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Gastrointestinal Stromal Tumors (GIST)
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Courtesy of Dr. C. Corless.
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[1~95% of reported cases of GIST
are positive for KIT (CD117)

[1 Other markers often positive In
GIST

OCD34
(mesenchymal/hematopoietic
precursor cell marker)

BPositive in 60%206-70%0
O Smooth-muscle actin

BPositive In 15%26-60%0
0S-100

BPositive In 10%0

Different KIT staining
patterns in GIST

Courtesy of Dr. C. Corless.
Miettinen and Lasota. Virchows Arch. 2001;438:1.



DOG1 Antibody in the Differential Diagnosis of
Gastrointestinal Stromal Tumors
A Study of 1840 Cases

The overall sensitivity of DOG1 and KIT in GISTs was nearly identical: 94.4% and
94.7%

Negativity for both DOG1 and KIT was observed in 2.6% of GISTs of Gl tract.

Approximately half of KIT-negative GISTs were positive for DOG1, and just half of
DOG1-negative GISTs were KIT-positive.

These results indicate that use of both markers together is beneficial in problem
cases, such as tumors with unexpectedly KIT-negative or positive results.

Miettinen M. et al: Am J Surg Pathol 2009;33
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Paired examples of DOG1 (upper row) and KIT immunostaining (lower row) in 4 GIST. A, Gastric
sclerosing epithelioid GIST and another gastric epithelioid GIST are positive for DOG1 and negative for
KIT. Note positive mast cells in lower panel of B. C, Gastric hypercellular spindle cell GIST negative for
DOG1 and positive for KIT. D, Small intestinal GIST negative for DOG1 and positive for KIT. Note the
perinuclear dot-like KIT immunostaining in this case.

© 2009 Lippincott Williams & Wilkins, Inc. Published by Lippincott Williams & Wilkins, Inc. 2



GIST Risk Assessment: NIH/NCI Consensus Criteria

Risk for recurrence

High

Mitotic count

>5cm >5
>10cm Any

Any >10



GIST Risk Assessment: AFIP Classification 2006
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=10 cm =5 All 86-90
*Before imatinib era; tinsufficient statistical power, low number of patients



Factors in Risk Stratification
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Other important risk factors:
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Gastrointestinal stromal tumor, uncommitted type, with monosomies 14 and 22 as

the only chromosomal abnormalities Casorzo et al. Cancer Genet Cytogenet. 1998 Apr 15;102(2).
“Monosomies of chromosomes 14 and 22 are early events in the malignant transformation of the
mesenchymal cell-originating gastrointestinal stromal tumors”.

DNA sequence copy number changes in Gl stromal tumors: tumor

progression and prognostic significance. E/-Rifai. Cancer.Res.2000

Several DNA copy number changes are related to the behavior of GISTs and can be used
as prognostic markers for tumor progression.

Biological and clinical significance of cytogenetis abnormalities in

low-risk and high-risk Gl stomal tumors. B.Gumawan. Hum. Pathol. 2002

Loss of chromosome 14 and/or 22 is an early change in GIST tumorigenesis irrespective
of site or differentiation, whereas malignant transformation and progression of GISTs
appear to be associated with an increasing incidence of additional secondary aberrations.



Gain-of-Function Mutations of c¢-kit in Human
Gastrointestinal Stromal Tumors

Seiichi Hirota,” Koji Isozaki,” Yasuhiro Moriyama,
Koii Hashimoto. Toshirou Nishida. Shinao Ishiauro.

In 1998, Seiichi Hirota and colleagues made the landmark discovery that the
majority of GISTs harbor an activating mutation in the KIT oncogene.

KIT encodes the KIT receptor tyrosine kinase, which is the receptor for stem cell
factor (SCF).

Binding of SCF to KIT induces KIT dimerization and activation



...dfter three weeks of STI571 treatment, histologic examination of the liver metastasis
showed myxoid degeneration and a few pyknotic cells, no staining for Ki-67, and only
a few, scattered CD117-positive cells ...
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Genomic structure of the KIT gene in relation to the functional domains of
KIT protein. SP, signal peptide sequence; EC, extracellular (Ig-like) domains |-
V; TM, trans-membrane domain; JM, juxta-membrane domain; TK, tyrosine
kinase domain.

Antonescu C. The Journal of Pathology 2010



KIT ligand : stem cell
growth factor

The binding of stem cell factor
to KIT results in receptor
homodimerization

and resultant activation of
tyrosine kinase activity and
downstream intracellular signal
transduction pathways
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Corless & Heinrich, Annu Rev Pathal 2008 3.557.536
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Imatinib is a competitive
inhibitor of ATP binding and blocks

kinase enzymatic activity. A
Savage et al. N Endl J Med, 2002;346:653.693

Scheden el al Oncogome 002,21 3314-3333




Imatinib responsive GIST

Microscopic appearance of the liver metastasis from Figure 3, showing a low-
cellularity spindle-cell GIST with increased fibrous stroma and no mitoses (A, B).
The KIT expression was weak and focal (C), while the Ki67 proliferation index

confirmed the lack of mitotic activity (D).



75-85% GISTs harbor activating mutations in KIT gene (Exon 11=65%;
Exon 9=15%; Exon 13 and 17= 1,5%)

In ~10% of GISTs, the KIT gene is normal but there is a mutation in the platelet-
derived growth factor receptor alpha gene,PDGFRA, a type lll receptor tyrosine
kinase, like KIT (Exon 18=4% mut; Exon 12= 0,8 mut; Exon 14= 0,3 mut).

Mutation in one of two receptor tyrosine kinase (RTK) genes (KIT and PDGFRA)
is a key event in the pathogenesis of most GISTs.

Subsequently, demonstration of a KIT or PDGFRA mutation is being used
increasingly to supplement morphological and immunohistochemical assessment
for diagnosing GIST, and has indeed been advocated as the gold standard for
making such a diagnosis.

About 10% of GISTs are Wild Type (no KIT or PDGFRA mut.)



Imcreased prolie ration

Based on the location, these mutations could be divided in:
1) mutations of the receptor regulatory domain (EC and JM)
2) mutations of the enzymatic domain (TK1 and TK2)
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Clinical significance of oncogenic and mutations in
gastrointestinal stromal tumours

Examples of complex KIT exon 11 mutations: deletion—insertion (A),
deletion—inversion (B) and duplication with deletion—insertion (C).
Deleted sequences are indicated by clear boxes on KIT-WT (wild-type).
Inserted sequences are red in KIT-MT (mutant). Duplication is marked
by a grey box. A silent mutation is indicated by a black box.
Histopathology (53), 3, 2008
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Two Categories of KIT and PDGFRA Mutations in GIST

(i) mutations diagnosed in primary tumours before treatment with a TK
inhibitor, linked to GIST pathogenesis: primary KIT and PDGFRA mutations

(i) mutations detected during treatment causing resistance to imatinib-based
TK inhibition: secondary KIT and PDGFRA mutations
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MAIJOR POINTS OF INTEREST

KIT exon 11 mutations predict for a better in vivo primary response to imatinib than KIT
exon 9 mutations, a wild-type genotype and certain PDGFRA exon 18 mutations
(particularly the D842V mutation)

While KIT exon 9 mutations produce relative resistance to imatinib therapy, this
resistance might be overcome by dose escalation (from 400 to 800 mg daily)

The genotype profile associated with primary resistance to sunitinib is almost the
opposite of that for imatinib: KIT exon 9 mutations and a wild-type genotype predict for
a better response to sunitinib than KIT exon 11 mutations

However, there are some mutations, in particular the PDGFRA D842V mutation which
predict for primary resistance to both imatinib and sunitinib, at least in the in vitro
setting



Location and biochemical properties of secondary KIT kinase mutations in TKI-resistant GIST.
The location of primary KIT kinase mutations is shown on the left-most stick figure.
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Gramza A W et al. Clin Cancer Res 2009;15:7510-7518
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PRIMARY and DELAYED IMATINIB RESISTANCE

Most GIST patients (65% to 70%) respond to imatinib, and another 15% to 20% obtain disease
stabilization.

Approximately 15% of all GISTs are primarily resistant to imatinib and thus the tumor
continues to grow.

Causes of primary resistance: 1) KIT/PDGFRa wild type; 2) Exon 9 mutation; 3) PDGFRa D842V
substitution

An additional 50% of patients will go on to develop imatinib resistance within 2 years, after
enjoying a partial response or at least disease stabilization during initial follow-up.
These patients are classified as having delayed resistance.

Delayed (secondary) resistance is mainly due to: i) secondary mutations of the KIT or PDGFRA
gene (70%—80%); ii) overexpression of KIT and/or an increase in the copy number of mutated
KIT (10%); iii) gain of new but unknown proliferation mechanisms with a concomitant loss of
KIT control (10%).

Secondary mutations and overexpression of KIT are generally termed “target resistance” and
the last resistant mechanism with other newly activated systems is generally termed
“biological resistance”, where KIT expression has disappeared and tumors show the
morphological appearance of rhabdomyoblastic differentiation including the expression of
desmin



The incidence of secondary mutations was greater in GISTs with initially imatinib sensitive
mutations, i.e., GISTS with KIT exon 11 and PDGFRA exon 12 mutations, than in GISTs with
the less-sensitive mutation, KIT exon 9

Secondary mutation in the kinase domains is accompanied by concomitant re-activation of
the corresponding tyrosine kinase even in the presence of imatinib.

Secondary mutations also have hot spots, including KIT exon 13 (codon 654); exon 14 (codon
670); exon 17 of codons 809, 816, 820, 823, and 829; and PDGFRA exon 14 and exon 18



MNAZZK MBZ22K MNBZ22K
(AAT to AAA) (AAT to AAA) (AAT to AAG)

Histologic and molecular correlates of multifocal clonal resistance. A GIST

lesion was surgically removed from a patient who responded to imatinib. The
lesion was largely acellular, but harbored four microscopic foci of viable tumor,
each of which had a secondary mutation in KIT exon 17 (N822K). Interestingly,
there was mutational heterogeneity in the N822K mutations evident at the
nucleotide level (AAT - AAA in three lesions, AAT - AAG in top right lesion). It is
presumed that each of these foci represents an independent clone of resistant

cells.
Gramza 2009



Microscopic appearance of an imatinib-resistant GIST, showing high cellularity and
mitotic activity (A); KIT expression was diffuse and strong (B), while Ki67 showed a
high proliferation index.



V600E BRAF mutations are alternative early molecular
events in a subset of KIT/PDGFRA wild type
gastrointestinal stromal tumours
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IGF1R expression in GIST biopsies.
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TREATMENTS UNDER INVESTIGATION




Vemurafenib Inhibits BRAFV600E Kinase




Regorafenib in GIST Following Failure of
Imatinib and Sunitinib: Overall PFS



Crenolanib (CP 868-956)
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achievable concentrations, even in the presence of the
T6741 mutation!a!

* Crenolanib may be effective for GIST patients with
primary or secondary PDGFRA D842V mutations who
are resistant to imatinib, sunitinib, and other TKIs[?]

FUDOIMA WVOSLV HHTULAQLIVvI] 1o LUl Siiuy Ciliiwviiniag

patients!®!



FUTURE PERSPECTIVES
Activated KIT Cell membrane
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The transcription factor ETV1 acts downstream of the RAS/RAF/MEK pathway and
can directly regulate gene expression. Families harbouring germline activating KIT
mutations and mice with knock-in Kit mutations almost exclusively develop ICC
hyperplasia and GIST suggesting that the cellular context is important for KIT to
mediate oncogenesis. The ETS family member ETV1 is highly expressed in the
subtypes of ICCs sensitive to oncogenic KIT mediated transformationg, and is required
for their development.

Chi et al. Nature 2010



WHAT AM | DOING HERE?

B.Chatwin 1988




.....HE DIAGNOSIS
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Histology and immunohistochemistry remain a crucial tool,
particularly for distinguishing GIST from its mimics



“..The pathologist has the unique
opportunity of bridging the gap
between the manifestations of
disease and its causes, and he
should take advantage of this
circumstance making
fundamental contributions

L. V. Ackerman




