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KIT Is NOT the Only Driver of GIST
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Known Driver Genes Iin 85-90% of GIST
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Comprehensive Genomic Profiling (CPG) vs.
Traditional Hot Spot Testing

Hot Spot or Single-Marker Testing CGP
* Misses some types of mutations « Able to identify hundreds of
(rearrangements/fusions, copy clinically relevant mutations
number alterations) at once
« Limited number of alterations « Allows the opportunity to
screened at once identify all alterations
* Results are specific for the test « Tissue sparing

used: need to know ahead of time
what questions to ask

+ Exhausts tissue
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CPG vs. Hot Spot
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Somatic Genomic Landscape in 186 GIST
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Driver Mutations in 186 GIST

qWT
tWT* (N=12)
(N=12)

[KHN]-RAS (N=4)
BRAF(N=7) £}

SDHx (N=14) 0

NF1 (N=18) WELZ
KIT (N=129)
PDGFRA (N=22) a4

tWT* = sequencing performed before FMI testing of SDHx genes



Demographics of GIST Patients

Variables

Total Patients
Age (years, mean * SD)

Sex

Primary GIST Site

Female

Male

Not Reported
Colon

Small intestine
Stomach

Other

WT GIST

N (%)

24
44.4 + 15.7
12 (50.0)
12 (50.0)
2 (8.3)

9 (37.5)
13 (54.2)
0 (0.0)

Non-WT
GIST

N (%)
162
58.3 + 14.1
66 (40.7)
94 (58.0)
2 (1.2)
15 (9.3)
44 (27.2)
83 (51.2)
20 (12.3)

P-value

<0.01
0.51

0.26




Demographics of GIST Patients

gWT GIST tWT GIST

Variables P-value
N (%) N (%)

Total Patients 12 12

Age (years, mean * SD) 440+£149 448+17.1 0.90

Sex Female 5(41.7) 7 (58.3) 0.68
Male 7 (58.3) 5(41.6)
Not Reported - -

Primary GIST Site Colon 0 (0.0) 2 (16.7) 0.36
Small intestine 4 (33.3) 5 (41.6)

Stomach 8 (66.7) 5(41.6)




Demographics of GIST Patients

TNM Classification

qWT GIST

tWT GIST

P-value*

Tumor Size (T)

Regional Lymph Nodes (N)

Distant Metastases (M)

T1 (<2 cm)
T2 (>2,<5cm)
T3 (>5, <10 cm)
T4 (>10 cm)
TX

NO

N1

NX

MO

M1

MX

N (%)
0 (0.0)
0 (0.0)

11 (91.7)
1(8.3)
0 (0.0)
6 (50.0)

.U
0 (0.0)
9 (75.0)
3 (25.0)

N (%)
0 (0.0)
2 (16.7)
5 (41.6)
4 (33.3)
1(8.3)
2 (16.7)

3 (25.0) 8 (66.7)

0 (0.0)
8 (66.7)
4 (33.3)

0.05

0.14

1.0
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Types of Genomic Alterations Detected
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Heterogeneous Set of Genomic Alterations*
(Known/Likely + Potentially Deleterious VUS)

Genes

IIII II. Tumor Site
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/ Genes Significantly More Affected

: Alterations in Alterations in WT
Gene Aliases P-value

ARID1B AT Rich Interactive Domain 1B 11 (6.79%) 5 (20.83%) 0.04
AlTK Ataxia telangiectasia and Rads related 4 (2.47%) 3 (12.5%) 0.047
LTK Lymphocyte receptor tyrosine kinase 2 (1.23%) 3 (12.5%) 0.02

SUFU Suppressor of Fused 0 (0%) 2 (8.33%) 0.02

/NF217 Zinc Finger 217 0 (0%) 2 (8.33%) 0.02

PARK?2 Parkin RBR E3 Ubiquitin Protein Ligase 1 (0.62%) 2 (8.33%) 0.044
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FGFR1 Gene Fusions ldentified in 2/3 GISTs

FGFR1

extracellular domain

kinase domain

exons 2-17

exons 5-22
FGFR1-HOOK3 extracellular domain

kinase domain

exons 2-17

exons 7-13
FGFR1-TACC1

extracellular domain

kinase domain
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ETV6-NTRK3 Fusion

exons 2-17 exons 5-22

exons 2-17 exons 7-13

NTRK3 | [ extracellular domain |
exons 1-5 exons 14-19
ETV6-NTRK3 | PNT domain! |
Gene Fusion Previously Reports
FGFR1 FGFR1-TACC1 Glioblastoma multiforme

RET-HOOKS3 fusion in

papillary thyroid cancer
Infantile fibrosarcoma

ETV6 ETV6-NTRK3 secretory breast carcinoma
salivary gland tumors

FGFR1-HOOKS

Shaw et al., Nature Reviews Cancer. 2013.
15



ETV6-NTRK3 In gWT GIST
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OHSU Validation in 2" Study Population
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MAGI3

ATIC, C20rf44, CARS, CLTC, EML4, FN1, KIF5B, KLC1, MSN, NPM1, PPFIBP1, PTPN3, SEC31A, SQSTM1, STRN, TFG,
TPM3, TPM4, TRAF1, VCL

AGK, AGTRAP, AKAP9, CLCN6, FAM131B, FCHSD1, GNAI1, KCTD7, KIAA1549, MAD1L1, MKRN1, NUDCD3, PLIN3,
RNF130, SLC45A3, SOX6, TRIM24, ZKSCAN5

EGFR variant Ill, CAND1, PSPH, SEPT14, SLC12A9

EZR

TMPRSS2

BAG4, CPSF6, ERLIN2, PLAG1, TACC1, ZNF703

AFF3, AHCYL1, BICC1, CASP7, CCDCS6, CIT, KIAA1967, OFD1, SLC45A3
BAIAP2L1, TACC3

MIR548F1, TPR

BCAN, CD74, MIR548F1, MPRIP, NFASC, TFG, TPM3, TPR

NACC2, QKI

ETV6

CD74, SLC3A2

KDR, SCAF11

NIN

DAZL, ESRP1, MSS51, SRGAP3

AFAP1, CCDC6, ERC1, HOOKS, KIAA1468, KIF5B, NCOA4, PARG, PCM1, PRKARI1A, TRIM27, TRIM33

CCDC6, CD74, CEP85L, EZR, GOPC, KDELR2, LRIG3, SDC4, SLC34A2, TFG, TPM3

Compliments of M. Heinrich and C. Corless, OHSU.



5gWT GIST in OHSU Study Population

Primary Tumor

Age (Years) | Gender Location Tumor Stage SDHB Immunostaining Fusion Panel Result
Pelvic mass Unknown Unknown FGFR1-TACC1
Colon Unknown Positive ETV6-NTRK3
51 Female Unknown TXN1Mx Positive None detected
53 Male Stomach Unknown Unknown None detected

exons 2-17

NTRK3 [P extracellular domain |

exons 1-5 exons 14-19

ETV NTRKS [T domain |

18
Compliments of M. Heinrich and C. Corless, OHSU.



Neurotrophic tropomyosin receptor kinase

(NTRK)
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Amatu et al., ESMO Open. 2016.



The efficacy of larotrectinib (LOX0O-101), a selective
tropomyosin receptor kinase (TRK) inhibitor, in
adult and pediatric TRK fusion cancers

Hyman DM,! Laetsch TW, 2 Kummar S,> DuBois 5G,* Farago AF,° Pappo AS,° Demetri GD,” El-Deiry WS,?
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Treatment Refractory ETV6-NTRK3 GIST

Baseline Week 8

Ancler:
1 SUBSQ ol
E3
.
*

Failed 5
therapies

LOXO-101
ﬁ

Larotrectinib

OOOOO
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Shietal,, JTM 2016.



Diversity of cancers treated - 17 unique types

ancreatic
Peripheral nerve 20/ Inflammatory myofibroblastic
sheath tumor \ \ / kidney tumor
4% 2%

Sarcoma, NOS B Salivary gland

—i\_*_——i__
4% 22%
Myopericytoma_ — 4
4% /
Cholangizfl:arcinoma Infantile fibrosarcoma (IFS)
(1]

13%
Spindle cell sarcoma
5%

GIST
5%

Melanoma
7%

Thyroid
9%

Lung
7%
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Efflcacy of larotrectinib in TRK fusion cancers

Maximum change Inumor size (%)

Enrolled Patients with Confirmatory Response Data
Available (n=50)

Objective Response Rate 76%

(ORR = PR+CR) (95% CI: 62% — 87%)
Partial Response (PR) 64%
Complete Response
(CR) 12%

Stable Disease 12%

Progressive Disease 12%

"Pavert rad TR solveet foet sstnce muaton (NTRIG GE2IR) & bassing dus 1 oror Serapy, "Fathoioge CR
Note- Ome paiert ot shown beve, Patient expenienced clacal progression and mo posttaseline umor measarements were mecoeded,
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FGFR1 Gene Fusions ldentified GIST

FGFR1
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24



Fibroblast Growth Factor Receptor 1 (FGFR1)

6

B INKa4A Amatu et al., ESMO Open. 2016.
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Lack Mutations in KIT, PDGFRA, RAS Pathway
(NF1, RAS, BRAF) and SDH Subunits

Quadruple Wild-type (QWT) GIST

SDHB+
GFEIR- « Genomics?
Any age”?  Epidemiology?
Equal sex? * Disease Biology?
Site?
Multifocality?

Pantaleo et al., Cancer Medicine. 2015.
26



Lack Mutations in KIT, PDGFRA, RAS Pathway
(NF1, RAS, BRAF) and SDH Subunits

Quadruple Wild-type (QWT) GIST

SDHB+
IGF1R-

Any age?
Equal sex?
Site?
Multifocality?

FGFR1 fusions
ETV6-NTRK3 fusions

ARID1B, ATR, LTK, SUFU, ZN217, PARK2 mutations

30s-50s
M2F
Stomach > SB > Colon
Nodal and Distant Mets

27

Shietal., JTM. 2016.




NIH Wild-Type GIST Clinic: KIT-PDGFRA fusion

A .. Groups _
‘ ‘ ." 1 NnrmalSDH!& EXpression
‘,“ ot ° Nigy " 2 SDHB mutation »
“‘.‘““““' E "'":"' E_SEH[ promoter methylation
‘é&““:““‘l ..."'.' "‘“ Er;[lleljﬂ IHC . Present
‘ ~ *t " " . Absent

B. Tumor global [ Centrist
methylation . Deviator

C. Tumor SDHC . Homozygous

methylation I Hemimethylated
Zygosity

D Mot found
D. Mutationst [ NF1 [ ] SDHA
B ceL [] spHe

B BrAF B sDHC

ARIDIA B soHD
I «i7/PDGFRAY [} None
fusion

E. Sex . Male

. Female

|| Missing information

Boikos et al., JAMA Onc. 2016.



7 Known Gene Fusions Known in 9 GISTs

Years Location

1 Male Small bowel T3NOM1 ETV6-NTRK3
2 54 Male Colon Unknown ETV6-NTRK3
3 44 Male Rectum T2NxMO ETV6-NTRK3
4 54 Male Pelvis mass Unknown FGFR1-TACC1
5 54 Male Stomach T3N1M1 FGFR1-TACC1
6 38 Female Small bowel T3N1M1 FGFR1-HOOK3
7 Unknown Female Unknown Unknown KIT-PDGFRA
MARK2-PPFIA1
8 63 Female Small bowel T3NOM1 SPRED2-NELECD
9 30 Female Small bowel T4ANXMO PRKAR1B-BRAF
0, 0 -
Average: 48 Male 56% A SEL (2T 22% nodal metastases S SIS
Summary o but spans stomach . 33% FGFR1
Median: 54 Female 44% 449% distant metastases
to rectum 33% Others

Shi et al. J Translational Med. December 2016.
Brenca et al., J Pathology. March 2016.
Boikos et al., JAMA Onc. July 2016.

29 Pantaleo et al., Mol Cancer Res. July 2017.
Charo et al., INCCN. 2018.



Progressive Fragmentation of “"WT"” GIST
KIT/PDGFRA WT GIST .
&

goé@ 1%4:::& =3 = & o g\oo.{_‘b

SDH deficient

BRAF

NF1

quadruple WT

30

APC
2 cases [30]

Nannini et al., JTM. May 2017.



Abandoning WT GIST

Journal of the National Comprehensive Cancer Network

The Call of “The Wild”-Type GIST: It’s Time

for Domestication

Maha Alkhuziem, MBBS, MAS; Adam M. Burgoyne, MD, PhD;
Paul T. Fanta, MD; Chih-Min Tang, PhD; and Jason K. Sicklick, MD

Alkhuzeim et al., INCCN. May 2017.
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Table 1. Matching Genomic Alterations With Targeted Therapies in GIST:

Theoretical Precision Actionabilities Meriting Investigations (cont.)

Matching FDA- Matching FDA-
Approved, On-Label Approved, Off-Label Clinical Trials
Agents With Agents With Enrolling Patients
Gene Pathways/Signaling Targets in GIST Targets in GIST With GIST
KRAS MAPK MEK inhibitors:
cobimetinib,
trametinib
LTK Transcriptional TEl: crizotinib
regulation
Insulin receptor
signaling
NF1 MAPK MEK inhibitors:
cobimetinib,
trametinib
NRAS MAPK MEK inhibitors:
cobimetinib,
trametinib
PARKZ E3 ubiquitin ligase CDEAf6 inhibitor: Phase Il (CDK4%E
Cyclin-COK ¢ s palbociclib inhibitor): palbocidib
PDGFRA MAPK Imatinib (first line) TEI: ponatinib Phase | (PDGFRATEI
inhibitors): BLU-285,
PI3K/AKTImTOR Sunitinib (second line) e
JAKISTAT Phase Il (PDGFRA/TEI
inhibitors): dovitinib,
famitinib, olaratumab,
onalespib, motesanib
Phase Il (PDGFRA
inhibitor): crenolanib
SDHA Epigenetic Hypomethylating Phase | (glutaminase
methylation agents: S-azacytidine, inhibitor): CB-839
decitabi
HIF1-alpha expression ahine
SDHB Epigenetic Hypomethylating Phase | (glutaminase
methylation agents: S-azacytidine, imhibitor): CB-339
decitabi
HIF1-alpha expression ahine
SDHC Epigenetic Hypomethylating Phase | (glutaminase
methylation agents S-azacytidine, imhibitor): CB-839
decitabi
HIF1-alpha expression ahine
SDHD Epigenetic Hypomethylating Phase | (glutaminase
methylation agents: S-azacytidine, inhibitor): CB-839
decitabi
HIF1-alpha expression ahine
SUFL Hedgehog pathway GLI inhibitor: arsenic
trioxide
L]
INF2IT Transcriptional l |C S D
regulation an 1eg0

MOORES CANCER CENTER



Table 1. Matching Genomic Alterations With Targeted Therapies in GIST:

Theoretical Precision Actionabilities Meriting Investigations

Approved, On-Label Approved, Off-Label Clinical Trials
Agents With Agents With Enrolling Patients
Gene Pathways/Signaling Targets in GIST Targets in GIST With GIST
ARIDIA Chromatin remodeling mTOR inhibitors: Phase | (PI3K
everolimus, inhibitors): alpelisib,
PIIKAKTIMTOR temsiralimus buparlisib, TGR-1202
ARIDTB Chromatin remodeling mTOR inhibitors: Phase | (PI3K
everolimus, inhibitors): alpelisib,
PIIKAKTIMTOR temsiralimus buparlisib, TGR-1202
ATR DMA repair DMA damaging
agents: cisplatin,
gemcitabine,
topotecan
PARP imhibitors:
olaparib, rucaparib
Radiotherapy
BRAF MAFK Regorafenib BRAF VBO0E Phase Il (BRAF VE0O0E
i{third lina) inhibitors: dabrafenib,  inhibitor): dabrafenib
vemurafenib Il (MEK
MEK inhibitors: inhibitors):
cobimetinib, binimetinib,
trametinib trametinib
ETVE-NTRKZ  MAPK TEL crizotinib Phase | (TRK inhibitor):
PIIK/AKT/mTOR larotrectini
Phase |l (TRE
JAKISTAT inhibitar): entrectinib
F&aFRT FGF Regorafenib FGFR inhibitors: Phase | (FGFR
(third line) lenvatinib, pazopanib,  inhibitors): BGI39E,
ponatinib dovitinib
Phase Il (FGFR
inhibitor): semaxanib
HRAS MAPK MEK inhibitors:
cobimetinib,
trametinib
KIT MAPK Imatinib {first ling) TEk: dasatinib, Phase | (TKs):
PIIK/AKT/mTOR Sunitinib {second fing) " Onn oy Penatin - DCESR18, QS-S0
JAKSSTAT Regorafenib (third Phase Il {TKIs):
line} -

BRIS03, cabozantinib,
dasatinib, famitinib,
ganetespib, nilotinib,
pexidartinib,
sorafenib, sunitinib
Phase Il {TKI):
masitinib

UC San Diego
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Summary #1

« “Quadruple Wild-Type: or “Unclassified” GIST occur in
younger patients, occur in similar locations as non-qWT

GIST, frequently metastasize to lymph nodes, and most
are not truly “WT.”

Potentially deleterious gene fusions occur in adults with
GIST and these are potentially targetable with drugs.

* KIT inhibitors (KIT-PDGFRA fusion)
 NTRKS inhibitors (ETV6-NTRKS3 fusion)

 FGFRL1 inhibitors (FGFR1-TACC1/HOOKS fusions)
 BRAF inhibitors (BRAF-PRKAR1B fusion)

« Other driver genes at play:
 ARID1A/D, ATR, LTK, MAX, PARK2, SUFU, ZNF217

Shi et al. J Translational Med. December 2016.
Boikos et al., JAMA Onc. July 2016.

Pantaleo et al., Mol Cancer Res. July 2017.
Alkhuzeim et al., INCCN. May 2017.
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Is Location Is a Biomarker for Gene Mutations?

Location.
Location.
Location.

Why WHERE you buy is more important than WHAT you buy.

UC San Diego
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Known Driver Genes in GIST

PDGFRA

GEE ~ |
\ CpG island

W Methylated cancer cell promoter
g L ﬂ _
Y

CpG island

or —=TACC1 fusions

kinase domain

FGFR1-HOOKS3

FGFR1-HOOK3 xtracellular doi

Corless et al., Nature Reviews Cancer. 2011.
Pantaleo et al., Cancer Medicine. 2015.
Killian et al., Sci Transl Medicine. 2014.
Shi et al., J Transl Medicine. 2016 (In Press).

FGFR1-TACCT

ETV6-NTRK3 fusion

exons 14-19

ETV6-NTRK3 m
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Anatomic Localization of GIST

37

Stomach

Colon

Small Intestine

()

- Duodenal-Jejunal Flexure (DJF)
Duodenum [Ligament of Treitz] ]
2
Jejunum
— lleum

/

Ma et al., CEBP. 2015.



Genes and Localization of GIST

Stomach-55%

Colon-3%

Small Intestine-29%

[Ligament of Treitz]

Duodenal-Jejunal Flexure (DJF)
?

38
Ma et al., CEBP. 2015.



Background: NF1 Mutant GIST

1. Often multifocal small intestine GISTs associated

with Neurofibromatosis type 1 (NF-1)

NF-1 associated with 1.5% of GISTs

Somatic NF1 mutant small bowel GIST was

recently reported in the absence of a germline NF1

mutation (Belinsky et al., BMC Cancer, 2015).

4. NF1 gene mutations associated with NF-1 were
recently reported (Gasparotto et al., Clin Cancer
Research, 2016):

* Frequentin GISTs lacking KIT/PDGFRA/BRAF
mutations or SDH inactivation

« Especially if multifocal or with a multinodular
growth pattern and a non-gastric location.

w N

39



New Key Findings

1.

40

In three series, GISTs more frequently than 1.5%
possess NF1 genomic alterations

. 6.1% (MSKCC, 7/115)
. 9.7% (UCSD, 6/62)
. 9.7% (FMI, 18/186)



New Key Findings

41

Small Intestine

— Duodenum

Jejunum

— [leum

Colon

L

Duodenal-Jejunal
Flexure (DJF)

« 55% of GISTs

« Germline NF1
mutations even
without clinical
NF-1

« Somatic only NF1
mutations

« Can have NF1 +

KIT mutations
\ )

Ma et al., CEBP. 2015.




Methods

Primary Study Population

* Retrospective study of 165 GIST patients with from
January 1, 2000 to April 30, 2017 at the UC San Diego
Moores Cancer Center

« Data collected included age, sex, race, ethnicity, primary
GIST site, tumor size, and mitotic index.

Next Generation Sequencing
« 62 patients underwent NGS of cancer-related genes
beginning in 2014:
* Foundation Medicine (315 genes)
« UC San Diego Heath System Clinical Genomics
Laboratory (397 genes)

42

Burgoyne et al., JCO Precision Oncology. 2017.



Driver Mutations in 62 UCSD GIST

BRAF3%  KRAS 3%

NF1 9%

SDH [ABCD]
11%

PDGFRA
11%

KIT 63%

43

Burgoyne et al., JCO Precision Oncology. 2017.



NF1 Genomic Alterations are Frequent at DJF

GIST Patients
N =165

44

NGS
N = 62
(37.6%)

No NGS
N =103
(62.4%)

NF1 Alteration
N=6
(9.7%)

No NF1 Alteration

N =56
(90.3%)

Stomach
N=1
(16.7%)

DJF
N=5
(83.3%)

DJF
N=2
(3.6%)

DJF
N=2
(2.1%)

Burgoyne et al., JCO Precision Oncology. 2017.



9 DJF GIST Patient Demographics

Characteristic Number

Age, years
Average | 55915
Sex
Male 4
Female 5
Race
Caucasian 7 77.8%
African American 1 11.1%
Asian/Pacific Islander 1 11.1%
Ethnicity
Non-Hispanic white S
Hispanic/Latino 4 44.4%

Burgoyne et al., JCO Precision Oncology. 2017.



DJF GIST Clinicopathologic Features

46

Characteristic

Stage

Localized 6 .

Regional o) 0.0%
Distant 1 11.1%
Unknown 2 22.2%

Tumor Size, cm

Median (range) 9(1.5-15)

Average 8.0+ 5.0
Mitotic Index

Low

High 3 33.3%

Unknown 2 22.2%
Cell Morphology

Spindle 5

Epithelioid 0 0.0%

Mixed 3 33.3%

Unknown 1 11.1%

Burgoyne et al., JCO Precision Oncology. 2017.



MSKCC Validation Cohort

Multifocal
N=2
MSK-IMPACT NGS NF1 Alteration (28.6%)

(341 genes) — N=7 DIF

N =115 0 Unifocal

(6.1%) (No Clinical NF-1)
N=5 SEE— N =2
(71.4%) y

(40%)
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Burgoyne et al., JCO Precision Oncology. 2017.



CASE

SNP

2.5

2.1

Size (cm)

Mitotic Index

MI (per 5 mm?)

Tumor

NF1
(somatic)

NF1
(germline)

KIT
(somatic)

CDC73

BRAF
(somatic)

EP300

ARID1A
(somatic)

Reported GIST Drivers

Notch Pathway

BCOR

Others

Others

48

Il High
] Low

[ ] Unknown

Genomic Alteration
Il Nonsense

B Frameshift

] Missense

] In frame indel
[l Deletion

M Splicing

Burgoyne et al., JCO Precision Oncology. 2017.



Summary #2

* Duodenal-Jejunal Flexure (DJF) or Ligament of Treitz
GISTs frequently possess NF1 alterations (somatic
and/or germline), which occur even in the absence of

clinical NF-1

« This represents a previously unappreciated presentation
of clinical NF-1.

Solitary GIST arising at the DJF may be a

biomarker for clinically occult NF-1, even if
single gene testing reveals a KIT mutation.
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Slicing the Pie...It’s Time for Personalization

ARID1B RAS FGFR1 LTK

50 Shi et al., JTM. 2016.
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