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▪ Importance of biomarker testing in GC

▪ Timing of GC biomarker testing

▪Challenges in GC biomarker testing

▪Novel biomarkers in the clinical scenario

What we aim to cover during this 

presentation



WHO 2019
In this fifth-edition volume, 

adenocarcinomas of the esophagus

and of the gastroesophageal junction

are discussed together in a single 

section, because recent data 

suggest that these tumours share 

many etiological, histological, and 

biological features. 



Grillo F, et al.– Pathologica 2020



TGCA Consortium – Nature 2014 Cancer Genome Atlas Network – Nature 2017

The molecular landscape of GC





MMR/

PD-L1

PD-L1

HER2

?



Immunotherapy and targeted therapy for 

advanced gastroesophageal cancer: 

ASCO Guidelines

Shah MA, et al. – J Clin Oncol 2023

HER2

PD-L1

The information 

regarding HER2 and PD-

L1 should be available at 

initial diagnosis!

HER2 and PD-L1 as an essential 

information for first line therapy in GC!



• Diagnosis should be made from 

multiple (5-8) endoscopic biopsies 

to guarantee an adequate 

representation of the tumour [IV, B].

• The histological diagnosis should 

be reported according to WHO 

criteria [V, B].

• HER2 expression by IHC and/or 

amplification by in situ hybridisation 

[I, A; ESCAT score: I-A], PD-L1 by 

IHC according to CPS [I, A] and 

MSI-H/dMMR [II, A; ESCAT score: 

I-B] are validated predictive 

biomarkers. Claudin 18.2 

expression by IHC [I, A; ESCAT 

score: I-A] may be examined, if 

available.

Shitara K, et al. – ESMO Open 2024



GC

HER2

PD-L1

MMR/MSI

CLDN18.2



1.Tissue is the issue – quality and 

quantity

2.Heterogeneity

3.Standardizing and prioritization of 

biomarker testing pathway

4.Reflex testing vs testing upon request

WORRISOME 

THINGS



surgical resections
lots of tissue ---- so no problems??

• May not be representative of clinical situation

• Neoadjuvant treatment (HER2 and PD-L1 can change)

• How long ago was the surgery?

• Potential pre-analytical problems

Tissue is the issue
quality and quantity



Surgical resections



Biopsies

Endoscopists know they should

take more than six neoplastic

samples … right??

Biomarkers can be evaluated only

on invasive carcinoma

Mucin, ulcer, granulation tissue, 

DYSPLASIA are not useful



Multiple biopsies are recommended 

for accurate diagnosis of PD-L1 

expression in GC

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

• The accordance rate was 64.4% (κ = 0.31)

• Single biopsy showed a lower 
accordance rate compared with multiple 
biopsies

• Our study revealed that single biopsy 
cannot fully reflect PD-L1 expression in 
the whole tumor in GC



Biopsies ~70% Surgery ~30%

Angerilli V, et al. – J Clin Pathol 2023

Tissue-related influence on GC 

biomarkers’ testing



Parente P, et al. – Expert Rev Mol Diagn 2023 

Not all biopsies are adequate for 

molecular testing!



Dysplasia vs

adenok



Angerilli V, et al. – Histopathology 2022

“…In fact, in certain 

circumstances, it may be 

challenging for non-expert 

gastrointestinal pathologists to 

make a proper distinction between 

preinvasive lesions and 

adenocarcinomas, thus 

hampering a correct biomarker 

status assessment, with important 

influences on the therapeutic 

decision-making process.”

MMR status and GE dysplasia: need for a 

dedicated gastrointestinal pathologist?



DIAGNOSIS

• 1 × 4 µm H&E

• 1 × 4 µm Giemsa

• 1 × 4 µm possible IHC (CK)

+ wastage 10–20 µm

Total = around 20–30 µm

PREDICTIVE BIOMARKERS

• 1 × 4 µm HER2 (plus further 2 
sections if 2+)

• 1 × 4 µm PD-L1

• 4 × 4 µm MMR

• 1 × 4 µm EBER

+ wastage 10–20 µm

Total = around 30–50 µm

Before IHC After IHC

Parente P, et al. – Expert Rev Mol Diagn 2023 

Dealing with the higher request 

of testing



1. Within the tissue

2. Between primary and metastases – between different

metastatic sites – spatial

3. Differences in time – temporal

4. Treatment induced differences?

Heterogeneity



HER2 

3+

HER2 

0

Businello G, et al. – Updates Surg 2023

Gastric cancer as a heterogeneous disease



HER2 status: spatial & 

temporal heterogeneity

HER2 status can change during the course of a patient’s

disease, differences between primary and metastases, 

between metastatic sites or in time

• Repeat biopsy of primary (183 pts): 8.7% of patients were shown to 

have HER2-positive gastric cancer 

• Repeat biopsy of metastatic and/or recurrent sites (175 pts): 5.7% of 

patients turned out to have HER2-positive disease

Park et al. EurJCancer 2016

48 patients – baseline bx and bx at progression -

29.1% loss of HER2 at progression
• Patients with stable HER2 status - 44% RR, longer median PFS of 

2.7

HER2 negative

HER2 positive Seo et al. Gastric Cancer 2019

TREATMENT INDUCED CHANGES?



Fornaro L, et al. – Gastric Cancer 2023

MLH1+ 

MMRp

MLH1-

MMRd

Gastric cancer as a heterogeneous disease



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. – Clin Cancer Res 2020

PD-L1: spatial and temporal heterogeneity



Kim ST, et al. – Nat Med 2018

MMR/MSI 

heterogeneity!

Lack of response in an MSI-H patient 

associates with a heterogeneous MMR status!



How do we prioritize?

Standardizing and prioritization 

of biomarker testing pathway

Can we use site/morphology to choose?

HER2: > intestinal type, > GEJC

MMR: > lymphocyte rich, 

heterogeneous, solid poorly

differentiated

Claudin18.2: > diffuse



Despite a landscape clouded 

in complexity, emerging 

biomarkers are expanding 

our view of patient 

populations, and biomarker 

testing could provide a more 

comprehensive patient profile 

in the precision oncology era.

The GC 

biomarkers’ island

Novel diagnostics horizons



• 30.2% of metastatic G/GEJ adenocarcinomas were positive for FGFR2b expression

• FGFR2b genomic aberrations rarely overlap with other common GC genomic aberrations such 

as HER2, MET and other RTK biomarkers

• A Phase 2 study has demonstrated that the anti-FGFR2b mAb, bemarituzumab, plus 

mFOLFOX6 is generally well tolerated and has anti-tumour activity in G/GEJ cancer patients

FGFR2b IHC+ defined as 2+/3+ staining

Catenacci V, et al. - Presented at 2021 American Society Of Clinical Oncology (ASCO) Annual Meeting; June 4–8, 2021; Virtual Meeting.
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FGFR2b as a new target in 

gastric cancer



NORMAL

CANCER

38.4% 

 Shitara K, et al. – Presented at 2023 ASCO Annual Meeting; June 2–6, 

CLDN18.2 in gastric cancer cells 



▪ Nodal involvement (p = 0.0407)

▪ high stage disease (III, IV) at diagnosis 

(p = 0.019)

▪ age < 70 (p = 0.0035)

▪ peritoneal involvement (p < 0.001)

▪ lower incidence of liver metastases (p = 

0.009)

▪ EBV positive status (p = 0.001)

350 metastatic Caucasian

GC/GEJ patients



▪ CLDN18 can be detected using IHC staining methods

▪ high expression is defined as 2+/3+ IHC staining in 

≥75% of tumour cells

Membrane staining of tumour cells

Today’s cut-off, it can be modified according to next

clinical trials’ results

Angerilli V, et al. – Pathol Res Pract 2023; Fassan M, et al. – In submission

CLDN18.2 expression can be 

detected using IHC



Nakayama I, et al. – Nat Rev Clin Oncol 2024

One biomarker, different therapeutic options



3-5% 9-15%

EBV





GE biomarkers: today it is still a IHC story!



Myer NM, et al.– J Cancer Res Clin Oncol 2022

Barriers to universal implementation of 

predictive biomarkers in GE cancer



…just look at the microscope!



1. Don’t forget how

to evaluate HER2!



Endoscopy biopsies



HER2



HER2



Surgical specimen

HER2



How to evaluate HER2 in this case?

A) score 3 (positive) both in biopsy and in the 

surgical specimen

B) score 3 (heterogeneous positivity)

C) score 0 (it’s negative in the invasive component!)



How to evaluate HER2 in this case?

A) score 3 (positive) both in biopsy and in the 

surgical specimen

B) score 3 (heterogeneous positivity)

C) score 0 (it’s negative in the invasive component!)



HER2 testing in practice

Fassan M, et al.– Pathologica 2020



What about HER2 

status in this

area?



HER2



How to evaluate HER2 in this case?

A) score 0

B) score 1+

C) It’s dysplastic tissue, and therfore I cannot

evaluate HER2 in this area



How to evaluate HER2 in this case?

A) score 0

B) score 1+

C) It’s dysplastic tissue, and therfore I cannot

evaluate HER2 in this area



BIOMARKERS- H&E COMBINED EVALUATION IS REQUIRED IN BIOPSY MATERIAL 

Fassan M, et al. – Histopathology 2012



2. HER2 

negative?



HER2







>10%



How to evaluate HER2 in this case?

A) score 0

B) score 1+

C) inadequate



How to evaluate HER2 in this case?

A) score 0

B) score 1+

C) inadequate





HER2-0 HER2-low HER2-highHER2-negative HER2-positive

28.3%

Good candidate 

for Trastuzumab

therapy

Not candidate for 

trastuzumab

therapy

Benefit from T-

DXd therapy?

88.1%

11.9%
11.9%

59.7%

32.2% of HER2-

negative tumours

were HER2-low, and 

may be targetable

by T-DXd (Destiny -

GASTRIC01 trial) 

Angerilli V, et al. – J Clin Pathol 2023

▪ Higher prevalence in biopsy specimens (p>0.0001)

▪ High inter-center variability (p=0.0005)

1,189 cases

HER2-low in GC/GEJC: a real-

world Italian perspective



Angerilli V, et al. – J Clin Pathol 2023

HER2-low in GC/GEJC: a real-

world Italian perspective



3. Can be MMR 

cytoplasmic?





PMS2



What is the MMR status?

1) MMRp

2) MMRd

3) MMRind and think about MSI testing



What is the MMR status?

1) MMRp

2) MMRd

3) MMRind and think about MSI testing



MLH1



4. MMR 

heterogeneity



PMS2



MLH1



MSH2



MSH6



MSH6

+



What is the MMR status?

1) MMRp

2) MMRd

3) MMRind and think about MSI testing

4) MMRhet and think about MSI testing



What is the MMR status?

1) MMRp

2) MMRd

3) MMRind and think about MSI testing

4) MMRhet and think about MSI testing



Is MMR heterogeneity in GC real?

• 3723 patients with GC – retrospective review

• Radical surgical resection or gastric mucosa biopsy

• Retained MMR expression in one geographic region and complete loss of nuclear 

staining in the other

• Heterogeneous MMR protein staining: 12 cases (0.3%)



• 2.2%: MMR IHC discordance rate EB/SS 

(1/47)

• Intratumoral heterogeneity (in SS)

• 12.7%: non-conclusive results (in EB)

• 2.2%: discordant results (3/135)

• EB were able to accurately predict the 

overall MMR status in SS, with a sensitivity 

of 97.3% and a specificity of 98.0%

• High concordance rates between EB and 

SS (Cohen κ =94.5%).

Is MMR assessment on biopsy
reliable in GC?



5. PD-L1 the 

difficult case



LN metastasis



PD-L1



How to evaluate PD-L1 in a LN?

A) evaluate all the lymphoid tissue if it is activated

B) evaluate only areas close to the metastatic

tissue at 20x

C) it’s a sample inadequate for scoring

D) evaluate only intraglandular macrophages



How to evaluate PD-L1 in a LN?

A) evaluate all the lymphoid tissue if it is activated

B) evaluate only areas close to the metastatic

tissue at 20x

C) it’s a sample inadequate for scoring

D) evaluate only intraglandular macrophages



What about PD-L1 

evaluation?



PD-L1 is a drug specific biomarker:                         

multiple tests and approaches



PD-L1: different antibodies with specific 

diagnostic performances

During the development of anti-PD-1 and anti-PD-L1 antibodies, each pharmaceutical company 
pursued its own unique diagnostic antibody and corresponding protocol for PD-L1 staining and 
interpretation. This disjointed approach created a major challenge in the development of PD-L1 
expression as a universally predictive biomarker across different tumour types

Doroshow DB, et al. – Nat Rev Clin Oncol 2021



Ahn S and Kim KM – Mod Pathol 2021



Analytical performance of 22C3 and SP263 clones on 

the Ventana platform was close to that of the reference 

assay (Dako 22C3 assay), suggesting that the 2 

LDTs can be utilized interchangeably.

DAKO 22C3, VENTANA SP 

263, VENTANA 22C3

DAKO 22C3, DAKO 28-8

Until stronger evidence of inter-assay concordance is 

found, we urge caution in treating the various 

assays as equivalent.

DAKO 22C3, VENTANA SP 263, VENTANA 22C3

DAKO 22C3, DAKO 28-8, VENTANA SP142 

PD-L1: choice of antibody and IHC platform

DO NOT USE SP142 FOR GC/GEJ/EC



Sajjadi E, et al. - Ecancermedicalscience 2020

PD-L1 scoring algorithms



External reproducibility assessments 

demonstrated:
• Inter-pathologist overall agreement of 96.6%

• Intra-pathologist overall agreement of 97.2%

PD-L1 inter-pathologists’ agreement (yes, they are reproducible)



PD-L1 

inter-pathologists’ 

agreement (no, they 

aren’t reproducible)



Liu C, et al. – Diagn Pathol 2023

TAP<5%

TAP>5%

▪ The average positive agreement, 

average negative agreement, and 

overall percent agreement between 

and within readers were all above 

85% for both internal and combined 

external reader precision studies. 

▪ TAP score had high concordance 

rate at 5% cutoff compared with CPS 

at cutoff 1.

▪ TAP scoring method to be 

straightforward, significantly less 

time-consuming, and highly 

reproducible with a high concordance 

rate between TAP score and CPS.

Tumor Area Positivity (TAP) score of PD-L1: a novel 

visual estimation method for combined tumor cell and 

immune cell scoring



▪ Intra-luminal macrophage 

staining is not included in the TAP 

score unless the macrophages 

completely fill the luminal space 

and are in direct contact with the 

TC.

▪ Staining of multi-nucleated giant 

cells, granulomas, and IC 

located within blood vessels and 

lymphatics are not included in the 

TAP score.

Liu C, et al. – Diagn Pathol 2023



Tumor cells

PD-L1 neg

Tumor cells

PD-L1 pos Immune cells

PD-L1 pos

Immune cells

PD-L1 neg

Cell counting

CPS*

Total number of viable TCs

Number of TCs

with PD-L1 

expression

Number of ICs

with PD-L1 

expression

+

Visual estimation

TAP§

Entire tumor area

Area occupied by 

TCs with PD-L1 

expression

Area occupied by 

ICs with PD-L1 

expression

+

*ICs= lymphocytes, 

macrophages

§inclusive of all types of ICs

Klamper E, et al. – JCO Prec Oncol 2024



ESCC
TPS: 100%

CPS: 100

TAP: 100%



GC
TPS: 0%

CPS: 15

TAP: 15%





6. PD-L1: the 

importance of H&E



Abscessualizing

flogosis

Adenocarcinoma



PD-L1





Where evaluate PD-L1 in this case?

A) In the red cicle as hotspot

B) In the blue circle as hotspot

C) In the green cicle as hotspot

D) As an average between blue and red cicle, 

avoiding the abscessualized area



Where evaluate PD-L1 in this case?

A) In the red cicle as hotspot

B) In the blue circle as hotspot

C) In the green cicle as hotspot

D) As an average between blue and red cicle, 

avoiding the abscessualized area



It is not a hot-spot 

evaluation!

PD-L1: how to count?



Central part of 

the tumor

Ulcerated part 

of the tumor



7. Can CLDN18.2 

be heterogeneous?



CLDN18









CLDN18



What about CLDN18.2 status in this case?

A) ≥75%

B) 75-65%

C) 55-65%

D) <55%



What about CLDN18.2 status in this case?

A) ≥75%

B) 75-65%

C) 55-65%

D) <55%



CLDN18.2 

2/3+

CLDN18.2 

0

Pellino A, et al. - J Pers Med 2021

Gastric cancer as a heterogeneous disease



The CLDN18.2 pathology hub experience: an 

interpretation guide and tutorial

https://www.claudin182.com/ (in updating process)

https://www.claudin182.com/


8. CLDN18.2 

positive tissue



Liver mts

CLDN18

CLDN18

Control



CLDN18

Control









What about CLDN18.2 status in this case?

A) ≥85%

B) 85-75%

C) 75-55%

D) <55%



What about CLDN18.2 status in this case?

A) ≥85%

B) 85-75%

C) 75-55%

D) <55%



Take home messages

▪ The pathologist should be aware of the clinical impact of the 

histology report

▪ Increasing number of biomarkers’ portfolio: request for a more 

adequate tumor sampling/sample’s sparing strategies

▪Need for educational programs involving pathologists, lab 

technicians, oncologists, surgeons and gastroenterologists (es. PD-

L1, preneoplastic lesions, MMR, CLDN18.2)!





OBRIGADO(A)!
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