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All of science is either physics or 
stamp collecting.  

Ernest Rutherford (1871 – 1937) 

This classification is evidently not 
arbitrary like the grouping of stars into 
constellations. 

Charles Darwin (1809 – 1882) 

The knotty nature of classification 
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Hirota et al Science 1998 
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Joenssu et al Lancet 2013 



Genotype –Phenotype Correlates 

Barnett et al  HOCNA 2013 

METAGIST JCO 2010 



Adjuvant Imatinib Improves Survival in High Risk GIST 

RFS 
5-year RFS, 65.6% vs 47.9%, 

HR, 0.46; 95% CI; 0.32 - 0.65 

P<.001) 

OS 
5-year survival, 92.0% vs 81.7% 

HR, 0.45; 95% CI, 0.22 - 0.89 

P=.02 

+20% +10% 
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Joenssu et al JAMA 2012 



Can GIST Genotype Refine 
Clinicopathologic Prognostication and 

/ or Therapeutic Prediction? 



Data from placebo arm of randomised trial of adjuvant 
Imatinib in resected GIST (ACOSOG Z9001) 

Corless et al JCO 2014 



Data from pooled analysis of population based series 
(n=1505) of resected GIST w/o adjuvant Imatinib 

Joenssu et al JCO 2015 



Joenssu et al JCO 2015 

KIT exon 11 

KIT exon 11 

Prognostic Influence of 
Different KIT mutations 



Patients with a generally unfavorable mutation, 
(e.g. exon 11 deletion mutation causing 
Try557_Lys558 deletion) were still at low risk for 
GIST recurrence, provided that the mitotic count 
was very low. In contrast, patients with PDGFRA 
mutations had a high risk of recurrence when 
tumor mitotic count was high.  

Relative Prognostic 
Influence of Classic 
Clinicopathological Factors 

Joenssu et al JCO 2015 



Amongst KIT/PDGFR mutants, 
 

- Certain genotypes predict for decreased / nil Imatinib 
sensitivity 
 

- In considering prognosis for resected localised GIST, 
clinicopathologic risk factors (especially mitotic count) retain 
superior prognostic value over genotype 
 

- KIT deletions / insertions-deletions have inferior prognosis 
compared with other types of KIT mutations 
 

- Non-KIT mutants (PDGFR, non KIT non PDGFR) may have 
superior prognosis compared with KIT mutants 
 
 



Non -KIT, Non-PDGFRA GIST (~10-%) 

Genotype Relative 
Frequency 

Anatomic 
Distribution 

Germline 
Examples 

BRAFV600E 3% None 

NF1- related <1% Small bowel Yes 

HRAS, NRAS, PIK3CA <1% None 

SDHA, SDHB, SDHC, 
SDHD mutations 

6% Stomach and 
small bowel 

Yes (including 
Carney Stratakis 
syndrome) 

SDHC 
hypermethylation – 
Carney triad 

~1% stomach No 

Quadruple WT Rare No 



Janeway et al PNAS 2011 

Killian et al Cancer Disc 2013 

SDH Deficient GIST 



Succinate Accumulation and 
Oncogenesis 



The MAPK Pathway 

Pratilas et al CCR 2010 



Non KIT, non PDGFR GIST – clinical aspects 

- Majority of pediatric GISTs (1-2% of all GISTs) are SDH-
immunonegative  
 

- Approximately 7% of NF1 patients develop GIST – can be 
multicentric and associated with ICC hyperplasia, as in familial 
GISTs with germline KIT/PDGFR mutations 
 

- Even in large series, absolute numbers are small, but non-KIT, 
non PDGFR GISTs generally disposed to a more indolent biology, 
and less sensitive to Imatinib 
 

- This may have bearing on use of adjuvant Imatinib in these 
genotypes  
 



Development of Imatinib Resistance 

50% of patients develop resistance within the first 
2 years from intra-allelic secondary KIT mutations 
that abrogate Imatinib binding or activity. 

Corless et al NRC 2011 

Fletcher et al 2012 



Conclusions 

- In spite of its relative cytogenetic and genomic simplicity and 
its status as the archetypal oncogene-addicted tumour, GIST 
represents a molecularly complex family of tumours rather than 
a uniform biological entity 

- KIT is the gene most commonly mutated (80%) in primary 
disease 

- KIT-mutant GISTs can have varying prognoses, but are 
generally Imatinib sensitive 

- PDGFR mutant GISTs (10%) can be associated with superior 
prognosis compared with KIT-mutant GISTs; the PDGFRd842 
mutation confers Imatinib resistance – these patients should 
not receive Imatinib. 



Conclusions 

- The 10% of GIST wild type for KIT and PDGFR demonstrate an evolving 
complexity, with the best characterized groups being the MAPK-pathway 
mutated and SDH deficient GISTs 

- These GISTs are also generally predisposed to indolent biologies and 
relative Imatinib resistance (data from very small numbers). 
 

- Classic clinicopathologic risk factors are more important that genotype in 
prognosticating resected localised GIST; however, genotype is important 
to consider in deciding on use of adjuvant therapy as some genotypes 
predict for Imatinib insensitivity. 
 

- Imatinib resistant KIT-mutated GIST is almost always driven by secondary 
mutations in KIT, for which second line therapies have varying activities 
depending on the nature of the secondary mutation. The utility of genotype 
directed therapy in this setting is limited by clonal heterogeneity and 
ongoing evolution of the resistant tumours. 
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