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Studies of Imatinib Therapy in GIST 

Pilot Phase 1 Phase 2 Phase 3 

Pilot Study Exploratory 

Study  

(N = 1)1 

 

Dose-Finding Study (N = 

40)2 

B2222 Open-Label Study (N 

= 147)3 

EORTC 62005 Randomized 

Study  

(N = 946)5 

• 1 patient  

•  400 mg/d 

• Efficacy and safety 

• 400 vs 1000 mg/d  

• Metastatic GIST 
(EORTC) 

• Efficacy and safety 

• 400 vs 600 mg/d 

• Metastatic or 
unresectable GIST 

• Efficacy and safety  

• 400 vs 800 mg/d 

• Metastatic or unresectable  
KIT-positive GIST 

EORTC phase 2 study (N = 

51)4 

US Intergroup S0033 Study 

(N = 746)6 

• Efficacy and safety  

• Advanced or metastatic 

GIST and other soft-

tissue sarcomas 

• Efficacy and safety 

• 400 vs 800mg/d 

• Metastatic or unresectable 

KIT-positive GIST 
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O N Number of patients at risk : Treatment

417 473 206 111 67 42 30

405 473 230 110 67 42 29

A-400mg

B-800mg

Overall Logrank test: p=0.202

EORTC 62005: PFS / OS 

Casali PG et al., CTOS 2013 

HR 0.91 (95%CL 0.80, 1.05 ) 

Median PFS: 

- 400mg 1.7 years (95% CI 1.5, 2.0) 

- 800mg 2.0 years (95% CI 1.9, 2.3) 
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360 473 312 213 146 93 61

339 473 326 212 146 96 59

A-400mg

B-800mg

Overall Logrank test: p=0.312
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HR 0.91 (95%CL 0.80, 1.05 ) 

Median PFS: 

- 400mg 1.7 years (95% CI 1.5, 2.0) 

- 800mg 2.0 years (95% CI 1.9, 2.3) 

 

Progression-Free Survival according to 

muational status 
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Wild-Type GIST 

(No KIT or PDGFRA Mutation) 
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Wild-Type GIST 

(No KIT or PDGFRA Mutation) 
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Wild-Type GIST (No KIT or PDGFRA Mutation) 

Alteration Syndrome 
Estimated 

Frequency 
References 

Germline NF1 mutation NF type 1 Rare 
Andersson et al. Am J Surg Pathol. 2005; 

29:1170-1176 

BRAF mutation < 7% 
Agaram et al. Genes Chromosomes 

Cancer. 2008;47(10):853-859 

Agaimy et al. J Clin Pathol 2009;62:613–6. 

KRAS or NRAS 

mutation 
<1% Heinrich and Corless, unpublished 

Increased IGF1R 

expression 
~50% Tarn et al. PNAS. 2008;105(24):8387-8392 

Germline SDHB, 

SDHC or SDHD 

mutation 

Carney-

Stratakis 
~12% 

Janeway et al. PNAS. 2011;108(1):314-318 

Pantaleo et al. J Natl Cancer Inst. 

2011;103(12):983-7 

Loss of SDHB 

expression (probably 

post-transcriptional) 

(Carney 

triad) 
~30% Janeway et al. PNAS. 2011;108(1):314-318 

HELIOS Klinikum Berlin-Buch / Sarcoma Center Berlin-Brandenburg P. Reichardt 



9 P. Reichardt HELIOS Klinikum Berlin-Buch / Sarcoma Center Berlin-Brandenburg 

Dose escalation of imatinib 

• 133 patients cross-over to 800 mg 

• response: 2% PR, 27% SD 

• PFS: median 81 days 

• 77 patients cross-over to 800 mg 

• response: 3% PR, 28% SD 

• PFS: median 5 months 

*Zalcberg et al., Eur J Cancer 2005; 41(11): 1751-1757  
†Blanke et al., J Clin Oncol 2008; 26(4): 626-632 

EORTC 62005* S0033† 

Probable explanations: 

•   exon 9 mutation status 

•   insufficient imatinib blood levels 
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Wide Distribution of Imatinib Exposure  

without Reliable Correlation with Dose 

Demetri et al. J Clin Oncol. 2009 Jul 1;27(19):3141-7 
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Time to secondary resistance after interruption of imatinib in advanced GIST: 

Updated results of the prospective French Sarcoma Group randomized phase III trial 

on long-term survival 

A. Le Cesne et al., J Clin Oncol 29: 2011 (suppl; abstr 10015)  
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CT scan: general progression  
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CT scan: focal progression 

HELIOS Klinikum Berlin-Buch / Sarcoma Center Berlin-Brandenburg P. Reichardt 
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Secondary resistance in GIST  

•  Secondary mutations in target gene  

- Mutation of gatekeeper residue (ATP binding site) 

- Mutation in the p-loop and activation loop leading to stabilization of the 

activation loop in the active conformation 

 

E640 

D810 

C673 

T670 
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Heinrich et al., J Clin Oncol 24:4764-4774, 2006 

ATP Binding Activation loop 

Secondary KIT mutations in imatinib-resistant GIST 
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In vitro-efficacy of sunitinib and imatinib in KIT-

mutations 

Mutation(s) Exon(s) 

Localisation of 

second Mutation 

ca. IC50 (nM) 

Sunitinib Imatinib 

V560D 11 – < 50 ~ 100 

V560D + V654A 11 + 13 ATP BP < 100 5000 

V560D + T670I 11 + 14 ATP BP < 50 10000 

V560D + D816H 11 + 17 Activation Loop 1000 5000 

V560D + N822K 11 + 17 Activation Loop > 1000 ~ 1000 

V560D + Y823D 11 + 17 Activation Loop > 1000 > 1000 

Heinrich et al., J Clin Oncol 24:4764-4774, 2006 
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Phase III Trial: Sunitinib in Advanced GIST 

After Imatinib Failure 

Demetri GD et al., Lancet. 2006;3681329-1338. 
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Intermittent :50 mg/day, 4 weeks on, 2 weeks off 

SUNITINIB 

SUNITINIB 

                         Continuous: 37.5 mg/day 

Sunitinib Dosing Schedules 
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Sunitinib: PFS and OS with Continuous Dosing 

Schedule 

n=60 

George et al. Eur. J. Cancer. 2009 
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Reichardt P et al., Cancer 121:1405-1413, 2015 
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FD increased time to progression and OS vs SSDS 

Reichardt P et al., Cancer 2015, epub 
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Continuation of sunitinib treatment after PD improved 

overall survival vs discontinuation of treatment 

HELIOS Klinikum Berlin-Buch / Sarcoma Center Berlin-Brandenburg P. Reichardt 

Reichardt P et al., Cancer 2015, epub 
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Correlation of KIT and PDGFRA mutational status with clinical 

benefit in patients with GIST treated with sunitinib in a worldwide 

treatment-use trial 

PFS by primary KIT mutational status in 

study 1199* 

OS in study 1199 by primary KIT mutational 

status and in the overall ITT population of 

study 1036  

Reichardt P et al. BMC Cancer 2016 
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In vitro-efficacy of sunitinib and imatinib in KIT-

mutations 

Mutation(s) Exon(s) 

Localisation of 

second Mutation 

ca. IC50 (nM) 

Sunitinib Imatinib 

V560D 11 – < 50 ~ 100 

V560D + V654A 11 + 13 ATP BP < 100 5000 

V560D + T670I 11 + 14 ATP BP < 50 10000 

V560D + D816H 11 + 17 Activation Loop 1000 5000 

V560D + N822K 11 + 17 Activation Loop > 1000 ~ 1000 

V560D + Y823D 11 + 17 Activation Loop > 1000 > 1000 

Heinrich et al., J Clin Oncol 24:4764-4774, 2006 
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Regorafenib Activity in Drug-Resistant GIST Cells 

Serrano-García C, et al. ASCO 2013. Abstract 10510. 

Exon 9: 12% 

Predicted sensitivity profile of regorafenib 

compared with imatinib and sunitinib 

Cell 

membrane 

Exon 11: 70% 

Exon 13: 1% 

Exon 17: 1% Activatio

n loop 

PRIMARY MUTATIONS 

SECONDARY MUTATIONS 

Exon 13 

Exon 14 

Exon 17 

Exon 18 

V654A 

T670I 

D816E 

DRUG SENSITIVITY 

Imatinib Sunitinib Regorafenib 

D820A/Y 

N822K 

Resistant 

Sensitive 

Regorafenib has activity in GIST cells with KIT primary exon 11 mutations and  

secondary KIT exon 17 imatinib-resistant mutations,  

but is less active against KIT exon 13 (V654A) mutations compared to sunitinib 

ATP-

binding 

pocket 
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Phase III Trial: Regorafenib in Advanced 

GIST After Imatinib and Sunitinib Failure 

Demetri GD, Reichardt P, Kang YK, et al., Lancet 2013 
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• Overall, 81 patients with metastatic GIST resistant to imatinib and sunitinib 

were randomised 1:1 to receive pazopanib + BSC or BSC alone 

Patients at risk 

P+BSC n=38 30 27 20 17 16 11 10 5 5 3 3 2 2 2 2 

BSC n=41 35 29 16 8 7 5 4 4 4 3 1 1 0  

Phase II study of pazopanib plus BSC versus BSC alone 

in GIST 

Blay JY et al. ESMO 2014 (abstract LBA45) 

P+BSC (N=40) BSC alone (N=41) 

4-month PFS rate (95% CI) 47.7 (30.9–62.7) 19.5 (9.2–32.7) 

HR (95% CI) 0.56 (0.34–0.93) 

Stratified log-rank test p=0.02 
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Phase II trial of ponatinib in GIST: overall tumour 

response 

n, % 

KIT e11 +ve 

N=22* 

KIT e11 –ve 

N=11 

Total 

N=33* 

CBR at 16 weeks 10 (46)† 2 (18) 12 (36) 

ORR‡ 2 (9) 0 (0) 2 (6) 

Best response‡ 

- CR 

- PR 

- SD 

- PD 

- NE 

 

0 (0) 

2 (9) 

14 (64) 

3 (14) 

3 (14) 

 

0 (0) 

0 (0) 

6 (55) 

4 (36) 

1 (9) 

 

0 (0) 

2 (6) 

20 (61) 

7 (21) 

4 (12) 

*Excludes two patients who were discontinued per FDA request 
†CBR in KIT e11+ve patients with 2 or 3 prior TKIs was 44% and 50%, respectively 

‡Based on patients with at least 1 scan or discontinued without a scan 

Heinrich M et al. ESMO 2014 (abstract 5792) 

HELIOS Klinikum Berlin-Buch / Sarcoma Center Berlin-Brandenburg P. Reichardt 
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Phase II trial of ponatinib in GIST: PFS 

Heinrich M et al. ESMO 2014 (abstract 5792) 

Median PFS months (95% CI) 6-month PFS probability,% (95% CI) 

KIT e11+ve (n=24) 7.3 (3.9–NA) 53 (28–72) 

KIT e11–ve (n=11) 3.9 (1–NA) 26 (4–57) 

Total (n=35) 4.1 (3.9–9.0) 44 (26–62) 
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Protocol amendments had to be made due to the risk of arterial and venous 

thromboembolic events.  

Ponatinib has activity in advanced GIST after a median of 4 prior cancer regimens.  

HELIOS Klinikum Berlin-Buch / Sarcoma Center Berlin-Brandenburg P. Reichardt 
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Resumption of imatinib: RIGHT phase III study 

Kang Y-K et al., Lancet Oncology 2014 

HR 0.91 (95%CL 0.80, 1.05 ) 

Median PFS: 

- 400mg 1.7 years (95% CI 1.5, 2.0) 

- 800mg 2.0 years (95% CI 1.9, 2.3) 

 


