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Evolution of GIST Genomics
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Evolution of GIST Genomics
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Evolution of GIST Genomics
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Germline NF1 Mutant GIST

1. Often multifocal small intestine GISTs associated with
Neurofibromatosis type 1 (NF-1)
A Hereditary
A 1.5% of GISTs associated with NF-1
A Often indolent
A May or may not respond to imatinib
A No drugs to target NF1

2. Somatic (not inherited) NF1 mutant small bowel GIST was
reported in 2015 in absence of a germline NF1 mutation (Belinsky
et al., BMC Cancer, 2015).
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Somatic NF1-mutant GIST
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NF1 Summary

A 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

A 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, or BRAF mutations.
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Evolution of GIST Genomics
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Evolution of GIST Genomics

Germline NF1 BRAF V600E
KIT | | PDGFRA

Gainof-function mutations GIST in pts with NE Activating mutations in 7% ofon-
Hirota et al.,Science Miettinen et al.,Am J Surg ATHPDIE AR I
® Path. Agaram et al.Genes Chrom Cancer

2003 2007
© © © © @

1998 2006 2008 %

PDGFRA Germline SDH

ot - BRAF
Activating mutationsn 35% 7 families with SDH A/B/C/D @

of non-KITmutant GIST mutations
Heinrich et al. Science McWhinneyet al., NEJM.

UC San Diego Health



BRAF V600E mutant

TABLE 1. Clinical and Pathologic Findings in BRAF mutated GIST patients

Primary Primary MF/50 Stage at
AgelSex Tumor Size (cm) Tumor Site HPF presentation CDII7 PTEN Plé LFU/mo
* 52/F 10 SB 90 Periton Mets P P N DOD/18
2 55/F 10 SB 5 Primary P NA NA NED/9
3 49/F 9 SB 50 Primary P P P NED/I13

A Small bowel
AKIT-positive IHC

AVariable behavior

Agaram NP, Genes Chromosomes and Cancer 2008
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BRAF V600E mutant GIST
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FDA-Approved for Any BRAF Ve0%E mutant Tumor

-
A Treatment with dabrafenib + trametinib

L

Kato et al., Clin Cancer Res 2021
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Cell Proliferation
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Cobimetinib
Binimetinib

UC San Diego Health



Evolution of GIST Genomics
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Evolution of GIST Genomics
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Neurotrophic tropomyosin receptor kinase (NTRK)
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Treatment Refractory ETV6-NTRK3 GIST
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Diversity of cancers treated - 17 unique types
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Efficacy of larotrectinib in TRK fusion cancers

©u2 Enrolled Patients with Confirmatory Response Data
504 Available (n=50)
40+ Objective Response Rate 76%
(ORR = PR+CR) (95% Cl: 62% — 87%)
0 . Partial Response (PR) 64%
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Does ETV6-NT RK 3
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Recurrence 3 months
(Gastric & Parametrial) (Post larotrectinib)

8 months
(Post larotrectinib)

Tumor Location Pathologic Size (cm) Viable Tumor Cells
Parametrial (left) 45x3.0x1.8 1% *
Jejunal (mesentery) 45x42x23 1% *
Gastric (greater curvature) 4.3x25x0.6 1% *
Uterine (posterior) 1.4x0.2x0.3 1% *
lleal (mesentery) 1.4x1.2x0.7 1% *

* Hyalinized nodule

Ranjbarian et al., Clin Cancer Res 2025
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Evolution of GIST Genomics
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Fibroblast Growth Factor Receptor 1 (FGFR1)
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Fractionation of KIT/PDGFRA Wild-Type GIST
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Abandoning TheTylepaam G

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

NUNcl assi fi edo C

Alkhuzeim et al., INCCN. May 2017.
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GIST Biology Extends Beyond KIT Mutations
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Succinate Dehydrogenase (SDH)-Deficient GIST
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SDH-Deficient GIST

ALackbHBxpresBdehiciento
A x 10% of all GIST ¢ 600 cases/year) N\
A Blood + peritoneal + lymphatic spread

’ Succmate

Carney-Stratakis Syndrome
(Hereditary Paraganglioma-Pheochromocytoma Syndrome)

Germline SDHx mutations
Hereditary

Often in adolescents & young adults

Paraganglioma (PGL)

Unmethylated normal cell promoter

Carneyo6s Tri ad (SDH Ep _,_-__g m?m

SDHC promoter hypermethylation B
Sporadic

Methylated cancer cell promoter
Teenage females
PGL + Pulmonary Chondroma (benign)

SDHC gene
McWhinney et al., NEJM, 2007;

Y
Killean et al., Sci Trans| Med, 2014. CpGisland /
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Natural History of SDH-Deficient (SDH-def) GIST

A Limited data on the natural history of SDH-def GIST comes from
case reports/series.

A Often describe SDH-def GIST
I Indolent

| Pediatric

I Insensitive to most TKls
I Recalcitrant to serial or more extensive surgical resections.

AYet, we are seeing SDH-def GIST patients dying from this cancer
with Iimited understanding of why their disease is more aggressive.

NATIONAL
CANCER
INSTITUTE ' GROUP—=

UC San Diego Health
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Patient Demographics

A 256 patients across the world

LY
A Median age at diagnosis: 29 yo (range, 51 79 yo) %ﬁﬁﬁxl*'g

A Sex: 68% female, 32% male ? w

Unpublished Data
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Natural History of SDH-def GIST. Overall Survival (OS)
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In 2020, FDA Approved Drugs (TKIs) Were Generally Ineffective
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Challenge to Advancing the SDH-def GIST Field

Lack of Human-derived Preclinical Models

4 N

) Parent tumors mSDH GIST models
g et
N!D ¢ »»

GISTs with Resected tumor Dissociation of Establishment of Test if established models
mutations in tumor into single cells patient-derived recapitulate parent tumor
SDHA, SDHB and SDHC mSDH GIST models metabolic and transcriptomics profiles

\\ J

Yebr a, Bhar gav aClinicalCaneel Rearch k2022 ¢ k
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Establishment of SDHx Cell Models

SDH mutant GIST

SDH mutant primary cell models

Yebra, Bhargava, et al, Clinical Cancer Research, 2022.
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SDH-def GIST Cell Models are Imatinib/Sunitinib Insensitive
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Elevated Succinate Levels Inhibit DNA Damage Response (DDR)

A Sensitizes cells to DNA Damaging agents
A Temozolomide (TMZ)

Sulkowski PL, et al, Nat Genetics, 2018.

A GIST & PGL patients

N CR PR [Best ORR
ﬂ Trent, 2003l 18 0 @ o
| o meunguanine Garcia del Muro, 2005(lll 18 Q @ o

GIST
olo

%
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Elevated Succinate Inhibits DNA Damage Response (DDR)
Therapeutic Vulnerability to TMZ
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Bench-to-Bedside :
Stage IV SDHB R90* GIST (PD on 3Ls of TKIs) m Paul Fanta, MD

START OF TREATMENT )& 8 MONTHS

A22 yo male treatment with TMZ

Yebra, Bhargava, et al, Clinical Cancer Research, , UC San Diego Health



Phase Il Study of TMZ in Advanced SDH-def GIST
ClinicalTrials.gov NCT03556384
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Best Overall Response Rate (ORR)

Percent patients (%)
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Best Overall Response Rate (ORR)

e

Percent patients (%)

ORR 22%
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Summary

4 )
1. At the time, this multicenter study was the largest clinical trial conducted to
date in SDH-deficient GIST patients.

2. TMZ had an acceptable safety profile in this population.

3. The efficacy signal with TMZ is better than that seen in prior clinical trials in
the SDH-def GIST.

4. With a promising disease control rate, TMZ enabled complete surgical
cytoreduction in 5 patients (21.7%).

5. Given the lack of efficacious therapy for treating SDH-deficient GIST, TMZ
may provide a new therapeutic option and fulfill an unmet clinical need for
these patients.

\. v
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Temozolomide (TMZ) Increases
Expression of Death Receptor 5 (DR5)

Proteome Profiler Human Apoptosis Array IuAmc0>r tr‘oes‘?rsofr:Z fi(-:rforige;ifd
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DR5 (Death Receptor 5) Levels are Enhanced upon TMZ Treatment

Immunoblot Immunocytochemistry Immunohistochemistry*
(Cell Models) (SD-437A) (Human GIST)
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Burgoyne et al, CTOS 2023
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DR5 as a Therapeutic Target

A To date, several DR5 agonists have failed in clinical INFIIBIY
trials due to unfavorable pharmacokinetics and/or
Inefficient bivalent/trivalent DR5 receptor clustering INBRX-109
leading to poor agonist activity. “a

A Inhibrx, Inc. (located 3.2 miles from our lab in La
Jolla, CA) has developed INBRX-109, a tetravalent
DRS5 agonistic antibody which effectively induces
tumor cell death by DR5 activation.

DRg

AINBRX-1 0 9 i71400%r6o€e potent than native S
TRAIL at inducing apoptosis o -s;
A INBRX-109 is currently in clinical trials for several Strongapoptosis

cancers
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TMZ + INBRX-109 Significantly Increases Apoptosis vs.
TMZ or INBRX-109 alone
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TMZ + INBRX-109 Synergistically
Increases Cytotoxicity and Decreases Cell Viability

Synergy Assessments
SD-435C CellTiter-Glo Viability Assay
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Translation: Bench-to-Bedside
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Phase | Study of TMZ + INBRX-109 in SDH-Deficient Cancers
(NCT03715933)

Partial Response (48% Reduction by RECIST) in SDHB mutant at 10 weeks

Compliments of Neeta Somaiah and David Hong, MD Anderson Cancer Center

Pre-treatment

10 weeks
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UO1 Cooperative Group of 10 Institutions NATIONAL
SDH-Deficient GIST Translational Research m) INSTITUY

INSTITUTE
and Clinical Trial Consortium
Unite SDH-def GIST clinicians, researchers, patient advocates and industry

A Conduct clinical trials
A Develop new models for predicting drug responses in individual patients
A Can we start to personalize therapy? SDH A vs. B vs. C vs. D?

A Better understand disease biology for personalized prognostication?
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New Target Identified in 2019
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DMNA hypermethylation
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Active insulator prevents CTCF binding
blocks enhancer

A SDH-deficiency leads to DNA hypermethylation and chromatin topology changes,

causing upregulation of fibroblast growth factor (FGF) ligands, FGF3 and FGF4 gene
expression

A Dysregulation of signaling through FGFR may be oncogenic in certain cellular contexts

Flavahan et al Nature 2019
Slides complements of S. George
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Phase 2 Study OF Rogaratinib (BAY 1163877) in Soft Tissue Sarcomas:
SDH-Deficient Gastrointestinal Stromal Tumors
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Study Chair: Suzanne George, MD
Lead investigator: Priscilla Merriam, MD Dana-Farber

J Cancer Institute



Summary

/
1. FGFR1-4 inhibition with rogaratinib showed promising activity with durable

effect in SDH-def GIST

2. Toxicities were as expected from prior experience with rogaratinib and other
agents with FGFR inhibition, and were mostly mild to moderate

3. This work demonstrates the impact of epigenetic alterations on tumorigenesis
and supports the approach of targeting aberrantly activated FGFR signaling
that can occur in the absence of canonical kinase mutations

4. Successful accrual of this trial in just over 2 years demonstrates the feasibility
of conducting multicenter trials for SDH-def GIST patients

5. Bayer has elected to not pursue further development of this drug

6. An academic consortium lead by Dr. Suzanne George is planning a new
phase 2 study of an already approved FGFR inhibitor (pemigatinib) y

Slides complements of S. George UC San Diego Health




Olverembatinib in SDH-deficient GIST (China)

» Olverembatinib (HQP1351) is a novel TKI that targets multiple kinases such as BCR-ABL1, KIT, SRC, FGFR. and
PDGFRA. The drug was approved for treatment of chronic myeloid leukemia (CML) in China.’

Results: Efficacy

Treatment duration (cycle)
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Overall response rate, 23.1% Clinical benefit rate, 92.3%

Among 26 evaluable patients, 6 experienced partial response The median (range) treatment duration was 15.6 (1.8-42.3)
(PR) as the best response despite multiple lines of prior months. A total of 24 patients had PR or stable disease (SD)
treatment. > 16 weeks (4 cycles).
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Anecdotal Responses

Temozolomide + Olaparib Imatinib + Binimetinib

S i n g hPashankar, Ped Blood & Cancer 2022 _ 1/5 pa_tlents PR
Chi et al., Clin Can Res 2022
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Making Progress

N CR PR |Best ORR
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Imatinib + Binimetinib

SDH-def GIST
studies
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Localized Disease i No Data

Wedge resection vs. Partial Gastrectomy
Selective vs. Routine Lymphadenectomy

Greater
Curvature
(n=57, 24%)

(n=40, 17%) Sharma e t al éSicklick,202!I i n
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Metastatic Disease - Debate

Palliation Resection only (Weldon et al., JCO 2017)
VS.
Selective Resection (Fero et al., JAMA Surgery 2017)

Weldon et al., showed in a SEER Subset analysis of AYA patients with

study of 76 patients under 19 yo metastatic disease, stratified by resection.
with WT-GIST diagnosis that 615t-Specifc suvival

there was an association "

between repeated surgical e

resections and decreased -

event-free survival. * o No Resection (1= 36
b
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Surgery: Extent of Dz vs. Role of Resection?

Medications Operations
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Surgical resection may play a role in managing this patient population?
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Predictors of Worse OS

CP9 yo vs. < 29 yo at diagnosis 2.36 (1.32-4.21) 0.004

Male vs. Female

2.51 (1.43-4.42) 0.001

Regionally advanced or metastatic
disease vs. localized at diagnosis 1.81 (1.04-3.16) 0.034

7.25 (3.26-16.10) <0.001
3.27 (1.79-5.97) <0.001
3.576 (1.40-9.16) 0.008
2.831 (1.068-7.506) 0.036

Unpublished Data

UC San Diego Health



TMZ: Better Drug Therapies May Open Doors for More
Extensive Surgery

Conversion to Surgical Resection
5 patients (21.7%)

RFES after

Cytoreduction
MRES 1.9y
PFS on TMZ
mPFS 1.3y
PFS before TMZ
| MPFS0.26y

P=0.045 T
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