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Background and purpose: Anti-claudin 18.2 (anti-CLDN18.2) therapy has been approved for patients with CLDN18-
positive gastric and gastroesophageal junction adenocarcinomas. The current study aims at evaluating the
expression of CLDN18 in a large cohort of pathologically characterized biliary tract cancers (BTCs).

Materials and methods: A series of 237 BTCs were collected and reviewed under the BITCOIN protocol. All samples
were assessed for CLDN18 status using immunohistochemistry (clone 43-14A). Tumor positivity for CLDN18 was
determined if >75% of tumor cells exhibited moderate-to-strong membranous staining.

Results: CLDN18 expression was found in 29.5% of BTCs (70/237), with the highest rates in gallbladder carcinoma (GBC;
62.5%; 20/32) and extrahepatic cholangiocarcinoma (eCCA; 53.4%; 31/58), compared with intrahepatic
cholangiocarcinoma (iCCA; 12.9%; 19/147) (P < 0.0001). CLDN18 positivity was detected in 5.5% of cases (13/237),
most common in GBC (15.6%; 5/32), followed by eCCAs (8.6%; 5/58) and iCCAs (2.0%; 3/147) (P = 0.0045). Most
CLDN18-positive samples (10/13) exhibited a heterogenous staining pattern. In iCCAs, large duct subtypes had
higher CLDN18 expression [33.3% (10/30) versus 7.7% (9/117), P = 0.0002] and positivity [6.7% (2/30) versus 0.9%
(1/117), P = 0.106] than small duct iCCAs. No significant differences were observed across GBC and eCCA
histotypes, and CLDN18 was not associated with IDH1 or FGFR2 status in iCCAs.

Conclusions: This study demonstrates that CLDN18 expression is present in a subset of BTCs, with significantly higher
positivity rates in GBCs and eCCAs compared with iCCAs. In iCCAs, CLDN18 expression was more frequent in the large
duct subtype but was not associated with IDH1 or FGFR2 status. These findings suggest that CLDN18 could be a
potential therapeutic target in BTCs, warranting further prospective studies to evaluate its clinical significance and
impact on patient outcomes.
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INTRODUCTION currently increasing in Western countries, particularly that
of intrahepatic CCA (iCCA), and their prognosis remains
poor.”

Surgical resection is the primary treatment offering po-
tential cure for BTCs.” Only a small percentage of patients
have tumors that can be surgically removed, however, and
the majority present with advanced-stage, unresectable
disease.>* Recent genomic profiling studies have enhanced
our understanding of the complex and heterogeneous
molecular landscape of BTCs, uncovering several genetic
alterations.”® These include alterations that are rarely seen

Biliary tract cancers (BTCs) encompass a range of malig-
nancies originating from the epithelial cells of the bile
ducts. This includes cholangiocarcinoma (CCA), which de-
velops in the intrahepatic, perihilar, or distal regions of the
biliary tree, as well as gallbladder carcinoma (GBC), each
following its own distinct epidemiological and molecular
pathological pathways.” The overall incidence of BTCs is
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in other solid tumors, such as IDH1 mutations and a wide
range of FGFR2 rearrangements.>® Notably, level | action-
able genetic alterations—those enabling treatment with
already approved therapies or therapies in advanced stages
of clinical development—are identified in up to 40% of
CCAs.’
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Claudin 18.2 (CLDN18.2), a transmembrane protein iso-
form of claudin-18 (CLDN18), plays a role in tight junctions,
maintaining epithelial barrier function and cell polarity.®
During malignant transformation, the loss of cell polarity
exposes the CLDN18.2 epitope, enhancing its accessibility
for therapeutic targeting. In normal tissue, CLDN18.2
expression is strictly limited to the gastric mucosa and often
remains preserved during malignant transformation in
gastric cancer. Frequent ectopic activation, however, has
been found in various cancer types.’

Based on the promising results of the two recent phase lll
randomized trials SPOTLIGHT'® and GLOW,"" the anti-
CLDN18.2 zolbetuximab has been proposed as a new
standard of care in patients with human epidermal growth
factor receptor 2 (HER2)-negative, locally advanced, and
metastatic gastric and gastroesophageal junction adeno-
carcinomas having at least 75% of tumor cells with
moderate-to-strong membranous CLDN18 expression by
means of immunohistochemistry (IHC). Additional trials are
currently investigating possible synergies between
CLDN18.2 targeting and immunotherapy.™?

Preliminary data suggest potential therapeutic relevance
of CLDN18.2 in BTCs"®; however, only one recent study has
assessed CLDN18 expression in a large cohort of iCCAs and
extrahepatic CCA (eCCAs).** The current study aims at
evaluating CLDN18 expression and positivity in a large
cohort of pathologically characterized BTCs, including GBCs.

MATERIAL AND METHODS

Study population and histopathologic revision

A series of 237 formalin-fixed paraffin-embedded samples
of BTCs (30 biopsy and 207 surgical resection specimens)
were collected and reviewed under the BITCOIN protocol,
approved by the local Ethic Committee (EM 2024-34, 05/
15/2024).*> The original slides were re-evaluated by two
expert pathologists (MF and DS) to confirm the primary
tumor site and assess pathological characteristics, including
subtype, grading and association with pre-invasive lesions,
according to WHO 2019 criteria.*®

Immunohistochemistry

All samples were assessed for CLDN18 status using IHC
(clone 43-14A; Roche Ventana, Oro Valley, AZ). The
assessment of CLDN18 expression was conducted manually,
with cellular positivity defined based on previously pub-
lished criteria: strong or intermediate circumferential
staining, or only strong partial staining.17 Presence of
CLDN18 expression and tumor positivity for CLDN18 were
assessed. CLDN18 expression was defined as the presence
of CLDN18 cellular positivity regardless of the percentage of
tumor cells. Tumor positivity for CLDN18 was determined if
>75% of tumor cells exhibited moderate-to-strong mem-
branous staining, following the evaluation methods used in
the SPOTLIGHT and GLOW trials.'%*"*®

The presence and pattern of intratumoral heterogeneity
was assessed only in cases with CLDN18 positivity, as weak
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staining makes it difficult to assess staining patterns. The
absence of intratumoral heterogeneity (i.e. homogenous
pattern of expression of CLDN18) was defined as CLDN18
being expressed in >90% of the area with a moderate-to-
strong membranous staining. The heterogeneous pattern
was further classified into three subtypes, as previously
described*®?°: superficial, invasive-front and random. The
superficial pattern was defined by expression predomi-
nantly located in the mucosa. The invasive-front pattern
showed prominent expression in the deep invasive areas of
the tumor. The random pattern was characterized by patchy
expression with varying intensities distributed evenly. The
type of pattern of intratumoral heterogeneity of CLDN18
expression was assessed only surgical specimens.

Molecular analysis

iCCAs were characterized for IDH1 mutations and FGFR2
fusions in a previous study under the BITCOIN protocol® by
targeted DNA and RNA next generation sequencing [Foun-
dationOne®CDx (F1CDx; Foundation Medicine, Cambridge,
MA) and Archer® FusionPlex® Oncology Research Panel
(ArcherDX, Boulder, CO)]. eCCAs and GBCs were not char-
acterized for genetic alterations.

Statistical analysis

Two-tailed Fisher’s exact test and chi-square test were
applied for categorical variables. P value <0.05 was
considered statistically significant. Statistical analysis was
carried out using the STATA software (Stata Corporation,
College Station, TX).

RESULTS

Clinicopathologic and molecular characteristics

A total of 237 patients with a confirmed diagnosis of
BTCs—comprising 207 patients who underwent surgical
resection and 30 who had a biopsy—were included in the
study for IHC analysis. The majority were patients >65 years
old (52.3%) and the male-to-female ratio was 1.01. BTCs
were subdivided as follows according to anatomic location:
147 iCCAs, 58 eCCAs and 32 GBCs. Of the 58 eCCAs, 32 were
peri-hilar CCAs (pCCAs) and 26 were distal CCA (dCCA).
Nearly half of the cases were moderately differentiated (G2;
47.7%). As for histotypes, most iCCAs were of the small duct
subtype (79.6%), while most eCCAs/GBC were of pancreato-
biliary type (83.3%). IDH1 mutations and FGFR2 fusions
were identified in 19.7% and 10.9% of the 147 cases of
iCCAs, respectively; genetic alterations in eCCA and GBC
were not evaluated. Associated pre-invasive lesions were
documented in 13 cases (1 iCCA; 5 eCCA; 7 GBCs), namely
biliary intraepithelial neoplasia (BilIN; n = 11); intra-
cholecystic papillary neoplasm (ICPN; n = 1) and intraductal
papillary neoplasm of the bile duct (IPNB; n = 1). Table 1
summarizes the clinico-pathologic and molecular features
of the 237 BTCs included in the study.

Volume 10 m Issue 5 m 2025


https://doi.org/10.1016/j.esmoop.2025.105049
https://doi.org/10.1016/j.esmoop.2025.105049
https://doi.org/10.1016/j.esmoop.2025.105049
https://doi.org/10.1016/j.esmoop.2025.105049
https://doi.org/10.1016/j.esmoop.2025.105049
https://doi.org/10.1016/j.esmoop.2025.105049
https://doi.org/10.1016/j.esmoop.2025.105049
https://doi.org/10.1016/j.esmoop.2025.105049
https://doi.org/10.1016/j.esmoop.2025.105049

V. Angerilli et al.

Table 1. Clinico-pathologic features of 237 biliary tract cancers included in
the study

Table 2. Prevalence of CLDN18 expression and positivity in biliary tract
cancers according to anatomic location

Sex M 119 (50.2%)
F 118 (49.8%)
Age, years <65 111 (47.7%)
>65 126 (52.3%)
Anatomic location iCCA 147 (62.0%)
eCCA 58 (24.5%)
— pCCA 32
— dCCA 26
GBC 32 (14.5%)
Grading G1 21 (8.9%)
G2 113 (47.7%)
G3 103 (43.5%)
Association with pre-invasive lesions Yes 13 (5.2%)
— BillN 11
— IPNB 1
— ICPN 1
No 224 (94.8%)
iCCA (n = 147)
Histotype Small duct 117 (79.6%)
Large duct 30 (20.4%)
IDH1 mutation Present 29 (19.7%)
Absent 118 (80.3%)
FGFR2 fusion Present 16 (10.9%)
Absent 131 (89.1%)
eCCA/GBC (n = 90)
Histotype Pancreato-biliary 75 (83.3%)
Intestinal 6 (6.7%)
Clear cell 3 (3.3%)
Adenosquamous 3 (3.3%)
Mucinous 2 (2.2%)
Lymphoepithelial 1 (1.1%)

BilIN, biliary intraepithelial neoplasia; dCCA, distal cholangiocarcinoma; eCCA,
extrahepatic cholangiocarcinoma; F, female; GBC, gallbladder carcinoma; iCCA,
intrahepatic cholangiocarcinoma; ICPN, intracholecistic papillary neoplasm; IPNB,
intraductal papillary neoplasm of the bile duct; M, male; pCCA, perihilar
cholangiocarcinoma.

CLDN18 expression and positivity according to BTC subtype

Overall, CLDN18 expression was observed in 70/237 BTCs
(29.5%) samples, while CLDN18 positivity (i.e. moderate-to-
strong membranous expression in >75% of the tumor cells)
was found in 13/237 BTCs (5.5%). CLDN18 expression was
significantly more common in GBCs (62.5%; 20/32) and
eCCAs (53.4%; 31/58) compared with iCCAs (12.9%; 19/
147), with a P value <0.0001. Similarly, CLDN18 positivity
rates were highest in GBCs (15.6%; 5/32), followed by
eCCAs (8.6%; 5/58) and iCCAs (2.0%; 3/147), with a P value
of 0.00249.

Within eCCAs there were no significant differences in
CLDN18 expression or positivity rates between pCCAs and
dCCAs: CLDN18 expression was observed in 18 of 32
(56.3%) pCCAs and in 13 of 26 (50%) dCCAs, while CLDN18
positivity was observed in 2 cases of pCCAs (6.3%) and 3
cases of dCCAs (11.5%). Table 2 summarizes the prevalence
of CLDN18 expression and positivity in BTCs according to
anatomic location.

CLDN18 expression and positivity according to
histopathologic and molecular features

Table 3 summarizes the prevalence of CLDN18 expression
and positivity in BTCs according to histopathologic and
molecular features.
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CLDN18 expression P value CLDN18 positivity ~ P-value

iCCA  19/147 (12.9%)
eCCA  31/58 (53.4%)
GBC 20/32 (62.5%) 5/32 (15.6%)

<0.0001  3/147 (2.0%)

5/58 (8.6%)

0.00249

BTC 70/237 (29.5%) — 13/237 (5.5%) —

BTC, biliary tract cancer; CLDN18, claudin-18; eCCA, extrahepatic chol-
angiocarcinoma; GBC, gallbladder carcinoma; iCCA, intrahepatic
cholangiocarcinoma.

CLDN18 expression was more prevalent in well-
differentiated (G1) BTCs, followed by moderately differen-
tiated (G2) and poorly differentiated (G3) BTCs (61.9%,
31.0%, and 21.4%, respectively; P = 0.0009). Although a
similar trend was noted for CLDN18 positivity, it was not
statistically significant.

In the iCCA subgroup, large duct iCCAs showed signifi-
cantly higher CLDN18 expression compared with small duct
iCCAs [33.3% (10/30) versus 7.7% (9/117), P = 0.0002].
Likewise, CLDN18 positivity was higher in large duct iCCAs
than in small duct iCCAs, but this difference did not reach
statistical significance [6.7% (2/30) versus 0.9% (1/117), P =
0.106]. No association was found between CLDN18
expression and FGFR2/IDH1 status in iCCA; genetic alter-
ations in eCCA and GBC were not evaluated. No variation in
CLDN18 expression or positivity was observed across his-
totypes in eCCAs and GBCs.

Of the 13 identified pre-invasive lesions, only one BilIN
lacked CLDN18 expression, while all others expressed
CLDN18, encompassing BilIN, ICPN and IPNB. Additionally,
all pre-invasive lesions identified were associated with
CLDN18-expressing tumors, meaning CLDN18 expression
was observed in both the pre-invasive lesion and the cor-
responding adenocarcinoma in all but one case.

Figure 1 shows representative cases of CLDN18-positive
BTC samples. Figure 2 shows distinguishing features of
CLDN18 expression in BTCs.

CLDN18 positive expression heterogeneity

Among the 13 CLDN18-positive BTCs, most cases (8/13;
61.5%) exhibited a heterogeneous expression pattern, while
the remaining (5/13; 38.5%) displayed a homogeneous
expression pattern. Intratumoral heterogeneity of CLDN18
expression was observed exclusively in eCCAs (n = 5) and
GBCs (n = 3). All three heterogeneity patterns were identi-
fied: superficial in two cases, invasive-front in two cases and
random in three cases. In one case, the pattern could not be
determined due to the limitation of the biopsy specimen.

DISCUSSION

CLDN18.2 overexpression has been demonstrated an
attractive target alteration with the recent approval of the
anti-CLDN18.2 zolbetuximab for advanced gastric cancer.*’
This study investigates CLDN18.2 as a potential druggable
biomarker in BTCs, employing the same antibody used in
the pivotal SPOTLIGHT trial. Key aspects evaluated include
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Table 3. Prevalence of CLDN18 expression and positivity in biliary tract cancers according to histopathologic and molecular features
CLD18 expression P value CLD18 positivity P value
Yes No Yes No
Grading G1 13 (61.9%) 8 (38.1%) 0.0009 2 (9.5%) 19 (90.5%) 0.218
G2 35 (31.0%) 78 (69.0%) 8 (7.1%) 105 (92.9%)
G3 22 (21.4%) 81 (78.6%) 3 (2.9%) 100 (97.1%)
iCCA (n = 147)
Histotype Small duct 9 (7.7%) 108 (92.3%) 0.0002 1 (0.9%) 116 (9.1%) 0.106
Large duct 10 (33.3%) 20 (66.6%) 2 (6.7%) 28 (93.3%)
IDH1 mutations Present 1 (3.6%) 28 (96.4%) 0.1235 0 (0%) 29 (100%) 1
Absent 18 (18%) 100 (84.7%) 3 (2.5%) 115 (97.5%)
FGFR2 fusions Present 1 (6.3%) 15 (93.7%) 0.6948 1 (6.3%) 15 (93.7%) 0.2072
Absent 18 (13.7%) 113 (86.3%) 2 (1.5%) 129 (98.5%)
eCCA/GBC (n = 90)
Histotype Pancreato-biliary 43 (57.3%) 32 (42.7%) 0.7753 8 (10.7%) 67 (89.3%) 0.6707
Other 8 (53.3%) 7 (46.7%) 2 (13.3%) 13 (86.7%)

CLDN18, claudin18; eCCA, extrahepatic cholangiocarcinoma; GBC, gallbladder carcinoma; iCCA, intrahepatic cholangiocarcinoma.

expression levels, positivity rates, intratumoral heteroge-
neity and its presence in pre-invasive lesions.

In the present study, we found that almost one-third of
BTCs express CLDN18 (29.5%) and a notable subset exhibit
CLDN18 positivity (5.5%), as defined by the SPOTLIGHT and
GLOW trials’>*" (i.e. moderate-to-strong membranous
staining in >75% of tumor cells). Rates of CLDN18 expres-
sion and positivity, however, were not equally distributed
among BTC subtypes and are significantly higher in GBCs
and eCCAs. This is of great therapeutic interest, because
GBCs and eCCAs currently have fewer therapeutic options
than iCCAs. In fact, IDH1 mutations and FGFR2 fusions are
present in ~10%-20% and 10%-15% of iCCA patients; but
their prevalence is much lower in eCCAs and GBC,’ thus
excluding important target therapies like anti-IDH1 ivosi-
denib, pemigatinib and futibatinib, both targeting FGFR2
fusions, from the treatment of the majority of eCCAs and
GBC patients. Undoubtedly, this subgroup of BTC patients is
now treated in first line with immunotherapy plus doublet
chemotherapy (durvalumab or pembrolizumab plus
cisplatin and gemcitabine), but the benefit is marginal.”**?
Therefore, to identify a not negligible, molecular defined
subgroup of CLDN18-positive patients (in our study 15.6%
of GBC and 8.6% in eCCAs) to investigate target-directed
therapies like zolbetuximab (but CLDN18.2-directed

antibody drug conjugate and CAR-T are under development)
may be of pivotal importance.

Differences in CLDN18 expression were also evident
within the iCCA subgroup, with CLDN18 positivity more
frequently observed in the large duct-type than in the small
duct-type. This can be attributed to the fact that large duct-
type iCCA originates in larger intrahepatic bile ducts, which
are functionally closer to the perihilar region where eCCA
arises.”>?° As a result, large duct-type iCCA shares notable
similarities with eCCA in morphology, molecular profile and
prognosis.”*>%°

In our study, we found no overlap between CLDN18
positivity and IDH1 mutations, with only minimal overlap
with FGFR2 fusions in iCCAs. If a similar pattern is observed
in eCCAs and GBCs, for which we had no available data, it
would be clinically significant, as CLDN18.2 inhibition could
offer new treatment options for a specific subset of pa-
tients, without replacing existing targeted therapies for
those who may not respond to them.

Clinically, this is significant because, if CLDN18.2 inhibi-
tion proves effective in BTCs and this pattern is also
observed in eCCAs and GBCs, it could offer new treatment
options for a specific patient subset, without replacing
existing targeted therapies for those who may not respond
to them.

Figure 1. Representative examples of CLDN18-positive (A) gallbladder carcinoma, (B) extrahepatic cholangiocarcinoma, and (C) intrahepatic cholangiocarcinoma,

small duct type.
Original magnifications x20 and x10. CLDN18, claudin18.
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Figure 2. (A) Extrahepatic cholangiocarcinoma displaying intratumoral heterogeneity for CLDN18 expression (random pattern); (B) extrahepatic chol-
angiocarcinoma with perineural invasion by CLDN18-positive neoplastic glands; (C) extrahepatic cholangiocarcinoma with superficial positivity and decreasing
gradient of CLDN18 expression from the surface (i.e. superficial pattern of intratumoral heterogeneity for CLDN18); (D) intracholecystic papillary neoplasm with
invasion (black arrow) expressing CLDN18 in both pre-invasive lesion and adenocarcinoma focus; (E) biliary intraepithelial neoplasia (BilIN) of the gallbladder with
associated adenocarcinoma showing CLDN18 positivity in both pre-invasive and invasive components. Original magnifications X20 and X 10.

CLDN18, claudin18.

To the best of our knowledge, only one recent study by
Kinzler et al.** evaluated CLDN18 status in a large cohort of
CCAs (n = 160) using the VENTANA CLDN18 (43-14A) assay,
identifying CLDN18 positivity in 13.1% of patients. The
findings showed a higher prevalence in eCCAs compared
with iCCAs and in large duct iCCAs compared with small
duct iCCAs, consistent with our observations. The higher
prevalence of CLDN18 in their study, compared with our
results, might be due to the use of tissue microarrays, which
could impact the reproducibility of the findings. Also, no
data were provided in CLDN18 expression in GBC, which
was the subgroup with the highest positivity rate in our
study. Data on CLDN18 expression in CCA using different
antibodies from those in the current study are scarce and
inconsistent.>*°

The potential introduction of CLDN18 in the diagnostic
workup for BTCs poses several challenges.?’ First, obtaining
adequate biopsy samples in terms of neoplastic cell content
for biomarker testing from the biliary tree is technically
challenging, particularly in pCCA and dCCA, often resulting
in insufficient neoplastic content. Even when a biopsy yields
a sufficient tumor sample, comprehensive genomic
profiling, along with MMR and HER2 IHC testing, is
required,””?® potentially leading to depletion of the sample.

Second, we demonstrated that CLDN18 is a heteroge-
neous biomarker in the BTC setting as well, with most
positive samples exhibiting a heterogeneous staining
pattern. Thus, small biopsy samples or biliary brushings
(which are often the only available samples for eCCAs) may
not accurately represent CLDN18 status. A previous study®’
suggested that at least six tissue fragments should be
considered the standard of sampling for proper

Volume 10 m Issue 5 m 2025

immunohistochemical profiling in gastroesophageal cancer,
but additional research is required to define the optimal
sampling standards for CCA.

Last, CLDN18 is frequently expressed by pancreatic ductal
adenocarcinoma and, as shown by our results, by pan-
creatobiliary pre-invasive lesions (i.e. IPNB, ICPN, intra-
ductal papillary mucinous neoplasms of the bile duct, BilIN
and pancreatic intraepithelial neoplasm).*>*° This un-
derscores the importance of having dedicated and experi-
enced pathologists for CLDN18 evaluation, as distinguishing
pre-invasive lesions from adenocarcinomas (particularly in
biopsy samples) and differentiating CCA from pancreatic
adenocarcinoma can be challenging for non-experts.

This study has several limitations, including (i) its retro-
spective design, (ii) a small sample size for certain subtypes,
such as GBC, (iii) the lack of clinical correlations, (iv) the
under-representation of biopsy samples, (v) the lack of
molecular data on eCCA and GBC and (vi) the use of the
VENTANA CLDN18 (43-14A) assay, which detects both
CLDN18.1 and CLDN18.2 isoforms. Nevertheless, it was the
same antibody used in the SPOTPLGHT Trial, and, more
importantly in the setting of gastroesophageal and
pancreatic adenocarcinoma, CLDN18 positivity is considered
equivalent to CLDN18.2 positivity, as the expression of the
isoform CLDN18.1 was shown to be insignificant from gene
expression data from The Cancer Genome Atlas.>! Data on
the expression of the specific isoform CLDN18.2 in BTCs,
however, are not available yet.

In conclusion, this is the largest study investigating
CLDN18 expression among BTCs and the first study to assess
CLDN18 expression in GBC. The present study shows that a
subset of BTC patients exhibit CLDN18 positivity and that
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CLDN18 positivity rates are significantly higher in GBCs and
eCCA. Additional prospective studies with larger, more
diverse cohorts, and with clinical correlations, are necessary
to confirm its role as a therapeutic target and to explore the
impact of CLDN18 expression on patient outcomes.
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