the man-
ufacturer’s protocol. Clone 43-14A was used as
the primary antibody and incubated overnight at
4°C without dilution. Histofine® Simple Stain
MAX-PO (MULTI) (Nichirei Biosciences,
Tokyo, Japan) was used as a secondary antibody
and incubated for 30 min at room temperature. A
sample of normal gastric mucosa was used as a
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Figure 1. Expression of CLDN18.2 in patients with CRC.
Among 805 patients who underwent surgical resection of primary CRC, 17 expressed CLDN18.2 (=1%) and 788 did not

(<1%). CLDN18.2 expression was =75% in only two patients.
CLDN18.2, claudin-18 isoform 2; CRC, colorectal cancer.

positive control. CLDN18.2 positivity was
defined as the presence of moderate (complete
membrane staining that is either non-uniform or
weak but with obvious circumferential distribu-
tion) to strong (complete membrane staining)
expression in at least 1% of the tumor cells.

Statistical analysis

Patients were divided into a CLDN18.2-positive
group (=1%) and a CLDN18.2-negative group
(<1%) based on the CLDNI18.2 expression
level. The associations of CLDN18.2 expression
with patient characteristics, pathological find-
ings, and perioperative chemotherapy were
examined using the Chi-squared and Mann—
Whitney U tests. OS and RFS were estimated
using the Kaplan—-Meier method, and the differ-
ence in survival after complete RO resection of
stage II or III CRC was compared according to
CLDNI18.2 status using the log-rank test.
Multivariate analyses were performed using a
Cox proportional hazard model to explore the
prognostic significance of CLDNI18.2 expres-
sion in terms of survival outcomes.

All statistical analyses were performed using
SPSS version 22.0 (IBM Corp., Armonk, NY,
USA) and GraphPad Prism version 8.0
(GraphPad Software, San Diego, CA, USA). All
tests were two-tailed, and the significance level
was set at a p-value of 0.05.

Results

Expression of CLDN18.2

CLDNI18.2 expression levels in the 805 patients
are shown in Figure 1. A total of 17 (2.1%) patients
showed expression of CLDN18.2 (=1%) and 788
(97.9%) did not (<1%). CLDN18.2 expression
was =75% in two patients (0.25%). Representative
micrographs of staining patterns for CLDN18.2
expression in CRC are shown in Figure 2.

Patient characteristics

Patient characteristics according to CLDN18.2
expression status are shown in Table 1. Right-sided
colon cancer was significantly more common in
patients with CLDN18.2-positive CRC than in
those with CLDN18.2-negative CRC (76.5% vs
28.3%, p<0.0001), as were the proportions with
mucinous and poorly differentiated adenocarci-
noma (17.6% vs 3.0% and 17.6% vs 2.2%, respec-
tively, p<<0.0001) and the proportion with a high
mucinous component (=10%) (47.1% vs 12.9%,
$<<0.0001). T34 disease tended to be more com-
mon in patients with CLDN18.2-positive CRC
than in those with CLDNI18.2-negative CRC
(100% vs 84.3%, p=0.075). There were no cases
of stage I disease among patients with CLDN18.2-
positive CRC. Lymphatic invasion was significantly
more common in patients with CLDN18.2-positive
CRC than in those with CLDN18.2-negative CRC
(64.7% vs 24.2%, p<<0.0001).
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Figure 2. Staining patterns for CLDN18.2 expression. Representative micrographs of staining patterns for (a)
0%, (b) 20%, (c) 60%, and (d) 90% CLDN18.2 expression in CRC (original magnification 40X and 100x].

CLDN18.2, claudin-18 isoform 2; CRC, colorectal cancer.

KRAS, NRAS, and BRAF V600E mutation and

DNA MMR status

Table 2 shows the genetic (KRAS, NRAS, BRAF
V600E) mutation status and DNA MMR status
according to whether patients had CLDN18.2-
positive CRC or CLDN18.2-negative CRC. The
proportion of patients with KRAS or NRAS
mutation was not significantly different between
those with CLDNI18.2-positive CRC and
those with CLDN18.2-negative CRC (KRAS,
41.2% vs 41.9%, p=0.95; NRAS, 5.9% vs
3.3%, p=0.56). BRAF V600E mutation was sig-
nificantly more common in patients with
CLDNI18.2-positive CRC than in those with
CLDN18.2-negative CRC (29.4% vs 4.1%,
$»<<0.0001), as was deficient MMR status (47.1%
vs 10.0%, p<0.0001).

Supplemental Table 1 shows the characteristics of
the 17 patients with CLDN18.2-positive CRC.
Lynch syndrome was confirmed in one patient. In
these 17 patients with CLDN18.2-positive CRC,
patients with deficient MMR status have a numeri-
cally higher proportion of harboring BRAF V600E
mutation compared with those with proficient
MMR status (50% vs 11.1%, p=0.079) (Table 3).

RFS and 0S

We compared RFS and OS in 706 patients in
whom RO resection was completed for stage II or
III CRC according to whether CLDN18.2 status
was positive or negative (Supplemental Table 2).
There was no statistically significant difference in

RFS and OS between patients with CLDN18.2-
positive CRC and those with CLDN18.2-negative
CRC (RFS, hazard ratio (HR) 1.02, 95% confi-
dence interval (CI) 0.25-4.16, p=0.98; OS, HR
2.22, 95% CI 0.41-11.9, p=0.16) (Figure 3(a)
and (b)).

We also compared RFS and OS in the stage II or
III CRC population according to BRAF V600E
mutation status. Among the patients with BRAF
V600E mutation, there was no statistically signifi-
cant difference in RFS and OS between patients
with CLDN18.2-positive CRC and those with
CLDN18.2-negative CRC (RFS, HR 1.68, 95%
CI 0.13-22.6, p=0.63; OS, HR 1.78, 95% CI
0.13-25.2, p=0.59) (Supplemental Figure 1(A)
and (B)). In the population without BRAF V600E
mutation, there was also no statistically signifi-
cant difference in RFS and OS between patients
with CLDN18.2-positive CRC and those with
CLDN18.2-negative CRC (RFS, HR 1.56, 95%
CI 0.27-8.80, p=0.53; OS, HR 2.48, 95% CI
0.28-21.8, p=0.19) (Supplemental Figure 2(A)
and (B)).

Prognostic significance of CLON18.2

In multivariate analyses, male sex (p=0.023),
left-sided primary CRC (p=0.043), stage III
disease (»=0.001), lymphatic invasion
(»p=0.036), venous invasion (p=0.009), and
RAS mutation (p<0.0001) were significantly
associated with shorter RFS (Table 4), while
male sex (p=0.031), older age (p<<0.0001),
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Table 1. Patient characteristics.

Total CLDN18.2-positive CRC CLDN18.2-negative CRC p-Value
(n=805) (n=17) (n=788)
Sex
Male, n (%) 475 (59.0) 9 (52.9) 466 (59.1) 0.61
Female, n (%) 330 (41.0) 8(47.1) 322 (40.9)
Age (years], median (range) 65 (20-92) 64 (38-92) 64 (20-92) 0.60
Location, n (%)
Cecum 53 (6.6) 3(17.6) 50 (6.3) <0.0001
Ascending colon 123 (15.3) 9(52.9) 114 (14.5)
Transverse colon 60 (7.5) 1(5.9) 59 (7.5)
Descending colon 26 (3.2) 0 26 (3.3)
Sigmoid colon 200 (24.8) 2(11.8) 198 (25.1)
Rectum 343 (42.6) 2(11.8) 341 (43.3)
Location, n (%)
Right-sided 236 (29.3) 13(76.5) 223 (28.3) <0.0001
Left-sided 569 (70.7) 4 (23.5) 565 (71.7)
Histological subtype, n (%)
Well or moderately differentiated 752 (93.4) 10 (58.8) 742 (94.2) <0.0001
adenocarcinoma
Mucinous adenocarcinoma 27 (3.4) 3(17.6) 24 (3.0)
Poorly differentiated 20 (2.5) 3(17.6) 17 (2.2)
adenocarcinoma
Papillary adenocarcinoma 3(0.4) 0 3(0.4)
Signet-ring cell carcinoma 2(0.2) 0 2(0.3)
Other 1(0.1) 1(5.9) 0
Mucinous component, n (%)
<10% 695 (86.3] 9 (52.9) 686 (87.1) <0.0001
=10% 110 (13.7) 8(47.1) 102 (12.9)
T classification, n (%)
1-2 124 (15.4) 0 124 (15.7) 0.075
3-4 681 (84.6) 17 (100) 664 (84.3)
N classification, n (%)
0 482 (59.9) 9 (52.9) 473 (60.0) 0.56
1-2 323 (40.1) 8(47.1) 315 (40.0)
(Continued]
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Total CLDN18.2-positive CRC CLDN18.2-negative CRC p-Value
(n=805) (n=17) (n=788)
Stage, n (%)
| 95(11.8) 0 95(12.1) 0.31
I 387 (48.1) 9 (52.9) 378 (48.0]
[ 323 (40.1) 8(47.1) 315 (40.0)
Lymphatic invasion, n (%)
Positive 202 (25.1) 11 (64.7) 191 (24.2) <0.0001
Negative 603 (74.9) 6 (35.3) 597 (75.8]
Venous invasion, n (%)
Positive 462 (57.4) 7(41.2) 455 (57.7) 0.17
Negative 343 (42.6) 10 (58.8) 333 (42.3)
Neoadjuvant therapy, n (%)
Yes 2(0.2) 0 2(0.3) 0.84
No 803 (99.8) 17 (100) 786 (99.7)
Adjuvant therapy, n (%)
Yes 160 (19.9) 4 (23.5) 156 (19.8) 0.70
No 645 (80.1) 13 (76.5) 632 (80.2]
RO resection, n (%)
Completed 801 (99.5) 16 (94.1) 785 (99.6) 0.001
Not completed 4(0.5) 1(5.9) 3(0.4)

CLDN18.2, claudin-18 isoform 2; CRC, colorectal cancer.

stage III disease (p=0.01), no adjuvant therapy
(»p=0.007), and proficient MMR (»p=0.018)
were significantly associated with shorter OS
(Table 5). CLDN18.2 expression was not iden-
tified to be an independent predictor of RFS or
OS in patients with CRC.

Discussion

CLDNI18.2 is emerging as a promising target in
oncology. In this study, we investigated the preva-
lence of expression and clinicopathological fea-
tures of CLDNI18.2 in more than 800 patients
with stage I-III CRC. Immunohistochemical
analysis showed that the prevalence of CLDN18.2
was 2.1% for =1% expression and 0.25% for

=75% expression, indicating that expression of
this isoform is rare in CRC. CLDN18.2 expres-
sion was associated with unfavorable clinico-
pathological features, including mucinous or
poorly differentiated adenocarcinoma, T3—4 dis-
ease, lymphatic invasion, right-sided origin, and
BRAF V600E mutation.

Expression of CLDN18.2 may affect tight junc-
tion permeability, possibly increasing the diffu-
sion of nutrients and extracellular growth factors
that promote cancer cell growth, especially in the
gastric mucosa.!%!7 Qur finding that CLDN18.2-
positive CRC is rare is consistent with previous
research.16:17-19 However, the prevalence of
CLDN18.2 expression in patients with CRC has

journals.sagepub.com/home/tam
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Table 2. KRAS, NRAS, and BRAF V600E mutation status and DNA MMR status.

Total CLDN18.2-positive CRC CLDN18.2-negative CRC p Value
(n=805) (n=17) (n=788)
KRAS, n (%)
Wild type 468 (58.1) 10 (58.8) 458 (58.1) 0.95
Mutant 337 (41.9) 7 (41.2) 330 (41.9)
NRAS, n (%)
Wild type 778 (96.6) 16 (94.1) 762 (96.7) 0.56
Mutant 27 (3.4) 1(5.9) 26 (3.3)
BRAF V00E, n (%)
Wild type 768 (95.4) 12 (70.6) 756 (95.9) <0.0001
Mutant 37 (4.6) 5(29.4) 32 (4.1)
DNA MMR status, n (%)
Proficient 718 (89.2) 9(52.9) 709 (90.0) <0.0001
Deficient 87(10.8) 8 (47.1) 79 (10.0)

CLDN18.2, claudin-18 isoform 2; CRC, colorectal cancer.

Table 3. Association of BRAF V600E mutation status with DNA MMR status in patients with CLDN18.2-positive

CRC.
DNA MMR status p Value
Proficient (n=9) Deficient (n=8)
BRAF V600E, n (%)
Mutant 1(11.1) 4 (50) 0.079
Wild type 8 (88.9) 4 (50)

CLDN18.2, claudin-18 isoform 2; CRC, colorectal cancer.

not been investigated until now in large-scale
studies, and the cutoff value for positivity was
variable in previous reports.1%17-1° The present
study demonstrates the prevalence of CLDN18.2
in more than 800 patients with CRC, which is the
largest population investigated thus far.

In our study, the CLDN18.2-positive population
was associated with unfavorable clinicopathologi-
cal features, including mucinous or poorly differ-
entiated adenocarcinoma, T3-4 disease, and
lymphatic invasion. Furthermore, our findings
indicate an association between CLDN18.2
expression and BRAF V600E mutation.

Moreover, a small number of patients with
CLDN18.2-positive CRC had deficient MMR
status without BRAF V600E mutation.
CLDNI18.2 expression was not identified as an
independent prognostic factor for RFS and OS,
which is in line with previous reports of
CLDNI18.2 not being a prognostic predictor in
patients with pancreatic ductal adenocarci-
noma?%23 and gastric cancer.2425

It is hypothesized that ectopic CLDN18.2 expres-
sion in CRC is associated with a gastric pheno-
type. This hypothesis is supported by previous
studies of CRC that found a positive correlation
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Figure 3. Comparison of RFS and OS in patients with stage Il or [ll CRC according to CLDN18.2 expression
status. (a) There was no statistically significant difference in RFS according to whether CRC was CLDN18.2-
positive or CLDN18.2-negative (HR 1.02, 95% CI 0.25-4.16; p=0.98). (b) There was no statistically significant
difference in 0S according to whether CRC was CLDN18.2 positive or CLDN18.2 negative (HR 2.22, 95% ClI
0.41-11.9; p=0.16).

Cl, confidenfe interval; CLDN18.2, claudin-18 isoform 2; CRC, colorectal cancer; HR, hazard ratio; OS, overall survival; RFS,
relapse-free survival.

Table 4. Multivariable analyses of RFS.

HR 95% ClI p Value

Sex

Male/female 1.63 1.07-2.49 0.023
Age 0.99 0.97-1.00 0.13
Location

Right-sided/left-sided  0.58 0.34-0.98 0.043
Histological subtype - - 0.13
Mucinous component

=10%/<10% 0.73 0.30-1.74 0.47
Stage

/1 2.24 1.41-3.55 0.001
Lymphatic invasion

Positive/negative 1.53 1.03-2.28 0.036
Venous invasion

Positive/negative 1.83 1.16-2.87 0.009
Adjuvant therapy

No/yes 1.43 0.87-2.33 0.16
CLDN18.2

Positive/negative 1.36 0.28-6.53 0.71
RAS

Mutant/wild type 2.06 1.38-3.06 <0.0001

(Continued]
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Table 4. (Continued)

HR 95% CI p Value
BRAF V600E
Mutant/wild type 2.16 0.58-8.11 0.25
DNA MMR status
Proficient/deficient 3.21 0.91-11.41 0.071

Cl, confidence interval; CLDN18.2, claudin-18 isoform 2; HR, hazard ratio; MMR, mismatch repair; RFS, relapse-free
survival.

Table 5. Multivariable analyses of OS.

HR 95% ClI p-value

Sex

Male/female 1.64 1.05-2.58 0.031
Age 1.04 1.02-1.06 <0.0001
Location

Right-sided/left-sided ~ 1.32 0.82-2.12 0.26
Histological subtype - - 0.20
Mucinous component

=10%/<10% 1.09 0.52-2.30 0.82
Stage

/1 1.77 1.14-2.74 0.010
Lymphatic invasion

Positive/negative 1.48 0.97-2.26 0.072
Venous invasion

Positive/negative 1.50 0.96-2.33 0.075
Adjuvant therapy

No/yes 2.63 1.30-5.35 0.007
CLDN18.2

Positive/negative 1.71 0.47-6.20 0.41
RAS

Mutant/wild type 1.00 0.65-1.54 0.99
BRAF V600E

Mutant/wild type 1.63 0.50-5.30 0.42
DNA MMR status

Proficient/deficient 4.01 1.27-12.73 0.018

Cl, confidence interval; CLDN18.2, claudin-18 isoform 2; HR, hazard ratio; MMR, mismatch repair; 0OS, overall survival.
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between CLDNI18 and MUC5AC (a gastric
marker mucin) expression and a negative correla-
tion between CLDN18 and CDX2, which is a
known factor in the transformation of intestinal
stem cells into gastric stem cells.!7:26:27 BRAF
V600E mutation is associated with CDX2 inacti-
vation.2®8 Moreover, microsatellite instability-high
CRC cases are reported to have a high frequency
of CDX2 loss and expression of gastric-type
markers such as MUC5AC and CLDN18.?°
These observations support our findings that
CLDNI18.2 expression is enriched in patients
with BRAF V600E mutated or deficient MMR
status.

Development of CLDN18.2-targeted treatment
in patients with advanced solid tumors is ongo-
ing. Drug development targeted for patients
with CLDN18.2-positive CRC is also desirable,
given the association with CLDN18.2 expres-
sion and unfavorable clinicopathological fea-
tures. Although patientswith CLDN18.2-positive
CRC constitute a rare population, there may be
a significant number of these patients, given that
CRC is one of the most common cancers
worldwide.

This study had some limitations. First, it had a
single-center retrospective design and only
included patients with pathological stage I-III
CRC. Second, despite being a large study that
included more than 800 patients, the number of
CLDN18.2-positive patients was relatively small.
Third, analysis based on tissue microarray might
affect the evaluation of CLDNI18.2 expression.
Further research is required to determine the
optimal threshold of CLLDN18.2 expression for
developing treatments targeting CLDN18.2 in
CRC.

Conclusion

In this study, only about 2% of all CRC cases
were CLDNI18.2-positive. These CRC cases
were associated with unfavorable features (e.g.,
mucinous or poorly differentiated adenocarci-
noma, T3-4 disease, lymphatic invasion, BRAF
V600E mutation) and deficient MMR status.
Although patients with CLDN18.2-positive CRC
are a rare population, they may be significant in
number considering the high incidence of CRC.
Therefore, our findings support the need for clin-
ical development of a targeting strategy for
CLDN18.2-positive CRC.
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