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Claudin 18.2
a novel molecular biomarker for GC and PDAC

founder and CEO of BioNTech

김현기. 대한병리학회 소화기병리연구회 2024 Dec.3

Ugur Sahin et al. Clin Cancer Res 2008 Dec 1;14(23):7624-34

https://en.wikipedia.org/wiki/BioNTech


The key component of the tight junctions along 
with occludin, 23 genes in human (CLDN1 - 23)

4김현기. 대한병리학회 소화기병리연구회 2024 Dec.



Claudin

• Different claudins are expressed in different tissues
Ex. Claudin-1 (colon cancer), Claudin-18 (gastric cancer), Claudin-10 
(hepatocellular carcinoma)

• Claudin 18.2
• Isoform 2 of claudin 18 (splice variant)
• Exclusively expressed in normal gastric mucosa
• Retained after malignant transformation
Cf. Aberrant expression in pancreatic, esophageal, ovarian, and lung 
adenocarcinomas

• Claudin 18.1
• Expressed in lung alveolar epithelial cells serving lung barrier function
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김현기. 대한병리학회 소화기병리연구회 2024 Dec.

Claudin 18.2 expression in normal & cancer
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Ugur Sahin et al. Clin Cancer Res 2008 Dec 1;14(23):7624-34



Ther Adv Med Oncol. 2024 Jan 3:16:175883592312179677



FAST trial. Ugur Sahin et al. Ann Oncol 2021 May;32(5):609-619.
A randomised phase II study of zolbetuximab plus EOX vs. EOX 
for 1st-line treatment of CLDN18.2-positive (>40%) AGC

Overall 

>70% 

40-70%

PFS OS 
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CLDN18.2 IHC methods & interpretation

• Claudin 18.2 specific
• Clone EPR19202, Abcam
• Clone SP455

• Pan Claudin 18 
• Clone 43-14A, Ventana

• SPOTLIGHT, GLOW trials

• Clone 34H14L15, Invitrogen
• polyclonal, Thermo Fisher

• ≥75% in tumor cells

• Moderate (2+) to strong (3+) membranous reactivity

• Complete, basolateral, or partial lateral staining
13



Positive & negative controls

Positive control 

– Normal gastric mucosa

Negative control 

– Intestinal metaplasia
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Kohei Shitara et al. Gastric Cancer 2024 Sep;27(5):1058-1068

Global CLDN18.2-positivity in GC/GEJ cancer

• 38.4%

(1,730/4,507)

• SPOTLIGHT

• GLOW 

김현기. 대한병리학회 소화기병리연구회 2024 Dec. 15



Distribution of CLDN18.2 expression (Glow & Spotlight) 

16김현기. 대한병리학회 소화기병리연구회 2024 Dec. Kohei Shitara et al. Gastric Cancer 2024 Sep;27(5):1058-1068



CLDN18.2 in resectable GCs

• 299 patients, AMC
• Stage I (90), II (96) & III (113)
• Curative surgical resection (2018 Mar ~ 2019 Feb)

• 43-14A IHC with 75% cut-off

• CLDN18.2 positive GC
• 46.5%
• Younger age
• Lower invasion depth
• Less lymphovascular invasion
• Borrmann type 4
• Diffuse type
• HER2 negative, EBV positive
• No prognostic significance

Kim H.D. et al. Scientific Reports 2023 Nov 16;13(1):20047
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CLDN18.2 heterogeneity

• Within claudin 18.2 positivity (≥ 75%, i.e. 75 ~ 90% positive)
• 31% (43/139 out of 299)

• Random type most common (n=40)

• More in CLDN negative cases (i.e. < 75%)

• Previous reports: 40 ~ 50%

18

Homogeneous pattern Heterogeneous - mucosal

Heterogeneous - random Heterogeneous - invasive-front 



CLDN18.2 in stage IV GCs

• 166 patients, AMC
• 39 gastrectomy cases

• 135 patients with primary – metastatic site pairs

• 43-14A IHC with 75% cut-off

• CLDN18.2 positive GC
• 47.0%

• Peritoneal meta > hepatic & distant LN meta

• Intratumoral heterogeneity in 38.0% of surgical specimens

• Primary – metastatic discrepancy in 25.2%

• No prognostic significance

Choi E. et al. Scientific Reports 2024 Jul 31;14(1):17648
19
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Kubota Y. et al. ESMO open 2023 Feb;8(1):100762

CLDN18.2 & other biomarkers
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CLDN18.2 & Nivolumab treatment

22
Kim H.D. et al. Gastric Cancer 2025 Jan;28(1):74-82
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• 1000 gastrectomy cases, SNU

• Stage II-IV

• TMAs, 4 cores from each cases

• CLDN18 (43-13A), PD-L1 (22C3), 
HER2, FGFR2, EBV

• 34.4% positive
• Upper & middle third

• EBV, PD-L1 positive

• HER2 negative

• No prognostic significance
24



• 400 gastrectomy cases, SNU

• Unresectable, metastatic, recurrent

• 286 TMAs & 114 bx whole-section

• CLDN18 (43-13A), PD-L1, HER2, 
FGFR2, EBV, MSI, CD3, CD4, FoxP3

• 31.3% positive
• Upper & middle third

• EBV, PD-L1 positive

• HER2 negative

• No prognostic significance 25
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• 65 cases, NCC Japan
• 1L Zolbetuximab
• 29 disease progression, 15 bx

• At disease progression, 53.3% 
converted to CLDN18.2 negative

• CLDN18.2 ≥2+ retained
• ≥75% in 7/15 (46.7%)
• ≥40% in 10/15 (66.7%)
• ≥25% in 11/15 (73.3%)

• Prior CTx (non-target) studies
• CLDN18.2 reduction in 40-60%

Before 
treatment

During 
treatment

Disease 
progression



Pitfalls in interpretation

• Membranous vs cytoplasmic
• Strong membranous staining tends to overstain cytoplasm

• Especially in diffuse type cancers

• Intensity decision 1+ vs 2+
• Use Her2 IHC intensity criteria

• 1+ if perceptible at x200 or higher magnification

• 2+ if perceptible at x100 or lower magnification

• Estimating positive cell proportion
• Especially in diffuse type cancers

• Estimation of total cancer cells is difficult with counterstaining
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Membranous vs cytoplasmic

Intestinal type Diffuse type (frozen FFPE)
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Membranous vs cytoplasmic

Overstaining (x200) Cytoplasmic (x400)
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Estimating positive cell proportion
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Estimating positive cell proportion

• Almost all tumor cells are positive
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Estimating positive cell proportion

• About 50% of the tumor cells are positive
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Estimating positive cell proportion

CLDN18.2 Cytokeratin
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Mixture of intensities (0 ~ 3+) 

0

1

3

2

34Courtesy of Prof. Hye Seung Lee



SRC : non-specific or 2+?
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SRC : non-specific or 2+?
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SRC - overstaining (positive)
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PCC - positive



Cytoplasmic dot pattern
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Strong cytoplasmic dot pattern
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Strong cytoplasmic dot pattern
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≥75% or <75%?
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≥75%
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1+ / 2+ / 3+
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Low power view
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3+ / 2+ / IM
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3+ / 2+ / IM
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1+ / 2+
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3+ / 2+
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https://www.claudin182.com
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CLDN18.2 testing

• Biomarker for Zolbetuximab (SPOTLIGHT & GLOW trials)

• IHC using clone 43-14A

• ≥75% with moderate to strong intensity

• Heterogenous expression like other biomarkers

• Relationship with other biomarkers 
• Her2- & EBV+
• PD-L1 ?
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Summary

• Multiple biomarkers to test in mGC
• HER2 PD-L1 MSI (PCR or IHC)
• EBV CLDN18.2 FGFR2b
• Others (cMET, TRK etc.)

• Limited tissue sample in biopsies
• Should prioritize testing
• Initial HER2 test (IHC → ISH)
• Simultaneous staining is favored over stepwise staining (tissue loss)

• Various testing methods
• IHC, ISH, PCR, NGS

• Heterogeneity is the issue
• Multiple biopsy pieces (6-8) or re-biopsy (primary or metastatic site)

• Treatment of choice in multiple biomarker positive cases
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Nakayama et al. Nat Rev Clin Oncol 2024 May;21(5):354-369Hashimoto et al. Cancers 2022;14(2):290
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Heterogeneity

• Homogeneous
• ≥ 90% of the tumor area (moderate or strong intensity): 43.6% (17/39)

• 0% (complete negative): 17.9% (7/39)

• Heterogeneous
• 38.5% (15/39)

• random pattern: 17.9% (n = 7)

• superficial pattern: 12.8% (n = 5)

• invasive-front pattern: 7.7% (n = 3)

69



• 43-14A, LS-B16145, NBP2-32002: pan-CLDN18
• SP455 and EPR19202(Abcam): CLDN18.2-specific

70김현기. 대한병리학회 소화기병리연구회 2024 Dec.



Analytical concordance study
(Global ring study)
Bharat Jasani et al. Lab Invest 2024 Jan;104(1):100284

• 3 antibodies / 3 platforms

• 27 Labs

• 15 GCs / TMA

71김현기. 대한병리학회 소화기병리연구회 2024 Dec.
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CLDN18.2 in resectable GCs

• 299 patients
• Stage I (90), II (96) & III (113)
• Curative surgical resection (2018 Mar ~ 2019 Feb)

• 43-14A IHC with 75% cut-off

• CLDN18.2 positive GC
• 46.5%
• Younger age
• Lower invasion depth
• Less lymphovascular invasion
• Borrmann type 4
• Diffuse type
• HER2 negative, EBV positive
• No prognostic significance

Kim H.D. et al. Scientific Reports 2023 Nov 16;13(1):20047
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Characteristics
Overall study 
population

(n = 299)

Claudin 18.2 
negative

(n = 160)

Claudin 18.2 
positive

(n = 139)
p-value

Median age (years) 63 (27–95) 66 (33–95) 61 (27–83) <0.001

Male sex 205 (68.6) 118 (73.8) 87 (62.6) 0.051

Gross type 0.014

EGC 70 (23.4) 28 (17.5) 42 (30.2)

AGC 229 (76.6) 132 (82.5) 97 (69.8)

AGC subtype (n = 299) (n = 132) (n = 97) 0.008

Borrmann type 1 9 (3.9) 8 (6.1) 1 (1.0)

Borrmann type 2 49 (21.4) 36 (27.3) 13 (13.4)

Borrmann type 3 108 (47.2) 57 (43.2) 51 (52.6)

Borrmann type 4 34 (14.8) 14 (10.6) 20 (20.6)

EGC-like or unclassifiable 29 (12.7) 17 (12.9) 12 (12.4)

Location 0.537

Lower/middle 237 (79.3) 129 (80.6) 108 (77.7)

Upper 58 (19.4) 30 (18.8) 28 (20.1)

Entire 4 (1.3) 1 (0.6) 3 (2.2)

Clinicopathologic characteristics according to claudin 18.2 positivity
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Characteristics
Overall study 
population

(n = 299)

Claudin 18.2 negative

(n = 160)

Claudin 18.2 positive

(n = 139)
p-value

WHO classification 0.089

WD/MD/papillary 110 (36.8) 68 (42.5) 42 (30.2)

PD/PD with SRC/SRCa 166 (55.5) 81 (50.6) 85 (61.2)

Others 23 (7.7) 11 (6.9) 12 (8.6)

Lauren classification 0.011

Intestinal type 113 (37.8) 72 (45.0) 41 (29.5)

Diffuse type 120 (40.1) 53 (33.1) 67 (48.2)

Mixed/indeterminate type 66 (22.1) 35 (21.9) 31 (22.3)

Invasion depth 0.035

Mucosa/submucosa 70 (23.4) 28 (17.5) 42 (30.2)

Proper muscle 62 (20.7) 40 (25.0) 22 (15.8)

Subserosa 73 (24.4) 42 (26.2) 31 (22.3)

Serosa/adjacent organ 94 (31.4) 50 (31.2) 44 (31.7)

Lymph node metastasis 183 (61.4) 106 (66.7) 77 (55.4) 0.061

Lymphovascular invasion 198 (66.4) 120 (75.5) 78 (56.1) <0.001

Perineural invasion 116 (38.8) 64 (40.0) 52 (37.4) 0.734

Overall pathologic stage (AJCC 7th) 0.379

I 90 (30.1) 44 (27.5) 46 (33.1)

II 96 (32.1) 50 (31.2) 46 (33.1)

III 113 (37.8) 66 (41.2) 47 (33.8) 75



Homogeneous pattern Heterogeneous pattern - mucosal type

Heterogeneous pattern - random type Heterogeneous pattern - invasive-front type
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Heterogeneity

• Homogeneous
• ≥ 90% of the tumor area (moderate or strong intensity)

• 69% (96/139 out of 299)

• Heterogeneous
• within claudin 18.2 positivity (≥ 75%), i.e. 75 ~ 90% positive

• 31% (43/139 out of 299)

• Random type most common (n=40)

• previous reports: 40 ~ 50%

• All CLDN negative cases (i.e. < 75%)
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Claudin 18.2 positivity according to HER2

Claudin 18.2 positivity according to EBV

HER2 positive

(n = 19)

HER2 negative

(n = 271)
p-value

Claudin 18.2 negative 16 (84.2) 139 (51.3)
0.011

Claudin 18.2 positive 3 (15.8) 132 (48.7)

EBV positive

(n = 18)

EBV negative

(n = 267)
p-value

Claudin 18.2 negative 5 (27.8) 146 (54.7)
0.049

Claudin 18.2 positive 13 (72.2) 121 (45.3)

CLDN18.2 & other biomarkers (stage ≤3)
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CLDN18.2 in stage IV GCs

• 166 patients
• 39 gastrectomy cases

• 135 patients with primary – metastatic site pairs

• 43-14A IHC with 75% cut-off

• CLDN18.2 positive GC
• 47.0%

• Peritoneal meta > hepatic & distant LN meta

• Intratumoral heterogeneity in 38.0% of surgical specimens

• Primary – metastatic discrepancy in 25.2%

• No prognostic significance

Choi E. et al. Scientific Reports 2024 Jul 31;14(1):17648
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Positively concordant Negatively concordant

Discordant: claudin 18.2 expression only in primary site Discordant: claudin 18.2 expression only in metastatic site 
81



Claudin 18.2 at primary sites

Negative Positive

Claudin 18.2 

at the metastatic sites

Negative 67 14

Positive 20 34

Concordance of claudin 18.2 expression in primary and metastatic sites of 
paired cases (discrepancy in 25.2%)
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Variables
Claudin 18.2 negative

(n = 88)

Claudin 18.2 positive

(n = 78)
p-value

Histology 0.113

WD/MD 35 (39.8) 21 (26.9)

PD 53 (60.2) 57 (73.1)

EBV expression status (n = 80) (n = 71) 0.188

Negative 79 (98.8) 67 (94.4)

Positive 1 (1.2) 4 (5.6)

HER2 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)

MSI high 1 (1.7) 1 (1.9)

PD-L1 CPS (n = 30) (n = 26) 0.521

≥ 1 14 (46.7) 9 (34.6)

CLDN18.2 & other biomarkers (stage 4)
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CLDN18.2 & Nivolumab treatment

86
Kim H.D. et al. Gastric Cancer 2025 Jan;28(1):74-82
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