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   Gastric Cancer Biology 

Receptor Tyrosine Kinase Gene Amplification  

Deng et al. Gut 2012; 61: 673-684 

Genomic DNA were extracted from flash-frozen tissues or cell 

pellets using a Qiagen genomic DNA extraction kit (Qiagen, 

Hilden, Germany), and profiled on Affymetrix SNP 6.0 arrays 

(Affymetrix, Santa Clara, California, USA) 

Patrick Tan, 

Duke Univ Singapore 
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Targeted Therapy 

„Personalized Treatment“ 

 

Select the right treatment for every individual patient 



Premisses & Hurdles 

 

Do we know the relevant target structures? 

Is the detection of these structures reliable? 

Is a targeted treatment/drug available? 

Is the response to this specific treatment predictable? 

Is the targeted treatment feasible and tolerable? 

Biological Treatment Selection 



Is the Target Expressed and is it Relevant? 
Epidermal Growth Factor Receptor Signalling 

from: Ciardello F,  Tortora G. N Engl J  Med. 2008; 358: 1160-1174 

EGFR family 

 

EGFR: 

Epidermal Growth 

Factor Receptor 

 

HER-1 (EGFR) 

HER-2 

HER-3 

HER-4 



Reliable Detection of a Target? 

e.g. HER2 Immunohistochemistry (IHC) 

With courtesy of Prof. Donhuijsen, Pathologie Braunschweig 
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Reliable Detection of a Target? 

e.g. HER2 in situ hybridization (ISH) 



Is a targeted treatment available? 

HER-antibodies and HER-kinase-inhibitors 

aus: Ciardello F,  Tortora G. N Engl J  Med. 2008; 358: 1160-1174 



Trastuzumab (Herceptin®) in 

Her2+ Gastric Cancer: ToGA Study 
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Primary endpoint: survival 

(superiority)  

N=584 

 

Stomach 

and AEG 

 

Stage IV 

Trastuzumab + Cisplatin/FU or Capecitabin q3w 
6 cycles; Trastuzumab until progression 

Cisplatin/FU or Capecitabine q3w 
6 cycles 

Bang Y et al. Lancet 2010; 376: 687-697 



ToGA Response Data 

Bang Y et al. Lancet 2010; 376: 687-697 



ToGA Survival 

Bang Y et al. Lancet 2010; 376: 687-697 



ToGA: Survival 
Her2 Status: IHC 3+ or IHC 2+/FISH+ 

Bang Y et al. Lancet 2010; 376: 687-697 



1st-line Treatment Algorithm 2013 

Advanced Stomach Cancer 

 

 

Immunhistochemie Her2 

IHC Score 0/1 IHC Score 2 IHC Score 3 

FISH-Test Her2 

FISH - FISH + 

Platin-Fluoropyrimidin-(Docetaxel) Trastuzumab  

+ Cisplatin-Fluorpyrimidin 

Lordick F et al. Clin Transl Oncol 2011; 13: 597-598 



HER2 Quality Assurance and Problems 

Intestinal (gland forming) type 

Signet ring type 

Focal staining in 33% of gastric cancers! 

High Amplification 

No Amplification 

With courtesy of Professor Rüschoff 



Heterogeneity and Sampling Errors 

Warneke VS… Röcken C. Ann Oncol 2013 Mar;24(3):725-33 

2230 Core biopsies from TMA‘s of 454 resection specimens 

D 
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Heterogeneity and Sampling Errors 

Warneke VS… Röcken C. Ann Oncol 2013 Mar;24(3):725-33 

2230 Core biopsies from TMA‘s of 454 resection specimen 

 

 

Core biopsies (from TMA‘s) were compared with whole tissue sections 

by two indepenedent investigators 

 

HER-2 from whole tissue sections:  8.1 und 8.4% positivity 

HER-2 from core biopsies:  6.3 und 6.3% positivity 

 

False negative rate of core biopsies:  24% 

False positive rate of core biopsies:    3% 



Heterogeneity and Sampling Errors 

Warneke VS… Röcken C. Ann Oncol 2013 Mar;24(3):725-33 

Practical consequence 

 
 

When selecting patients for anti-HER2 treatment,… 

 

 Don‘t rely on one negative endoscopic biopsy 

(false-negative rate: 24%) 

 

 Investigate whole tissue sections from resection specimens 

in addition to endoscopic biopsies (if available) 

 

 Take new biopsies from metastatic sites (if feasible) 



FISH, CISH, BDISH or IHC 

Warneke VS… Röcken C. Ann Oncol 2013 Mar;24(3):725-33 

Rüschoff et al., 2010 



HER2 Results from LoGIC 

Press. ECCO 2013 

Overall concordance between FISH and 

IHC results was 90.9% (95% CI: 89.2%, 

92.5%)  

HER2 /CEP 17 Ratio 

IHC, n 

(%) 
<2 2-5 5-10 >10 Total 

0 
518 

(73) 
29 (18) 4 (2) 0 (0) 551 

1+ 
167 

(23) 
45 (28) 12 (6) 1 (<1) 225 

2+ 24 (3) 57 (35) 45 (24) 18 (9) 144 

3+ 0 (0) 31 (19) 
124 

(67) 

181 

(91) 
336 

Total 709 162 185 200 1256 



HER2 Results from ToGA 

Bang Y et al. Lancet 2010; 28: 487-497 
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HER2 Results from ToGA 

Bang Y et al. Lancet 2010; 28: 487-497 



1st Line Treatment Algorithm 

Lordick F et al. Future Oncology 2011;7:187-99 

 

 

Immunohistochemistry Her2 

IHC Score 0/1 IHC Score 2 IHC Score 3 

FISH-Test Her2 

FISH - FISH + 

Platin-Fluoropyrimidin-(Docetaxel) Trastuzumab  

+ Cisplatin-Fluorpyrimidin 



Molecular Pathology 



EGFR-Family-Dimers 

Begnami et al. J Clin Oncol 2011; 29: 3030-3036 

EGFR (HER1) HER2 

HER3 HER4 



EGFR-Family-Dimers 

Begnami et al. J Clin Oncol 2011; 29: 3030-3036 



Anti-HER2/HER3-directed Therapy 

from: Park et al. World J Clin Onc 2011; 2: 125-34  



n=808 pts 

HER-2 pos., metastatic BC 

 docetaxel + trastuzumab +/- pertuzumab 

Trastuzumab-Pertuzumab-Combination 

(Breast Cancer) 



Trastuzumab-Pertuzumab-Combination 

(Stomach Cancer) 

Ongoing: JACOB Study 

(RCT Stage IV) 

Ongoing: INNOVATION Study 

(RCT Stage IV) 



Trastuzumab-DM1 

Emtansine 

release 

Inhibition of 

microtubule 

polymerization 

Internalization 

HER2 

T-DM1 

Lysosome 

Nucleus 

P 
P 

P 

From Spector NL, Blackwell KL. J Clin Oncol 2009 



Trastuzumab-DM1 

(Breast Cancer) 



Trastuzumab-DM1 

(Breast Cancer) 

2nd Interims Survival Analysis 



Trastuzumab-DM1 

(Breast Cancer) 



Trastuzumab-DM1 

(Stomach Cancer) 

Ongoing: GATSBY Study 

(RCT Stage IV 2nd line) 



Lapatinib 



R    1:1 

Lapatinib 

Arm B: CapeOX q3w            

plus Placebo 

Arm A: CapeOX q3w            

plus daily Lapatinib 

 

 

 

 
 

Study population Overexpression or Amplification of HER2  

   (IHC 2+ plus FISH+ or IHC 3+ or FISH, CISH  or 

   SISH amplified) 
 

Primary endpoint Overall Survival (10.3 -> 14 months), n=545 
 

Sec. Endpoint  Progression-free Survival, Response, toxicity 

 

Stratification  Previous adj. therapy; region  

   Asia, North America, ROW 

 

 



Lapatinib 

 

 545 patients recruited in 186 centers (2008-2012) 

 

487 patients for the primary efficacy analysis (central: FISH+). 

 

87% stomach cancers, 13% GEJ/esophageal cancers 

 

 

 



Lapatinib 

CapeOx + Lapatinib  

N=249 

CapeOx + Placebo 

N=238 

Complete response 6 (2%) 5 (2%) 

Partial response 126 (51%) 90 (38%) 

Stable Disease 70 (28%) 94 (39%) 

Disease Progression 20 (8%) 22 (9%) 

Not evaluable/unknown 27 (11%) 27 (11%) 

Overall RR 53% (95%CI : 46.6−59.3)  40% (95% CI : 33.6−46.4) 

Median Duration of 

Response (month) 
7.3 (95%CI : 6.4–8.4)  5.6 (95%CI : 4.8–6.0) 

ORR by region 

North America 63 % 56 % 

Asia 65 % 39 % 

ROW 44 % 40 % 



Lapatinib 

 

HR for OS 0.91 (p=0.35; median survival 12.2 versus 10.5 months)  

CapeOx+L  

CapeOx+P 
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0 5 10 15 20 25 30 35 40 45 

Time since randomization (months) 

PEP CapeOx+L 

N=249 

CapeOx+P 

N=238 

Median (95% CI) 

(mo) 
12.2 (10.6, 14.2) 10.5 (9.0, 11.3) 

HR (95% CI) 0.91 (0.73, 1.12) = 0.3492 

Subjects at risk  

CapeOx+L                       249         199   133          83                47                24                 9           3                 3    

CapeOx+P               238         189   106          53                 34               17                11           7                 2           2 

 

 

 ITT analysis HR 0.91 



Lapatinib 

         Primary efficacy population   (N=487)   

Region                                     Asia (n=193) 

North America (n=17) 

Rest of World (n=277) 

      Prior adjuvant use                     Yes (n=38) 

No (n=449) 

Age (years)                               <60 (n=236) 

≥60 (n=251) 

Baseline ECOG status             0−1 (n=444) 

2 (n=43) 

Primary site                   Esophagus (n=20) 

GE Junction (n=43) 

Gastric (n=424) 

   Histological type                  Diffuse (n=19) 

Intestinal (n=436) 

Other (n=32) 

Pylorus intact                           Yes (n=373) 

No (n=114) 

HER2 status (all FISH+)          IHC 0 (n=27) 

IHC 1+ (n=54) 

IHC 2+ (n=108) 

IHC 3+ (n=297) 

 

IHC 0−1+ (n=81) 

IHC 2−3+ (n=405) 

 

 

 

 

 

1 2 3 4 5 

Hazard Ratio (CapeOx+L / CapeOx+P) 

Favors CapeOx+P Favors CapeOx+L 

0 

Hazard ratio (95% CI) 

0.91 (0.73, 1.12) 

0.68 (0.48, 0.96) 

1.61 (0.53, 4.83) 

1.04 (0.79, 1.37) 

1.52 (0.68, 3.41) 

0.83 (0.67, 1.04) 

0.69 (0.51, 0.94) 

1.08 (0.81, 1.45) 

0.88 (0.70, 1.10) 

0.76 (0.41, 1.44) 

0.87 (0.32, 2.35) 

0.90 (0.44, 1.85) 

0.89 (0.71, 1.11) 

0.64 (0.25, 1.65) 

0.93 (0.75, 1.17) 

0.58 (0.26, 1.29) 

0.80 (0.63, 1.01) 

1.06 (0.67, 1.68) 

0.56 (0.24, 1.31) 

1.16 (0.61, 2.20) 

0.79 (0.50, 1.25) 

0.90 (0.69, 1.18) 

 

 

 
0.91 (0.55, 1.51) 

0.86 (0.68, 1.09) 

 



EGFR (HER1) in Gastric Cancer 

Expression bei Magenkarzinomen 
(Immunhistochemie) 

diffuse, 2+ diffuse, 1+ 

mixed, 3+ intestinal, 0-3+ 

Gamboa et al. Mod Pathol 2004;17:579-87 



EGFR (HER1) in Gastric Cancer 

n 

 

Response 

 (%) 

mTTP 

(Mon) 

  FUFOX + Cetuximab 

  Lordick F, et al. BJC 2010 
46 

65% 
95% CI, 50–79% 

7,6 
95% CI, 5.0–10.1 

Lordick F, et al. Br J Canc 2010; 102: 500-505 



EGFR (HER1) in Gastric Cancer 

EGFR gene amplification: 
EGFR: 8.20 signals per nucleus 

EGFR/CEP7 ratio: 1.36 
 

EGFR (red), chromosome 7 (green) 

EGFR FISH <4.0 

EGFR FISH >4.0 
Log-rank P=0.011 

n=28 

n=8 
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Luber B,…  Lordick F. BMC Cancer 2011;11:509 



EGFR (HER1) in Gastric Cancer 

Lordick et al. Lancet Oncol 2013; 14: 490-499 

Cisplatin      80mg/m2 d1 

Capecitabine  1000mg/m2 twice daily; d1-14 

q3w 
R 

A 

N 

D 

O 

M 

• Until radiographically documented PD or unacceptable toxicity 

• Primary endpoint: Progression Free Survival (PFS) time 

Cisplatin      80mg/m2 d1 

Capecitabine  1000mg/m2 twice daily; d1-14 

q3w 

Cetuximab  400mg/m2 loading dose, 

  then 250mg/m2 per week 



EGFR (HER1) in Gastric Cancer 

Lordick et al. Lancet Oncol 2013; 14: 490-499 



EGFR (HER1) in Gastric Cancer 

Lordick et al. Lancet Oncol 2013; 14: 490-499 



EGFR (HER1) in Gastric Cancer 



Anti-angiogenic Therapy 

Gastric Cancer 
 

 Preclinical rationale 

 

 Phase II – Studies 

Jain, Science 2005: 307: 58-62 



AVAGAST 
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Primary endpoint: survival 

(superiority)  

N=774 

 

Stomach 

and EGJ 

 

Stage IV 

Bevacizumab + Cisplatin/Capecitabine q3w 

Cis 6 cycles; Bevacizumab + Cape until progression 

Cisplatin/Capecitabine q3w 

Cis 6 cycles; Cape until progression 

Ohtsu et al. J Clin Oncol 2011; 29:3968-3976 



AVAGAST 

Kang YK et al. ASCO 2010; LBA 4007 

Survival: primary endpoint negative 



AVAGAST 

Kang YK et al. ASCO 2010; LBA 4007 

Disease-fee Survival: secondary endpoint positive 



AVAGAST 

Subgroup Analysis 

Ohtsu et al. J Clin Oncol 2011; 29:3968-3976 



Conclusions 
 

 The Avagast-Study is a negative trial 

 

 Anti-angiogenic therapy has activity and more potential 

  than AVAGAST shows 

 

 Bevacizumab seems to be active in specific subgroups 

  (tumor genetics, pharmacogenetics, ethnicity…?) 

 

 Randomized controlled trial in the periopeartive setting 

   is ongoing (MAGIC-B) 

Anti-angiogenic Therapy in Gastric Cancer 



Anti-angiogenic Treatment with 

Bevacizumab 

Hicklin DJ et al. J Clin Oncol 2005;23:1011-1027 

Bevacizumab 



Gastric Cancer – Biomarker 

VEGF-A Levels (Plasma) 

AVAGAST Study 

Van Cutsem E et al. J Clin Oncol 2012; 30: 2119-2127 



Van Cutsem E et al. J Clin Oncol 2012; 30: 2119-2127 

Gastric Cancer – Biomarker 

Neuropilin Expression (Tumor) 

AVAGAST Study 



Anti-angiogenic Treatment with 

Ramucirumab 

Hicklin DJ et al. J Clin Oncol 2005;23:1011-1027 

RAMUCIRUMAB 



Ramucirumab (Lilly) 



Ramucirumab (Lilly) 

Spratlin et al. J Clin Oncol 2010; 28: 780-787 

Post 

Gadolinium 

Injection 

DCE-MRI 

Pretreatment 

Post-treatment (Cycle 1) 



Ramucirumab (REGARD Study) 

Fuchs et al. Lancet Oncol 2013; epub 



Ramucirumab (REGARD Study) 

Fuchs et al. Lancet Oncol 2013; epub 
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Randomization 2:1 

Primary endpoint: overall survival 

(superiority)  

N=335 

 

Stomach 

and AEG 

 

Stage IV 

2nd-line 

 

119 centers 

29 countries 

Ramucirumab 8mg/kg q2w 
until progression 

Placebo q2w 
until progression 



Ramucirumab (REGARD Study) 

Fuchs et al. Lancet Oncol 2013; epub 



Ramucirumab (REGARD Study) 

Fuchs et al. Lancet Oncol 2013; epub 

Median 

5.2 versus 3.8 months 



Ramucirumab (REGARD Study) 

Fuchs et al. Lancet Oncol 2013; epub 

Subgroup analysis 

Survival 



Ramucirumab (REGARD Study) 

Fuchs et al. Lancet Oncol 2013; epub 



Ramucirumab (REGARD Study) 

Fuchs et al. Lancet Oncol 2013; epub 



Ramucirumab (REGARD Study) 

Fuchs et al. Lancet Oncol 2013; epub 



Ramucirumab RAINBOW Study 



Future Second-line Treatment 

 
 

Evaluation of ECOG-PS, response to 1st-line CTx and motivation 

ECOG PS 0-1 

motivation ++ 
EGOG 1-2 

motivation +/- 

ECOG 3-4 

motivation - 

Paclitaxel 

+ Ramucirumab  
ASC Ramucirumab 

mono 
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    Thank you for your attention! 


