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Morphology - Diagnostic pitfalls- Mutational analysis
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ORIGINAL ARTICLE Am | Surg Pathol » Vo. ,

Rhabdomyosarcomatous Differentiation in
Gastrointestinal Stromal Tumors After Tyrosine
Kinase Inhibitor Therapy

A Novel Form of Tumor Progression

Bernadette Liegl, MD,*{ Jason L. Hornick, MD, PhD,* Cristina R. Antonescu, MD,}
Christopher L. Corless, MD,§ and Christopher D. M. Fletcher, MD, FRC Path*

ORIGINAL ARTICLE

Am | Surg Pathol » Volume 33, Number 3, March 2009

Monoclonal Antibody DOG1.1 Shows Higher Sensitivity
Than KIT in the Diagnosis of Gastrointestinal Stromal
Tumors, Including Unusual Subtypes

Bernadette Liegl, MD,*t Jason L. Hornick, MD, PhD,* Christopher L. Corless, MD,}
and Christopher D. M. Fletcher, MD, FRCPath*

Virchows Arch (2010) 456:111-127
DOI 10.1007/500428-010-0891-y

REVIEW AND PERSPECTIVE

Gastrointestinal stromal tumors

Bernadette Liegl-Atzwanger - Jonathan A. Fletcher -
Christopher D. M. Fletcher
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_ Research Article. o

Pediatric KIT-Wild-Type and Platelet-Derived Growth Factor
Receptor a~Wild-Type Gastrointestinal Stromal Tumors Share
KIT Activation but not Mechanisms of Genetic Progression
with Adult Gastrointestinal Stromal Tumors

Katherine A. Janeway,”' Bernadette Liegl,” Amy Harlow, Claudia Le,’ Antonio Perez-Atayde,
1,34

Harry Kozakewich,’ Christopher L. Corless,”™ Michael C. Heinrich,"™ and Jonathan A. Fletcher ™

Departments of 'Medicine and *Pathology, Children’s Hospital Boston, ‘Pediatric Oncology, Dana-Farber Cancer Institute; ‘Department of
Pathology, Bringham and Women'’s, Hospital, Boston, Massachusetts; ‘Department of Pathology, Medical University, Graz, Austria; and
Departments of ‘Medicine, and "Cell and Developmental Biology, Oregon Health and Science University and ‘Portland VA Medical

Center, Portland, Oregon

’ Cancer Res 2007; 67: (19). October 1, 2007
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Mutation analysis of SDHB and SDHC: novel germline mutations in
sporadic head and neck paraganglioma and familial paragangl(icgma
a"dl°m|M@mal’ﬂe etics ‘ ) BiolVied Central
Jean-Pierre Bayley!, Ivonne van Minderhout!, Marjan M Weiss!,

Jeroen Fg ggﬁen?’, Peter HN Oomen4, Fred H Menko>, Barbara Pas
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and/or pheochromocytoma Ak . . .
Genetigs pf {armey Toiad- Reawmant Lasses af weiss!, Clinical and molecular genetics of patients with the
Chromeseme sbutrlackial rermline Mutations.in Grenes Carney—Stratakis syndrome and germline mutations
Associaitted with Baragangliomasland Apastrointestinahs'o, of the genes coding for the succinate dehydrogenase

WTaio ileel2 *1 i

Stronia 'S, Peter Devileel:2 and Peter EM Taschner subunits SDHB, SDHC, and SDHD
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Aims

Role of pathology in the diagnosis of Gist

» Morphology

» Immunohistochemistry

»» Rare and challanging Gist cases

» Differential Diagnosis

» Molecular Pathology in Gist - Mutational Analysis

Peculiar Morphology/growth pattern of WT-Gists

Comprehensive Cancer Center Graz 12




{ @
Introduction GIST ¢

Most common mesenchymal tumor of the
Gl tract (0.2% of malignant Gl tumors)
~8000 new cases/yr in Europe.

Median age: 55-60a

Can occur throughout the Gl tract

ost Gists in adults(sporadic) show activating
mutations in the KIT or PDGFRA genes

Most Gists express KIT and DOG1 by IHC

Risk stratification according to Miettinen (size,
location and mitotic count in 5mm? =20-25 HPF)
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Clinical Information:

‘Age : Pathology
*Location *Morphology

Solitary or multiple D I aanos I S [HC
lesion(s) g *DDx
*Size *Mitotic Activity Smm?

*Relevant clinical *Molekular Diagnostics
history

Predictive
Pathology

Prognosis
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Gross Morphology
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Gross Morphology
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Gross morphology Gist stomach
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Morphology

Spindel 70% Epitheloid 10%
Mixed 10%

(i Liegl et al Hematol Oncol Clin North Am. 2009 /
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L [ Liegl et al Hematol Oncol Clin North Am. 2009
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’%\ World Health Organization WHO Classification of Tumours of

1571\ - : X
Y International Histological

==F  (Classification of Tumours Soft Tissue and Bone

Edited by Christopher D.M. Fletcher, Julia A. Bridge, Pancras C.W. Hogendoorn, Fredrik Mertens

Pathology & Genetics

Tumours of Soft Tissue and Bone

Edited by Christopher D.M. Fletcher, K. Krishnan Unni, Fredrik Mertens

S. W. Weiss
In Collaboration with L. H. Sobin
and Pathologists in 9 Countries

Second Edition

@ Springer-Verlag

Genetics/molecula
: r Classification
Genetics New Entities
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Differential Diagnosis: . COMPREHENSIVE
Gist with spindle cell morphology ‘ wrevszentron GRAZ

Medizinische Universitat & LKH-Univ. Klinikum

KIT: diffuse (+) > GISTs
c-kit mutant GISTs
NF1-associated GISTs i ;
BRAF mutant GISTs géﬁ,?ggen:gﬁ'gfy'gis
Considering NF1 case
. Leiomyoma
KIT: (-) or almost (-) »| nonGIST > Desmin: (+) .
leiomyosarcoma
— S100P: (+) »  Schwannoma
CD34: (+) - SET®
Nuclear STATE: (+)
Y
In difficult cases — Nuclear B-catenin (+) > Desmoid”
AL o ‘ +$+ Consultation to specialists
) . . = ALK (+) > IMT
v /| ‘ ** c-kit gene analysis
Y ) /
' ! : a-SMA(+) PEComa:
; > > .
) HMB45-Melan A(+) spindle cell type
L™ !
L > IFP
~ : e > Other

Figure 1 Flow chart of differentdal diagnoses of spindle cell mesenchymal tumors. *, NAB2-STAT6 fusion gene analysis is useful; ® B-catenin
gene analysis is useful; ©, ALK FISH is useful. GIST, gastrointestinal stromal tumor; SFT, solitary fibrous tumor; IMT, inflaimmatory
myofibroblastic tumor; IFP, inflammatory fibroid polyp; ALK, anaplastic lymphoma kinase; FISH, fluorescent in situ hybridization; STAT,

signal transducer and activator of transcription; NAB2, NGFI-A binding protein-2; a-SMA, o-smooth muscle actin.

Transi Gastroenterol Hepatol 201 g : 3:27

k Comprehensive Cancer Center Graz




Smooth muscle tumors
Lelomyoma

. COMPREHENSIVE
‘ krebszentrum GRAZ

Medizinische Universitat & LKH-Univ. Kliniku

~




(TR

-
-
»
N

»

f
%

AR i

Fig

:

o
L L L,

i ]




~
. COMPREHENSIVE
‘ krebszentrum GRAZ

Medizinische Universitat & LKH-Univ. Kliniku

Smooth muscle tumors
Leiomyosarcoma




Comprehensive Cancer Center Graz

COMPREHENSIVE
krebszentrum GRAZ

Medizinische Universitat & LKH-Univ. Klinikum

38

~




COMPREHENSIVE
krebszentrum GRAZ

Medizinische Universitat & LKH-Univ. Klinikum

P A LU T

Comprehensive Cancer Center Graz 39




COMPREHENSIVE
krebszentrum GRAZ

Medizinische Universitat & LKH-Univ. Klinikum

Comprehensive Cancer Center Graz




COMPREHENSIVE
krebszentrum GRAZ

& LKH-Univ. Klinikum

Comprehensive Cancer Center Graz




COMPREHENSIVE
krebszentrum GRAZ

Medizinische Universitat & LKH-Univ. Klinikum

[ed

L ey

N

¢

Comprehensive Cancer Center Graz 42




\
COMPREHENSIVE

krebszentrum GRAZ

Caldesmom

Comprehensive Cancer Center Graz 43




COMPREHENSIVE
krebszentrum GRAZ

Medizinische Universitat & LKH-Univ. Klinikum

A

R % . | o] : fn i
0\ LR S R PR Y otk A & oy i Nt 5
L = N s ; ‘ 2 g : 4
» A W -,"‘\‘\!\'!\a \‘\ N 3 PRSI (o AP TAe Y ! SR L Ay B N 2 ”9”'\» g\
A RO YO | L SOV AR 2 Sy CRECE e ~ A e 1 680 0 W L N A

Comprehensive Cancer Center Graz 44




~
. COMPREHENSIVE
‘ krebszentrum GRAZ

Neural tumors
Schwannoma
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Fibroblastic and Myofibroblastic tumors
Solitary fibrous tumor




GRAZ

Medizinische Universitat & LKH

COMPREHENSIVE

CANCER CENTER
Krebszentrum

)

8
o
O
o
e
3
O
.
o}
Q
S
QO
)
B
1)
£
)
°
o
[}
§
O

;,,

55 i L

S L Tp S o
L e




COMPREHENSIVE
krebszentrum GRAZ

Medizinische Universitat & LKH-Univ. Klinikum

Comprehensive Cancer Center Graz




~
. ) COMPREHENSIVE
ﬁi‘?cfi‘e".ﬁ'ﬂ“ G RAZ

‘ Medizinische Universitat & LKH-Univ. Kliniku

Fibroblastic and Myofibroblastic tumors
Fibromatosis - Desmoid
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Fibroblastic and Myofibroblastic tumors

Inflammatory myofibroblastic
tumor

~
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Fibroblastic and Myofibroblastic tumors
Inflammatory fibroid polyp
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exon 12 mutations

: exon 18 mutations

Mutations in PDGFRA

Stomach
Small bowel

]

4%
.mt




. COMPREHENSIVE

CANCER CENTER
‘ rrrrrrrrrrr ~GRAZ
Medizin ische Universitat & LKH -Univ. Klin ikum

Fibroblastic and Myofibroblastic tumors
Plexiform fibromyxoid tumor
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Differential Diagnosis:

~Gist with epithelioid or mixed morphology

%

Stomach: GISTs in Carney Stratakis syndrome

GISTs in Carney triad
So-called juvenile GIST

Stomach: a part of PDGFRA gene mutant GISTs
Stomach & small intestine: A part of c-kit mutant GISTs

c-kit gene analysis
PDGFRA gene anlysis

4 " _ 2 KIT: diffuse (+) »  SDHB: (-) > GIST
Jro Dd C
SDHB: (+) > GIST
\ : KIT: (-) or weakly (+) »  DOG1: (+) o GIST
Y
In difficult cases DOGH oth

> - > ers

++ Consultation to specialists )

? +* PDGFRA gene analysis

Stomach: A part of PDGFRA gene mutant GISTs

PDGFRA gene analysis
(c-kit gene analysis)

muscle actin; PEComa, perivascular epithelioid cell tumor.

Epithelioid type PEComa
a-SMA-HMB45-Melan A: (+)
Carcinoid (NET)
chromogranin A-synaptophysin-CD56: (+)
Glomus tumor
a-SMA: (+)

Transi Gastroenterol Hepatol 2018:3:27

Comprehensive Cancer Center Graz
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Figure 2 Flow chart of differential diagnosis of epithelioid cell mesenchymal tumors. SDHB, succinate dehydrogenase subunit B; GIST,
gastrointestinal stromal tumor; PDGFRA, platelet-derived growth factor receptor alpha; NET, neuroendocrine tumor; a-SMA, o-smooth

60

~
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95% 70% 30% 5% 2% <1%
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L [ Liegl et al Hematol Oncol Clin North Am. 2009
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PDGFRA mutated GIST stomach
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Glomustumor
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Other tumors
-Metastasis -
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Differentialdiagnoses

» Malignant Melanom: S100, Melan A,
HMB45 (50% KIT pos.)

» Angiosarcoma: CD31, ERG (can be KIT pos.)

»» Sarcomatoid Carcinoma: CK

» Neuroendocrine Tumors: Synaptophysin
and Chromogranin pos.

» Paraganglioma: Synaptophysin, S100

» PECOMA: HMB45, Melan A, SMA, Desmin

~

» Clear cell Sarcoma: S100 (+/-Melanommarker), Gen Fusion

EWSR1-CREB1 oder —ATF1
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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

\L J
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Pleomorphic Gist
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Dedifferentiated GIST
(,,sarcomatous®)
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KIT Exon 11 mutation
P53 and RB1 mutation
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AJCP | ORIGINAL ARTICLE

Inactivating Mutations of RB7 and TP53 Correlate With
Sarcomatous Histomorphology and Metastasis/Recurrence
in Gastrointestinal Stromal Tumors

Larissa Merten,! Abbas Agaimy, MD,! Evgeny A. Moskalev, PhD,! Johannes Giedl, MD,’
Claudia Kayser, MD,? Helene Geddert, MD,? Inga-Marie Schaefer, MD,* Silke Cameron, MD,’
Martin Werner, MD,? Philip Strobel, MD,° Ardt Hartmann, MD,! and Florian Haller, MD'

From the 'Institute of Pathology, Friedrich-Alexander University Erlangen-Nuremberg, Erlangen, Germany; “Institute of Pathology, Albert-Ludwigs
University, Freiburg, Germany; “Institute of Pathology, St. Vincentius Hospital, Karlsruhe, Germany; “Department of Pathology, Brigham and Women’s
Hospital, Harvard Medical School, Boston, MA; and °Clinic for Gastroenterology and Gastrointestinal Oncology and ®Institute of Pathology, Georg August
University, Gottingen, Germany.

Key Words: GIST; Mutation; RBT; TP53; CDKNZA

Am J Clin Pathol December 2016;146:718-726

Comprehensive Cancer Center Graz 77
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KIT negative GIST
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Immunohistochemie

KIT positive GISTs KIT negative GISTS
95% 5%

AVVAN/AY PN AVAVAY

Liegl et al Hematol Oncol Clin North Am. 2009
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MORPHOLOGY and
IMMUNOHISTOCHEMISTRY

Need a panel of AB to exclude other tumors
in the DDX

-> Diagnosis GIST

Comprehensive Cancer Center Graz 81




Prognosis

Predictive Pathology




Table 1: Risk stratification of primary GIST

fer

Risk of progressive disease [+]

Mitotic index Size Gastric Duodenum Jejunum/Ileum Rectum
<2cm None none None none
>2<5cm very low (1.9%) low (8.3%) low (4.3%) Low (8.5%)
>5<10cm low (3.6%) # Moderate (24%) #
>10cm moderate (10%) high (34%) high (52%) high (57%)
=2cm none* # high* high (54%)
>2<5cm moderate (16%) high (50%) high (73%) high (52%)
. >5<10cm high (55%) # high (85%) #
| D : =10cm high (86%) high (86%) high (90%) high (71%)

ey

e

as metastasis

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

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.
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: WHO 2013 and ESMO
Prognostic factors
The best documented prognostic factors
are tumour size, mitotic activity, and
anatomical site {1885}. It should be noted
that mitotic counts have been defined with

small-field microscope with a total area of

5 mm? per 50 HPFs. Therefore, one should
generally count a smaller number of wide
fields to reach a comparable total area
(usually about 25 fields). In the TNM clas-
sification, grading is based on mitotic rate
(5 mitoses per 50 HPFs is considered to




Diagnosis

RISK STRATIFICATION

IZE)%U;S Molecular
800 mg CLASSIFICATION

@ Predictive .

Pathology
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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

Comprehensive Cancer Center Graz




( Annals of Oncology
Table 1. Personalised medicine synopsis table
CLINICAL PRACTICE GUIDELINES Biomarker ~Method Use LoE GoR
Mitotic Pathology Disease classification \% A
: : ind P tic rel
Gastrointestinal stromal tumo "™ oI TE At
o : _ - Used for medical treatment
Clinical Practice Guidelines foI INRY e dltala il cecisions
_l_
and follow-up
KIT/PDGFRA/ Sanger Disease classification A
BRAF sequencing Prognostic relevance
or NGS Predictive relevance
Used for medical treatment
decisions
Currently actionable/
targetable
SDH IHC Disease classification If A

Prognostic relevance
Predictive relevance

Used for medical treatment
decisions

GoR, grade of recommendation; IHC, immunohistochemistry; LoE, level
of evidence; NGS, next generation sequencing; PDGFRA, platelet-derived
growth factor receptor alpha; SDH, succinate dehydrogenase.

Nrﬁ)




Mutations in GIST

KIT (~77%)

Ex 8
rare cases

Extracellular domain (EC) p.D419del

EXx 9 (~8%)

Ex 11 (~67%)

nsmembrane domain

Juxtamembrane domain (JM)

Tyrosine kinase domain | (TK[I]) EXI1S (1Y)

Tyrosine kinase domain Il (TK[II]). Ex 17 (~1%)
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KIT/
PDGFRA/
BRAF WT GIST

\/
SDHB IHC

v
Quadruple-
negative
KIT
PDGFRA
BRAF

PDGFRA (~10¢

Ex 12 (<1%)

SDH
Ex 14 (<1%) *
Exclude
unrecogniced
NF1

Ex 18 (~8%) Esmo 2018

1
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Genotype Sites and histology Comments Imatinib response
K/T-mutant
Exon 11 All locations; usually Gastric tumours with exon Excellent
spindle cell or mixed 11 deletions more aggressive
Exon 9 Small and large intestines; Respond better to
usually spindle higher dose
cell or mixed
Exon 13 Usually small intestine; Uncommon Some
spindle cell
Exon 17 Usually small intestine; Uncommon Some
spindle cell
Exon 8 Small intestine; mixed Very rare Limited data
PDGFRA-mutant Less aggressive than K/7-mutant
tumours overall
Exon 18 Stomach and omentum; D842V most common by far Poor
epithelioid
Exon 12 Stomach; epithelioid Uncommon Variable
Exon 14 Stomach; epithelioid Rare Variable




KIT, PDGFRA, and BRAF Mutational Spectrum Impacts on
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Sabrina Rossi, MD, PhD* Daniela Gasparotto, PhD,T Rosalba Miceli, PhD, |
Luisa Toffolatti PhD.* Giovanna Gallina, PhD.* Enrico Scaramel, MSc¢*
Alessandra Marzotto, MSe,T Elena Boscato, MSc¢,t Luca Messerini, MD,§ Ttalo Bearzi, MD, ||
Guido Mazzoleni, MD,¥ Carlo Capella, MD# Gianluigi Arrigoni, MD,** Aurelio Sonzogni, MD, 7t
Angelo Sidoni, MD,}} Luigi Mariani, MD, PhD,} Paola Amore, PhD,§§
Alessandro Gronchi, MD, ||| Paolo G. Casali, MD, 9 Roberta Maestro, PhD,
and Angelo P. Dei Tos, MD*

(Am J Surg Pathol 2015;39:922-930)

Impact of KIT/PDGFRA/BRAF on GIST Natural History

gh i
risk o high risk

B
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FIGURE 1. Patient stratification according to the molecular signature. A, Kaplan-Meier OS curves, estimated by multivariable Cox
regression analyses, according to the 3 molecular prognostic groups: group | (BRAF exon 15, KIT exon 13, PDGFRA exon 12);
group Il (triple-negative, KIT exon 17, PDGFRA exon 14, PDGFRA exon 18 D842V); group Il (KIT 9, KIT 11, PDGFRA 18-non842). B,
OS5 according to the proposed molecular prognostic groups in the set of patients classified as low-moderate risk on the basis of the

AFIP/Miettinen criteria. C, OS according to the proposed molecular prognostic groups in the set of patients classified as high risk
on the basis of the AFIP/Miettinen criteria.
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Development and validation of a
prognostic nomogram for recurrence-
free survival after complete surgical
resection of localised primary
gastrointestinal stromal tumour: a
retrospective analysis

0 10 20 30 40 50 60 70 80 90 100
T T e e e ol

Points
Size (cm) I rl\ T N
0 b4 0 15 25 35 45
Mitotic index r @5/50 HPF
<5/50 HPF
Colon/rectum
Site Q‘ |
omach/other Small intestine
Total points FT LIl ITaIliITSIT IR GVET L B
0 20 40 60 80 100§ 120 140 160 180 200

Probability of 2-year RFS r A L T
90 80 70 6?0403020 10

PrObabilitYOfS'year RFS ] | e [, e T |
90 80 70605040302010

Gold et al. Lancet Oncol. 2009 Nov, 10(11):1025
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Adjuvant treatment after surgery?

~
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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.

Medizinische Universitat & LKH-Univ. Klinikum

Tumors > 2 cm

No history of otkermalignanc

0 10 20 & I W &0 70 0
7,95 mm? 40HPF
site gy isioce o 5mm2 25HPF

Points

Stomach Colon/Rectum

Size (cm)

Mitotic Index

0 1 2 3 4 5 6 7 8 910 12 1620 40 60 B0 100 120 140 160 180 200|

Total Points

10-year OS age <65

08 0.7 05 04 03 02 0.1

10-year OS age >65

05 04 03 02 0.1 0.01 0.001

Rossi et al AJSP Nov. 2011




Prognostic contour maps: 10-year RFS
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Resistance mechanisms in GIST

« 2/3 secondary aquired mutations

A/

¢ In 73-86% of pt. with KIT exon 11 primary mutations

\/

¢ In 19-33% of pt. with KIT exon 9 primary mutations

< 1/3 reactivation of KIT oncoprotein by other mechanisms
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Secondary Mutations

\V/ T
Exon 13 Exon 14 Exon 17 Exon 18

I I
Drug/ATP binding pocket 42.9%  Kinase activation loop 57.1%

® Exon 11 ® Exon 13
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Mutational heterogeneity in a single
metastasis and between metastases of
a patient

/

Liegl et al Journal of Pathology, 2008
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MORPHOLOGIC CHANGES UNDER
TKI THERAPY
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Common changes under TKI treatment

Hypocellularity

»» Fibrosis

» Myxoid changes
»» Necrosis

»» Report the percentage of
viable tumor cells

Comprehensive Cancer Center Graz |4
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Morphologic changes

» Spindel cell -> epitheloid morphology
» Pleomorphic GIST
» Dedifferentiated GIST

» Rhabdomyosarcomatous differentiation in GIST

COMPREHENSIVE
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Figure 3. The primary tumour was composed of spindle-shaped cells

Pauwels P, Debiec-Rychter M, Stul M, De Wever I, Van Oosterom AT, Sciot R.
Histopathology. 2005 Jul;47(1):41-7
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WT- KIT and
PDGFRA
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Am J Surg Pathol. 2013 March ; 37(3): 385-392. doi:10.1097/PAS.0b013¢31826¢1761.

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 Antonescu?l, Salvatore Romeo?, Lei Zhang!, Khedoudja Nafal, Jason L.

Hornick3, G. Petur Nielsen?, Mari Mino-Kenudson#4, Hsuan-Ying Huang?, Juan-Miguel
Mosquera®, Paolo A Dei Tos?, and Christopher D.M. Fletcher?3
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Dedifferentiated GIST

»» Reported 8 cases in imatinib treated (n=3) and untreated
patients (n=5)

» Abrupt transition from a classic CD117 —positive spindle cell
GIST to an anaplastic CD117 negative tumor

» IHC: expression of CK (n=4) and Desmin (n=1)
»» Molecular findings:




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

Antonescu et al: Am ] Surg Pathol.
2013 March ; 37(3): 385-392

Patient demographics, tumor characteristics and history of imatinib therapy

Agel
Sex

L ocation

Size
(cm)

Stage at
Presentation

M etastases

Pre-op
imatinib
therapy

23/M

Stomach

NA*

Liver mets

Liver, Peritoneal

Yes

40/F

Stomach

8

Peritoneal mets

Peritoneal

No

55/M

Stomach

18

Primary

No

No

48/M

Stomach

55

Peritoneal mets

Liver, Peritoneal

No

58/M

Rectum

6

Primary

No

No

53/M

Stomach

7

Locoregional LN

Peritoneal

No

60/M

Ol N|J]o|la |l |lwW]|DN]|F

Small bowel

7.5

Primary

Liver, Peritoneal

Yes

65/M

Colon

25

Primary

Peritoneal

Yes

M, male; F, female; NA*, not available, primary not resected, size unknown; LN, lymph nodes.

KIT exon13 V654A

KIT/PDGFRA genotype FISH P33
mutation
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 Normal ND
KIT exonl3 V654A

7B | KIT exon 11 V559G / Loss of one KIT copy ND
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Figure 3.
In one of debulking procedure for imatinib-resistant disease (A), in addition to the classic

spindle cell GIST component (B, 100 x) which was strongly positive for CD117 (C, 100 x),
there were areas composed of complex, anastomotic vascular spaces, lined by highly
atypical cells (D, 200x), which lost CD117 expression (E, 200 x) and instead were strongly
positive for CD31, in keeping with an angiosarcoma component (case#7).
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Rhabdomyosarcomatous differentiation in
GIST

ORIGINAL ARTICLE

Rhabdomyosarcomatous Differentiation in
Gastrointestinal Stromal Tumors After Tyrosine
Kinase Inhibitor Therapy

A Novel Form of Tumor Progression

Bernadette Liegl, MD,*{ Jason L. Hornick, MD, PhD,* Cristina R. Antonescu, MD,}
Christopher L. Corless, MD,§ and Christopher D. M. Fletcher, MD, FRC Path*
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TABLE 3. Summary of Mutational Analysis

Mutational Analysis

Case Anatomic Location Morphology Primary Mutation Secondary Mutation
1 Omentum (A) Spindle cell KIT exon 11 point mutation V559D ND
(heterozygous)
Omentum (B) Rhabdomyoblastic KIT exon 11 point mutation V559D ND
differentiation (heterozygous)
Liver Epithelioid KIT exon 11 point mutation V559D KIT exon 13 V654A
(heterozygous)
2 Omentum Rhabdomyoblastic KIT exon 11 deletion 556-574 ND
differentiation (homozygous)
Liver Spindle cell KIT exon 11 deletion 556-574 ND
(homozygous)
3 Abdomen/colonic Pleomorphic with KIT exon 11 point mutation V559D ND
mesentery rhabdomyoblastic (heterozygous)
differentiation
Mesenteric deposit Pleomorphic with KIT exon 11 point mutation V559D ND
rhabdomyoblastic (heterozygous)
differentiation
4 Left upper quadrant mass ~ Rhabdomyoblastic KIT exon 11 deletion 556-574 ND
(gastrosplenic ligament) differentiation (heterozygous)
Left upper quadrant mass  Spindle cell KIT exon 11 deletion 556-574 ND
(gastrosplenic ligament) (heterozygous)
S Stomach Epithelioid PDGFRA exon 18 deletion, KIT wild-type ND
Peritoneum Rhabdomyoblastic PDGFRA exon 18 deletion, KIT wild-type ND

differentiation e ——

ND indicates not detected; PDGFA, platelet-derived growth factor receptor o.

BRAF exon 15 V600E
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Morphology of
SDHB deficient Gist

Plexiform/multinodular
growth pattern
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Gist with a distinctive plexiform or
multinodular growth pattern located in the
stomach!
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SDHB deficient 34a female
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SDHB deficient 54 a female
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IHC +: KIT, DOG1

Comprehensive Cancer Center Graz
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Commonly epitheloid morphology
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SDHB deficient 54 a female
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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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Consider SDHB deficient GIST

» In the stomach

»» Predominantly in children and young adults — unifocal and
multifocal

»» SDHB IHC in all GIST (irrespectively of age) with
multinodular/plexiform growth

~
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In Summary SDHB deficient GIST

» Epitheloid morphology (mixed)

» KIT and DOG1 expression

» ,Dogma No” KIT, PDGFRA, BRAF, NF1... mutations

» Riskstratification according to Miettinen -> not working
» LK metastases common

»» Lymphovascular invasion can be seen

» Indolent clinically even if metastasized

» Imatinib resistent

» Association with CT and CSS

» Clinical implications




Molecular Classification of .~ gﬁgggegﬁg;;gmzﬁ
GIST e I

SDHB lost by IHC

A tlC Think of SDHB deficient gastric GIST
« in all patients <30a
DD RS - Gists with distinctive
D A multinodular/plexiform morphology
= irrespectively of age
L /)
R/ Consider Risk Stratification according to

Miettinen is not working
LN metastases can occur
Imatinib not working

Global tumor hypermethylation

~
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Malasular rlnccification Of

SDHB rEained by SDHB lost by IHC

Mutations |SDHA B,C,D . SDHC

KIT ' mutant epimutant Gist
PDGFRa Gist - (Promoterhype

BRAF | i rmethylation)
HRAS

| Carney Triad
NRAS | Carney-

Stratakis
-, A Syndorme

’M tat : ARID1B, ATR, FGFR1, LTK, SUFU .
et sttt o ba | tumor hypermethylation
Fusionen: FGFR1-HOOK3 ,FGFR1-TACC1, :

. ETV6-NTRK3, KIT-PDGFRA




KIT- Exon 8 (p.D419del)
KIT-Exons 9,11,13,17
PDGFRA-Exons 12,14,18

BRAF

HRAS
NRAS _30

NF-1

SDH A,B ,C,D ->3%
P16, PT53, RB1, NF1

Additional Mutations described:
ARID1B, ATR, FGFR1, LTK, SUFU,
PARK?2, ZNF217, EGFR..

Fusions:
FGFR1-HOOK3 ,FGFR1-TACC1,
ETV6-NTRKS3, KIT-PDGFRA




MUG GIST panel

&

gene chr transcript covered regions
KIT 4 NM_000222 Exon 8,9,11,12,13,17,18
PDGFRA WL 80 AL 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 f 11 NM_005343 hotspots

BRAF (A eL TR - NM_004333  hotspots

SDHA 5 NM_004168 full coding

SDHBT 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 NN ~ NM_000321 full coding

lon Torrent Ampliseq technology, 248 Amplicons
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IGV - Session: https://dgaintern.medunigraz.at/a/Diagnostik/2017/2017-12-07__GIST_v2__A581-2_A581-3

File Genomes View Tracks Regions Tools GenomeSpace Help

chr4:55,593,571-55,593,644 Go| B « » & O % 3 | Elnmmn i =

chra -

Human hgl9 ‘ -

bbp 55,593,550 bp 55,593,590 bp 55,593,600 bp 55,592,610 bp 55,593,620 bp 55,593,630 bp 55,593,640 bp
1 1 1 I I I I

[«

—_—

GIST_w2.1AD...nmerged.bed AMPL7153120750

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

Pat.1

Coverage

Pat.1

Sequence -
RefSeq Genes
Sequence -

[ehra:55.593.613

Comprehensive Cancer Center Graz 157
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IGV - Session: https://dgaintern.medunigraz.at/a/|

File Genomes View Tracks Regions Tools GenomeSpace Help

Human hgl9 ‘v chra ‘v chrd:55,593,576-55,593,649 Go B <« » @O % 2 | SR

TR T T u

PI62 533 pl531 pI5Z PI5-1 A az Gl GET a3 @Il o323 aze am e = a6 T e g2 a3 ALl T2z I3 a2l 322 323 g3 el @43 oI o2

75bp

55,593,580 bp. 55,593,590 bp. 55,593,600 bp 55,593,610 bp 55,593,620 bp. 55,593,630 bp 55,593,640 bp 55,593
i i i i i i i =
—— =

GIST_v3.201.. nmerged.bed
2 - ‘ AMPL7153120750

Pointmutation
- = KIT Exon 11 Codon 560

C
p.V560D
RefSeq Genes
KIT
) chr4:55524095-55600881
C d
Exon number: 11
Amino acid coding number: 560
chr4:55503582-55503708
http:/fwww.nchi.nim.nih. gov/gene?term=NM_000222
[Sequence
RefSeq Genes
Sequence
B tracks chr4:55,593,615

[r70m of 1.526m
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- 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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File Genomes View Tracks Regions Tools GenomeSpace Help

Human hg19 ‘v chra |- chr4:55,593,502-55.593,799 Go ft « » &M x . I o (=
T T T T T
162 PI533  pi5.3l  pISZ P15.1 PIT  pl3 Iz pol iz Qi1 GI3Z qa3 QL1 g2 o3 aZz a3 a2 = G26 @7 q281 qEE2  qze3 qILI @IL22  qIL3  qa2l  qaE3 4323 qE3 qibl Q343 51 gz
292 bp
bo bp 55,592,600 bp 55,592,700 bp 55,59
Il Il Il 1 Il
—_—
GIST_v2.1AD.. nmerged.bed
- g AMPL7 153120750

lon¥press_0...am Cowverage

_—
Sequence -
RefSeq Genes
Sequence -
L2 tracks loaded |chr4:55,593,670 [583M of 1,432M
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gnostik/2017/2017-08-16__GIST_v2_

File Genomes View Tracks Regions Tools GenomeSpace Help

Human hg19 ‘ chra ‘- chrd:55,593,577-55,593,725 Go ft « » &M= @ | | RN NRRRANINN [}
T T
P13 pl2z pll a3z, q32.2 q32.3 q33 g3+ 9343 9331 q35.2

140bp

55,593,620 bp 55,593,640 bp.
I I

55,593,660 bp. 55,593,630 bp 55,593,700 bp 55,593,720 bp
1 L 1 1

GIST_v2.14D...nmerged.bed

AMPL7153120750

lonXpress_0...am Coverage

A
—_—
Sequence =[CACAGAAACCCATGTATGAAGTIACAGTGGAAGGTITGT TGAGGAGATAAATGGAAACAATTATGT TTACATAGACCCAACACAACTTCCTTATGATCACAAATGGGAGTITTCCCAGAAACAGGCTGAGTITTTGGTICAGTATGAAACAGG G-
RefSeq Genes K I E K E E [ | T L H R G
KIT
Sequence = |CACAGAAACCCATGTATGAAGTACAGTGGAAGGTTGT TGAGGAGATAAATGGAAACAATTATGT TTACATAGACCCAACACAACTTCCTTATGATCACAAATGGGAGTTTCCCAGAAACAGGCTGAGTTTTGGTCAGTATGAARACAGGG
lL2 tracks loaded [ehra:55, 593,652

[731M of 1.432M




IGV - Session: https://dg

File Genomes View Tracks Regions Tools GenomeSpace Help

tern.medunigraz.atlaIDiagnostik1201712017—08—16--GIST.vZ--K9558—2-K9558—3—
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Human hgl9 ‘v

chra |v

chr4:55,593,577-55,593,725 Go Bt « » @O = @ | (=R
— T n
pls.33  plnal  pinz Pz pil i1 a2z eda 9203 a2z G283 @aLl @3zl qIE2 4323 a33 @3Nl G343 IS ez
149 bp
55,593,520 bp 55,593,600 bp 55,593,620 bp ss593600bp s5593.660bp sssazs20bp s5.592,700 bp sss9720bp
i i i i | i i f f

GIST_w2 1AD...nmerged bed AMPL7153120750

lon¥press_0...am Coverage

RefSeq Genes K E E | F T F

Sequence SCACAGAAACCCATGTATGAAGTACAGTGGAAGGT TGTTGAGGAGATAAATGGAAACAATTATGT TTACATAGACCCAACACAACTTCCTTATGAT CACAAATGGGAGTTTCCCAGAAACAGGCTGAGTTTITGGTCAGTATGAAACAGGG
E

Sequence = ((CACAGAAACCCATGTATGAAGTACAGTGGAAGGT TGTTGAGGAGATARATGGAAACAAT TATGT TTACATAGACCCAACACAACTTCCTTATGATCACAAATGGGAGTTTCCCAGAAACAGGCTGAGT TTTGGTCAGTATGAAACAGGG

ol

L

[L2 tracks loaded [chra:55,503, 654,
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File Genomes View Tracks Regions Tools GenomeSpace Help

IGV - Sessio

Human hglo ‘v chra

chr4:55,593,577-55,593,725

= A |

GIST_w2.IAD...nmerged.bed

55,593,550 bp. 55,593,600 bp. 55/593,620 bp. 55,593,640 bp. 55,593,660 bp 55,593,630 bp. 55,593,700 bp 55,593,720 bp
1 I 1 I L I 1 1 I 1

AMPL7153120750

lonXpress_0...am Coverage

RefSeq Genes
Sequence

_—
Tequence -

Insertion: A

CACAGAAACCCATGTIATGAAGTACAGTGGAAGGT TGT TGAGGAGATAAATGGAAACAAT TATGT TTACATAGACCCAACACAACTT CCTTATGAT CACAAATGGGAGTTTCCCAGAAACAGGCTGAGTITTITGGT CAGTATGAAACAGG G4
E K 7 Y | L i

KIT
CACAGAAACCCATGTATGAAGTACAGTGGAAGGT TGT TGAGGAGATAAATGGAAACAATTATGT TTACATAGACCCAACACAACTTCCTTATGATCACAAATGGGAGTTTCCCAGARACAGGCTGAGTTTTGGTCAGTATGAAACAGGG

[L2 tracks loaded Jchra: 55,593,655
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Eile Genomes View Tracks Regions Tools GenomeSpace Help

IGV - Session: https://dgaintern.medunigraz.at/a/Diagnostik/2017/2017-08-16._GIsT-v2-_k9558-2_kos58-3 | oo ox

Human hg19 chrd

®f <« 0= |

chr4:55,593,577-55,593,725 Go

|
GIST_v2.1AD...nmerged bed

55,593,500 bp 55,593,600 bp. 55,593,620 bp 55,593,640 bp. 55,592,660 bp. 55,593,620 bp.
1 L L I 1 L I I I

55,593,700 bp 55,593,720 bp.
1 1

AMPL7153120750

lonXpress_0...am Coverage

éequence

RefSeq Genes
Sequence

—_——————
CACAGAAACCCATGTATGAAGTACAGTGGAAGGTTGTTGAGGAGATAAATGGAAACAATTATGTTTACATAGACCCAACACAACTTCCTTATGATCACAAATGGGAGTTTCCCAGAAACAGGCTGAGTTTTGGT CAGTATGAAACAGG G|a|
T L F h

lonXpress_016_R_2018_05_08_10_00_11_user_Pr.. - & x
Insertion: CCAACACAAACTTCCTTATGATCACAATGGGAGTTTCCCAGAAAACAGG

lonXpress_016_R-2018.05.08_.10_-00_11_user_Pr.. - o x
Insertion: CCAACACAACTTCCTTATGATCACAAATGGGAGTTTCCCAGAAACAGG

RefSeq Genes

KIT
chr4:55524085-55606881
i NM_000222

KIT Exon11
p.573_588dup.

Exon number: 11

Amino acid coding number: 573
chr4:55503582-55503708
http: nchi.nim.nih

Pterm=NM_000222

K
CACAGAAACCCATGTATGAAGTACAGTGGAAGGTTGTTGAGGAGATAAATGGAAACAATTATGTTTACATAGACCCAACACAACTTCCTTATGATCACAAATGGGAGTTTCCCAGAAACAGGCTGAGTTTTGGTCAGTATGARACAGGG

L2 tracks [ehra:55.593 666

[o1m of 1,432
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Kit_Exon_11 Rils

Summary
NT Var...
Index
Reference

Refere. ..

KIT_Ex11_C_rev|

KIT_Ex11_C_fw|

L

TTGTTGAGGAGATAARATGGARACARATTATGTTTACATAGA

1708

678 1688 16598

W W E E I 0 G I I ¥ V T I

CCAARCACARACTTCCTTATGATCACAAATGGGAGTTTCCCAGARACAGGCYGASTTTTG

E T Q L F T D H K T E F F |38 ) 23 L 3 F

ITTGTTGAGGAGATAAATGGEARACAATTATGTTTACATAGA
TrTGTTGAGGAGATAARATGGEARACAATTATGTTTACATAGA
TTGTTGAGGAGATAARATGGEARARARCAATTATGTTTACATAG &

MMM\/W i

CCARCACAARCTTCCTTATGATCACARATGGEGAGTTTCCCAGAARACAGGCTGAGTTTTG
CCARCACARCTTCCTTATGATCACARAATGGEGAGTTTCCCAGAARACAGGCYGASTTTTG
CCARCACARCTTCCTTATGATCRACARATGGEGGAGTTTCCCG

AMMMMM\A MNADA s 40 6 nn

rTTGTTGAGGAGATAARATGGEARARACAATTATGTTTACATAGR

il [U\MMI\MM WWWWM

CCARCRACARCTTCCTTATGATCACARATGGEGAGTTTCCCRAGRAARCAGGCYGASTTTTG

1l

=

TTGTTGAGGAGATAARATGGEARACAATTATGTTTACATAGR

CCCARCACARCTTCCTTATGATCACARATGGEGAGTTTCCCAGARACAGGCYGASTTTTG

Duplication in KIT Exon11 ¢.1718_1765dup, p.P573_R588dup.

Comprehensive Cancer Center Graz
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Chromosome 4 KIT - Exon 11

chra
925 Q26 g28.1 qz22.3 q3L21 q3..32 q32.2 q33

ple.2 pl5.23 pl5.2 pls.l pla plZz qll ql3.1l ql3.2 q2L.22 a22.2 q24

306 bp

5,593,500 bp 55,593,600 bp 55,593,700 bp
I | |

unme I T T T T T
CHPZ_KIT_Z AMPLTLSZ120750

E Deletion

-
EIT

s | { TR E O nnnmnyynnmyyynmnynmn
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Molecular Diagnostic essential for treatment decission

737159.2017.1308826
GIST Diagnosis

GIST specific IHC:
DOG1+ CD117+

Gastric?

YES NO

SDHB IHC
KIT/PDGFRA
_ > sequencing
NEGATIVE POSITIVE
MUTATION NO MUTATION
SDH S|_.|bun|it Look for other driver ARID1B, SUFU 1
mutational mutations
testing ATR, FG FR].
Treatment with NF1, BRAF,
appropriate RTK KRAS, HRAS LTK, PARKZI
MUTATION NO MUTATION inhibitor sequencing Z N F2 1 7
14
Appropriate SDHC gene MUTATION NO MUTATION
treatment + genetic methylation
counseling + analysis
advanced screening - )
. RNA C
—— Appropriate sequencing for
treatment fusions
NO involving NTRK C
EPIMUTATION EPIMUTATION and FGFR
gene families
MUTATION NO MUTATION
Appropriate Retest when
treatment + new causes of
advanc_ed SDH-deficiency
screening are described
Appropriate Retest when

treatment new GIST

molecular

subtypes are
described
DA DITO
R PONa D, Pazobanib




Pathologist
are part of an

interdisciplinary
team treating
GIST

patients
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Statistics

» June 2017- July 2018

- 41 GIST NGS Analyses
- 25 KIT mutated cases (60,9%)
- 8 PDGFRa (19,5%)
SEBESOH A/BUC (12,2%)
_ 3 WT Gist (7,4%)
-> 2 by Sanger Sequencing long insertions/duplications in
Exon 11 of the KIT

(selection bias -> consultation material)
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Crenolanib

PDGFRA-mutant GIST BLU-285 (++)

Thera py:
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)
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Lack KIT and PDGFRA mutations
e 85% of GISTs in children
e 10% to 15% of GISTs in adults

~




\L

Sporadic
WT

KIT and PDGFRA WT Gist

Heterogenous Group

Pat. 6LD

NCCN Risk
Strat.

No LN
metastasis
Location (*)
Presentation(*)
Morphology(*)

(*)identical to
mutated GIST

S

-

WT Gist in
young adults
Similar
Clinical
features as
the pediatric
WT GIST

e Commonly
small intestine

* Multifocal

* Small

* Low mitotic
rate

* Good prognosis

* IGF1R neg./ IHC

e Loss of 14q and
22q

BRAF-
mut. GIST

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

COMPREHENSIVE
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%

Pediatric WT

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
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It is the only
enzyme that

participates
in both the

the electron

transport
Il chain

(complex II)

and the
Krebs cycle

Complex li

Inter-membrane Space

Inner Mitochondrial
Membrane

FADH 5

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

oxidative

dehydro-

genation
of

succinate
fo
fumarate



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
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Unique clinical behavior

and biology

Cancer Res 2007; 67: (19). October 1, 2007
I

R

Pediatric KIT-Wild-Type and Platelet-Derived Growth Factor
Receptor a—Wild-Type Gastrointestinal Stromal Tumors Share
KIT Activation but not Mechanisms of Genetic Progression
with Adult Gastrointestinal Stromal Tumors

Katherine A. Janeway,”' Bernadette Liegl,"”” Amy Harlow,” Claudia Le,’ Antonio Perez-Atayde,”

Harry Kozakewich,z‘ Christopher L. Corless,””* Michael C. Heinrich,””* and Jonathan A. Fletcher™*'

Pediatric KITand PDGFRA wild-type

1y, Dana-Farber Cancer Institute; ‘Department of
thology, Medical University, Graz, Austria; and
ence University and *Portland VA Medical

2008 May 15; 14(10): 3204-3215. doi:10.1158/1078-0432.CCR-07-1984.

Molecular Characterization of Pediatric Gastrointestinal Stromal
Tumors

Narasimhan P. Agaram?, Michael P. Laquaglia?, Berrin Ustunl, Tianhua Guol, Grace C.
Wongl, Nicholas D. Socci4, Robert G. Maki3, Ronald P. DeMatteo?, Peter Besmer®, and
Cristina R. Antonescul®




BIVIC Medical Genetics aio-v-ea) Centa

Research article

Mutation analysis of SDHB and SDHC: novel germline mutations in
sporadic head and neck paraganglioma and familial paraganglioma
and/or pheochromocytoma

Jean-Pierre Bayley!, Ivonne van Minderhout!, Marjan M Weiss!,

Jeroen C Jansen3, Peter HN Oomen4, Fred H Menko>, Barbara Pasini®,
Barbara Ferrando®, Nora Wong??, Lesley C Alpert8?, Rosie Williams!©,
Edward Blairll. Peter Devileel.2 and Peter FM Taschner*1

Genetics of Carney Triad: Recurrent Losses at
Chromosome 1 but Lack of Germline Mutations in Genes

Associated with Paragangliomas and Gastrointestinal Clinical and molecular genetics of patients with the
Stromal Tumors Carney—Stratakis syndrome and germline mutations

of the genes coding for the succinate dehydrogenase
Ludmila Matyakhina, Thalia A. Bei, Sarah R. McWhinney, Barbara Pasini, Silke Cameron, Subunlts SDHB, SDHC, and SDHD

Bastian Gunawan, Sotirios G. Stergiopoulos, Sosipatros Boikos, Michael Muchow, Amalia Dutra,
Evgenia Pak, Elias Campo, Maria C. Cid, Fulgencio Gomez, Rolf C. Gaillard, Guillaume Assie,

Laszlo Fiizesi, Bora E. Baysal, Charis Eng, J. Aidan Carney, and Constantine A. Strataki o , T (o : -
St R o EY FLEE CELTIZ, CHE CRIMEImD ratas Barbara Pasini®®, Sarah R McWhinney?® Thalia Bei®, Ludmila Matyakhina®

Sotirios Stergiopoulos®, Michael Muchow? Sosipatros A Boikos®, Barbara Ferrando?,
Karel Pacak® Guillaume Assie®>*%, Eric Baudin® Agnes Chompret’, Jay W Ellison &,
Jean-Jacques Briere®°, Pierre Rustin ®°, Anne-Paule Gimenez-Roqueplo 121316,
Charis Eng®**€, J Aidan Carney>*®and Constantine A Stratakis *>°

Carney Triad: Gastric GIST, pulmonary chondroma, paraganglioma

Carney-Stratakis Syndrome: Gastric GIST and paraganglioma



A ’ H&E
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KT N N\ W & o KIT mutant Wildtype

Mutant

SDH
Mutant

Pediatric &’“ “ﬁ éy&‘ ,A:} ¥
Wildtype 8 ls.‘ o AK S
hw\ g :
T Janeway at al PNAS

2011

Defects in succinate dehydrogenase in
gastrointestinal stromal tumors lacking
KIT and PDGFRA mutations

Katherine A. Janeway*'?, Su Young Kim™', Maya Lodish’, Vania Nosé®, Pierre Rustin®, José Gaal’, Patricia L. M. Dahia®,
Bernadette Liegl", Evan R. Ball', Margarita Raygada', Angela H. Lai?, Lorna Kelly!, Jason L. Hornick®, NIH Pediatric and
Wild-Type GIST Clinic"™"?3, Maureen 0'Sullivan*®, Ronald R. de Krijger', Winand N. M. Dinjens’, George D. Demetr,
Cristina R. Antonescu®, Jonathan A. Fletcher®, Lee Helman®, and Constantine A. Stratakis"

314-318 | PNAS | January 4,2011 | vol. 108 | no. 1
MUSS] | il
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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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SDHB IHC in GIST

SDHB Positive
,retained"

@ All mutated Gists
KIT, PDGFRA,
BRAF, NF1..

® Wt-Gist in adults

® Gist in NF1

SDHB Negative

,deficient”

< Wt-Gist in adults
< Wt- Gist in children
< Gistinalw CT

< Gist in a/lw CSS
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SDHB IHC in GIST

SDHB Positive SDHB Negative
,retained" ,deficient™

@ All mutated Gists <> Wt-Gist in adults
KIT, PDGFRA, < Wt- Gist in children
BRAF, NF1.. < Gistina/lw CT

® Wt-Gist in adults < Gist in a/w CSS

o Gist in NF1 27% 5.3

LYoung Adult® (7%
“ children und 40% adults
30-50a)
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SDHB +SDHA Young Adult" @ Tl

Medizini:

=) Small persentage of WT Gist in children

negativ
Gist Rest adults 30-50a.

27% of SDH deficient GIST

Germline SDHA mutations

Second hit: usually somatic allelic loss or

somatic second mutation

VIODERN PATHOLOGY (2013) 26, 289-294

5 2013 USCAP, Inc. All rights reserved 0893-3952/13 $32.00

Loss of expression of SDHA predicts SDHA
mutations in gastrointestinal stromal tumors

Andrew ] Wagner!, Stephen P Remillard?, Yi-Xiang Zhang', Leona A Doyle?,
Suzanne George® and Jason L. Hornick?
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Original Investigation

Molecular Subtypes of KIT/PDGFRA Wild-Type
Gastrointestinal Stromal Tumors

A Report From the National Institutes of Health
Gastrointestinal Stromal Tumor Clinic

Sosipatros A. Boikos, MD; Alberto S. Pappo, MD; J. Keith Killian, MD, PhD; Michael P. LaQuaglia, MD;

Chris B. Weldon, MD; Suzanne George, MD; Jonathan C. Trent, MD, PhD; Margaret von Mehren, MD;

Jennifer A. Wright, MD; Josh D. Schiffman, MD; Margarita Raygada, PhD; Karel Pacak, MD, PhD; Paul S. Meltzer, MD, PhD;
Markku M. Miettinen, MD; Constantine Stratakis, MD, DSci; Katherine A. Janeway, MD; Lee J. Helman, MD

JAMA Oncology Published online March 24,2016

NIH wt-Gist clinic: 116 patients inclusion criteria younger than

19a or wt-KIT/ PDGFRa.
From 95 pt. adequate tissue was available
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Datengenerierung

Sequenzdaten BAMfiles
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Variant calling

Vv

Annotation




COMPREHENSIVE
krebszentrum GRAZ

Medizinische Universitat & LKH-Univ. Klinikum

chra el
pl6.2 pl5.33 pl5.2 pl5.1l pla plZz qll ql3.1 ql3.3 q21.22 q22.2 Q24 qZ5 q26 q28.1 q28.3 q3L21 q3L3 q32.2 q33 q34.3  g35.
= 153 bp -
55,593,530 bp 55,593,600 bp 55,593,620 bp 55,593,640 bp 55,593,660 bp 55,593,680 bp 55,593,700 bp 55,593,7
| | | | | | | | [ o
-
GIST_v3. 20120109 detail unrme =
{==2] AMFL7153120750 |
10 - 42223] =
Cowerage (=]
LT T T u
P atient 1
Sequence -

Refseq Genes

Sequence -

~




. COMPREHENSIVE
CANCER CENTER

‘ Krebszentrum GRAZ

Medizin ische Universitat & LKH-Univ. Kliniku

Limitations

- We are aware of limitations of NGS to detect large
Insertions/Deletions =>in all KIT negative GISTS we
addltlonally test KIT Exon 11 by Sanger Sequencmg

N o o egem ge— o — 4 a w=

le48 1658 1668 1678 1688

ARACCCATGTATGAAG L ﬂrnsissmnes GTTgQAGGAGATAAATGGRARACAA-TALgLTL S|CAL agack
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Discuss the first 3 cases

» All of them are GISTs

»» Case 1 adult (age of typical sporadic GISTS)

— Cave if multinodular plexiform infiltrating think of SDHB deficient
GIST - cost effective tool to know that you are dealing with a WT-
GIST. SDHB deficient Gist only occur in the stomach...

» Case 2 kid --- pediatric Gist most commonly WT and SDHB
deficient --- mainly female - CT - CSS - follow up = LN
Metastases!

»» Pleomorphic GIST ---- Exon 11 deletion + p53 and RB1
mutation

Comprehensive Cancer Center Graz 176
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Gl-Clear Cell Sarcoma-like
Tumor

(Malignant gastrointestinal
neuroectodermal tumor (GNET))

~




Molekularpathology:
t(12;22) with ATF1-EWSR1 or
t(2;22) with CREB1-EWSR1
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RESEARCH ARTICLE

Expression of cell cycle regulators and
frequency of TP53 mutations in high risk
gastrointestinal stromal tumors prior to
adjuvant imatinib treatment

Michaela Angelika Ihle'®, Sebastian Huss?* *, Wiebke Jeske', Wolfgang Hartmann?,
Sabine Merkelbach-Bruse', Hans-Ulrich Schildhaus?, Reinhard Biittner', Harri Sihto*,
Kirsten Sundby Hall®, Mikael Eriksson®, Peter Reichardt’, Heikki Joensuu®,

Eva Wardelmann?
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Pathology, University Hospital Minster, Miinster, Germany, 3 Institute of Pathology, University Hospital
Gottingen, Géttingen, Germany, 4 Laboratory of Molecular Oncology, Translational Cancer Biology Program,
University of Helsinki, Helsinki, Finland, 5 Department of Oncology, the Norwegian Radium Hospital, Oslo
University Hospital, Oslo, Norway, 6 Department of Oncology, Skane University Hospital, Lund University,
Lund, Sweden, 7 HELIOS Klinikum Berlin-Buch, Berlin, Germany, 8 Department of Oncology, Helsinki
University Hospital and University of Helsinki, Helsinki, Finland
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