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ARTICLE

Clinical and molecular genet ics of pat ients with the
Carney–Stratakis syndrome and germline mutat ions
of the genes coding for the succinate dehydrogenase
subunits SDHB, SDHC, and SDHD

Barbara Pasin i1,16, Sarah R McWh in n ey2,16, Th alia Bei3, Ludm ila Matyakh in a3,

Sotirios Stergiopoulos3, Mich ael Much ow3, Sosipatro s A Boikos3, Barbara Ferran do1,

Karel Pacak4, Guillaum e Assie5,14, Eric Baudin 6, Agn es Ch om pret 7, Jay W Ellison 8,

Jean -Jacques Briere9,10, Pierre Rustin 9,10, An n e-Paule Gim en ez-Roqueplo 11,12,13,16,

Ch aris En g2,14,16, J Aidan Carn ey15,16 an d Con stan tin e A Stratakis *,3,16
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Gastroint est inal stromal tumors (GISTs) may be caused by germline mutat ions of the KIT and platelet-

derived growth factor receptor-a (PDGFRA) genes and treated by Imat inib mesylate (STI571) or other

protein tyrosine kinase inhibit ors. However, not all GISTs harbor these genet ic defects and several do not

respond to STI571 suggest ing that other molecular mechanisms may be implicated in GIST pathogenesis.

In a subset of pat ients with GISTs, the lesions are associated with paragangliomas; the condit ion is familial

and transmit ted as an autosomal-dominant t rait . We invest igated 11 pat ients with the dyad of

‘paraganglioma and gastric stromal sarcoma’; in eight (from seven unrelated families), the GISTs were

caused by germline mutat ions of the genes encoding subunits B, C, or D (the SDHB, SDHC and SDHD genes,

respect ively) . In this report , we present the molecular effects of these mutat ions on these genes and the

clinical informat ion on the pat ients. We conclude that succinate dehydrogenase deficiency may be the
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• Most common mesenchymal tumor of the 

• GI tract (0.2% of malignant GI tumors)

• ~8000 new cases/yr in Europe.

• Median age: 55-60a

• Can occur throughout the GI tract



Therapy Prognosis

Diagnosis

Predictive

Pathology

Clinical Information:
•Age
•Location 
•Solitary or multiple
lesion(s)
•Size
•Relevant clinical
history

Pathology
•Morphology
•IHC
•DDx
•Mitotic Activity 5mm2

•Molekular Diagnostics



Name 

Geb.

Einsender





GIST Dünndarm GIST Magen



7 cm









Spindel 70% Epitheloid 10%

Mixed 10%

Liegl et al Hematol Oncol Clin North Am. 2009



Spindel cell morphology



Spindel cell morphology palisading



Epitheloid cell morphology



Epitheloid cell morphology/plasmacytoid



Skenoid fibers



Liegl et al Hematol Oncol Clin North Am. 2009

DOG 1



DIFFERENTIALDIAGNOSIS 

IN 

GIST



Genetics

Genetics/molecula
r Classification
New Entities

1997 2000 2013



STT

Adipocytic

Fibroblastic/

Myofibroblastic

So-called

Fibrohistocytic
Nerve sheath

Smooth muscle

Skeletal muscle

Vascular

Uncertain

differentiation

Pericytic

(Perivascular)
Chondro-osseous

GIST

Undifferentiated

Sarcoma



Personalised
Therapy
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Differential Diagnosis:
Gist with spindle cell morphology



Leiomyoma

Smooth muscle tumors



36

DES SMA KIT



Leiomyosarcoma

Smooth muscle tumors
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SMA
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Caldesmom
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Desmin



Schwannoma

Neural tumors



S100



Solitary fibrous tumor

Fibroblastic and Myofibroblastic tumors
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CD34STAT6



Fibromatosis - Desmoid

Fibroblastic and Myofibroblastic tumors
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ß-Catenin



Inflammatory myofibroblastic

tumor

Fibroblastic and Myofibroblastic tumors



Inflammatory Myofibroblastic Tumor

DesSMA ALK KIT



Inflammatory fibroid polyp

Fibroblastic and Myofibroblastic tumors



Mutations in PDGFRA 
Stomach: exon 18 mutations
Small bowel: exon 12 mutations



Plexiform fibromyxoid tumor

Fibroblastic and Myofibroblastic tumors





Comprehensive Cancer Center Graz 58



KIT Caldesmon

SMA
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Differential Diagnosis:
Gist with epithelioid or mixed morphology

growth pattern



Liegl et al Hematol Oncol Clin North Am. 2009

DOG 1



Gist with a distinctive plexiform or

multinodular growth pattern located in the

stomach!

KIT

DOG1 SDHB

SDHB deficient GIST stomach
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Other tumors

-Metastasis -



KIT DOG1 CK CD20 S100 MelanA
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Diagnostic Challenge

• Pleomorphic GIST*

• Dedifferentiated GIST* („sarcomatous“)

• GIST heterologous differentation

• „Uncommon“ morphology („rhabdoid“)*

• KIT negative GIST*

*occur before and after treatment



Pleomorphic Gist



KIT



Dedifferentiated GIST 

(„sarcomatous“)
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KIT
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DOG1

Additional IHC: p53-,MDM2-, CDK4+KIT Exon 11 mutation
P53 and RB1 mutation
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KIT negative GIST



KIT



DOG 1KIT
Liegl et al AJSP 2009

KIT positive GISTs

95%

KIT negative GISTS

5%

DOG1, CA II, PDGFRAall
Nestin,

PKC-theta

Liegl et al AJSP 2009

Liegl et al Hematol Oncol Clin North Am. 2009
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Treatment Prognosis

Diagnosis

Predictive Pathology



Table based on Miettinen et al, Semin Diagn Pathol, 2006. 

Data based on long-term follow-up of 1055 gastric, 

629 small intestinal, 144 duodenal and 111 rectal GISTs. Modified NCCN guidelines.

5mm2

20-25 HPF

Tumour rupture is an additional adverse
prognostic factor and should be recorded



5mm2

∼25 HPF
50 HPF

5mm2

WHO 2013 and ESMO 
2018



RISK STRATIFICATION

Treatment

Yes/NO

Molecular

CLASSIFICATION

Imatinib

400 mg

800 mg

Predictive

Pathology

Treatment Prognosis

Diagnosis
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• Metastatic GIST
• Before adjuvant treatment

• Children and young adults
• Diagnostic challenging cases

Mutational analysis has a predictive value for sensitivity to molecular-

targeted therapy and to prognostic value. 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)
ESMO 2018
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Area of 5mm2



Extracellular domain (EC)

Transmembrane domain

Tyrosine kinase domain I (TK[I])

Tyrosine kinase domain II (TK[II])

Ex 8 

rare cases

p.D419del

Ex 9 (~8%)

Ex 11 (~67%)

Ex 13 (~1%)

Ex 17 (~1%)

Ex 12 (<1%)

Ex 14 (<1%)

Ex 18 (~8%)

KIT (~77%) PDGFRA (~10%)

Juxtamembrane domain (JM)

Wildtype

GISTs

(~13%)

Mutations
SDH
BRAF
RAS....

KIT/
PDGFRA/

BRAF WT GIST

SDHB IHC

Quadruple-
negative 

KIT
PDGFRA

BRAF
SDH

Exclude
unrecogniced

NF1

Esmo 2018



Doyle et al Histopathology,  2014

p.D419 del



Gruppe 1: BRAF Exon 15, KIT Exon 13, PDGFRA Exon 12 

Gruppe 2:  triple-negative, KIT Exon 17, PDGFRA Exon 14, PDGFRA Exon
18 D842V 

Gruppe 3:  KIT Exon 9, KIT Exon 11, PDGFRA 18 –non 842 

low-moderate 
risk high risk



Gold et al. Lancet Oncol. 2009 Nov, 10(11):1025

Development and validation of a 
prognostic nomogram for recurrence-
free survival after complete surgical

resection of localised primary
gastrointestinal stromal tumour: a 

retrospective analysis Tumors > 2 cm 

No history of other malignancy

Natural history of imatinib-naive GISTs: a 

retrospective analysis of 929 cases with

long-term follow-up and development of a 

survival nomogram based on mitotic index

and size as continuous variables.

Rossi et al AJSP Nov. 2011

7,95 mm2

25HPF

40HPF

5 mm2

Adjuvant treatment after surgery?





 2/3 secondary aquired mutations





 1/3 reactivation of KIT oncoprotein by other mechanisms
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Nature Reviews | Cancer

Primary
mutations

Protein
domain

Secondary
mutations

Drug sensitivity

Exon 9: 12%
Exon 13

Exon 14

Exon 17

Exon 18

Exon 11: 70%

Exon 12: 1%
K642E

Exon 17: 1%
N822H, N822K
and D820Y

Membrane

JM

ATP 
binding

Activation 
loop

IM

V654A

T670I

D816A/G/H/V

D820A/E/G/Y

N822H/K

Y823D

A829P NRNR

NR NR

NR

SU SOR NIL

Resistant

Intermediate

Sensitive

NR Not reported

Secondary resistance. 

KIT PDGFRA

(FIG. 4)

KIT

KIT

PDGFRA

Approaches to imat inib-resistant GISTs

Alternative TKIs that target KIT and PDGFRA. 

(TABLE 2)

Figure 4 | Secondary mutations in KIT and their drug sensitivities. A comparison of 

the relative  potency of imatinib (IM), sunitinib (SU), sorafenib (SOR) and nilotinib 

(NIL) versus secondary mutations that are associated with resistance to imatinib, as 

assessed by  expression studies153,163,192–194, is shown. JM, juxtamembrane. Figure is 

modified, with permission, from REF. 130 © Natl Acad. Sci. USA (2009).

REVIEWS

CANCER 873

© 2011 Macmillan Publishers Limited. All rights reserved

Corless, Nat. Rev. Cancer
2011



ex.11

ex.11

ex.11
ex.11

DHPLC

prim. mut. sec. mut.

V654A

D820G

N822Y
N822Y

AS-PCR

D820G

V654A

D820G

N822K

N822KLiegl et al Journal of Pathology, 2008

Mutational heterogeneity in a single
metastasis and between metastases of
a patient
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Spindel cell -> epitheloid morphology

Pleomorphic GIST

Dedifferentiated GIST

Rhabdomyosarcomatous differentiation in GIST



Metastases lost KIT expression but retained KIT exon 11 mutation

Changing phenotype of gastrointestinal stromal tumours under imatinib mesylate treatment: a potential diagnostic pitfall.
Pauwels P, Debiec-Rychter M, Stul M, De Wever I, Van Oosterom AT, Sciot R.
Histopathology. 2005 Jul;47(1):41-7

https://www-1ncbi-1nlm-1nih-1gov-1pubmed.han.medunigraz.at/pubmed/15982322


KIT

Caldesmon Desmin

KIT

exon 11 deletion

Liegl et al Journal of Pathology, 2008



Liegl et al Journal of Pathology, 2008



Liegl et al Journal of Pathology, 2008



Liegl et al Journal of Pathology, 2008



KIT

Liegl et al Journal of Pathology, 2008

WT- KIT and
PDGFRA



Dedifferentiation in Gastrointestinal Stromal Tumor to an

Anaplastic KIT Negative Phenotype – a Diagnostic Pitfall.

Morphologic and Molecular Characterization of 8 Cases

Occurring either de-novo or after Imatinib Therapy

Cristina R Antonescu1, Salvatore Romeo2, Lei Zhang1, Khedoudja Nafa1, Jason L.

Hornick3, G. Petur Nielsen4, Mari Mino-Kenudson4, Hsuan-Ying Huang5, Juan-Miguel

Mosquera6, Paolo A Dei Tos2, and Christopher D.M. Fletcher3

1Departments of Pathology, Memorial Sloan-Kettering Cancer Center, New York, NY

2Treviso General Hospital, Treviso, Italy

3Brigham &Women’s Hospital, Boston, MA

4Massachusetts General Hospital, Boston, MA

5Kaohsiung Chang Gung Memorial Hospital and Chang Gung University College of Medicine,

Kaohsiung, Taiwan

6Weill Medical College of Cornell University, New York, NY

Abstract

Most GISTs can be recognized by their monotonous cytologic features and overexpression of KIT

oncoprotein. Altered morphology and loss of CD117 reactivity has been described previously after

chronic imatinib treatment; however, this phenomenon has not been reported in imatinib-naïve

tumors. Eight patients with abrupt transition from a classic CD117-positive spindle cell GIST to

an anaplastic CD117-negative tumor were investigated for underlying molecular mechanisms of

tumor progression. Pathologic and molecular analysis was performed on each of the two

components. Genomic DNA PCR for KIT, PDGFRA, BRAF and KRAS hot spot-mutations and

FISH for detecting KIT gene copy number alterations were performed. TP53 mutational analysis

was performed in 5 cases. There were 7 males and 1 female, with an age range of 23–65 years.

Five of the primary tumors were located in the stomach, while one case each originated in small

bowel, colon and rectum. In 3 patients, the dedifferentiated component occurred in the setting of

imatinib-resistance, while the remaining 5 occurred de novo. The dedifferentiated component had

an anaplastic appearance, including one angiosarcomatous phenotype, with high mitotic activity

and necrosis, and showed complete loss of CD117 (8/8) and CD34 (5/8) expression, and de novo

expression of either cytokeratin (4/8) or desmin (1/8). There was no difference in the KIT

genotype between the two components. However, two imatinib-resistant tumors showed co-

existence of KIT exon 11 and exon 13 mutations. FISH showed loss of one KIT gene in 3 cases

and low level amplification of KIT in 2 other cases in the CD117-negative component, compared

Correspondence: Cristina R Antonescu, Memorial Sloan-Kettering Cancer Center, 1275 York Ave, New York, NY 10021,
antonesc@mskcc.org; and Christopher D. Fletcher, Brigham and Women’s Hospital, Boston, MA, cfletcher@partners.org.
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the resulting proof before it is published in its final citable form. Please note that during the production process errors may be

discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

The authors have no conflicts of interest or funding to disclose.
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Dedifferentiation in Gastrointestinal Stromal Tumor to an Anaplastic

KIT Negative Phenotype – a Diagnostic Pitfall. Morphologic and

Molecular Characterization of 8 Cases Occurring either de-novo or

after Imatinib Therapy
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Table 3

KIT, PDGFRA and p53 sequencing and KIT copy number by FISH analyzed separately in the KIT-positive

and KIT negative components

KIT/PDGFRA genotype FISH P53
mutation

1A WT Normal ND

1B WT Loss of one KIT copy ND

2A WT Normal WT

2B WT low level KIT amplification WT

3A KIT exon 11 557-8WKdel Normal WT

3B KIT exon 11 557-8WKdel Normal WT

4A WT Normal Ex 8 del

4B WT low level KIT amplification Ex 8 del

5A KIT exon 11 557-8WKdel Normal WT

5B KIT exon 11 557-8WKdel Normal WT

6A WT ND ND

6B WT ND ND

7A KIT exon 11 V559G
KIT exon13 V654A

Normal ND

7B KIT exon 11 V559G /
KIT exon13 V654A

Loss of one KIT copy ND

8A KIT exon 11 29bp DEL
KIT exon 13: V643Sfs6*

Normal WT

8B KIT exon 11 29bp DEL
KIT exon 13: V643Sfs6*

Loss of one KIT copy WT

A, conventional GIST component; B, anaplastic/dedifferentiated component; del, deletion; ex, exon; ND, not done

Am J Surg Pathol . Author manuscript; available in PMC 2014 March 01.

Antonescu et al: Am J Surg Pathol. 

2013 March ; 37(3): 385–392
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Table 1

Patient demographics, tumor characteristics and history of imatinib therapy

Age/
Sex

Location Size
(cm)

Stage at
Presentation

Metastases Pre-op
imatinib
therapy

1 23/M Stomach NA* Liver mets Liver, Peritoneal Yes

2 40/F Stomach 8 Peritoneal mets Peritoneal No

3 55/M Stomach 18 Primary No No

4 48/M Stomach 5.5 Peritoneal mets Liver, Peritoneal No

5 58/M Rectum 6 Primary No No

6 53/M Stomach 7 Locoregional LN Peritoneal No

7 60/M Small bowel 7.5 Primary Liver, Peritoneal Yes

8 65/M Colon 25 Primary Peritoneal Yes

M, male; F, female; NA*, not available, primary not resected, size unknown; LN, lymph nodes.
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Common abnormality in the
CD117-negative dediff. GIST: 
Genetic instability, represented
either by

• loss of heterozygosity of KIT 

• low level amplification of KIT



Figure 3.

In one of debulking procedure for imatinib-resistant disease (A), in addition to the classic

spindle cell GIST component (B, 100×) which was strongly positive for CD117 (C, 100 ×),

there were areas composed of complex, anastomotic vascular spaces, lined by highly

atypical cells (D, 200×), which lost CD117 expression (E, 200 ×) and instead were strongly

positive for CD31, in keeping with an angiosarcoma component (case#7).

Antonescu et al. Page 12

Am J Surg Pathol . Author manuscript; available in PMC 2014 March 01.
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Morphologic heterogeneity after treatment with TKI

Liegl et al AJSP, 2009

KITDES Myf4



BRAF exon 15 V600E



Morphology of

SDHB deficient Gist

Plexiform/multinodular
growth pattern





Gist with a distinctive plexiform or

multinodular growth pattern located in the

stomach!



OP-Präparat vom 04.02.2015
9535-37/2015
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IHC +: KIT, DOG1
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KIT

DOG1 SDHB





SDHB
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SDHB



Comprehensive Cancer Center Graz 129



SDHB 

immunohistochemistry has been

shown a useful tool to screen for a 

dysfunction within any subunit of the

SDH complex
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Mutations
KIT
PDGFRa
BRAF
HRAS
NRAS
NF-1.....

SDHX mutant
Gist

SDHC 
epimutant Gist

Group A Group B Group C

No alteration in
Methylation

SDHB lost by IHC

Global tumor hypermethylation

SDHB retained by
IHC

Carney Triad

Carney
Stratakis
Syndorme

Think of SDHB deficient gastric GIST 
• in all patients <30a
• Gists with distinctive

multinodular/plexiform morphology
irrespectively of age

Consider Risk Stratification according to
Miettinen is not working
LN metastases can occur
Imatinib not working.....



Mutations
KIT
PDGFRa
BRAF
HRAS
NRAS
NF-1.....

SDHX mutant
Gist

SDHC 
epimutant Gist

Group A Group B Group C

No alteration in
Methylation

SDHB lost by IHC

Global tumor hypermethylation

SDHB retained by
IHC

Carney Triad

Carney
Stratakis
Syndorme

Molecular analysis ->WT GIST
Think of SDHB deficient GIST
In all GISTS in patients <30a

All GISTs with distinctive
multinodular/plexiform morphology

irrespectively of age
-> Risk Stratification not working

-> LN metastases
-> Imatinib not working.....

Mutationen: ARID1B, ATR, FGFR1, LTK, SUFU,
PARK2, ZNF217, EGFR ......
Fusionen: FGFR1-HOOK3 ,FGFR1-TACC1, 
ETV6-NTRK3, KIT-PDGFRA

SDHA,B,C,D 
mutant
Gist

SDHC 
epimutant Gist
(Promoterhype
rmethylation)

Carney Triad
Carney-
Stratakis
Syndorme



wildtype

GISTs

~1%

KIT- Exon 8 (p.D419del)

KIT-Exons 9,11,13,17

PDGFRA-Exons 12,14,18

BRAF

HRAS

NRAS

KRAS

NF-1

SDH  A, B ,C ,D  -> 3%

P16, PT53, RB1, NF1

Additional Mutations described:

ARID1B, ATR, FGFR1, LTK, SUFU, 

PARK2, ZNF217, EGFR..

Fusions:

FGFR1-HOOK3 ,FGFR1-TACC1, 

ETV6-NTRK3, KIT-PDGFRA

1-3%



MUG GIST panel

gene chr transcript covered regions

KIT 4 NM_000222 Exon 8,9,11,12,13,17,18

PDGFRA 4 NM_006206 hotspots

PDGFRB 5 NM_002609 Exon 13,14,17,18

K-RAS 12 NM_004985 hotspots

N-RAS 1 NM_002524 hotspots

H-Ras 11 NM_005343 hotspots

BRAF 7 NM_004333 hotspots

SDHA 5 NM_004168 full coding

SDHB 1 NM_003000 full coding

SDHC 1 NM_003001 full coding

SDHD 11 NM_003002 full coding

NF1 17 NM_001042492 full coding

P16 (CDKN2A) 9 NM_000077 full coding

TP53 17 NM_000546 full coding

RB1 13 NM_000321 full coding

Ion Torrent Ampliseq technology, 248 Amplicons
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Pat.1

Pat.1

Chromosome 4 KIT – Exon 11

Start Exon11

Black bar demonstrates a deletion at the
beginning of Exon 11 p.552_557del.
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Pat.2

Pat.2

Pointmutation
KIT Exon 11 Codon 560

p.V560D

Chromosome 4 KIT – Exon 11



Limitations

 We are aware of limitations of NGS to detect large 

Insertions/Deletions => in all KIT negative GISTS we

additionally test KIT Exon 11 by Sanger Sequencing

 One KIT Exon 11 Duplication (15 amino acids, 45 

nucleotides) was not detected by NGS but evident in 

Sanger
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Chromosome 4 KIT – Exon 11

Pat.3
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Pat.3

Chromosome 4 KIT – Exon 11
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Pat.3

Chromosome 4 KIT – Exon 11
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Pat.3

Chromosome 4 KIT – Exon 11
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Pat.3
KIT Exon11 

p.573_588dup.

Chromosome 4 KIT – Exon 11
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Duplication in KIT Exon11 c.1718_1765dup, p.P573_R588dup.
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Chromosome 4 KIT – Exon 11

Deletion



Smooth muscle 

sarcoma pathology

GIST specific IHC: 

DOG1+ CD117+
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SDHB IHC
KIT/PDGFRA 
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mutational 

testing

Look for other driver 
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Appropriate 
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counseling + 

advanced screening

SDHC gene 

methylation 

analysis
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advanced 

screening

Retest when 

new causes of 

SDH-deficiency 

are described

Treatment with 

appropriate RTK 

inhibitor

Appropriate 

treatment

RNA 

sequencing for 

fusions 

involving NTRK 

and FGFR 

gene families

Retest when 

new GIST 

molecular 

subtypes are 

described

Appropriate 

treatment

YES NO

MUTATION

MUTATION

EPIMUTATION

MUTATION NO MUTATION

NO MUTATION

NO 

EPIMUTATION

NO MUTATION

POSITIVENEGATIVE

NF1, BRAF, 

KRAS, HRAS 

sequencing

MUTATION NO MUTATION

 

Figure 2: Decision tree for diagnosis and treatment of GIST. The boxes show the 
decision nodes and recommended course of action for optimized diagnosis and 
treatment of GIST based on molecular classification. The end point boxes are indicated 
by the presence of a thick border.  
 
Table 1: Immunohistochemistry in Differential Diagnosis of GIST. Multiple 
immunohistochemical markers can be used in the differential diagnosis of GIST. 
However, the combination of CD117 (KIT) and ANO1 expression by an abdominal 
sarcoma is essentially diagnostic of GIST. SDH IHC is useful in further distinguishing 
subtypes of GIST.  
 
Table 2: Molecular Classification of GIST. An updated molecular classification of 
GIST subtypes including relative frequency, clinical presentation, treatment and notable 
features is provided.  
 

Expert Review, Bannon et al 
http://dx.doi.org/10.1080/14
737159.2017.1308826 

HDAC inhibitors
FGFR TKI : Ponatinib, Pazobanib
Cancers with NTRK3 fusions -> TRK  LOXO-101

Molecular Diagnostic essential for treatment decission

Therapy
Trials

ARID1B, SUFU, 
ATR, FGFR1,
LTK, PARK2, 
ZNF217, 
EGFR.....

VEGFR Inhibitor: Vandetanib

DNA methyltransferase inhibitors

GIST Diagnosis
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Statistics

 June 2017- July 2018

 41 GIST NGS Analyses

 25 KIT mutated cases (60,9%) 

 8 PDGFRa (19,5%)

 5 SDH A/B/C (12,2%)

 3 WT Gist (7,4%) 

-> 2 by Sanger Sequencing long insertions/duplications in

Exon 11 of the KIT 

(selection bias -> consultation material)

+5%

-5%





–

–


Therapy:
• Exon 18 D842V: Imatinib, Sunitinib, 

Regorafinib resistent
• Exon 18: D846Y, N848K, Y849K  IM resistent
• Exon 12 and 14: Imatinib sensitiv
• Other Exon 18 Mutationen: described as

Imatinib sensitiv (deletions in codons 842-
845)

Crenolanib
BLU-285 (++)
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SDHB



Lack KIT and PDGFRA mutations
• 85% of GISTs in children 

• 10% to 15% of GISTs in adults 

-wild-type [WT] GIST-



KIT and PDGFRA WT Gist

Heterogenous Group

Sporadic 
WT NF1

BRAF-
mut. GIST

• Pat. 6LD
• NCCN Risk 

Strat.
• No LN 

metastasis
• Location (*)
• Presentation(*)
• Morphology(*)
(*)identical to 
mutated GIST

• Commonly 
small intestine

• Multifocal
• Small
• Low mitotic 

rate
• Good prognosis
• IGF1R neg./ IHC
• Loss of 14q and 

22q

• First discribed in 2008

• (in one case as a 

secondary mutation in 

a PDGFRa-mutant 

GIST)

• Approx. 20-30 cases

reported

• Mean age 58 a 

• Female=Male

• Commonly in the

small bowel

• Commonly spindle 

cell morphology

• Clinical behaviour

variable 

Pediatric WT 

CT CSS

• Stomach

• Female Predominance
• Commonly epitheloid morphology
• Multifocal Gist (synchronous or 

metachronous )
• Risk Stratification not useful to predict 

clinical behaviour
• LN metastases common
• Indolent clinical course in metastatic 

setting 
• Do not response to imatinib
• IGFR1 pos./IHC

WT Gist in 
young adults

Similar
Clinical 

features as
the pediatric

WT GIST



SDH

It is the only 

enzyme that 

participates 

in both the

the electron 

transport 

chain

(complex II) 

and the

Krebs cycle

catalyzes 

the 

oxidative 

dehydro-

genation 

of 

succinate 

to 

fumarate 

SDHB IHC usefull marker to screen for SDHB 
deficient GIST in the stomach

http://en.wikipedia.org/wiki/Citric_acid_cycle
http://en.wikipedia.org/wiki/Electron_transport_chain
http://en.wikipedia.org/wiki/Catalyzes
http://en.wikipedia.org/wiki/Oxidation
http://en.wikipedia.org/wiki/Succinate
http://en.wikipedia.org/wiki/Fumarate


Unique clinical behavior
and biology

Molecular Characterization of Pediatric Gastrointestinal Stromal

Tumors

Narasimhan P. Agaram1, Michael P. Laquaglia2, Berrin Ustun1, Tianhua Guo1, Grace C.

Wong1, Nicholas D. Socci4, Robert G. Maki3, Ronald P. DeMatteo4, Peter Besmer5, and

Cristina R. Antonescu1,5

1Department of Pathology, Memorial Sloan-Kettering Cancer Center and Computational Biology

Center, New York, NewYork

2Department of Pediatrics, Memorial Sloan-Kettering Cancer Center and Computational Biology
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Abstract

Purpose—Pediatric gastrointestinal stromal tumors (GIST) are rare and occur preferentially in

females as multifocal gastric tumors, typically lacking mutations in KIT and PDGFRA. As KIT

oncoprotein is consistently overexpressed in pediatric GIST, we sought to investigate the

activation of KIT downstream targets and alterations of KIT/PDGFRA gene copy number, mine

novel therapeutic targets by gene expression, and test tyrosine kinase receptor activation by

proteomic profiling.

Experimental Design—Seventeen pediatric GISTs were investigated for KIT/PDGFRA

genotype and biochemical activation of KIT downstream targets. The transcriptional profile of 13

nodules from 8 pediatric patients was compared with 8 adult wild-type (WT) GISTs, including 3

young adults. The drug sensitivity of second-generation kinase inhibitors was tested in murine Ba/

F3 cells expressing human WT KIT, as well as in short-term culture of explants of WT GIST cells.

Results—A KIT/PDGFRA WT genotype was identified in all 12 female patients, whereas two of

five males had either a KIT exon 11 or PDGFRA exon 18 mutation. KIT downstream targets were

consistently activated. Pediatric GISTs showed a distinct transcriptional signature, with

overexpression of BAALC, PLAG1, IGF1R, FGF4 , and NELL1. In vitro studies showed that

nilotinib, sunitinib, dasatinib, and sorafenib are more effective than imatinib against WT KIT.

Conclusions—Rare cases of pediatric GIST may occur in male patients and harbor activating

KIT/PDGFRA mutations. Pediatric GISTs show distinct transcriptional signature, suggesting a
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• KIT expression and activation of
KIT downstream targets

• Pediatric GIST lack the typical
cytogenetic deletions (1q, 14q, 
22q) seen in mutant GIST

• Better response to second line
TKI (sunitinib..)

• Distinctive transcriptional
signature with overexpression of
IGF1R, FGF4...
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Gastroint est inal stromal tumors (GISTs) may be caused by germline mutat ions of the KIT and platelet-

derived growth factor receptor-a (PDGFRA) genes and treated by Imat inib mesylate (STI571) or other

protein tyrosine kinase inhibit ors. However, not all GISTs harbor these genet ic defects and several do not

respond to STI571 suggest ing that other molecular mechanisms may be implicated in GIST pathogenesis.

In a subset of pat ients with GISTs, the lesions are associated with paragangliomas; the condit ion is familial

and transmit ted as an autosomal-dominant t rait . We invest igated 11 pat ients with the dyad of

‘paraganglioma and gastric stromal sarcoma’; in eight (from seven unrelated families), the GISTs were

caused by germline mutat ions of the genes encoding subunits B, C, or D (the SDHB, SDHC and SDHD genes,

respect ively) . In this report , we present the molecular effects of these mutat ions on these genes and the

clinical informat ion on the pat ients. We conclude that succinate dehydrogenase deficiency may be the
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12
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SDHB 

immunohistochemistry has been

shown a useful tool to screen for a 

dysfunction within any subunit of the

SDH complex
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 All mutated Gists
KIT, PDGFRA,
BRAF, NF1..

 Wt-Gist in adults
 Gist in NF1

Wt-Gist in adults

Wt- Gist in children

 Gist in a/w CT

Gist in a/w CSS

SDHB Positive
„retained“

SDHB Negative
„deficient“

 „Young Adult“ (7% 

children und 40% adults
30-50a)

SDHA 
Negative

27%

SDHB IHC in GIST 



SDHB SDHA

SDHB +SDHA
negativ 

Gist

„Young Adult“ 
Small persentage of WT Gist in children
Rest adults 30-50a. 
27% of SDH deficient GIST
Germline SDHA mutations
Second hit: usually somatic allelic loss or
somatic second mutation



NIH wt-Gist clinic: 116 patients inclusion criteria younger than
19a or wt-KIT/ PDGFRa.

From 95 pt. adequate tissue was available





Tissue selection/Pathologist

DNA/RNA extraction

NGS library preparation

Ion Torrent sequencing

Report from the molecular lab

Pathology report





Sequenzdaten BAMfiles

Variant calling

Annotation





Limitations

 We are aware of limitations of NGS to detect large 

Insertions/Deletions => in all KIT negative GISTS we 

additionally test KIT Exon 11 by Sanger Sequencing

 One KIT Exon 11 Duplication (15 amino acids, 45 

nucleotides) was not detected by NGS but evident in 

Sanger
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GI-Clear Cell Sarcoma-like

Tumor 

(Malignant gastrointestinal 

neuroectodermal tumor (GNET))



S100Images from Practical Soft Tissue Pathology: A diagnostiv Approach

Molekularpathology:

t(12;22) with ATF1-EWSR1 or

t(2;22) with CREB1-EWSR1 
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