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GE biomarkers: today it is still a IHC story
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Claudin proteins

ÅComprise a family of at least 27 transmembrane proteins1

ÅConsist of 4 transmembrane helix domains

and 2 extracellular loops2

ÅForm major structural components of tight junctions1

ÅPlay a critical role in maintenance of cell polarity and in 

selective paracellular permeability3

ÅAre expressedthroughout the body and display tissue specific 

expression patterns2,4

CLDN18.2

Normal cell

1. Mineta K, et al. FEBS Lett2011; 2. Sahin U, et al. et al. Clin Cancer Res2008; 3. Otani T, et al. Trends Cell Biol. 2020; 4. Hewitt KJ, et al. BMC Cancer2006; 5. TsukitaS, et al. Trends Biochem Sci. 2019.

Gastric epithelium5

Figure adapted from Tsukita S, et al. Trends Biochem Sci. 20195

CLDN18.2 is confined to tight junctions in healthy tissue



Two Isoforms of CLDN18 Exist: CLDN18.1 and CLDN18.2
Å The CLDN18 gene has 2 alternative first exons (E 1.1 and E 1.2), leading to splice variants

encoding 2 protein isoformsðCLDN18.1and CLDN18.21

Å CLDN18.1 and CLDN18.2share a high degree of homology2, and differ by 8 of the 51 amino acids

in the first extracellular domain, with identical sequences of the second extracellular loops1

1. Sahin U, et al. Clin Can Res. 2008; 2. Saito T, et al. ESMO World Congress on Gastrointestinal Cancer 2021. 3. Niimi T, et al. Mol Cell Biol. 2001. 

CLDN18.1 is the dominant isoform
in normal and malignant lung tissue1,3

CLDN18.2 is the dominant isoform 
in normal gastric tissue and is often

retained in malignant transformation1,3
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CLDN18.2 is a Gastric-Specific CLDN18 Isoform

Foveolar-antral Oxynthic



CLDN18.2 becomes exposed upon malignant transformation

1. Sahin U, et al. Clin Can Res. 2008; 2. Sahin U, et al. Eur J Cancer.2018; 3. Turner JR et al. Semin Cell Dev Biol. 2014; 4. OtaniT, et al. Trends CellBiol. 2020; 5. Rohde C, et al. JpnJ Clin Oncol 2019; 6. 
Türeci O, et al. Ann Oncol 2019; 7. Pellino A, et al. J Pers Med 2021; 8. Coati I, et al. Br J Cancer 2019. 
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Å Innormalgastricmucosa,CLDN18.2istypically buriedwithin

tightjunctions1,2

Å Asacomponentoftightjunctions,claudinsare involvedinthe

regulationof permeability,

barrier function,andpolarityofepitheliallayers3,4

Gastricepithelium

Å CLDN18.2isoftenretainedduring

malignant transformation1

Å Duringthisstage,theperturbationsinthe

gastricmucosacellpolarityandstructural lossmayresultin

CLDN18.2becomingmore exposedandthusaccessibleto

antibodies1,2,5,6

Å CLDN18.2mayalsobeexpressed

in lymphnodemetastasesof gastric adenocarcinoma

aswellasother

distant metastaticsites1,5,7,8

In healthytissue
CLDN18.2is confined

Duringmalignant transformation
CLDN18.2becomesexposed

During metastaticprogression
CLDN18.2 expression and

exposure is maintained

Stomach and metastatic tumors



Real-world issues in GEC biomarkerõs testing implementation

The sample The methods of 
analysis

Staining 
interpretation



Are the samples all the same?



AngerilliV, et al.ïPathologica2023



Barberà A, et al. - Appl Immunohistochem Mol Morphol 2023

Tonsil sample

Impact of cold ischemia time on the quality of PD-L1 immunostaining



Long-term storage impact on PD-L1 immunoreactivity

Grillo F, et al.ïHstiochemCell Biol2015



1. ParenteP, et al. Expert Rev MolDiagn2023; 2. Yamashita K, et al.Br J Cancer 2019; 3. Zhou KI,et al.Clin Cancer Res2020



Gastric cancer as a heterogeneous disease
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Forbiopsysamplesfromprimarytumor,at least6 tissuefragmentsshouldbe evaluated; if fewer

fragmentsareavailable,testingofallavailabletissuespecimensofthetumorshouldbeperformed.
Fassan M, et al. ïMod Pathol2024

CLDN18

Gastric cancer as a heterogeneous disease



Multiple biopsies are recommended 

for accurate diagnosis of PD-L1 

expression in GC

ÅThe numbers of PD-L1-positive patients determined by 
biopsy and resected samples were 89 (46.6%) and 135 
(70.1%), respectively

ÅThe accordance rate was 64.4%(ə=0.31)

ÅSingle biopsy showed a lower accordance rate compared 
with multiple biopsies

ÅOur study revealed that single biopsy cannot fully 
reflect PD-L1 expression in the whole tumourin GC

2020



GEJ adenocarcinoma

MMRd

PD-L1 (22C3)



Invasion front



Endoscopy biopsies 

are «superficial»!
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the tumor

Ulcerated part 
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PD-L1: spatial and temporal heterogeneity

PD-L1 expression and TMB 

exhibit marked spatial and 

temporal heterogeneity in GEA. 

This heterogeneity should be 

considered when obtaining tumor 

samples for molecular testing 

and when deciding whether ICI 

therapy is appropriate.

Zhou KI, et al.ïClinCancer Res 2020



To re-biopsy or 

not to re-biopsy?

According to the current data situation, the therapy decision cannot be made 

based on biomarker assessment alone, but requires an interdisciplinary overview.

Reliable recommendations as to when a rebiopsyor biomarker retest should be 

carried out cannot currently be formulated uniformlyon the basis of the 

available evidence and require further studies. 



Take home messages (1/3)

ÁPre-analytical variables can interfere with biomarkersô evaluation

ÁGastric cancer is a (molecularly) heterogeneous disease!

ÁMolecular characterization is performed in most of the cases on biopsy material 

of the primary tumor

ÁAn adequate number of biopsies is required for an adequate evaluation of the 

molecular landscape

ÁGastroesophageal dysplasia is a non-invasive neoplasia and, thus, may be 

characterized by biomarkers alterations



What about 

biomarker 

staining?



CPS, combined positive score; IC, immune cell; ICP, tumour-associated immune cell; PD-1, programmed cell death protein 1; PD-L1, programmed cell death ligand 1; TAP, tumour area positivity; TC, tumour 

cell;  TM, tumour microenvironment; TPS, tumour proportion score. 

The heterogeneous PD-L1 clones portfolio

PD-1 inhibitors PD-L1 inhibitors
Lead asset Pembrolizumab Nivolumab Tislelizumab Durvalumab Atezolizumab Avelumab

Diagnostic 

partner
Dako Dako Ventana Ventana Ventana Dako

Clones 22C3 28-8 SP263 SP263 SP142/SP263 73-10

Machines 

utilised
Link 48 Link 48

BenchMark 

series

BenchMark 

series

BenchMark 

series
Link 48

Compartment TM TM TM/IC TM/IC TC/IC TC

Scoring TPS/CPS TPS/TC/CPS TC/TAP TC/ICP/IC TC/IC TC



ñThe different Ab clones are targeting 

different epitopes of the PD-L1 protein.ò

Are all the clones the same?



ÁUnder suboptimal decalcification or fixation conditions, the 

performance of internal domain antibodies is less detrimentally 
affected than that of external domain antibodies.

ÁThe binding sites of external domain antibodies are susceptible to 
deglycosylationand conformational structural changes, leading to 

IHC staining reduction or loss.

No delay to 

fixation and 18 
hours in 10% 

NBF

ÅDo all tissue types lose antigenicity in the same way?

ÅAre tonsils the same as adenocarcinoma?

ÅDo neoplastic cells lose antigenicity the same as inflammatory 

cells?

24-Hour delay to 

fixation and 18 
hours in 10% 

NBF

No delay to 

fixation and 3 
hours in 10% 

NBF



PD-L1: different antibodies with similar diagnostic performances?

KlempnerMJ, et al.ïJCO PrecOncol2024

ñThese observations support cross-application flexibility of the 

different PD-L1 assays and scoring algorithms to characterize 

PD-L1 expression in GC.ò



Control tissue is gastric intestinal metaplasia , which 

demonstrates:1

1. Strong membranous staining in

normal gastric epithelial cells 

2. Weak to moderate membranous staining

of epithelial cells in the areas of metaplasia

3. Absence of staining in lamina propria, lymphocytes,

smooth muscle, blood vessels and peripheral nerves

1

1

2

22

3

3

CLDN18 staining control tissue



Liver mts
Atrophic gastritis 

as CLDN18

control

CLDN18: in the search of a staining control

AngerilliV, et al.ï
PatholRes Pract2024



Lung mts 43-14A is not 

isoform specific!

Lung is CLDN18.1 positive!Fassan M, et al.ï
Mod Pathol2024



ÁPD-L1 should be tested with 22C3, 28-8 or SP263 clones (avoid 

the use of other clones shuch as the SP142 one)

ÁCLDN18.2 expression is currently evaluated with the 43-14A clone 

(no-isoform specific)

ÁNeed for ring trial experiences for validation of new IHC clones

ÁUse appropriate negative/positive controls

Take home messages (2/3)





2,533 cases

Cases       Observed   

Expected

CPS < 1     480 cases 19% 15-25%

CPS 1-5    855 cases 34% 20%

CPS Ó 5    1,198 cases 47% 60%

Are we good enough in PD-L1 assessment?

155 Institutions
proportions of each score in each institution using 

100% stacked bar charts



PD-L1 expression and scoring methods

PD-L1 staining cells

Tumor cells

Other immune cells

Lymphocytes or macrophages

Cells being counted

Tumor area

Considered area

TPS
Tumor Proportion Score

The percentage (%) of viable 

cancer cells in a tissue sample 
that have partial or complete 

membrane staining

CPS
Combined positive Score

The number of PD-L1+ve 

cancer cells, lymphocytes, and 
macrophages divided by the 

number of viable cancer cells 
and multiplied by 100

TAP
Tumor Area Positivity

Ratio of the area occupied by 

PD-L1+ve tumor cells and 
immune cells to the total 

tumor area

KlempnerMJ, et al.ïJCO PrecOncol 2024; AngerilliV, et al.ïPathologica2023; MastracciL, et al.ïPathologica2022



Tumor Area Positivity (TAP) Combined Positive Score (CPS)

Include PD-L1ïpositive tumor cells and 

all tumor-associated immune cells

Include PD-L1ïpositive tumor cells, 

lymphocytes, and macrophages. Exclude 

plasma cells and granulocytes.

10x rule 20x rule

5 min 30 min

ñThe percentage of relevant brown (positive 

cells) over blue (entire tumor areas)ò
Cell counting

PD-L1: main differences in scoring systems

KlempnerMJ, et al.ïJCO PrecOncol 2024; Liu C, et al.ïDiagn Pathol2023



CLDN18.2 prevalence and sample characteristics in gastric/GEJ adenocarcinoma 

1. Sahin U, et al. Ann Oncol 2021; 2. Shitara K, et al. Poster presentation at ASCO 2023. Poster 4035; 3. Shitara K, et al. Gastric Cancer 2024. 

IHC scoring for CLDN18 in gastric/GEJ adenocarcinoma 

(membrane staining of tumour cells)1

No staining

Weak staining

Moderate staining

Strong staining

0

1+

2+

3+

CLDN18.2+ 

tumours2,3

CLDN18.2 expression at any detectable 

amount3

Proportion of patients in 

Phase III trial

CLDN18.2 positivity is defined by Ó75% of tumour cells demonstrating 

moderate(2+)to strong(3+) membranous CLDN18 staining2

~70% ~38%



ÁThe clinical/therapeutic impact of biomarkersô evaluation (need for 

experienced GI pathologistsô evaluation)

ÁPD-L1 evaluation is based on CPS and TAP for adenok and CPS, 

TPS and TAP for ESCC

ÁPD-L1 positivity cut-offs are rapidly changing

ÁCLDN18 positivity: 75% of 2/3+ staining

Take home messages (3/3)



The GIPAD 

recommendations
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