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Gastrointestinal Stromal Tumors
GIST

Noapouacioon MEPLOTATLKOU
Eloaywylka otoLxela
Mpoyvwon

Aldyvwon

Oeparneia



2tpwpatikol Oykot Memtikov
Gastrointestinal Stromal Tumors (GIST)

e Avdpac 52 etwv:
— 4/2002: KolAlako aAyoc, EQETOL
e C-T kolAlag: PevdokuoTn MAYKPEATOC
e AladEPULKH TTIAPOXETEUON
— 6/2002: KolAlakO AAyoC, EUETOL, TIUPETOC

e C-T kolAiag: KuoTikd popdwHo 0TNV TIEPLOXH TOU TIOYKPEATOC
(15x10 cm)

e KuoTEOyaoTPLKH OVAOTOMWON
— 7/2002:161a cupmTwpoTa

e KuoTEOoyaoTpLKr OVAoTOMWON

e Bloia: Kakondng capkwdng veomAaopatikn eéepyacia
— 8/2002: Awdtaon kolAlac, {wotnPoeLbEC AAYOC



GIST

Faotpeviepoloyikn KAVIKN
A.N.©.”@eayévelo’
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Mpoeyxelpntikn (neo-adjuvant) Bepameia GIST
Imatinib Mesylate

e 9/2002:
— Kakonbng otpwHATIKOC OYKOG
CD117 (+)

— 'Evapén Bepamneiag pe tab
Glivec 400 mg
e 10/2002: ‘ ‘
— KA\wikn BeAtiwon . e b ‘,_,‘i‘ | '.
— C-T koiac: W peyéBouc '
Hagog
e 5/2003:

— KAwkn ewova: otabepn)

— C-T koWiag: (dla eupipata

Faotpeviepoloyikn KAVIKN
A.N.©.”@eayévelo’



Mpoeyxepntikn (neo-adjuvant) Bepamneia GIST
Imatinib Mesylate

e 10/2003: XelpoupyLkn enepBaon

— [MMepldepIKA MAYKPEATEKTOMN, OTANVEKTOUN, adaipeon TUAMATOC
OTOMAXOU KOl TUAUOTOC EYKAPGiou

e [apakoAouOnon




Oeparmeia GIST
Imatinib Mesylate

e 4/2004:
— C-T kolAlOG: NTTATIKEC
LLETOOTAOELC
— ‘Evopén Bepareiac pe
Imatinib (Glivec)
e 20009:

— Aldyvwon mpwtomnaboulg
Ca nvevpova

— Evapén
XNUeLoBepareiog

e 2010: AneBiwoe

Faotpevtepoloykni KAvIKN
A.N.O."Otaysvelo’



GIST

Molecular BioloGIST
PatholoGIST
GastroenteroloGIST
Medical OncoloGIST
Surgical OncoloGIST
RadioloGIST



GIST

e OpPLOUOC
— Meoegyxvpatoyeveic oykol (oUVOETIKOU LoTOU)
— Atpaktoeldn kuTTapa, eMONALOELON KUTTOPA, LLKTA
LopdoAoyia
e |otoplkn avadpopun

e 1980: avantuén avoooiotoxnueiag: dStayvwaon Kol
Sladopormoinon COPKWHUATWY LOAAKWY HopLwV

e 1983: xprion ToU OPOU CTPWHUATLKOC OYKOC YOLOTPEVIEPLKOU
e 1988: ICC (6Lapeoa kutTapa tou Cajal) we mpogAevon Toug
e 1998-2000: Ekdpaon kot petaAlatelc KIT: deiktng GIST



Spindle Cell Type: 70% Epithelioid Cell Type: 20%




GIST

EruudnuioAoyio:
e AUOXEPNG EKTLLNON TNG ouXVOTNTAC
e HIA
e 7-20/1000000/€t0C¢
e 4000-6000 VEEC IEPUTTWOELCG/ETOC
e Eupwrnn (avadpouLKOC EAEYXOC TTEPLITTWOEWV)
® 6,5-14,5/1000000/£toc (OAAavdia, Zoundia, lomavia)
e MeyaAUTtepn N ocuxvOTNTA TWV ULKPOOKOTILKWYV GIST (<1cm)
e Eudavion: HMA: 63 £€tn, Eupwrnn: 66-69 £tn
— Avdpec/yuvalkec: mapopoLla cuxvotnta

UpToDate 2013



GIST

e Eviommion
OwocbavIO\ﬁ (2%) ,
] ECEVTEPLO,
OpB66 (56)1 l OmwoBoneptoveo,

KOAOV

4

2UXVOTEPEG
METAOTACEIG

* 'Hrap
 MepiTéveo
 OoT1d

* Mvebpoveg
Corless et al. J Clin Oncol. 2004;22:3813.


Presenter
Presentation Notes
GIST can develop anywhere along the GI tract, from the esophagus to the rectum; however,
Gastric (60%), small intestine (25%), and rectal (5%) GIST are most common.
Only 8% of GIST are found in the colon, mesentery, or retroperitoneum.
Depending on the tumor site, over 30% of GIST exhibit high-risk (malignant) behavior, such as metastasis and infiltration. The majority of esophageal and colon GIST are malignant, while only 25% of gastric GIST are overtly malignant.
The metastatic pattern is predominantly intra-abdominal, with spread throughout the peritoneal cavity and to the liver. Lymph nodal invasion is uncommon.
True smooth muscle tumors—leiomyomas—also occur throughout the GI tract but are �now thought to be rare in comparison with GIST, except in the esophagus, where they are �more common.


GIST

o KIT
e AlapepBpavikoc urtodoxeog
TUPOOCLVLKNG KLVAONG:
—2uvdetng: SCF (Stem Cell
Factor)

>

) |
& — SCF binding site
&

™~

- 51gG domains

e Kwdlkomoilnon amo to

npwtooykoyoviolo KIT KUTTOEIKT

* AOMLKN CUYYEVELQ uEUBPAVN

e Platelet-derived growth
factor receptor (PDGFR)

e Bcr-Abl

«_Tyrosine kinase
domains

Taylor and Metcalfe. Hematol Oncol Clin North Am. 2000


Presenter
Presentation Notes
KIT functions as a transmembrane tyrosine kinase receptor. The KIT receptor has 5 immunoglobulin-like extracellular domains and an intracellular split tyrosine kinase domain.
The cytokine SCF (also referred to as mast cell growth factor or Steel factor) is KIT’s physiologic ligand. 
KIT is the product of the KIT proto-oncogene. It has structural homology with 2 other protein tyrosine kinases:  
The platelet-derived growth factor receptor (PDGFR)
Bcr-Abl tyrosine kinase
KIT is localized to chromosome 4q11-q12.


GIST

e KIT:

e Evepyomnoinon npwteivng
(P13 Kinase)

e Metadoon oripatoc: Effector
KUTTOPLKOC
TLOAAQTTAQLOLOLOLOC,

ermBiwon

SIGNALING

Savage and Antman. N Engl J Med. 2002
Scheijen and Griffin. Oncogene. 2002


Presenter
Presentation Notes
KIT signaling begins when adenosine triphosphate (ATP) binds to KIT’s membrane-proximal kinase domain. This allows the binding of the substrate to be phosphorylated. Following phosphate transfer, the phosphosubstrate is able to bind to and activate downstream effector molecules.



GIST
MetaAAaéeic KIT kat PDGFRA
Kapla petaAAaén: ~ 10%

KIT PDGFRA

MetaAAaén: 80% MetaAlaén: 5-8%

L

<+— Exon 9 (10%)
’ Kuttaplki pepBpavn

-
-
|
W

<+— Exon 11 (75%)
<— Exon 13 (1%)

<+— Exon 12 (1%)
<+— Exon 14 (<1%)

KuttapomAaoua
) <+ Exon17(1%) ) <« Bxon 18 (6%)

Heinricﬁ* al. Hum Pathol. 2002 ol
Corless et al. Proc Am Assoc Cancer Res. 2003;44. Abstract R4447


Presenter
Presentation Notes
Over 80% of GIST have KIT gene mutations.
Exon 11: Mutations in the intracellular juxtamembrane region occur in mast cell tumors and GIST.
Comprise ~70% of all mutations in GIST
Are generally point mutations (missense), in-frame deletions, or duplications
Are associated with constitutive ligand-independent receptor dimerization and activation of the kinase domain (gain-of-function mutations)
Occur more frequently in high-risk GIST than in intermediate-risk GIST (and are rarely or never found in leiomyomas or leiomyosarcomas)
Predict a poor prognosis: 49% 5-year patient survival rate vs 86% 5-year survival rate of patients with non–exon 11 mutations
Exon 9: Mutations in the extracellular juxtamembrane region involve a similar activation mechanism.
Exon 13: Mutations in the split tyrosine kinase domain also occur in GIST. 
Other KIT mutations have been identified in other diseases.
Exon 17: Mutations in the phosphotransferase domain occur in mast cell and germ cell tumors and result in tyrosine kinase activation that requires no dimerization. Exon 17 mutations render these tumors resistant to imatinib mesylate.
Exon 2: A mutation in the proximal extracellular domain has been identified in 2 hematologic disorders: myelofibrosis and chronic myeloid leukemia (CML).
Seven percent of GIST have PDGFRA gain-of-function intragenic mutations.


GIST
Alayvwon

e JmAvia veomAdopata
— 1% twv veomAaopatwy tou MNEX
e MeoeyxupaTtikol oykol ME2:

— GIST: 80%
— AslopVwpa, AELOPUOCAPKWHOL: 10-15%
— Schwannoma: 5%

— Alnwpa, Autocapkwpa
— Aeopoeldeic oykol

CD117 SMA Desmin S100 CD34
GIST + + + + +

(95%) (30-40%) (1-2%) (5%) (60-70%)
Oykol Agiwv N . +
MUIKWV IVWV (10-15%)
Schwannomas - - - + +

UpToDate 2013



GIST
Aldyvwon

DOG1: mpwteivn Ue €vtovn Ekdpaon oTNV KUTTOLpLKI’] ETULPAVELD TWV
GIST,! onavia og aAAAOUC OYKOUG LaAQLKWVY uoptwv

DOG1: xpriowun otn dtayvwon KIT-apvntikwv GIST 2

1West RB, et al. Am J Pathol 2004; 2Dei Tos AP, et al. ASCO 2008 (Abstr 10551)
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LN Immunohistochemistry in GIST

KOLN
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Courtesy of Dr. Eva \Wardelmann



GIST

Mpoyvwon
e Kivbuvocg umtotpomnc:
) ALQpETPOG MutwTtikog deiktng
Kivduvocg
(cm) (/50 HPF)
MoAU xapunAoG <2,0 <5
XapunAocg 2,0-5,0 <5
, <5,0 <6-10
Meaooc
5,0-10,0 <5
>5,0 >5
Y{ynAog >10,0 Onoloodnmote
Onowadnmnote >10

Fletcher et al. Hum Pathol, 2002



Proportion Recurrence Free

o
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GIST
EAe0Oepn unotpornn¢ enBiwon (RFS)
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GIST
EAeUBepn utotponnc ertPfiwon (RFS)
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Kivbuvog umtotporng
(Kpttnprat NCCN-AFIP)

- Patients with progressive disease

Group Group definition during long-term follow-up
Size Mitotic Count | Gastric Jejunal Duodenal Rectal
cm HPF % % % %
1 =2.0 =5/50 0 0 0 0
2 2150 =5/50 1.9 4.3 8.3 8.5
3a 5.1-10.0 =5/50 3.6 24 34* 57*
3b >10.0 =5/50 12 52 34* 57*
4 <20 >5/50 0% 50+ . 54
5 2150 >5/50 _ 16 73 50 o2
6a  5.1-10.0 >5/50 55 85 86* 71*
Gb >10.0 >5/50 | 86 90 86* L1

Based on 1055 gastric, 629 small intestinal, 144 duodenal and 111 rectal GISTs

Miettinen M, Lasota J. Semin Diagn Pathol 2006



Kivbuvog umotpornng
(Tpomomotnueva kptenpia NIH)

Very low <2,0
Low 2,1to5 <5 Any
Intermediate 2,1to5 >5 Gastric
<5,0 6to 10 Any
5,1to 10 <5 Gastric
High Any Any
> 10 Any Any
Any > 10 Any
>5 >5 Any
2,1to5 >5 Non gastric
5,1to 10 <5 Non gastric

Joensuu H. Hum Pathol;2008



GIST
MetaAAaéelc

e [oviOLakn availuvon

e ErmuPfeBaiwon tneg dtayvwong

e Atdyvwon CD117/DOG1-apvntikwv GIST
e [1poBAETTIKA KOL TPOYVWOTLKN aéla



GIST
MetaAlagelg

Primary Mutations in KIT and
PDGFRA in GISTs?!’

= (o]l
(Frequency)

Location

Comments

11 (67%)

Juxtamembrane
domain

— Occur in GISTs throughout Gl tract
— Good response to imatinib

9 (10%)

Extraqellular
domain

— Arise mainly in colon and small
intestine; more aggressive than other
genotypes

— Less responsive to imatinib than exon 11
mutations

13 (1%)

Kinase 1 domain

Primary mutation (before treatment)
imatinib sensitive

17 (1%)

Activation loop

Primary mutation imatinib sensitive

PDGFRA
(5%-8%)

18 (6%)

Activation loop

Sensitive to imatinib except for mutation
D842V, which is resistant

12 (1%)

Juxtamembrane
domain

Good response to imatinib

14 (<1%)

Kinase 1 domain

In vitro sensitivity to imatinib comparable
to that of KIT exon 13 mutations; no
clinical data available

1. Corless C et al. J Clin Oncol. 2005;23:5357-5364. 2. Corless CL et al. J Clin Oncol. 2004;22:3813-3825. 3. Heinrich MC et al. J Clin
Oncol. 2003;21:4342-4349. 4. Corless CL et al. Annual Review of Pathology. Vol 3. In press. 5. Corless CL et al. Proc Am Assoc
Cancer Res. 2003;44:881. Abstract R4447. 6. Debiec-Rychter M et al. Eur J Cancer. 2006;42:1093-1103; 7. Tornillo L et al. J Clin 7
Pathol. 2006;59:557-563.




GIST
KAWVLKEC eKONAWOELC

Otela ekdbnAwon (apoppayia, dtatpnon, anodpalén)
Atuna cuprtwpota (Leyeboc, evtonion)

Tuyollo eVpNUA OE XELPOUPYLKN EMEUBAON, OTTELKOVLOTLKO
ENEYYO
Tuyaiio evpnua og evoookoTilko EAeyxo (BAdBec < 2 cm)



GIST

e Aldyvwon
— Evbookomnnon
— EUS
— Afovikn Topoypadia, payvntikn topoypadio
— Topoypadia ekmopnng molltpoviwy



GIST

e EvbookOmnon avVWIEPOU TETITIKOU
— YmoBAevvoyovia pala
— OuoAad opLa
— MpoPoAn evboauAka
— Quololoykog uTtepKeieVOC BAeVVOyOvoG
— Kevtpikn e€€Akwon (omaviwg)
e ANYNn BroPwv
— NaBida Blogiag: ZuvnBwC aPVNTLKEC
— Bpoyoc: Kivbuvocg dlatpnong



Evoookoriko vuntepnyotopoypadnua (EUS)

GIST
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Evoookoriko urtepnyotopoypadnua (EUS)
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Evoookoriko vuntepnyotopoypadnua (EUS)

GIST
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Evbookomnon
GIST 2"¢ poipac 12Aou

. 0. Birth:
9/067201 1




EUS
GIST 2"¢ poipac 12Aovu
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GIST
Aovikn Topoypadla

e ATIELKOVIOTLKI) LEBO0SOC EKAOYNC
— CT > MR
e MRI: 0pB0, Nrap
e Apxwkn dtayvwon
— Extipnon evéokolAlakng padog (extipnon €ktaonc, LETOOTAOELG)
e Juumaync pala Le opaAd OpLa, UTIEPTIUKVN
e >15cm: VEKPWTLKA, QLLOPPOAYLKA, EKPUALOTLKA OTOLXELDL
— Alepelvnon ATUTING CUMMTTWHOTOAOYLOC
— Tuyxaio evbookoriko eUpnua
e [apakoAouBnon
— MEeTeyXELPNTIKA avA 3-6 UNVEC
— Extipnon Beparmeutikov amoteAéopatoc ava 1-3 pAVEG



Oepareia GIST
Imatinib Mesylate

Extipnon amoteleopatikotntac: ¥ peyébouc
LETAOTAOE WV

CT

18FDG-PET

Pre-imatinib mesylate 4 eBSopdadeg pe imatinib mesylate

Courtesy of Dr. G.D. Demetri and Dr. A.D. Van den Abbeele


Presenter
Presentation Notes
Responses to imatinib mesylate may be more rapidly discernible by 18FDG-PET. Although significant tumor persists 4 weeks into therapy, the tumor is 18FDG-PET cold.


Oepareia GIST
Imatinib Mesylate

Ektipnon anoteAeopatikotnTag:
Mukvotnta BAABNG

:95:33.72
MA 35
P| 2

Baseline @epaneia pe imatinib mesylate

Courtesy of Dr. G.D. Demetri


Presenter
Presentation Notes
Relying exclusively on size-based criteria for evaluating response may miss responses to imatinib mesylate in GIST. 
Qualitative changes in tumors are discernible by CT as a darkening of the tumor due to decreased density.
SD by RECIST can confer similar survival outcome to PR or CR and should not prompt imatinib mesylate discontinuation. 


Cumulative fraction

Cumulative fraction

free of progression

free of progression

RECIST vs. Choi Criteria: Response Assessment

Good response (n=28)
=== Poor response (n=30)

Response by RECIST

1.0=

0.8 =

0.6 =

0.4 =

0.2 =

Time (months)

Good response (n=49)
=== PoOr response (n=9)

Time (months)

Cumulative fraction

Cumulative fraction

free of progression

free of progression

1.0=
0.8 =
0.6 =
0.4 =
0.2 = Responders (n=46)
=== Non-responders (n=53) P=0.1
0 | | | | | | | | | 1
Time (months)
1.0=
0.8
0.6
0.4~
0.2 = Responders (n=81)
=== Non-responders (n=17) P=0.0002

Response by Choi criteria

Time (months)

Benjamin RS, et al. J Clin Oncol 2007



GIST

Kputnpla Choi
Amavinon Oplopog
MARpnc (CR) 1. E€adavion oAwv Twv PAaBwv

2. Kapia véa BAaBn

Mepwkn (PR) 1.d pey€Boucg (210%) n mukvotntag (215%)
2. Kapia véa BAaBn
3. ApeTAPANTEG LN HeTpOLUES BAAPEG

Ztoowotnta (SD) 1. Xwpic ta kptipla CR, PR, PD
2. Xwpig KAvikn emdeivwon

Erudeivwon (PD) 1.1 ney€bouc (210%) kat xwplg ta kpttripta PR
TNG TTUKVOTNTOC TOU OYKOU

2. Epdavion véwv BAafwv

3. Eudavion véwv n P peyebouc umapxoviwyv
eVOOOYKIKWY olLbiwv

Choi et al. J Natl Cancer Inst 2000




GIST
PET (Positron Emission Tomography)

AldkpLon petaBoAwv o€ KUTTOPLKO eTtimedo

e AMN\ayn petaBoAiknic dpaotnplotntac os oxeon KE GUOLOAOYLKA
KuTTapa

*  /ELTOUPYLKNA ATIELKOVLON

Auvénuéva emnimeda YAUKOAUONG KOPKLVIKWY KUTTAPWV

e 18FDG (Fluoro-deoxy-glucose): avaAoyo yAukolnc rmou dev
uetafoAiletal

* AufnUEVN CUYKEVTPWON OTO KAPKLVLIKA KUTTOPO
e Mapaywyn y-oktwvoPoAiag
Mn €81k e€€taon



GIST
PET (Positron Emission Tomography)

AldkpLon petaBoAwv o€ KUTTOPLKO eTtimedo

e AMN\ayn petaBoAiknic dpaotnplotntac os oxeon KE GUOLOAOYLKA
KuTTapa

*  /ELTOUPYLKNA ATIELKOVLON

Auvénuéva emnimeda YAUKOAUONG KOPKLVIKWY KUTTAPWV

e 18FDG (Fluoro-deoxy-glucose): avaAoyo yAukolnc rmou dev
uetafoAiletal

* AufnUEVN CUYKEVTPWON OTO KAPKLVLIKA KUTTOPO
e Mapaywyn y-oktwvoPoAiag
Mn €81k e€€taon



GIST

e PET <CT
— Euaiobnoia: 86-100%
— EkTignon oykou
« Alayvwon, otadlonoinon, enavacTtadionoinon
— Evtonion npwTtonabouc goTiac
— MeTaoTdaoelc nou dev €ival eugaveic oe CT
— Xelpoupyikn Bepaneia opiaka €EAIPECINWY OYKWV
« AnavTtnon otn Bepaneia (ekTipnon o€ 24 wpPEeQ)
— EkTignon npiv kai JETaA TNV evap&én TnG Bgpaneiag
— EkTignon anoteAeopaTtog neoadjuvant Bepaneiag
— EkTipnon avTioTaong otn Bepaneia pe Imatinib (npwTo-
OEUTEPO-YEVNC)
« MapakoAouBnon (unoTponn)



GIST: 18FDG-PET scan

—-—

HIATIKEG LETOOTAOELG

Courtesy of Dr. A.D. Van den Abbeele.

GIST

MeTaoTAOELG NTTATOC,
KOLALaG, TTUEAOU


Presenter
Presentation Notes
In patients with GIST, 18FDG-PET provides a highly sensitive assessment of tumor location and metabolic activity. This capability is helpful for identifying metastases in patients presenting with recurrent or metastatic GIST.


GIST

PET-CT: Mpwv kat 3 eBSopadec petd armo
Beparmeia pe Imatinib




Sunitinib Benefit in Imatinib-Resistant GIST

Baseline Day 7 PET
- 4 PET scan

after 7 days
of sunitinib

<— Normal
heart

»
Normal
* 1_"\_ kidneys

CT scan
after

2 months
of sunitinib

| Demetri GD, et al. Clin Cancer Res. 2009;15:5902.



GIST

e Qeparmeia
— XELpoupyLKN
— QoPUOKEUTLKN



GIST
Xelpoupylkn Bepareia

Oepareia eKAOYNAC
— Mn HETAOTATIKA VOOOC
— TeXVIKA e€alPECLUOC OYKOC

Mpoeyxelpntikn Beparmeia pe Imatinib oe SUOKOAEC TEXVIKA TIEPUTTWOELG
(LEyeBoG, BEon)

Mn avaykaia n oy ia os e€opeoipouc OyKouG
— EuBpurntotnta (awpoppayia, Sltaomopd KUTTAPWV)
— AQYPN atpoppaykol 1 VEKPWTLKOU UALKOU
— AVETIOPKEC TO UALKO FNA



GIST
Xelpoupylkn Bepareia

MARPNC e€aipeon Tou OYKOU LE APVNTLKA OPLOL EKTOUNAC

— OykoL> 2 cm (ESMO, NCCN)

— Oykol > 1 cm (Canadian Advisory Committee)

— Oykot 1-2 cm;

e EUS gupripata uPpnAov kKwvduvou ‘kakonBestac’

— Oykol 0pBou avetaptATWC HeyEBouC
Alepelivnon tng mepLtovaikng KoAotTnToc
MpooeKTIKA amOKOAANGCN oo mapakeipeva opyava N en bloc ektoun
Mn avaykaio n eupeiat EKTOUn KN MPooBANBEVTWY TUNUATWY Kal N adaipeon
Aepdadevwy
Enaveyxeipnon o€ MEPUTTWOELG OETIKWVY OPLwV EKTOUNG;
AamopooKoTik adaipeon

— Tootpkol OykoL < 5 cm

— 'Oykol Aemtov eviépou;

— AwTtApnon TG aKEPALOTNTAC TOU OYKOU



GIST
QappakeuTikn Beparmeia

 Imatinib Mesylate
— EKAEKTLKOC 0lvaOTOAEOC TNC TUPOCLVIKAC KLVAONC
— Katnyopla: Phenylaminopyrimidines
— 1996: STI-571, avaotoAcac kivaonc ABL otn XMA

C,oH5,N,0¢CH,SO,
MW 589.7



Oeparneia GIST
Imatinib Mesylate

e Mnyaviopocg dpaonc:
— KatdAnyn tou onpeiou
ouvbeoncg ATP

— AvaoTtoAn tng
dwopopuAiwonc Kat
NG pHeTadoong ofuatoq

— AvooTtoAn tou
TLOAAQTTAQLCLOLO OV KOlL
¢ emPBiwong Tou
KUTTApOU

| mesylate

Savage and Antman. N EnglJ Med. 2002
Scheijen and Griffin. Oncogene. 2002



Presenter
Presentation Notes
At the molecular level, imatinib mesylate targets a specific part of the tyrosine kinase region in KIT, Bcr-Abl, and PDGFRA/B.
Based on its activity on Bcr-Abl, the proposed mechanism of action of imatinib mesylate in GIST is as follows:
Imatinib mesylate is an ATP-mimetic agent that binds KIT with greater affinity than ATP and at its ATP-binding site.
The tyrosine kinase activity of KIT is dependent on its ATPase activity.
KIT-bound imatinib mesylate prevents ATP binding and hydrolysis and hence the tyrosine kinase action of KIT. 
This blocks the downstream substrate of KIT, which is dependent on phosphorylation for activation.
This in turn blocks downstream signal transduction pathways activated by KIT.



2TPWHLOTIKOL OYKOL YOOTPEVTIEPLKOU
GIST

* Imatinib Mesylate (Glivec, Novartis)

— 2000: yopnynon STI-571 (400 mg) oe a.cBevn pe
netaotatiko GIST (DwAavdia)

e KAwvikn BeAtiwon

e MRI: ¥W¥ oykou

e PET: ¥V Opaotnplotnrog

e Muéoeldnc ekpuAlon kalt ivwon

Joensuu et al. New Engl J Med 2001



Oepareia GIST
Imatinib Mesylate
‘Evapén Beparmneioag 4 eBéopadeg




PET scan:

Oepareia GIST
Imatinib Mesylate

‘Evapén Bepamneiag 4 eBbouadeg
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Oeparneia GIST
Imatinib Mesylate
loToAoyLKN avtanokplon:

Evapén Bepameiag 3 efdopadeg




Advanced GIST

Imatinib dose and response

Dose h

EORTC phase I 400/1000mg 36

EORTC phase Il 800 mg 27
Intergroup phase I11 400 mg 463
800 mg 462

B2222 400 mg 73

600 mg 74
Intergroup S0033 400 mg 373
800 mg 373

Gastreinbestinal stromal tumors: ESMO Clinical
Practice Guidelines for diagnosis, treatmant

and follow-up'

400 =600 = 800 mg/day for response

OR

S6%
70%
S0%
351%
S0%
S8%
43%
41%

SD

36%
18%
32%
33%
31%
24%
32%
32%

OR+SD

92%
88%
82%
84%
81%
82%
73%
73%

The standard dose of imatinib is 400 mg daily [I, A]

Annalsof Oncology 23 (Supplement 7): vii49—vii55, 2012
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Long-Term OS — Advanced GIST
First-Line Imatinib

e o o o o 9o 0 o o Q9
o S M W R o ®m» N D i
1 1 1 1 1 1 1 1

BFR14 trial: N = 434 patients
Median OS: 75.9 months (6.4 vrs)

Median OS: 58
months

B2222 trial: N =147

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102 108 114 120

Months

Before imatinib era: median OS 18 months

Perolet al. J Clin Oncol2012; 30 (suppl: abstr 10092)
Blanke et al. J Clin Oncol 2008. Feb 1;26(4):620-5




Inappropriate disease control with 400 mg of imatinib
In exon 9 GIST

100
90
80 7
70 7
60
50 7
40
30 T
20
10 -

0 1 1 1 1 1 1
0 1 2 3 4 5

KIT exon 9 mutants: 400 mg / 800 mg Years
Other patients: 400 mg / 800 mg

Progression-free survival

Gastrointestinal Stromal Tumor Meta-Analysis Group (MetaGIST). Comparison of two doses of imatinib for the
treatment of unresectable or metastatic gastrointestinal stromal tumors: a meta-analysis of 1,640 patients. J Clin Oncol
2010;28(7):1247-1253. Reprinted with permission. © 2010 American Society of Clinical Oncology. All rights reserved.



Oeparneia GIST
Imatinib Mesylate

Toélkotnta:
400 mg 800 mg
Grade 1-4 (%) | 3-4 (%) | 1-4 (%) | 3-4 (%)
Anemia 89.9 10.1 97.2 14.6
Granulo. 43.1 4.7 44.3 6.6
Edema 73.1 4.2 87.3 9.2
Skin rash 29.3 2.8 45.5 4.9
Fatigue 69.2 8.3 77.5 10.3
Nausea 51.5 2.3 59.2 2.8
Vomiting 28.4 3.0 36.3 2.4
Diarrhea 49.4 1.9 55.2 4.9
Bleeding 12.6 3.8 20.4 6.5

Verweij et al. The Lancet 2004




Oepareia GIST

Imatinib Mesylate

Awakortr) Beparmeiag: AvEnon kKwvduvou emideivwong vooou

100 ¢

80

60

40

% ooBsvwVv

20

P=0.0001

Stop therapy (n=25)
Median PFS: 6 months

6 8 10 12 14 16
MHVEG HETA TUXALOTIOLNON

AoBeveic pe KAWIKA amavtnon PeTa 12 pAveC: ALoKoTl | CUVEXLON TNG

Beparmeiag

Blay et al. Proc Am Soc Clin Oncol. 2004;23:815. Abstract 9006.


Presenter
Presentation Notes
Patients with unresectable or metastatic GIST (N=129) received 400 mg/d imatinib mesylate for 12 months in the BFR14 trial. These patients were then randomized to either continue therapy or to stop therapy. During the first 3 months following randomization, patients were given CT scans every month for 3 months, and then every 3 months until progression. Following progression, imatinib mesylate therapy would be reinitiated.
Patients on the stop therapy arm of the trial had a median PFS of 6 months following randomization, while no patients on the continue therapy arm progressed after 7 months (P=0.0001). PFS on the stop therapy arm was comparable between patients who had initially achieved a CR or PR.
Following imatinib mesylate reinitiation, most patients were able to reestablish tumor control, although 1 patient who had stopped therapy has died of disease.
This trial demonstrates that imatinib mesylate therapy should be continued indefinitely, even following CR.
Randomization for this trial has been suspended, and all patients are eligible for imatinib therapy.


Oepareia GIST

e Jvuotaoelc ESMO

— H Beparmeia npemnel va ouveyiletat adlakorma, kabwce n
Slakorn tnN¢ akoAouBeitatl oo oXeTkA Taxela mpoodo tou
OYKOU O€ OAeC 0XeOOV TIC TIEPUTTWOELC, OLKOMOL KOLL EKEL TTOU
EXELTIpONYNOEl xelpoupyLkn e€aipeon Tov OyKoU

Casali, Blay. Ann Oncol 2010



uunAnpwpatikn Bepameia GIST
(Imatinib Mesylate)

MeAetn ¢daong Il (ACOSOG Z9001)

Yrotpomnn

j Placebo }
(i 1 étoc) * }

eal / Imatinib ﬂapakkb-
atp , mesylate ~ =———) 0
TIPWT uc GIST (400 mg/d) 0

\ Imatinib Yrotporn }

mesylate # 1
(400 mg/d ywa }

1 €10¢) }

http://www.acosog.org/studies/synopses/Z9001_Synopsis.pdf.


Presenter
Presentation Notes
Patients underwent resection of the primary GIST and, following GIST confirmation by pathologic analysis, were registered for randomization. Registration must occur 14 to 70 days postsurgery, with treatment beginning within 84 days of surgery.  Patients will then be given imatinib mesylate 400 mg/d or placebo for 1 year. In the event of recurrence, patients will be placed on imatinib mesylate 400 mg/d for 2 years.


2UUTTANPWHOTIKA Bepareia

RFS: AnoteAéopata 1 €touc xopAynong imatinib

10HE 5
90
—. B0
—~
§ 70-
L
G
|
i -
& 40+
2
o
20 Total Eents
10 - —— |matinib 3549 30
----- Plcebo 354 70 HR 0-35 (95% 01 0-22-0.53 ) pc0-0001
E‘ 1 1 1 1 1 1 1 1
1] G 13 18 r.| 30 36 43 48
) Time [months)
Number atrisk
Pacsho 354 1E8 29 34 B
Imatinib 359 07 105 iE B

De Matteo et al. The Lancet 2009;373:1097-1104




Alive (%)

Number at risk

Placebo
Imatinib

Overall Survival

L e — e s
90 4
80 -
70 4
60 -
50
40 -
30
20 4 Total Events
104 — Imatinib 359 5
---- Placebo 354 8 HR 0-66 (95% Cl 0.22-2-03); p=0-47
0 T I I T I | T 1
0 6 12 18 24 30 36 42 48
Time (months)
354 241 151 58 15
359 226 137 51 15

DeMatteo RP et al. Lancet 2009; 373:1097-1104.



SSGXVIII/AIO
Open-label, ®aong III peAeTn

Acbeveic: Imatinib|{400 mg/day KUpla onpueia
e RO GIST uynAou > > e EmBiwon
KIVOUVOU 12 |J|'!]V€C 36 |J|"'|V€C; (primary)
e RFS
(secondary)
e Aodalela

(secondary)



SSGXVIII: Recurrence-free survival (ITT)

100 -

% 86.6%
q —— 36 Months
I
- I
80 | 12 Months
| i ,
= I
2 60.1% | i L
- |
I |
47.9% |
40 - . i T .
Hazard ratio 0.46 | | Median follow-up
1 (95% I, 0.32-0.65) | | time 54 months
— | |
20 1 p<.0001 | :
- : |
O T ¥ T T - T T T ¥ T '
No. at risk (n=397) 0 1 2 3 4 5 6 7  Years
36 Months of imatinib 198 184 173 133 82 39
12 Months of imatinib 199 177 137 83 49 27 10



SSGXVIII: Overall survival (ITT)

0 00 2 00
0% 100 96.3% | 92.0%
1 94.0% i :' L
— | |
80 : 81.7% :
7 | |
: :
60 | | —— 36 Months
- . | |
Hazard ratio 0.45 : : 12 Months
40 1 (95%Cl,0.22-0.89) | |
| |
1 p=.019 | |
20 - | |
| l |
| |
0 — T T 1 T 1 1 1
0 1 2 3 4 5 6 7 Years
No. at risk (n=397)176 140 87 46 20
36 Months of imatinib 198 192 184 152 100 56 13

12 Months of imatinib 199

188



Ertikouptkn (adjuvant) Beparmeia GIST
JUOTOOELC

e ESMO

— H erukoupikn Bepameia pe Imatinib yia 36 puryvec amoteAet standard
Beparmeia otic meputtwoelc GIST pe vPnAo Kivbuvo UTTOTPOTIAC

e A€V OUOTHVETOL OTLC TIEPUTTWOELG XOLUNAOU KlvdUvou

e JXTIG MIEPUTTWOELG EVOLAUEOOU Kivouvou Aapfavetat urtoyn n
YVWHN Tou a.oBevn

O MpocdLOPLOMOC TWV PETAANAEEWY elval amapaitnTog
* H pnén tou oykou armoteAel SUVNTIKA LETAOTATLKI) VOGO
 NCCN

— H emukoupkn Beparmneia pe Imatinib amoteAel pa evaMaKuKn gTLAOVYN
NG napaKo)\ouenonq OTOUC a0Bevelg He on LOLVTLKO KivOuvo
UTTOTPOTINC LETA artd TTANPN XELPOUPYLKA adaipeon Tou OyKou

e Emikoupikn Beparmeia ya 36 Uveg TouAdxlotov o€ aoBeveig pe
vdnAou kwwduvou GIST

ESMO/European Sarcoma Networking Group. Ann Oncol 2012
NCCN Clinical Practice Guidelines in Oncology V 3. 2012



Mpoeyxelpntikn (neoadjuvant) Beparmeia

GIST

Zuyypadag HAwia/ | Neoadjuvant Xewoooveio | Evidmt Adjuvant
TOTILO
(€toc) [O]1),Y) Imatinib poupY i Imatinib
De Vos tot Nederveen 33/A 400mg/ 8 €5 STOUONG 0
: : T L
Cappel 92004) 8/NK poXog X
Loughrey (2005) 69/A 400mg/nu. 10 unv. I TOUAXOG Oxt
Katz (2004) 52/A 400mg/nu. 7 unv. I TOMAXOG 400mg/np.
Shah (2005) 51/A 400mg/nu. 6 unv. Opb6o 400mg/np.
Cavaliere (2007) 64/A 400mg/nu. 6 V. I TOMAXOG 400mg/np.
53
A 400m . 12 pnv. OpBo 400m .
Gronch (2007) g/nu un P ' g/nu
A 400mg/nu. 12 unv. OpBo 400mg/nu.
r 400mg/nu. 12 unv. JTOMAXL 400mg/nu.
Andtbaka (2007) 66/T 400mg/nu. 10 pnv. ITOMOXOG 400mg/nu




Reduction of Tumor Size with
Neoadjuvant Imatinib

{
~o-Liyetal 1

~O-Katzetal case! |
=~Cumrent case
—&—Loughrey et al F
~#-iatz et al case2 |
~#-Bimming et al
~+=Lo etal

—#—5Shah et el.
—~+Salazar et al.

bd
=

Relative reduction in maximal tumour diameter (%)

o=
R

4 b 8 10
Duration of neoadjuvant imatinib therapy (m)

Longer treatment - smaller tumor

Haller, Ann Surg Oncol. 2006;14:526-532



GIST
Mpoeyxelpntikn (neoadjuvant) Bepameia

e Juotaoelc ESMO

— & MePUTTWOELCG Ttou N RO ektoun dev eivat ekt ] Oa prmopovos va
ETULTEVXOEL e AlyOTEPO AKPWTNPLAOTLKN ETMEUBAON, CUOTHVETOL
MPOEYXELPNTLKN Bepareia pe Imatinib

— Awdpkela 6-12 pnvec (LEyloto amoteAeopa Bepareiag)
e Jvuotdoelc NCCN
— [Mpoeyxelpntikn xopnynon Imatinib
e Kpivetal kata nepimtwon

ESMO/European Sarcoma Networking Group. Ann Oncol 2012
NCCN Clinical Practice Guidelines in Oncology V 3. 2012



Oepareia GIST
Sunitinib

e Sunitinib (Sutent, Pfizer)
e AvaotoAgac TK
— PDGF-a, PDGF-B
— VEGF-1, VEGF-2, VEGF-3
— KIT
— RET
— FLT3

e AVTL-TTOAAOTTAQLOLOLOTLKI) KOLL OLVTL-OYYELOYEVETLKA Spaon



Sunitinib Phase Il Trial: Median TTP* was Significantly Longer
with Sunitinib vs Placebo

100

Sunitinib (n=207)
Median: 27.3 wesg

30 Placebo (n=105)
Median: 6.4 week

(o))
(@)

Hazard ratio = 0.3
95% Cl: 0.23-0.4
P<0.0001

N
(@)

TTP probability (%

N
(@)

0 6 12 18 24 30 36 42 48 54

Time (weeks)
*Based on independent third-party review; intent-to-treat
[ITT] population

. | | Demetri GD
TTP : time to disease progression


Presenter
Presentation Notes
In a phase III, randomised, placebo-controlled, international trial, the tolerability and anticancer activity of sunitinib (starting dose 50 mg/day, Schedule 4/2) was assessed in patients with advanced GIST who were resistant to, or intolerant of, previous treatment with imatinib.
The trial was unblinded early when a planned interim analysis showed significantly longer time to tumour progression (TTP) with sunitinib.
Median TTP at the interim analysis was 27.3 weeks (95% CI: 16.0–32.1) for patients receiving sunitinib and 6.4 weeks (95% CI: 4.4–10.0) for those on placebo (hazard ratio: 0.33; P<0.0001).

1. Demetri GD, et al. Lancet 2006
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Oepaneia GIST
Sunitinib

Overall Survival

iy
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i,'*_ i T

L
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— Sunitinib (n=207) Sunitinib Placebo

— — Placebo (n=105) 6 h fol 79.4% 56 g
Hazard ratio = 0.49 AN SV ee : ;
95% CI (0.29, 0.83) Total deaths 14.0% 25.7%

p=0.007

24 30 36 42 48 54
Time fweeks)



Oeparneia GIST
Sunitinib (Sutent, Pfizer)

e Eykplon FDA: 1/2006
e 2"Sypaupng Bepareia
— Avtiotaon otn Bepamneia pe Imatinib (a’-yevic B’-yevnc)
— Avoaveéio otn Bepamneia e Imatinib
e Xopnynon oo ToU CTOUOTOC
— 50mg x1, 4 €B0b., 2 €B6. drakomn
— 37,5 mg x1 (ouvexng xopnynon)



OepameUTIKOC alyoplOuoc GIST
Obnyiec ESMO

XU Oepareia EvVaAAQKTLIKA
Mpwtn
, Imatinib 400 mg/day* Imatinib 800 mg/day’

YPapn

, , Sunitinib 50 mg/day Sunitinib 37.5 mg/day cuvexr
AeUTepn ypappn Mg/ Aay OUVEXNS

4w on/2w off xopnynon

Tpitn KALVIKEG OOKLUEC

. (Nilotinib, Masitinib, Dasatinib ko
YPAHHN Sorafenib)
*Au&non 800 mg/day o mpoodo vooou Casali, Blay. Ann Oncol 2010

Tt GISTpe petdAAaén KIT exon 9 NCCN Clinical Practice Guidelines in Oncology V 1. 2011


Presenter
Presentation Notes
In 2009, the European Society for Medical Oncology (ESMO) published clinical recommendations for the diagnosis, treatment, and follow-up of patients with GIST.
In patients with locally advanced, inoperable, or metastatic GIST, standard first-line treatment is imatinib at a dose of 400 mg/day, increasing to a dose of 800 mg/day on disease progression. As there is evidence that patients with exon 9 KIT mutations have better outcomes at the higher dose, imatinib 800 mg/day is the recommended dosage in first-line treatment in this subgroup.
Following progression on, or intolerance to, imatinib, standard second-line treatment for patients with GIST is sunitinib at a dose of 50 mg/day using a 4 weeks on, 2 weeks off regimen (Schedule 4/2). A continuously dosed daily regimen of sunitinib at a lower dose of 37.5 mg/day may be effective and well tolerated in some patients (although this dosing schedule is not approved), and can be considered a second-line treatment option on an indivdualised basis.
After failure on second-line sunitinib, patients with metastatic GIST should be considered for participation in a clinical trial of new therapies or combinations.

1. Casali PG, et al. Ann Oncol 2009


Regorafenib: Novel Multitargeted TKI

e Regorafenib has a wide spectrum of target
inhibition: KIT; PDGFR; VEGFR-1, -2, -3; TIE2;
RET, fibroblast growth factor receptor 1; RAF; Median PFS, 4.8 0.9

and p38 MAPK!®3! mos (95% Cl) (4.1-5.8) (0.9-1.1)

* Phase Il GRID study®* 81 (60.9) 63 (95.5)

— Significant PFS improvement vs
placebo in 199 pts with metastatic
or unresectable GIST and
progression on imatinib and
sunitinib

=

o

o
n

HR: 0.27 (95% CI: 0.19-0.39)
1-sided P < .0001

— Placebo
Regorafenib

— Most common grade 3/4 events:
hand-foot skin reaction, hypertension,
diarrhea

 FDA approval: 25-02-2012

Proportion Without Progression
@)
a1
o
1

0 | | | | | 1
0 50 100 150 200 250 300

Days From Randomization
63. George S, et al. J Clin Oncol. 2012;30:2401-2407.

64. Demetri G, et al. ASCO 2012. Abstract LBA10008.


Presenter
Presentation Notes
CI, confidence interval; GIST, gastrointestinal stromal tumor; PFS, progression-free survival; PR, partial response; SD, stable disease; TKI, tyrosine kinase inhibitor. 

Regorafenib is a multitargeted tyrosine kinase inhibitor[63] currently under review by the US Food and Drug Administration and the European Medicines Agency for treatment of patients with advanced GIST that have progressed on standard therapy. In a phase III trial, regorafenib, compared with placebo, was associated with significant progression-free survival improvements in patients with metastatic or unresectable GIST who had progressed on imatinib and sunitinib.[64] 

References
63. George S, Wang Q, Heinrich MC, et al. Efficacy and safety of regorafenib in patients with metastatic and/or unresectable GI stromal tumor after failure of imatinib and sunitinib: a multicenter phase II trial. J Clin Oncol. 2012;30:2401-2407.
64. Demetri G, Reichardt P, Kang YK, et al. Randomized phase III trial of regorafenib in patients (pts) with metastatic and/or unresectable gastrointestinal stromal tumor (GIST) progressing despite prior treatment with at least imatinib (IM) and sunitinib (SU): GRID trial. Program and abstracts of the 2012 Annual Meeting of the American Society of Clinical Oncology; June 1–5, 2012; Chicago, Illinois. Abstract LBA10008. 



GIST: What Comes Next?

[l 20 Crenolanibl®5] GIST with D852-related PDGFR mutations or deletions

Metastatic/unresectable GIST resistant to

ib[66]
Pazopanib imatinib and sunitinib

Il 36 AT13387 (HSP90 Metastatic/unresectable GIST with
inhibitor) £ imatinib68] progression on 1-3 TKls

Il 30 Masitinibl] Inoperable locally advanced or metastatic GIST

Il 40 Linsitinibl2 Pediatric and adult wild-type GIST

65. ClinicalTrials.gov. NCT01243346. 66. ClinicalTrials.gov. NCT01323400. 67. ClinicalTrials.gov. NCT01404650. 68.
ClinicalTrials.gov. NCT01294202. 69. ClinicalTrials.gov. NCT01316263. 70. ClinicalTrials.gov. NCT00998751. 71.
ClinicalTrials.gov. NCT01039519. 72. ClinicalTrials.gov. NCT01560260.


Presenter
Presentation Notes
GIST, gastrointestinal stromal tumor; TKI, tyrosine kinase inhibitor. 

Future therapy for advanced disease likely will focus on combination therapies. In vivo data suggest that with disease progression, downstream signaling molecules may no longer be inhibited. This is particularly true for AKT. Studies have evaluated mammalian target of rapamycin inhibitors as well as ongoing studies evaluating combination therapies with AKT and/or MEK inhibitors. Another approach that is very successful in the laboratory, which is now being studied in clinical trials, is the use of HSP90 inhibitors. As single agents, there has been limited benefit demonstrated to date, but ongoing trials are looking at combination therapies. 
 
Another approach being taken is to choose therapies based on the specific mutation in the GIST. Although imatinib and sunitinib are particularly effective for patients with KIT mutations, they have less benefit for those without kinase mutations and some patients with PDGFRA mutations. 
 
As discussed, it appears that the majority of GIST with normal KIT and PDGFRA has overexpression of IGF-1R and mutations in SDH complex genes. Thus, studies are testing the IGF-1R inhibitor linsitinib. Patients with PDGFRA D842V mutations are refractory to imatinib and sunitinib. Ongoing studies are evaluating crenolanib and IMC-3G3, an anti-PDGFR antibody.
 
In summary, patients with GIST should be started on imatinib as adjuvant therapy or as first-line treatment for metastatic disease. Upon progression, patients should be switched to sunitinib. Promising research directions include phase III results with regorafenib and phase II results from a variety of other agents.

References
ClinicalTrials.gov. Phase II study of crenolanib (CP-868,596), a selective and potent inhibitor of PDGFR, for the Treatment of patients with advanced gastrointestinal stromal tumors with the D842-related mutations and deletions, including the D842V Mutation, in the PDGFRA gene. Available at: http://www.clinicaltrials.gov/ct2/show/NCT01243346. Accessed October 8, 2012.
ClinicalTrials.gov. A phase ii randomized multicentre study evaluating the efficacy of pazopanib+best supportive care (BSC) versus BSC alone in metastatic and/or locally advanced unresectable GIST, resistant to imatinib and sunitinib. Available at: http://www.clinicaltrials.gov/ct2/show/NCT01323400. Accessed October 8, 2012.
ClinicalTrials.gov. A phase II randomized multicentre study evaluating the efficacy of pazopanib+best supportive care (BSC) versus BSC alone in metastatic and/or locally advanced unresectable GIST, resistant to imatinib and sunitinib. Available at: http://www.clinicaltrials.gov/ct2/show/NCT01404650. Accessed October 8, 2012.
ClinicalTrials.gov. An open-label, randomised, multi-centre, phase II study to investigate the safety and efficacy of AT13387, either as monotherapy or in combination with imatinib, in patients with unresectable and/or metastatic malignant GIST whose tumour has progressed following treatment with a maximum of three tyrosine kinase inhibitors. Available at: http://www.clinicaltrials.gov/ct2/show/NCT01294202. Accessed October 8, 2012.
ClinicalTrials.gov. A phase 2 study of a human anti-PDGFRα monoclonal antibody (IMC-3G3) in previously treated patients with unresectable and/or metastatic gastrointestinal stromal tumors (GIST). Available at: http://www.clinicaltrials.gov/ct2/show/NCT01316263. Accessed October 8, 2012.
ClinicalTrials.gov. Phase 2 study of oral AB1010 in non pre-treated, inoperable patients with locally advanced/metastatic gastro-intestinal stromal tumour (GIST). Available at: http://www.clinicaltrials.gov/ct2/show/NCT00998751. Accessed October 8, 2012.
ClinicalTrials.gov. A non-randomized, open label, multi-center phase 2 study evaluating the efficacy and safety of STA-9090 in patients with metastatic and/or unresectable GIST resistant or refractory to prior systemic treatments including imatinib and sunitinib. Available at: http://www.clinicaltrials.gov/ct2/show/NCT01039519. Accessed October 8, 2012.
ClinicalTrials.gov. A phase 2 study of OSI-906 in patients with pediatric and adult wild type gastrointestinal stromal tumors. Available at: http://www.clinicaltrials.gov/ct2/show/NCT01560260. Accessed October 8, 2012.
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