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279:577-580, 1998 

•  KIT staining was positive in 46 of 49 GIST (94%) 

•  5 of 6 GIST had mutations in KIT gene 

•  Mutant forms of KIT are constitutively active 

Identification of KIT Gain-of-Function Mutations 
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Frequenz und Lokalisation von KIT- und  
PDGFRA-Mutationen 
 

GSRCB* (n=1231) 

*GSRCB = GIST and Sarcoma Registry Cologne/Bonn 

HELIOS Klinikum Berlin-Buch / Sarkomzentrum Berlin-Brandenburg P. Reichardt 
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Prognostic influence of mutational status 

•  Some KIT exon 11 mutations (e.g. del 557-558) 

•  KIT exon 9 mutation 

•  PDGFR mutations 

•  KIT / PDGFR wild type 
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Wardelmann et al. Int  J Cancer 2003;106(6):887-895. 

Negative Prognostic Impact of KIT Exon 11 Mutations 

Dematteo et al. Cancer 2008; 112(3):608–615. 
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Predictive influence of mutational status 

•  KIT exon 11 mutation 

•  KIT exon 9 mutation 

•  Some PDGFR exon 18 mutations (e.g. D842V) 

•  KIT / PDGFR wild type 



7 

Functional Resistance: Phase III data 

Debiec-Rychter et al. Eur J Cancer. 2006;42:1093. 

KIT mutants PDGFRA Wild type Total 
Response Exon 9 Exon 11 Exon 13 Exon 17 mutants 

CR 3 
5.17% 

16 
6.45% 

0 
- 

0 
- 

0 
- 

0 
- 

19 
5.04% 

PR 17 
29.31% 

152 
61.29% 

4 
66.67% 

2 
66.67% 

3 
30.00% 

12 
23.08% 

190 
50.40% 

NC 27 
46.55% 

63 
25.40% 

2 
33.33% 

1 
33.33% 

3 
30.00% 

26 
50.00% 

122 
32.36% 

PD 10 
17.24% 

8 
3.23% 

0 
- 

0 
- 

4 
40.00% 

10 
19.23% 

32 
8.49% 

Uneval. 1 
1.72% 

9 
3.63% 

0 
- 

0 
- 

0 
- 

4 
7.69% 

14 
3.71% 

Total 58 248 6 3 10 52 377 
CR, complete Remission; PR, partial response; NC, stable disease; PD, progressive disease; Uneval., 

not evaluated (all according to RECIST criteria) 
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KIT exon 11 (n=85) 

KIT exon 9 (n=22) 

No kinase mutation  
(n=10) 
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  KIT Exon 11 vs. Exon 9  p<0.0001 
  KIT Exon 11 vs. None  p<0.0001 
  KIT Exon 9 vs. None   p=0.52 

KIT and PDGFRα Mutations Predict Event Free 
Survival on Imatinib 

Heinrich et al. J Clin Oncol. 2003;21(23):4342-4349.  
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Phase III Trials: Genotype vs Progression-Free Survival 
(All Doses) 

Heinrich et al. J Clin Onc  
2008, 26(33):5360-7  

Debiec-Rychter et al. Eur J Cancer  
2006, 42(8):1093-103  

Exon 11 (n=283) 

WT (n=67) 

Exon 9 (n=32) 

Exon 11 (n=248) WT (n=52) 

Exon 9 (n=58) 

EORTC/ISG/AGITG SWOG S0033 
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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 



12 P. Reichardt HELIOS Klinikum Berlin-Buch / Sarkomzentrum Berlin-Brandenburg 

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 SDHA, 
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 / Sarkomzentrum Berlin-Brandenburg P. Reichardt 
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SDHB Immunohistochemistry 

KIT-mutant 

SDH-mutant 

‘Wild-type’ 

Janeway et al. PNAS 2011;108(1):314-8 

HELIOS Klinikum Berlin-Buch / Sarkomzentrum Berlin-Brandenburg P. Reichardt 
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Molecular classification of GIST 

Corless C. et al Nature Reviews 2011, 11:865 

HELIOS Klinikum Berlin-Buch / Sarkomzentrum Berlin-Brandenburg P. Reichardt 
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GISTumoren adjuvant 
therapieren? 
Peter Reichardt 

HELIOS Klinikum Berlin-Buch / Interdisziplinäre Onkologie / Sarkomzentrum 
Berlin-Brandenburg 
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Risk of recurrence after surgey alone 

    ~60% likely cured 
by surgery alone 

Pooled data from 10 population-based GIST series 

Joensuu et al. Lancet Oncol 2012; 13:265-74  

Years	
  

HELIOS Klinikum Berlin-Buch / Sarkomzentrum Berlin-Brandenburg P. Reichardt 



19 

Frequently used risk stratification schemes 

Tumor variable NIH1 AFIP2 Modified NIH3 

Mitotic count categories (/
50 HPFs) 

5/50   
10/50 

5/50 5/50 
10/50 

Size categories 2 cm  
5 cm 
10 cm 

2 cm 
5 cm 
10 cm 

2 cm 
5 cm 
10 cm 

Site categories 0 4 2 
Tumor rupture categories 0 0 yes / no 

1Fletcher et al. Hum Pathol 2002; 33:459-65 
2Miettinen & Lasota, Semin Diagn Pathol 2006; 23:70-83 
3Joensuu, Hum Pathol 2008; 39:1411-9	
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Group      Group definition  Patients with progressive disease  
         during long-term follow-up   
    Gastric  Jejunal  Duodenal   Rectal 
      %      %      %             % 
  

1         <2.0 cm, <5/50 HPF    0      0       0         0 
2         2.1-5.0 cm, <5/50 HPF   1.9    4.3     8.3        8.5 
3a       5.1-10.0 cm, <5/50 HPF   3.6    24   
3b       >10.0 cm, <5/50 HPF   12    52     34*        57* 
4         <2.0 cm, >5/50 HPF    0*    50*      -        54 
5         2.1-5.0 cm, >5/50 HPF   16    73     50        52 
6a       5.1-10.0 cm, >5/50 HPF   55    85 
6b       >10.0 cm >5/50 HPF   86    90     86*        71* 

AFIP Risk Group Classification 

Miettinen M, Lasota J., Sem Diagn Pathol 2006;23:70-83 
*very low numbers 
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Rupture ? 

No 
rupture 

Rupture 
present 

Prognostic contour maps, 10-year RFS  

Joensuu et al. Lancet Oncol 2012; 13:265-74 
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Z9001: Recurrence-Free Survival 

DeMatteo et al. Lancet. 2009;373:1097-1104. 
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SSGXVIII/AIO: RFS and OS 

Joensuu, ..., Reichardt et al., JAMA 307:1265-1272, 2012 

HELIOS Klinikum Berlin-Buch / Sarkomzentrum Berlin-Brandenburg P. Reichardt 
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Influence of mutational status on outcome of 
adjuvant imatinib 
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Subgroup      No. of patients   Hazard ratio (95% CI), RFS        P value 

Age 
   ≤65          256     0.47 (0.30-0.74)    .001 
   >65          141     0.49 (0.28-0.85)    .01 
Sex 
   Male          201     0.46 (0.28-0.76)    .002 
   Female          196     0.46 (0.28-0.76)    .002 
Tumor site 
   Stomach         202     0.42 (0.23-0.78)    .006 
   Other          195     0.47 (0.31-0.73)  <.001 
Tumor size 
   ≤ 10 cm          219     0.40 (0.24-0.69)  <.001 
   >10 cm          176     0.47 (0.29-0.76)    .002 
Mitoses/50 HPF (local) 
   ≤ 10 mitoses                    209     0.76 (0.43-1.32)    .33 
   > 10 mitoses                    154     0.29 (0.17-0.50)  <.001 
Mitoses/50 HPF (central) 
   ≤ 10 mitoses                    238     0.53 (0.30-0.94)    .03 
   > 10 mitoses         133     0.36 (0.22-0.59)  <.001 
Tumor rupture 
   No          318     0.43 (0.28-0.66)  <.001 
  Yes                    79     0.47 (0.25-0.89)    .02 
Tumor mutation site 
   KIT exon 9           26     0.62 (0.22-1.70)    .35 
   KIT exon 11         256     0.35 (0.22-0.56)  <.001 
   Wild type           33     0.41 (0.14-1.51)    .18 
   Other            51     0.78 (0.22-2.78)    .71 0.1 

1.0 

10 

36 mo better   12 mo better 

Joensuu, ..., Reichardt, JAMA 307:1265-1272, 2012 
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Integrating genotype in risk classification for GIST recurrence: a 
Spanish group for sarcoma research (GEIS) study 

•  Analysis of the influence of genotype factors for Miettinen risk 
categories in 394 patients with localised GIST 

7-year actuarial RFS according to Miettinen risk category and prognostic genotype 

Other PDGFRa mut Del 557/558 mut 

Martin-Broto J  et al. ESMO 2014 
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Korrelation von KIT- und PDGFRA-Mutationen 
und Primärlokalisation 

GSRCB* (n=1231) 
*GSRCB = GIST and Sarcoma Registry Cologne/Bonn 
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1:1

Imatinib 36 mo ± 1 mo

Follow -up

The SSGXXII Trial Design
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•High-­‐risk	
  
GIST*
•R0	
  or	
  R1	
  
resection

*Gastric	
  GIST	
  with	
  >10	
  
mitoses/50	
  HPFs;	
  or	
  
nongastric	
  GIST	
  with	
  >5	
  
mitoses/50	
  HPFs Stratify for:

•Tumour site
•Mutation type
•Imatinib dose prior to randomization (<400, 400, >400 mg/d)
•Centre 

Arm A

Arm B

Imatinib for 24 months

Three versus five years of adjuvant imatinib as treatment of patients 
with operable GIST with a high risk for recurrence: A randomised phase 
III study 
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