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GIST History 

1983 

„Gastric stromal tumour“  

Mazur & Clark 

Am J Surg Pathol 

1995 

„CD34 as marker to differentiate 

 stromal tumours from  

leiomyoma and schwannoma“  

Miettinen et al. 

Am J Surg Pathol 

1998 

„CD117 more specific marker“  

Sarlomo-Rikala et al. Mod Pathol 

„GIST has ICC phenotype“ 

Kindblom et al. Am J Pathol 

„Gain-of-function mutations of c-kit“ 

Hirota et al. Science 

„PDGFRA activating mutations“  

Heinrich et al. 

Science 

2003 



 ICCs were originally 

described by Cajal in 1889 

as structures intercalated 

between intramural neurons 

and smooth muscle cells of 

the gut 

 They are now believed to 

serve as pacemaker cells of 

the gut, with capability to 

propagate slow electrical 

waves 

Interstitial cells of 

Cajal (ICCs) 



 Positive for KIT (CD117) and 

CD34 and show features of 

bot muscle and neural 

differentiation (EM) 

Interstitial cells of 

Cajal (ICCs) 

Hirota et al. Science 1998 
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Soreide et al. Cancer Epidemiol 2016 

Most studies report incidences 

between 10 and 15 cases of 

(clinically relevant) GISTs per 

million.  

The majority of studies 

reporting an increase in 

incidence over time included 

material prior to year 2000, thus 

likely indicating an identification 

bias rather than a true increase 

in incidence.  

The reported age ranges from 

10 to 100 years, with median 

age reported in the mid 60s for 

most studies.  

The gender distribution shows 

a fairly consistent equal 

distribution between male and 

females. 



The issue of  

subclinical GISTs… 



Kawanowa et al. Hum Pathol 2006 

In this study, 100 whole stomachs resected from 

patients with gastric cancer were sectioned at 5-mm 

intervals and hematoxylin and eosin–stained slides (a 

mean of 130 slides for each case) were examined for 

microscopic GISTs.  

KIT (CD117), CD34, and desmin expression of the 

incidental tumors was evaluated by immunohisto-

chemistry, and genomic DNAextracted from formalin-

fixed and paraffin-embedded tumor tissues was 

analyzed for c-kit gene mutations in exon 11.  

In 35 of the 100 whole stomachs, we found 50 

microscopic GISTs, all of which were positive for KIT 

and/or CD34 and negative for desmin. Most 

microscopic GISTs (45/50, 90%) were located in the 

upper stomach. Two of the 25 (8%) microscopic GISTs 

had c-kit gene mutations.  

Fifty-one leiomyomas with positive expression for 

desmin were observed in 28 of the 100 stomachs. 

Both leiomyomas and GISTs were found in 12 

stomachs. 



Agaimy et al. Am J Surg Pathol 2007 

GIST tumorlets were grossly detectable in 22.5% consecutive autopsies performed in 

individuals older than 50 years. All lesions were located in the cardia, fundus, or proximal 

body, and ranged in size from 1 to 10mm (mean 4 mm). 

c-KIT mutations were present in 11/24 cases (46%) and PDGFRA mutations in 1 case (4%). 



Anderson et al. Histopathology 2017 



Anderson et al. Histopathology 2017 

Twelve of 13 (92%) tumours carried mutations in 

either KIT (83%) or PDGFRA (17%). 

A high mutation rate (80%) was also seen in 

lesions measuring ≤5 mm. 
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The role of the GI pathologist in 

GIST management includes three 

different tasks: 

1. Achievement of GIST diagnosis  

2. Grading of the individual patient‟s risk 

3. Molecular analysis of the tumour‟s genotype 

 

Ricci & Saragoni. Pathologica 2016 



Soreide et al. Cancer Epidemiol 2016 

50-60%    

(→20-25% 

malignant) 

5-10% 

25-30%    

(→40-50% 

malignant) 



Soreide et al. Cancer Epidemiol 2016 



Macroscopy 

The tumors are generally well circumscribed on gross inspection. 

They have a fleshy pink or tan cut surface, and may show areas of 

hemorrhagic necrosis and cystic degeneration. They range from 1 

cm to more than 40 cm, with an average of approximately 5 cm.  

Corless. Mod Pathol 2014 



Spindle cell 

morphology (70%)  

Epithelioid 

morphology (20%)  

Liegl et al. Hematol Oncol Clin North Am 2009 

Histology 

Mixed morphology (10%)  



Liegl et al. Hematol Oncol Clin North Am 2009 

Immunohistochemistry 

CD117 

DOG1 



Issues to be considered 

when using 

immunohistochemistry… 



Corless. Mod Pathol 2014 

 S100 in GISTs (up to    

20% in intestinal tumours) 

 H-caldesmon in GISTs 

 ICCs (CD117 positivity) in 

leiomyomas 

 CD117 in non-GIST lesions 

(e.g. other mesenchymal 

tumours, malignant 

melanoma)  

 DOG1 in gastrointestinal 

carcinomas (and normal 

epithelial cells)  



Miettinen et al. Mod Pathol 1999 

Kang et al. J Korean Med Sci 2010  

Miettinen. Histopathology 2014 

“Supplementary markers for smooth muscle differentiation include smooth 

muscle myosin and h-caldesmon. Both are generally absent in myofibroblastic 

tumours. However, in our experience both are present in at least 30–50% of 

GISTs, which has to be considered in differential diagnosis”. 



Hemminger & Iwenofu. Histopathology 2012 

In conclusion, our study supports that DOG1 is a highly 

sensitive and specific marker for GISTs and also highlights 

hitherto unrecognized and unusual patterns of expression in 

non-mesenchymal neoplasms. 

DOG1 



Tumour in the antrum in 

a 64-year-old male 



Tumour in the antrum in 

a 64-year-old male 

Keratin CD117 

Your diagnosis? 



Tumour in the antrum in 

a 64-year-old male 

DOG1 S100 

Melan A Tyrosinase 

Metastatic malignant 

melanoma! 



Tumour in the antrum in 

a 64-year-old male 



Morphology compatible with GIST 

+ + 

+ + - 

- 

- 

- CD117 

DOG1 

GIST Other Epithelial 

tumour 

+ 
* IHC 

epithelial 

markers 
- + 

Molecular 

GIST 

markers 

- 

Modified after Ricci & Saragoni. Pathologica 2016 
* in morphologically ambiguous cases 



Grading of the individual 

patient‟s risk … 



Risk Stratification 

 Prognostic markers 

 Tumour size, mitotic rate (including Ki-67 / MIB-1), 

tumour location, necrosis, nuclear pleomorphism, 

invasion of serosal surface, tumour rupture, ulceration, 

biomarkers (p16, p53) 

 Independent prognostic markers 

 Tumour size  

 Mitotic rate 

 Tumour location 

 Tumour rupture 

Joensuu et al. Hum Pathol 2008 

Romeo et al. Clin Cancer Res 2009 

Demetri et al. J Natl Compr Canc Netw 2010 

Rutkowski et al. Eur J Cancer 2011 

Cananzi  et al. Langenbecks Arch Surg 2014 



Joensuu et al. Lancet Oncol 2012 



Fletcher et al. Hum Pathol 2002 



NCCN Clinical Practice 

Guidelines (AFIP Criteria) 

Data are based upon long-term follow-up of 1055 gastric, 629 small intestinal, 144 duodenal 

and 111 rectal GISTs (* small number of cases) 
Miettinen and Lasota. Semin Diagn Pathol 2006 

Demetri et al. J Natl Compr Canc Netw 2010 

Tumour Parameters Risk of Progression 

Mitoses (per 

50 HPF) 

Size (cm) Stomach Duodenum Jejnum / Ileum Rectum 

≤5 ≤2 None (0%) None (0%) None (0%) None (0%) 

>2, ≤5  Very low (1.9%) Low (8.3%) Low (4.3%) Low (8.5%) 

>5,  ≤10  Low (3.6%) Unknown Moderate (24%) Unknown 

>10 Moderate (10%) High (34%) High (52%) High (57%) 

>5 ≤2 None* Unknown High* High (54%) 

>2, ≤5  Moderate (16%) High (50%) High (73%) High (52%) 

>5,  ≤10  High (55%) Unknown High (85%) Unknown 

>10 High (86%) High (86%) High (90%) High (71%) 



NCCN Clinical Practice 

Guidelines (AFIP Criteria) 

Data are based upon long-term follow-up of 1055 gastric, 629 small intestinal, 144 duodenal 

and 111 rectal GISTs (* small number of cases) 
Miettinen and Lasota. Semin Diagn Pathol 2006 

Demetri et al. J Natl Compr Canc Netw 2010 

Tumour Parameters Risk of Progression 

Mitoses (per 

5 mm2) 

Size (cm) Stomach Duodenum Jejnum / Ileum Rectum 

≤5 ≤2 None (0%) None (0%) None (0%) None (0%) 

>2, ≤5  Very low (1.9%) Low (8.3%) Low (4.3%) Low (8.5%) 

>5,  ≤10  Low (3.6%) Unknown Moderate (24%) Unknown 

>10 Moderate (10%) High (34%) High (52%) High (57%) 

>5 ≤2 None* Unknown High* High (54%) 

>2, ≤5  Moderate (16%) High (50%) High (73%) High (52%) 

>5,  ≤10  High (55%) Unknown High (85%) Unknown 

>10 High (86%) High (86%) High (90%) High (71%) 

H&E 

20-25 HPF 



Joensuu. Hum Pathol 2008 

Judson et al. Clin Sarcoma Res 2017 



Soreide et al. Cancer Epidemiol 2016 



Güller et al. BMC Cancer 2015 



Güller et al. BMC Cancer 2015 



Giuliano et al. J Surg Oncol 2017 



Giuliano et al. J Surg Oncol 2017 



T1 

T2 

T3 

T4 

Tumour ≤ 2 cm 

Tumour >2  to 5 cm 

Tumour >5  to 10 cm 

Tumour >10 cm 

N0  

N1 

No regional lymph node metastasis 

Regional lymph node metastasis 

M0 

M1 

No distant metastasis 

Distant metastasis 

Grading for GIST is dependent on mitotic rate 

Low mitotic rate 

High mitotic rate 

≤ 5 per 50 HPF 

>5 per 50 HPF  

“The mitotic rate of GIST is best expressed as the number of mitoses 

per 50 HPF using the 40x objective (total area 5 mm2 in 50 fields)” 

Brierley et al. TNM Classification of Malignant Tumours, Eigth Edition 2017 

TNM System 



AJCC/UICC Staging of 

Gastric GIST 

Stage IA T1, T2 N0 M0 Low mitotic rate 

Stage IB T3 N0 M0 Low mitotic rate 

Stage II 

 

T1, T2 

T4 

N0 

N0 

M0 

M0 

High mitotic rate 

Low mitotic rate 

Stage IIIA T3 N0 M0 High mitotic rate 

Stage IIIB T4 N0 M0 High mitotic rate 

Stage IV Any T 

Any T 

N1 

Any N 

M0 

M1 

Any rate 

Any rate 

Brierley et al. TNM Classification of Malignant Tumours, Eigth Edition 2017 



Stage I T1, T2 N0 M0 Low mitotic rate 

Stage II T3 N0 M0 Low mitotic rate 

Stage IIIA T1 

T4 

N0 

N0 

M0 

M0 

High mitotic rate 

Low mitotic rate 

Stage IIIB T2, T3, 

T4 

N0 M0 High mitotic rate 

Stage IV Any T 

Any T 

N1 

Any N 

M0 

M1 

Any rate 

Any rate 

AJCC/UICC Staging of 

Small Intestinal GIST 

Brierley et al. TNM Classification of Malignant Tumours, Eigth Edition 2017 



Miettinen et al. in WHO Classification of Tumours of the Digestive System 2010 

Miettinen et al. in WHO Classification of Tumours of Soft Tissue and Bone 2013 

GIST „benign“ (prognostic groups 1, 2, 3a)    8936/0 

GIST „uncertain malignant potential“ (prognostic group 4) 8936/1 

GIST „malignant“ (prognostic groups 3b, 5, 6a, 6b)   8936/3 

WHO Prognostic Groups 



Gold et al. Lancet Oncol 2009 



Joensuu et al. Lancet Oncol 2012 



Larghi et al. Endoscopy 2014 

 Mitotic count on 50 high-power fields (HPF) 

could be carried out in only 13 of the 32 

biopsies (40.6 %).  

 In these 13 cases, there was no correlation 

between the mitotic index as determined on 

EUS–FNTA and that determined on the 

surgical specimen (Kendall Tau, P=0.76) 

 The mean mitotic count in EUS–FNTA 

samples (0.8/50 HPF) was significantly lower 

than in the resected specimens (3.1/50 HPF) 
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The ESMO/European Sarcoma Network Working Group. Ann Oncol 2014 

Pathologically, the diagnosis of GIST relies on morphology and 

immunohistochemistry, the latter being positive for CD117 and/or DOG1. 

The mitotic count has a prognostic value and should be expressed as the 

number of mitoses on a total area of 5 mm2 (which replaces the former 50 

high-power field area).  

Mutational analysis for known mutations involving KIT and PDGFRA genes 

can confirm the diagnosis of GIST, if doubtful (particularly in CD117/DOG1-

negative suspect GIST).  

Mutational analysis has a predictive value for sensitivity to molecular-

targeted therapy, and prognostic value, so that its inclusion in the diagnostic 

work-up of all GISTs should be considered standard practice (with the 

possible exclusion of <2 cm non-rectal GISTs, which are very unlikely ever to 

be candidates for medical treatment). 



Li et al. Oncotarget 2017 

Ligand-

binding 

domain  

Tyrosin 

kinase 

binding 

domain 

Mutations in 

75-80% 

Mutations in 

5-10% 

 
“wildtype” 

GISTs 

(10-15%) 

 

67% 

IM: 400 mg 

8% 

IM: 800 mg 

1% 

1% 

<1% 

<1% 

8%            

IM resistent 



Mutated Gene Stomach 

(n=738) 

Small Bowel 

(n=261) 

KIT-Exon 9 1.8% 23.0% 

KIT-Exon 11 61.4% 54.0% 

KIT-Exon 13 1.2% 2.3% 

KIT-Exon 17 0.8% 0.4% 

PDGFRalpha-Exon 12 3.1% 0% 

PDGFRalpha-Exon 14 0.5% 0.4% 

PDGFRalpha-Exon 18 19.3% 0.8% 

KIT und PDGFRalpha WT 11.9% 19.1% 

Kit and PDGFRA 

Mutations in GIST 

Wardelmann et al. Pathologe 2010 



Wozniak et al. Clin Cancer Res 2014 



Wozniak et al. Clin Cancer Res 2014 



GIST before treatment GIST after treatment 

GIST and Treatment 



GIST and Treatment 

 Imatinib (inhibitor of KIT and PDGFRA) has 

revolutionized the treatment of advanced 

GIST. However, approximately 70% of pts. 

experience tumour progression within 2 years 

of starting imatinib therapy 

 Primary imatinib resistance: Tumour 

progression within the first 6 months of imatinib 

treatment (PDGFRA (D842V); KIT exon 9 

mutations, WT KIT/PDGFRA (BRAF, RAS, 

NF1 mutations SDHB deficiency) genotypes 

are overrepresented in this group). 

 Secondary acquired imatinib resistance: 

commonly associated with development of 

additional kinase mutations (rarely 

amplifications) 

In 73-86% of patients with KIT 

exon 11 primary mutations 

In 19-33% of patients with KIT 

exon 9 primary mutations 



Li et al. Oncotarget 2017 



GIST and Treatment 

KIT 

Caldesmon Desmin 



Antonescu et al. Am J Surg Pathol 2013 



Antonescu et al. Am J Surg Pathol 2013 

Keratin Desmin 

In summary, dedifferentiation in GIST may occur either de 

novo or after chronic imatinib exposure and can represent a 

diagnostic pitfall. This phenomenon is not related to 

additional KIT mutations, but might be secondary to genetic 

instability, either represented by loss of heterozygosity or 

low level of KIT amplification. 
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Syndromes linked to 

GISTs 

 Carney„s triad characterized by succinate 

dehydrogenase subunit B (SDHB)-deficient 

(gastric) GIST, paraganglioma, and pulmonary 

chondromas. 

 Carney-Stratakis syndrome with germ-line 

mutations of SDH subunits A, B, C, or D, leading 

to a dyad of GIST and paraganglioma. 

 Neurofibromatosis type 1, marked by wild-type, 

often multicentric GIST, predominantly located to 

the small bowel. 

 



Syndromes linked to 

GISTs 

Ricci et al. Virchows Arch 2013 



Boikos und Stratakis. Endocrine 2014 



Boikos und Stratakis. Endocrine 2014 



GIST in a 14-year-old 

female patient 



GIST in a 14-year-old 

female patient 

CD34 



GIST in a 14-year-old 

female patient 

 RTK-WT GIST with no mutations in 

 KIT- Exon 8, 9,11, 12, 13,14,17,18 

 PDGFRA Exon 12,14,18 

 BRAF, HRAS, NRAS, KRAS 

 No mutations in SDH A, B, C, D 

 No mutations using the Comprehensive 

Cancer Panel (Ion Torrent NGS Platform) 

analysing 409 genes 

 

 



GIST Characteristics in 

Carney‟s Triad 

SDHB 

 88% young females (median 22a) 

 Preferably antrum, multifocal (plexiform), epithelioid morphology (86%) 

 Indolent clinical course, but local recurrences (46%), metastases in 

47% (lymph node 29%, liver 25%, peritoneum 13%) 

 Conventional risk assessment (size, mitotic rate) does not render 

reliable information 

 Resistent to Imatinib 



Haller et al. Endocrine Related Cancer 2014 



SDHB Immuno-

histochemistry in GIST 

Should be performed  in 

 All GISTs < 30 years 

 All GISTs with plexiform / nodular growth pattern 

 All KIT / PDGFRA wild type GISTs 

When SDHB deficiency is found go for mutation analysis 

of SDH A, B, C, D (in tumour and germline)  

Mutation found (CSS) 

 Close patient follow up 

(markedly increased risk of 

paraganglioma) 

 Family testing  

No mutation found (CT) 

 SDHC promoter methylation 

 Close patient follow-up (low 

risk risk of paraganglioma, 

chordoma)  

 No family testing  



Take Home Messages I 

 GISTs are the most common mesenchymal tumours of the 

gastrointestinal tract 

 Clinically relevant tumours 

 Subclinical tumours 

 They are preferably detected in the stomach and small 

intestine and may show spindle cell or epithelioid morphology 

 The role of the pathologist in multidisciplinary GIST 

management includes three different tasks 

 Achievement of GIST diagnosis (antibody panel) 

 Grading of the individual patient‟s risk (AFIP criteria) 

 Molecular analysis of the tumour‟s genotype (KIT and 

PDGFRA) 



Take Home Messages II 

 GISTs under TKI treatment (rarely de novo) may show 

aberrant morphology 

 Pleomorphism 

 Loss of typical GIST markers (CD117, DOG1) 

 Gain of rhabdoid markers (caldesmon, desmin) or keratin 

expression 

 There are different molecular mechanisms for primary or 

secondary imatinib resistance 

 Syndromatic GIST include Carney„s Triad, Carney-Stratakis 

Syndrome and Neurofibromatosis type 1-associated GIST 

 SDHB immunohistochemistry renders a clue to accurate 

diagnosis (completed by additional molecular analysis) 



Thank you very much for 

your kind attention! 

Cord Langner MD 

Institute of Pathology  

Medical University of Graz / Austria  

cord.langner@medunigraz.at 

European Network of Gastrointestinal Pathology 

www.medunigraz.at/ENGIP 

www.facebook.com/ENGIP 

Advanced Training Center of Gastrointestinal Pathology 

European Society of Pathoogy 
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