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DISCLOSURE SLIDE 



Gastric Cancer : World’s 5th Most Common Cancer 

and 3rd Leading Cause of Cancer Death 

3rd 



Gastric Cancer Pathogenesis : Interplay Between 

Environmental and Host Factors 

Yeoh and Tan (2015) Gastroenterology 

Chia and Tan (2016) Annals of Oncology 



Tay et al., Cancer Research (2003) 

Molecular and Clinical Heterogeneity in 

Gastric Cancer (GC) 

Tay et al., (2003) Cancer Research 



Can Genomics Improve Gastric Cancer Patient 

Outcomes? 

1) Recent Progress in Molecular Subtyping of GC 

  - TCGA and ACRG Studies 

 

2) Molecular factors driving treatment response/resistance?  

- Gene Amplification 

- Within-Tumor Heterogeneity 

 



TCGA Study (~3-4 Major GC Genomic Subtypes) 

USA TCGA (2014) Nature 

A) Chromosomal 

 Instability (CIN) 

B) Microsatellite  

 Instability (MSI) 

C) Genome Stable 

 (GS) 

D)  Epstein-Barr 

 Virus (EBV) 



GC Genomic Subtypes Show Distinct Molecular 

and Pathological Characteristics 

Chromosomal Instability (CIN) (50%) 

 - Intestinal-type GCs 

 - TP53 mutations 

 - Focal somatic gene amplifications in RTK/RAS genes 

  
Microsatellite  Instability (MSI) (20%) 

 - Intestinal-type GC 

 - TGFBR2, HLA-B mutations 

Genome Stable (GS) (20%) 

 - Diffuse-type GC 

 - CDH1, RHOA** mutations  

Epstein-Barr Virus (EBV) (10%) 

 - Global hypermethylation 

 - PDL-1/2 Gene Amplification** 

Matsusaka et al(2011)Cancer Res 

Wang et al(2011) Nat Genetics 

Zang et al (2012) Nat Genetics 

Zouridis et al (2012) Sci Trans Med. 

Wang et al (2014) Nat Genetics 

Kakiuchi et al (2014)Nat Genetics  

USA TCGA (2014) Nature 

ARID1A, CIMP 

ARID1A, CIMP 



Mutations in GC (9/110) 

ARID1A 

LXXLL LXXLL LXXLL LXXLL ARID 

GC Somatic Mutations in ARID1A, a SWI/SNF-

related chromatin remodeling gene  

 

ARID1A (Wild-type) ARID1A (Mutated) 

Wang et al., 2011 Nature Genetics 

Zang et al., 2012 Nature Genetics 

Associated with MSI 

and EBV-positive GC 

SNU5 (ARID1A Deletion) 

    Ctrl   ARID1A 

ARID1A 
b-actin 



Distinct CIMP Profiles Differentiate 
EBV+ and MSI+ Gastric Cancer 

Courtesy Adam Bass 



Elevated PD-L1 and PD-L2 Expression 
in EBV+ Gastric Cancer Figure S2.10. JAK2, PD-L1, and PD-L2 gene expression and copy number. 

 

Courtesy Adam Bass 



ACRG GC Classification (Samsumg, Eli Lilly, Merck, BGI) 

Cristescu, Lee et al., (2015) Nature Medicine 



ACRG Classification is Applicable to GC datasets 

where Expression Data is Available 

Prevalence of ACRG subtypes varies across datasets 



ACRG 
Korea 

(N=277) 
Singapore 

(N=200) 

TCGA (N= 205) All combined 

Best prognosis → Worst prognosis  

MSI→ MSS/TP53+ → MSS/TP53− → MSS/EMT 



Can Genomics Improve Gastric Cancer Patient 

Outcomes? 

1) Recent Progress in Molecular Subtyping of GC 

  - TCGA and ACRG Studies 

 

2) Molecular factors driving treatment response/resistance?  

- Gene Amplification 

- Within-Tumor Heterogeneity 

 



Targeted Therapies in Gastric Cancer 

ERBB2/HER2  

Amplification 

ERBB2 Positive 

(8-10%) 

Gastric 

Cancer 

????? 

Van Cutsem, et al. ASCO 2009 

The TOGA 

Trial 

Bang et al (2011) Lancet 



 

Focal Genomic Alterations Highlight 

Therapeutic Opportunities in GC 

 

Deng et al., 2012 Gut 

RTK/KRAS Amplifications 



Relationships Between RTK Drivers? 

Deng et al., 2012 Gut Dulak et al., 2012 Cancer Research 

USA TCGA, 2014 Nature 
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Dovitinib (TKI258) is a Subtype-Specific Therapy for 

FGFR2-Amplified GCs (Collaboration with Novartis) 



Disappointing Results from Recent  

RTK-Targeting Trials in GC 

RTK Drug Result Reference 

HER2/ERBB2 
Trastuzumab Positive Bang et al., 

(2011) Lancet 

HER2/ERBB2 

 

Lapatinib Negative Hecht et al., 

(2015) JCO 

HER2/ERBB2 

Trastuzumab 

Emtansine 

(TDM1) 

Negative Roche Oct 

22nd 2015 

FGFR2 AZD5457 Negative ASCO 2015 

MET Rilotinumab Negative ASCO 2015 

MET Onatuzumab Negative ASCO 2015 



Co-Occuring Genomic Alterations May 

Contribute to RTK Resistance  

Deng et al., 2012 Gut 

= Co-amplification 

Kim et al., 2014 JCI 

42/62 ERBB2-Positive GC/GEJ 



Intra-Tumoral RTK Heterogeneity in GC 

Kilgour et al., 2014 BJC 

Das et al., 2015 Cancer Letters 

Kwak et al., 2015  

Cancer Discovery 

MET-therapy resistant 

GC 



Transcription factors KLF5, GATA4  and GATA6 

are amplified in GC samples 

Singapore 

Cohort  
(193 patients) 

TCGA 

Cohort   
(254 patients) 



HNF4a is a Common Downstream Target of 
KLF5 and GATA Factors 



The Anti-diabetic Drug Metformin is a 

Potential HNF4a Therapeutic 

AMPK 

HNF4α 
J Clin Invest. 2001 Oct;108(8):1167-74. 

LKB1 

1. Treatment of type 2 diabetes  

2. Poly Cystic Ovarian syndrome. 

 

Metformin + 

http://1.bp.blogspot.com/-0mMcEMr-5HE/T5Y7WNIaTUI/AAAAAAAAANE/sdsKtyb8Pmk/s1600/metformin1.jpg


HNF4α is a potential predictor of Metformin 
response in GC 

Chia et al., 2015 Gut  



Metformin and GC Recurrence 

Lee et al., 2016 Annals of Surgery  
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