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What’s going on in the GIST research world?
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Ricci R et al., Virchows Arch 2013
* clinical trials * p53, cell cycle
* predictive/diagnostic biomarkers  * epigenetics, microRNA (ETV1)
* immunohistochemistry * immunology

« CINSARC, aurora A
wt/pediatric GIST

« SDH expression/mutation
 IGFR

therapeutic (anti-KIT Ab, reg.
T-cells, NK cells)

prognostic (immune infiltrate,
neutrophil-lymphocyte ratio)




Pathway to Cure GIST
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Pathway to Cure GIST

(and how to tackle the problem)

basic biology

predictive biomarkers

new therapeutic targets

new therapies




How did this KIT thing work again?



KIT signal transduction
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KIT signal transduction - inactive

KIT

cell membrane




KIT signal transduction - activation

cell membrane




KIT signal transduction — active

2
-

SCF X SCF

cell membrane

g

R
i
/ I

|

N/ e NI/

Transcription

Translation ~ -
| ~

I \\ \ -
-
‘ RN \4 A~

—_—— - —— > | Survival | Growth 1}




KIT signal transduction - inactivation
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KIT signal transduction - inactivation
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Mutant KIT signal transduction

cell membrane
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Mutant KIT signal transduction
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Inhibition of KIT signal transduction

cell membrane

Imatinib

(Gleevec)
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KIT signal transduction
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one more thing...



How does a cell function?
(from DNA to protein)
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Pathway to Cure GIST

(and how to tackle the problem)

basic biology

predictive biomarkers

new therapeutic targets

new therapies




Basic Biology of GIST



GIST stem cells

Hypothesis:
KITowPDGFRAPYCD34* ICC stem cells
cause GIST resistance to TKls

« constitutively activating KIT
mutations increase ICC stem cell
numbers

« transformed ICC stem cells give rise
to KIT'ow= GIST-like tumors - similar
to those found in some long-term
imatinib-treated patients

« |CC stem cells are insensitive to
imatinib

Bardsley MR et al., Gastroenterology 2010




“transcription factor”

highly expressed in
- GIST
- |CC (“interstitial cells of
Cajal”)
needed for ICC/GIST
development
regulated by KIT
potential therapeutic target

ETV1

Activated KIT Cell membrane

Chi P et al., Nature 2010
Heinrich MC and Corless CL., Nature 2010 [editorial]




 So... You say to Vbur"selﬁ;; What the heck is ETV1?
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DOG1 in GIST

diagnostic marker

co-regulated with but not
dependent on KIT

specific target, because
highly expressed

tumor growth partially
dependent on DOG1

biochemical inhibitors with
iImproved selectivity needed

GIST-T1 xenograft

— SCR

= =shDOGT . /- }
*

Simon S et al., Cancer Res 2013




GIST whole genome (sequencing) studies

Goal: to identify additional mutated genes in GIST that can be
targeted therapeutically or serve as biomarkers

« MDACC ETr—
« whole genome copy nhumber e T [ =
aberrations (CNA; array CGH) ol N Bl .
- whole genome gene expression C ol Pl 2 )
* 42 GIST vs. 30 LMS e ==
« Med. Uni. Vienna R
« whole genome CNA (SNP array) s
« whole exome sequencing VipééJ ot i, Cancer 2011

focusing on target regions
« 29 GIST (CNA), 13 exome

« OHSU
* unbiased whole exome
sequencing
« GIST primary tumors and cell
lines

« 18 GIST patients, 4 cell lines

Corless CL, Heinrich MC, personal communication




Biomarkers



CINSARC GIST study

Goal: prognOStIC markers for Gl = Alt?/ nb of altered chr.
clinical outcome

CINSARC(Complexity INdex in
SARcomas) signatures and
tumor Genomic Index (Gl)

more sensitive in prediction . _ .
Miettinen classification CGH-Genomic Index
recurrence than current I

histopathologic risk scheme f
Gl index is an independent f

prognostic factor

identifies poor prognosis
patients in intermediate-risk
group

Frozen Tissue JEECEEEEES

FFPE bloc SR pam- e t—Smame—den—sr = pa s e

Lagarde P et al., Clin Cancer Res 2012



free circulating tumor DNA

free DNA (- not inside a cell)
. . . B m LINE1 —4—Fraction of mutant allele ——Trend (LINE1)
circulating in the blood -

increased in cancer patients

 dying cells inside a tumor

disintegrate and release DNA  § " . 5 »

- live tumor cells can get into /\—/

bloodstream, but disintegrate
there

detected with highly sensitive

techniques

« mutated KIT as low as 0.01%
(1 in every 10,000!)

1.00E+07 " 1.00

[DNA fragments/2 pL]

Mutant allele [%]

Maier J et al., Clin Cancer Res 2013

complete “liquid biopsy”
- heterogeneity of tumors and metastases in GIST!




New Therapeutic Targets



ROR2 as therapeutic target in GIST

receptor tyrosine kinase C ROR2HC D Relative Invasion

%51 | + pControl
M + pROR2
*k

(ligand = Wnt5)

3.01

2.51

2.01

enhances invasion in vitro
(GIST and LMS)

1.01

0.51

knockdown inhibits invasion

0.0-

and decreases tumor size in GISTes2 GIST882
xenografts

B Tumor \ﬁ\gii?ht (9) c
expression level correlates with L *‘
outcome 1T “

0.15

v
* v v
v
0.10 »
v
i v
v

ROR2
shRNA #1

(high ROR2 = poor outcome)

0.05

therapeutic target in GIST

Control ROR2 ROR2
shRNA  shRNA#1 shRNA #2

Edris B et al., J Pathol 2012



The Notch pathways as therapeutic target in GIST

 neural function and
development

-2 ICC?

Serrate

—a proteolysis

 cell-to-cell signaling
* receptor on one cell
« ligand on second cell Wikipeds

o cell pl’Ol iferation GIST-T1 GIST882 GIST48IM

Time since transduction (days)

Dumont AG et al., Carcinogenesis 2012



The DREAM complex as therapeutic
target in GIST

imatinib Ieao!s_to a reversible mammalian DREAM complex
cell cycle exit in GIST cells (DP, RB-like (p130), E2F and MuvB=LIN)
(tumor cell “sleep”)

cells are not dividing or growing
— BUT are metabolically active

and not dead oF
potential reservoir for resistant
CIO nes E2F target gene
Key molecular regulator: L
harmine - -+ |+
DREAM complex —
PARP s e
. . 3 2 e D
can be targeted therapeutically ° °""Sp""s163o | |
p o B R

to enhance apoptotic effect of
imatinib

actin e o o

Boichuk S et al., Cancer Res 2013




Targeting the ubiquitin-proteasome

machinery in GIST

the FDA-approved proteasome
inhibitor bortezomib (Velcade®)
induces apoptosis in GIST cells

(Bauer S et al. Cancer Res. 2010)

new therapeutic option for GIST
patients, BUT suboptimal
pharmacokinetics

second-generation proteasome
iInhibitors
« drug X:
- FDA-approved for
multiple myeloma (MM)
« drug:
- Phase Il for MM

drug X

GIST430
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Duensing Lab, work in progress




High-throughput gene knockdown studies
siRNA/shRNA library screens

siRNA libraries GIST cells
focus on whole M g y fOClIJQSI C,fn
genome =0 ruggs e” gene
approaches ‘ sSubgroups
apoptosis
cell viability

|

Goal: identify important survival genes in GIST
besides KIT/PDGFRA



High-throughput gene knockdown studies
siRNA/shRNA library screens

. cDCc37

genome-wide screen RPsis
PSMA3

. CDC37 EiF3s10

GIST882

 crucial cofactor for KIT
expression

 interacts with oncogenic
KIT

* regulates expression and
aCtivation Of KIT and Essential in cancer cells

downstream signaling
inte rm ed iates a pLKO.1 CDC37 shRNA2 CDC37 shRNA1

 knockdown leads to KIT
inhibition
» promising target for
inaCtivating KIT I]HT llll[llll IIII[HII IIII]THI FTTTITTIT lllllllll IIH]

Marino-Enriquez A et al., Oncogene 2013




New Therapies



Regorafenib (Stivarga®)

oral multikinase inhibitor
- KIT, PDGFR, FGFR,
VEGFR2/3, TIE-2, B-RAF s voons ey
significant activity in patients i M Su REGO
with advanced GIST onts i vesss 0 B W

FDA-approval a5 o L
PP
Exon 11:70% — >
. _ xon13: 1% —> D816E H B N
potent inhibitor of KIT exon 11 B N B
mutations . .
significant activity against KIT | s

exon 17 (activation loop)
secondary mutations

less active against KIT exon 13
(V654A, ATP-binding pocket)
mutations than SU e e, Laneet 3073




PI3K inhibitor GDC-0941

significant reduction in tumor
volum_e a!one and_ in
combination with imatinib

higher histological reponse in
combination treatment arm,
especially apoptotic activity

no tumor re-growth after
treatment discontinuation in
the combination treatment arm

combination treatment
(imatinib + GCD-0941) yields
long-lasting effect (in mice!)

100%
90%
80%
0%
60%
50%
40%
30%
20%
10%

0%
270 % uek oA T oda o A oda S ont Aed A i A 1a# Sl

Imatinib alone

N

Combination

Grade 3 histologic
response in

a combination
treatment

KIT/CD117

Floris G et al., Clin Cancer Res 2012




KiIT-specific compounds against
gatekeeper mutation (T670I)

In silico-mutated KIT T670l
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Combined Therapies for GIST

Gleevec

T B2

Nature Reviews | Cancer

modified after Taylor BS et al. Nat Rev Cancer 2011



Combined Therapies for GIST

Smoothened EROB family inhibitors IGF1IR POGF specific Tyrosine kinase VEGF inhibitors
Inhibitor * Gofitiniy Inhibitor o Inhibitors * Bevacirumab
GOC 0449 * Erdotinib IMC-AL2 IMC- 3G * Imatish * PFTC299

' o Tastusumahy

* Panitumumaby :mtm
D | 1 | l l / 1} s l
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RAF ¥

* PLX4032 —co

* RAF265

« X1L281 ! «PDO325001 | mTOR inhibitors

* Sarafend * AZDOG244 * Sirolimus inhibitors

« HSPOO ° b= *RDEAILD * Temisirolms _‘o * MX2206 «YAYE
inhibitors * XLS18 | ¢ Everolimus | |

- 14 L - BCL-2 inhibitors
* BH3 mimetics
o — b °l— * ABT-737
. @ ®I\ * ABT-263
HOAC inhibitors

« PXD101
* PCI-24781
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Nature Reviews | Cancer

modified after Taylor BS et al. Nat Rev Cancer 2011



Combined Therapies for GIST

Smoothened RO family inhibitors IGF1IR POGF specific Tyrosine kinase VEGF inhibitors
Indhibitos * Gohtiniy Inhibi body Inhibitors * Bevacirumab
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Nature Reviews | Cancer

modified after Taylor BS et al. Nat Rev Cancer 2011



Combined Therapies for GIST
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Rubin BL, personal communicaiton

The combination of imatinib, a PI3K inhibitor and a MAPK inhibitor can
control all known GIST cell lines - while IM is unable to control GISTs
with either resistant KIT mutations (5R) or those that have switched
over to another oncogenic pathway (10R)




anti-KIT antibody as therapy in GIST

TKIl-resistant GIST still
dependent on KIT expression
and activation

progressing disease can have
several secondary resistance
mutations - difficult to target
with TKI

anti-KIT mAb SR1
 inhibits GIST cell viability
« Xenograft growth

alternative to TKI therapy in
GIST, especially in IM-resistant
disease
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Week 0 Week 2 Week 4 ' Week 6 = Week 8

SR1 Treatment

Edris B et al., PNAS 2013




Drug compound screens

drug compound libraries GIST cells

focus on FDA-
approved drugs

focus on kinase
inhibitors

treatment in 96-well plates

|

apoptosis
cell viability

|

Goal: identify active compounds for the
treatment of GIST



Screen has identified two major FDA-
approved drug classes effective in GIST

effective ineffective

GIST
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Boichuk S et al. (in revision)

~100 FDA-approved drugs tested - drug repurposing
transcriptional and topoisomerase |l inhibitors are active in GIST cell

lines and xenograft models
clinical trials are being discussed
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