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Trial Chemotherapy Biological 
HR 

OS 

P 

value 

Increase in 

median survival 

ToGA1 Cisplatin+5-FU/ 

capecitabine 
Trastuzumab 0.74 0.04 +2.8 months 

AVAGAST2 Cisplatin+ 

capecitabine 
Bevacizumab 0.87 0.10 +2.0 months 

EXPAND3 

 

Cisplatin+ 

capecitabine 
Cetuximab 1.00 0.95 -1.3 months 

REAL-34 

 

Oxaliplatin+ 

epirubicin + 

capecitabine 

Panitumumab 1.37 0.013 -2.5 months 

RILOMET-15 

Cisplatin+ 

epirubiicin+ 

capecitabine 

Rilotumumab -- -- 
Stopped in futility 

analysis 

METGASTRIC6 FOLFOX6 Onartuzumab 1.06 0.83 -0.6 months 

Targeted therapies in first-line treatment 

for  advanced gastric cancer: Summary of 

Phase III Trials 



Level of HER2 amplification predicts OS in 

HER2 amplified advanced gastric cancer 

patients treated with Trastuzumab  

Gómez-Martin C, et al. J Clin Oncol 2013; 31:4445–4452 
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TRIAL 
Chemotherapy 

backbone 

Line of 

therapy 

number  

HR 

OS 

P 

value 

Response 

rate 

Increase in 

median survival 

ToGA1 Cisplatin+5-FU/ 

capecitabine 

First 

584 
0.74 0.04 

51% vs 37% 

p=0.0017 
+2.8 months 

LOGiC2 Oxaliplatin/ 

capecitabine 

First 

545 
0.91 0.35 

53% vs 39% 

p=0.031 
+1.7 months 

TyTAN3 Paclitaxel 
Second 

261 
0.84 0.20 

27% vs 9%  

p=0.001 
+2.1 months 

Targeted therapies against HER2 in 

advanced gastric cancer: Summary of 

Phase III Trials on lapatinib 
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TRIAL 
Chemotherapy 

backbone 

Line of 

therapy 

number  

HR 

OS 

P 

value 

Response 

rate 

Increase in 

median survival 

ToGA1 Cisplatin+5-FU/ 

capecitabine 

First 

584 
0.74 0.04 

51% vs 37% 

p=0.0017 
+2.8 months 

LOGiC2 Oxaliplatin/ 

capecitabine 

First 

545 
0.91 0.35 

53% vs 39% 

p=0.031 
+1.7 months 

TyTAN3 Paclitaxel 
Second 

261 
0.84 0.20 

27% vs 9%  

p=0.001 
+2.1 months 

GATSBY4 TDM-1  

vs Taxane 

Second 

228 

vs 

117 

 

 

1.15 0.85 NP - 0,7 months 

Targeted therapies against HER2 in advanced 

gastric cancer: Summary of Phase III Trials on 

Trastuzumab, Lapatinib and TDM1 
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Mechanisms of resistance to Trastuzumab and other 

anti-HER2 therapies in advanced gastric cancer: 

 Co-amplification of HER3 and/or EGFR 

 Heterodimerization with HER3  

 HER3 mutations 

 Co-amplification of MET 

 FGFR autocrine loops 

 

 



Heterodimerization HER2 and  HER3  
 

1.Wang Q, et al. Cancer Letters 2016; 380:20-30.  

 



Moasser MM. et al. J Clin Oncol 2014;32:2014–2077. Reprinted with permission © 2014 American Society of Clinical Oncology.  

All rights reserved. 

Structure and activation of the HER2 and 

HER3 receptors 



1.Letto SM, et al. Clin Cancer Res 2015; 21:5519-5531.  



1.Letto G, et al. Clin Cancer Res 2015; 21:5519-5531.  



Molecular Heterogeneity and Receptor 
Coamplification Drive Resistance to Targeted Therapy 
in MET-Amplified Esophagogastric Cancer  
 

Kwak EL, et al. Cancer discov 2015; 5:1271–1281 
 



Molecular Heterogeneity and Receptor 
Coamplification Drive Resistance to Targeted Therapy 
in MET-Amplified Esophagogastric Cancer  
 

Kwak EL, et al. Cancer Discov 2015; 5:1271–1281 
 



An FGFR3 autocrine loop sustains acquired resistance to 

trastuzumab in gastric cancer patients 

1.Piro G, et al. Clin Cancer Res 2016; 23:ahead of print.  
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   Anti-HER2 therapies in advanced gastric cancer: 

 HER2 amplificaction to be determined in all M1 cases 

 Trastuzumab plus CDDP-FU or Cap improves 

outcomes in HER2 amplified cases 

 Its role in perioperative or adjuvant therapy under 

investigation 

 Gastric cancer behaves differently from breast cancer 

 Mechanisms of resistance are diverse and require 

better understanding 

 A role for personalized medicine 

 

 



Modified from Acevedo, et al. Cell Cycle 2009 

Ang = angiopoietin; FGF = fibroblast growth factor  

MMPs = matrix metalloproteinases  

TNF = tumour necrosis factor; VEGFR = VEGF receptor 

PlGF = placental growth factor 

Tumour 

cell 

FGF2 

IL-8 

IL-8 

IL-8 

IL-8 

IL-8 
IL-8 

ECM MMPs 

VEGF release 

Inflammatory cell 

Cell adhesion 

proteins 

VEGFs 
Ang-2 

TNFα 

TNFαR 

NF-kB 

Ang-1 

Stabilised mature 

blood vessel 

Tie-2 

VEGFR 

Endothelial cell 

proliferation 

Blood vessel/endothelial cells 

Angiogenesis: a multiple signalling 

process 

PlGF 
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Trial author Year 
Patients 

random (n) 
Treatment 

HR  

OS 

P 

value 

Gain in median 

survival 

Thuss-Patience, 

et al.1 2011 
40 

1:1 
Irinotecan 0.48 0.0023 2.4 months 

Kang, et al.2 2012 
193 

2:1 

Irinotecan 

Docetaxel 
0.65 0.004 1.3 months 

Ford, et al.3 2014 
168 

1:1 
Docetaxel 0.67 0.01 1.6 months 

Otshu, et al4 2013 
656 

2:1 
Everolimus 0.90 0.124 0.9 months 

Fuchs, et al5 2014 
355 

2:1 
Ramucirumab 0.77 0.047 1.4 months 

Gastric cancer: Second line 

chemotherapy trials comparing BSC 

versus active treatment 



Tyrosine kinase inhibitors (TKIs) 

(regorafenib, SU5416, SU6668, 

sunitinib, vatalanib, sorafenib, 

cediranib, AEE788, AMG-706, 

KRN-951, Apatinib) 

Anti-VEGFR MAbs  

(IMC-1C11, Ramucirumab) 

Signal transduction 

R R 

K K 

Ligands 
Anti-VEGF MAbs  

(bevacizumab) 
Soluble receptors 

(VEGF Trap, 

aflibercept)  

Ribozymes 

Modified from Tabernero J, et al. Ann Oncol 2005;16:1740–1748, by permission of the European Society of Medical Oncology 

Anti-PlGF MAbs (TB-403) 

Clinical anti-VEGF pathway therapies 



Fuchs CS, et al. Lancet 2014;383:31–39. 

Main aim: Overall survival  

 Stratification by: 

 Weight Loss: < or > 10% 

 Site: Oesophagus vs. junction vs. gastric 

 Geographic region 

 615 patients needed to show a HR of 0.71 in favour of ramucirumab 

with two-sided alfa 0.05 and 90% power 

Gastric cancer second line treatment: 

Ramucirumab vs. BSC (REGARD Trial) 

R 

Arm A: Best Supportive Care/Placebo 

Arm B: Ramucirumab 8 mg/kg every 2 weeks 
2:1 



 

 

  

  

 

  

 

  

  

 

  

 

Reprinted from Fuchs CS, et al. Lancet Oncol 2014;383:31–39; © (2005) with permission from Elsevier  

Gastric cancer second line treatment: 

Ramucirumab vs. BSC (REGARD Trial) is 

improving survival 



 

 

  

  

 

  

 

  

  

 

  

 

Fuchs CS, et al. Lancet 2014;383:31–39. 

Gastric cancer second line treatment: 

Ramucirumab vs. BSC (REGARD Trial) is 

improving disease control 

Ramucirumab 

(n=238) 

Placebo 

(n=117) 

P value 

Best overall response 

Complete response 1 (<1%) 0 - 

Partial response 7 (3%) 3 (3%) - 

Stable disease 108 (45%) 24 (21%) - 

Progressive disease 78 (33%) 63 (54%) - 

Not evaluable 44 (18%) 27 (23%) - 

Objective response 8 (3%) 3 (3%) 0.76 

Disease control rate* 116 (49%) 27 (23%) <0.0001 

Data are n (%), unless otherwise indicated. *Denotes best response for complete response, partial response or stable disease. 



 

 

  

  

 

  

 

  

  

 

  

 

Reprinted from Fuchs CS, et al. Lancet Oncol 2014;383:31–39; © (2005) with permission from Elsevier  

Gastric cancer second line treatment: 

Ramucirumab vs. BSC (REGARD Trial) 

delays deterioration 
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Trial author Year 
Patients 

(n) 
Treatment 

HR  

OS 

P 

value 

Gain in median 

survival 

Hironaka, et al.1 2013 223 
Irinotecan 

vs. paclitaxel 
1.13 0.38 

0.9 months 

for irinotecam 

Wilke et al.2 2014 665 
Paclitaxel+/-

ramucirumab 
0.80 0.017 2.2 months 

Gastric cancer: Second line 

chemotherapy trials comparing two active 

treatments 



Wilke HJ, et al. Lancet Oncol 2014;15:1224–1235. 

Gastric cancer second line treatment: 

Paclitaxel+/-ramucirumab (Rainbow Trial) 

Main aim: Overall survival  

 Stratification by: 

 Measurable vs. non-measurable 

 Time to progression after first line: < or > 6 month 

 Geographic region 

 663 patients needed to show a HR of 0.75 in favour of 

paclitaxel+ramucirumab with two-sided alfa 0.05 and 90% power 

R 

Arm A: Paclitaxel 80 mg/m2 day 1, 8, 14 every 28 days 

plus Placebo 

Arm B: Paclitaxel 80 mg/m2 day 1, 8, 14 every 28 days

 Ramucirumab 8 mg/kg every 2 weeks 
1:1 



Gastric cancer second line treatment: 

Addition of ramucirumab to paclitaxel 

improves overall survival (Rainbow Trial) 

Wilke HJ, et al. Lancet Oncol 2014;15:1224–1235; © (2005) with permission from Elsevier  



Gastric cancer second line treatment: 

Addition of ramucirumab to paclitaxel 

improves response rate (Rainbow Trial) 

Wilke HJ, et al. Lancet Oncol 2014;15:1224–1235. 

Ramucirumab plus 

paclitaxel 

(N=330) 

Placebo plus paclitaxel 

(N=335) 

Best overall response 

Complete response 2 (<1%) 1 (<1%) 

Partial response 90 (27%) 53 (16%) 

Stable disease 172 (52%) 159 (47%) 

Progressive disease 43 (13%) 83 (25%) 

Not evaluable or not assessed 23 (7%) 39 (12%) 

Data are number (%) or number (%; 95% CI), unless otherwise indicated. 



Gastric cancer second line treatment: 

Addition of ramucirumab to paclitaxel is 

tolerable (Rainbow Trial) 

Wilke HJ, et al. Lancet Oncol 2014;15:1224–1235. 

Ramucirumab plus paclitaxel 

(n=327) 

Placebo plus paclitaxel 

(n=329) 

Grades 

1-2 
Grade 3 Grade 4 Grade 5 

Grades 

1-2 
Grade 3 Grade 4 Grade 5 

Bleeding or 

haemorrhage 

123 

(38%) 

12  

(4%) 

1  

(<1%) 

1  

(<1%) 

51 

(16%) 

4  

(1%) 

2  

(<1%) 

2  

(<1%) 

Proteinuria 
51 

(16%) 

4  

(1%) 
0 0 

20  

(6%) 
0 0 0 

Liver injury or 

failure 

39 

(12%) 

12  

(4%) 

3  

(<1%) 
0 

28  

(9%) 

11  

(3%) 

2  

(<1%) 
0 

Hypertension 
34 

(10%) 

48 

(15%) 
0 0 

10  

(3%) 

9  

(3%) 
0 0 

Gastrointestinal 

haemorrhage 

21  

(6%) 

10 

(3%) 

1 

(<1%) 

1 

(<1%) 

15  

(5%) 

3  

(<1%) 

1  

(<1%) 

1  

(<1%) 



Background of apatinib 

 Apatinib (YN968D1)1 

 A new small molecular tyrosine kinase inhibitor that highly and 

selectively inhibits  the VEGFR2  

 The MTD is determined to be 850 mg/day administered orally 

 

 Phase I / IIa study (N=65)1 

 CR: 1.54%, PR: 12.31%, SD: 66.15%  

 DCR: 80.00% 

 PD: 20.00% 

Li J, et al. J Clin Oncol 2013; 31:3219-3225. 
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Li J, et al. J Clin Oncol 2013;31:3219–3225. 
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Trial author Year 
Patients 

random (n) 
Treatment 

HR  

OS 

P 

value 

Gain in median 

survival 

Thuss-Patience, 

et al.1 2011 
40 

1:1 
Irinotecan 0.48 0.0023 2.4 months 

Kang, et al.2 2012 
193 

2:1 

Irinotecan 

Docetaxel 
0.65 0.004 1.3 months 

Ford, et al.3 2014 
168 

1:1 
Docetaxel 0.67 0.01 1.6 months 

Otshu, et al4 2013 
656 

2:1 
Everolimus 0.90 0.124 0.9 months 

Fuchs, et al5 2014 
355 

2:1 
Ramucirumab 0.77 0.047 1.4 months 

Li, et al6 2016 
273 

2:1 
Apatinib 0.70 0.015 1.8 months 

Gastric cancer: Second line and third line 

trials comparing BSC versus active 

treatment 



Apatinib in a Phase III Study design  

vs. placebo 

 Design: Multicenter, randomized, double-blind, placebo-controlled 

clinical trial 

 

 

 

 

 

 

 

 

 

 1 treatment cycle = 28 days 

 Stratification factor: Number of metastatic sites (≤ 2 vs. >2) 

Advanced gastric cancer 

previously failed with the 

2nd chemotherapy 

(N=273) 

R 

Apatinib 
850 mg po. QD 28 days as 

1 cycle 

(N=181) 

Placebo  
po. QD 28 days as 1 cycle 

(N=92) 

Crossover 

(N=14) 

2:1 

Li J, et al. J Clin Oncol 2016:34:1458-1464. 



Group n mOS (95% CI), months P value HR (95%CI) 

Apatinib 176 6.5 (4.8–7.6) 
0.0149 

0.709 

(0.537–0.937) 
Placebo 91 4.7 (3.6–5.4) 

Overall survival of FAS population 

  6.5m 

  4.7m 

+ Censored 

Logrank  P=0.0149 

—— Apatinib -- --  Placebo 

Li J, et al. J Clin Oncol 2016:34:1458-1464. 

Apatinib improves survival in third line for 

advanced gastric cancer 
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   Anti-angiogenic treatment in gastric cancer: 

 Only anti-VEGF or anti-VGEFR therapies  

 Bevacizumab improves and RR and PFS, but not OS in 

advanced disease 

 Bevacizumab of no value when added to perioperative 

treatment in localized disease 

 Ramucirumab prolongs OS in second line as single 

agent and in combination with weekly pacltaxel  

 Apatinib prolongs OS in 2nd and 3rd line  

 Studies in early lines underway 

 

 


