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Heterogeneity of gastric cancer



Histological classification of gastric cancer
Laurén
(1965)

Nakamura
(1968)

JGCA
(2017)

WHO
(2018)

Intestinal Differentiated Papillary: pap
Tubular 1, well‐differentiated: tub1
Tubular 2, moderately‐differentiated: tub2

Papillary
Tubular, well‐differentiated
Tubular, moderately‐differentiated

Indeterminate Undifferentiated Poorly 1 (solid type): por 1 Tubular, poorly‐differentiated (solid) 

Diffuse Undifferentiated  Signet ring cell carcinoma (SRC): sig
Poorly 2 (non‐solid type): por2

Poorly cohesive, SRC phenotype
Poorly cohesive, other cell types

Intestinal/diffuse/indeterminate Differentiated/
Undifferentiated

Mucinous Mucinous

Mixed Description according to the proportion
(e.g. por2>sig>tub2)

Mixed

Not defined Not defined Special type:
Adenosquamous carcinoma
Squamous cell carcinoma
Undifferentiated carcinoma
Carcinoma with lymphoid stroma
Hepatoid adenocarcinoma
Adenocarcinoma with enteroblastic 
differentiation 
Adenocarcinoma of fundic gland type

Histological variants:
Adenosquamous carcinoma
Squamous cell carcinoma
Undifferentiated carcinoma
Carcinoma with lymphoid stroma
Hepatoid carcinoma
Adenocarcinoma with enteroblastic
differentiation
Adenocarcinoma of fundic gland type
Micropapillary adenocarcinoma

*JGCA, Japanese Gastric Cancer Association {978‐4‐307‐20375‐3}. **Table prepared in collaboration with Prof. Ryoji Kushima, Japan



Molecular classification of gastric cancer (TCGA)

The Cancer Genome Atlas (TCGA) project; Nature 2014



Asian Cancer Research Group
Cristescu R et al: Nature Medicine 21; 449, 2015 

Survival

Molecular classification of gastric cancer (ACRG)



Setia M et al. Mod Pathol 29:772, 2016

A protein and mRNA expression‐based classification 
of gastric cancer

EBBER

Ahn S et al. Am J Surg Pathol 41:106, 2017



Molecular classification of gastric cancer

HER2 IHC
ISH



Evaluation of HER2 status 



Evaluation of HER2 status 

Immunohistochemistry

In situ hybridization



Kanayama K et al; Cancer Sci 107: 536, 2016

Intratumoral heterogeneity (ITH) of HER2 
status in gastric cancer



Gullo I, Carneiro F, Dias K, Tan P, 2018

Intratumoral heterogeneity (ITH) of HER2 
status in gastric cancer



Blood born metastases
Poor prognosis

HER‐2 amplification
in intestinal‐type gastric carcinoma 

David L et al; Mod Pathol 5:384, 1992
Barros‐Silva J et al; Br J Cancer 100: 487,2009

ToGA Trial
HER‐2 overexpression in 22% of advanced gastric cancers; improved survival in patients treated
with with trastuzumab

Prognostic factor
NO  (44%)

YES (56%)

HER2 status in gastric cancer (prognostic and/or
preditive factor?)



• HER2 expression is not related to gastric 
cancer patient prognosis and only a very 
small subgroup of intestinal type GC may 
potentially respond to HER2 targeting
therapy.

HER2 status in gastric cancer (prognostic and/or
preditive factor?)



HER2 status in gastric cancer (prognostic
and/or preditive factor?)

It is not only the quality but also the quantity



HER2 expression in hepatoid adenocarcinoma and 
gastric carcinoma with enteroblastic differentiation

HER2

Fujimoto M et al. J Clin Pathol 2018. doi: 10.1136/jclinpath‐2017‐204928



Differential expression of HER2 in gastric
carcinoma and lymph node metastases

• Putative impact on the 
therapeutic management and 
prognosis of the patients

Ieni A et al. Int J Mol Sci 2014. doi: 10.3390/ijms151222331



Tominaga N et al. Gastric Cancer 2016. doi: 10.1007/s10120‐015‐0502‐3.

Minimum biopsy set for HER2 evaluation



© University Cancer Center Leipzig (UCCL): Prof. Dr. Florian Lordick

Gastric cancer therapy in stage IV gastric 
cancer

Lordick F, Janjigian YY. Nat Rev Clin Oncol. 2016 Jun;13(6):348-60



• Patients initially respond to HER2 targeted therapy but eventually become
resistant to treatment.

• Individual tumours with similar clinical stage have different clinical
outcomes.

Putative causes
• Presence of ERBB2/EGFR co‐amplification
in the same tumour cells or even in the same
tumour cells.
• HER2 copy number in ctDNA

Resistance to HER2 targeted therapy in gastric 
cancer

Lee HE et.al. Eur J Cancer 2013; Kim J et al J Clin Invest 2014; Kwak EL et al Cancer Discov 2015; . Wang et al. Eur J Cancer 2018, 88: 92‐100



Interaction with CDH1

• Evidence points to β‐catenin as 
a common link between the 
HER2 overexpression and the 
E‐cad repression in influencing 
EMT, the metastatic process, 
and outcome

Int J Mod Sci 2018, 19: 47. doi: 10.3390/ijms19010047



The putative role of gasdermin



The putative role of gasdermin‐Porto data

Gullo I et al (ongoing study)

Moreno Bueno G et al (ongoing study)



Evaluation of HER2 status (currently)



Evaluation of HER2 status (currently)



Baraniskin A et alEur J Cancer, 2017

Evaluation of HER2 status (currently)



26

Potential molecular targets in gastric cancer

Deng N, et al. Gut 2012;61:673‐84

Anti-EGFR
negative phase-3: EXPAND, REAL3
Lordick et al. Lancet Oncol 2013
Waddell et al. Lancet Oncol 2013
Anti-MET
negative phase-3: MetMab, RiloMet
Shah et al. ASCO 2015
Cunningham et al. ASCO 2015
anti-FGFR
preliminary phase-2: Shine
Bang et al. ASCO 2015
KRAS
non druggable (?)
HER2
positive phase-3: ToGA
Bang et al. Lancet 2010

© University Cancer Center Leipzig (UCCL): Prof. Dr. Florian Lordick



Actionable gene‐based classification by NGS toward 
precision medicine

Genome Med. 2017;9: 9.. doi: 10.1186/s13073-017-0484-3

• NGS can uncover familial mutations 
such as CDH1 and BRCA2 and allow 
providers to identify patients that 
need further testing for germline 
mutations



Comprehensive molecular testing with NGS

• Is feasible
• Provides a platform to direct patients towards novel 

molecularly targeted therapies
• May identify potential mechanisms of resistance to 

such therapies
• Can uncover familial mutations such as CDH1 and 

BRCA2 and allow to identify patients that need 
further testing for germline mutations



• HER2 copy number of circulating tumour DNA as a 
biomarker to predict and monitor trastuzumab
efficacy in advanced gastric cancer

Evaluation of HER2 status (future) – liquid
biopsies



Evaluation of HER2 status (future) – Combined
IHC/ISH 

Evaluation of both gene and the protein 
status in the same cancer cell and may 
be of particular interest for research and 
patient’s care.



Upfront molecular testing. Is it time yet?



Molecular pathology 
(spacial & temporal heterogeneity)

Genomics, 
epigenomics, proteogenomics

Integrated Molecular Pathology

Clinical phenotype

• Lloyd M et al: Pathology to enhance precision medicine in oncology: Lessons from landscape ecology. Adv Anat Pathol 22: 267, 2015
• Salto‐Tellez M & Kennedy M:Integrated molecular pathology: the Belfast model. Drug Discovery Today 20: 1451, 2015

• Better understanding
• Translation to clinics



Thanks for your attention





Guideline Statement
Strength of

Recommendation

1. In patients with GEA who are potential candidates for HER2‐targeted therapy, the treating clinician should request HER2 testing 
on tumor tissue. 

Strong

2. Treating clinicians or pathologist should request HER2 testing on tumor tissue in the biopsy or resection specimens (primary or 
metastasis) preferably before the initiation of trastuzumab therapy if such specimens are available and adequate. HER2 testing on 
FNA specimens (cell blocks) is an acceptable alternative.

Recommendation

3. Treating clinicians should offer combination chemotherapy and HER2‐targeted therapy as the initial treatment for appropriate 
patients with HER2‐positive tumors who have metastatic or recurrent GEA.

Recommendation

4. Laboratories/pathologists must specify the antibodies and probes used for the test and ensure that assays are appropriately 
validated for HER2 IHC and ISH on GEA specimens.

Strong

5. When GEA HER2 status is being evaluated, laboratories/pathologists should perform/order IHC testing first followed by ISH 
when IHC result is 2þ (equivocal). Positive (3þ) or negative (0 or 1+) HER2 IHC results do not require further ISH testing.

Strong

6. Pathologists should use the Ruschoff/Hofmann method in scoring HER2 IHC and ISH results for GEA. Strong
7. Pathologists should select the tissue block with the areas of lowest grade tumor morphology in biopsy and resection specimens. 
More than 1 tissue block may be selected if different morphologic patterns are present.

Recommendation

8. Laboratories should report HER2 testing results in GEA specimens in accordance with the CAP ‘‘Template for Reporting Results 
of HER2 (ERBB2) Biomarker Testing of Specimens From Patients With Adenocarcinoma of the Stomach or Esophagogastric
Junction.’’

Strong

9. Pathologists should identify areas of invasive adenocarcinoma and also mark areas with strongest intensity of HER2 expression
by IHC in GEA specimens for subsequent ISH scoring when required.

Strong

10. Laboratories must incorporate GEA HER2 testing methods into their overall laboratory quality improvement program, 
establishing appropriate quality improvement monitors as needed to ensure consistent performance in all steps of the testing and
reporting process. In particular, laboratories performing GEA HER2 testing must participate in a formal proficiency testing 
program, if available, or an alternative proficiency assurance activity.

Strong

11. There is insufficient evidence to recommend for or against genomic testing in patients with GEA at this time. No recommendation

Evaluation of HER2 status 


