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1. Often multifocal small intestine GISTs associated with 
Neurofibromatosis type 1 (NF-1)

Å Hereditary

Å 1.5% of GISTs associated with NF-1
Å Often indolent

Å May or may not respond to imatinib
Å 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).

Germline NF1 Mutant GIST



Somatic NF1-mutant GIST

Ma et al., CEBP. 2015.

Stomach
Colon

Small Intestine

Duodenal-Jejunal Flexure (DJF)

Å5.5% of GISTs

ÅSomatic only NF1 mutations

Å Incidental germline NF1 

mutations even without 

clinical NF-1

ÅCan have NF1 + KIT mutations
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NF1 Summary

ÅDuodenal-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

ÅThis 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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BRAF V600E
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ÅSmall bowel

ÅKIT-positive IHC

ÅVariable behavior

Agaram NP, Genes Chromosomes and Cancer 2008
KIT

BRAF V600E mutant



BRAF V600E mutant GIST

FEBRUARY 2007 (WEEK 0) MARCH 2008 (WEEK 24)

ÅTreatment with dabrafenib

Falchook et al., Oncotarget 2013



ÅTreatment with dabrafenib + trametinib

FDA-Approved for Any BRAF V600E mutant Tumor

Kato et al., Clin Cancer Res 2021
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Neurotrophic tropomyosin receptor kinase (NTRK)

Amatu et al., ESMO Open. 2016.



Treatment Refractory ETV6-NTRK3 GIST

Baseline Week 8

Larotrectinib

Shi et al,, JTM 2016.

Failed 5

therapies







Does ETV6-NTRK3 GIST Really Exist? Yesé.
Primary Diagnosis

KIT

DOG-1

H&E

Recurrence

Recurrence
(Gastric & Parametrial)

3 months
(Post larotrectinib)

8 months
(Post larotrectinib)

Tumor Location Pathologic Size (cm) Viable Tumor Cells

Parametrial (left) 4.5 x 3.0 x 1.8 1% * 

Jejunal (mesentery) 4.5 x 4.2 x 2.3 1% *

Gastric (greater curvature) 4.3 x 2.5 x 0.6 1% * 

Uterine (posterior) 1.4 x 0.2 x 0.3 1% * 

Ileal (mesentery) 1.4 x 1.2 x 0.7 1% *

* Hyalinized nodule 

-4.2%
-11.7%

-15.6%

-37.8%

-77.0%
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Ranjbarian et al., Clin Cancer Res 2025



Case Age (y) Sex Location Size (cm)
KIT 

(CD117)
DOG-1

KIT 

Mutation

PDGFRA 

Mutation

NTRK

Fusion

1 67 F Gastric 4.5 Positive Positive WT WT ETV6-NTRK3

2 52 F Mesentery 10 Positive Positive WT WT ETV6-NTRK3

3 56 M Gastric 16 Positive Positive WT WT ETV6-NTRK3

4 44 M Rectum 5 Positive Positive WT WT ETV6-NTRK3

5 53 F Pelvic 20 Positive Positive WT WT ETV6-NTRK3

6 34 F Esophageal 8.4 Positive Positive WT WT ETV6-NTRK3

7 59 M Unknown Unknown Positive Unknown WT WT ETV6-NTRK3

8 44 F Rectum 2.8 Positive Unknown WT WT NTRK1*

9 45 M Duodenum 1.7 Positive Unknown WT WT NTRK3*

10 65 F Gastric 17 Positive Unknown WT WT NTRK1*

11 61 F Jejunum 3.9 Positive Unknown WT WT NTRK1*

12 43 M Rectum 11 Positive Unknown WT WT ETV6-NTRK3

13 20 M Rectum 7 Negative Positive WT WT LMNA-NTRK1

14 55 M Small bowel Unknown Unknown Unknown WT WT ETV6-NTRK3

15 54 M Colon Unknown Unknown Unknown WT WT ETV6-NTRK3

16 23 F Small bowel 6.5 Unknown Unknown WT WT ETV6-NTRK3

17 74 F Duodenum 8 Unknown Unknown WT WT RBPMS-NTRK3

18 44 M Gastric Unknown Unknown Unknown WT WT ETV6-NTRK3

*NTRK fusions with uncharacterised gene rearrangements

Does ETV6-NTRK3 GIST Really Exist? Yesé.



2016

FGFR1 fusions

Quadruple WT (KIT/PDGFRA/ 
RAS-P/SDH) have FGFR1-

HOOK3 & FGFR1-TACC1 fusions

Shi et al., JTM. 2016
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Fibroblast Growth Factor Receptor 1 (FGFR1)

Amatu et al., ESMO Open. 2016



Nannini et al., JTM. May 2017.

Fractionation of KIT/PDGFRA Wild-Type GIST



Abandoning The Term ñWild-Typeò GIST

Alkhuzeim et al., JNCCN. May 2017.

ñUnclassifiedò GIST



KIT
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PDGFRA

Germline SDHx

Epimutant SDH

Sharma et aléSicklick, Clin Cancer Res, 2022

Stuart et aléSicklick, JSO, 2019

Burgoyne et aléSicklick, JCO Prec Onc, 2017

Shi et aléSicklick, J Transl Med, 2019 

GIST Biology Extends Beyond KIT Mutations



Succinate Dehydrogenase (SDH)-Deficient GIST

Stomach

KIT exon 11

PDGFRA

Germline SDHx

Epimutant SDH

Sharma et aléSicklick, Clin Cancer Res, 2022



SDH-Deficient GIST

Å Lack SDHB expression = ñdeficientò

Å 1ͯ0% of all GIST ( 6ͯ00 cases/year)

Å Blood + peritoneal + lymphatic spread
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Carney-Stratakis Syndrome
(Hereditary Paraganglioma-Pheochromocytoma Syndrome)

Germline SDHx mutations

Hereditary

Often in adolescents & young adults

Paraganglioma (PGL)

SDHC gene

SDHC gene

Carneyôs Triad (SDH Epimutant)

SDHC promoter hypermethylation

Sporadic

Teenage females

PGL + Pulmonary Chondroma (benign)
McWhinney et al., NEJM, 2007;
Killean et al., Sci Transl Med, 2014.



Natural History of SDH-Deficient (SDH-def) GIST

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

ÅOften describe SDH-def GIST

īIndolent

īPediatric

īInsensitive to most TKIs

īRecalcitrant to serial or more extensive surgical resections.

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

National Cancer Institute - Wikipedia

https://www.google.com/imgres?imgurl=https%3A%2F%2Fupload.wikimedia.org%2Fwikipedia%2Fcommons%2F0%2F0b%2FNCI_Stacked_COLOR.png&imgrefurl=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FNational_Cancer_Institute&tbnid=iORlvthHsEiEVM&vet=12ahUKEwjMnJesteT2AhXvATQIHRLjDO4QMygBegUIARC-AQ..i&docid=7ZMitfDJhfu7FM&w=904&h=400&q=nci%20logo&ved=2ahUKEwjMnJesteT2AhXvATQIHRLjDO4QMygBegUIARC-AQ


Patient Demographics

Å256 patients across the world

ÅMedian age at diagnosis: 29 yo (range, 5 ï 79 yo)

ÅSex: 68% female, 32% male 2/3 1/3

Unpublished Data



Natural History of SDH-def GIST: Overall Survival (OS)

National Cancer Institute - Wikipedia

Unpublished Data

Nearly 1 -in -4 patients
do not survive 10 yrs

ẌuɅǱɐȺǸɅʌ ǱȡɾǸǍɾǸẍ
Median OS 39 yrs

Ẍ!ȓȓɶǸɾɾȡʬǸ ǱȡɾǸǍɾǸẍ
5-yr OS: 89%
10-yr OS: 77%

https://www.google.com/imgres?imgurl=https%3A%2F%2Fupload.wikimedia.org%2Fwikipedia%2Fcommons%2F0%2F0b%2FNCI_Stacked_COLOR.png&imgrefurl=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FNational_Cancer_Institute&tbnid=iORlvthHsEiEVM&vet=12ahUKEwjMnJesteT2AhXvATQIHRLjDO4QMygBegUIARC-AQ..i&docid=7ZMitfDJhfu7FM&w=904&h=400&q=nci%20logo&ved=2ahUKEwjMnJesteT2AhXvATQIHRLjDO4QMygBegUIARC-AQ


Objective Response Rate (ORR)

Prospective TKI Trials = 7.8% (10/129)

SDH-deficient trials = 0% (0/31)

N CR PR Best ORR

Imatinib 61 0 2 3%

Sunitinib 49 1 4 10%

Regorafenib 16 0 3 19%

Ripretinib 2 0 0 0%

Linsit inib 15 0 0 0%

Vandentinib 9 0 0 0%

Guadecitabine 7 0 0 0%
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Boikos, JAMA Onc, 2016.

Heinrich, JAMA Onc, 2017.

Janeway, Peds Blood Can, 2009.

Liu, Medicine, 2017.

Ben Ami, Ann Onc, 2016.

Martin-Broto, CTOS, 2021.

Bauer, Lancet Onc, 2021.

Von Mehren, CCR, 2020.

Glod, CCR, 2020.

Wederkind, ASCO, 2020.
Abbreviations: CR, complete response; PR, partial response

In 2020, FDA Approved Drugs (TKIs) Were Generally Ineffective



Challenge to Advancing the SDH-def GIST Field

Lack of Human-derived Preclinical Models

Yebra, Bhargava, et aléSicklick, Clinical Cancer Research, 2022



FX-437A

FX-424B

FX-435C

SDHA splice site 

1432_1432+1delGG 

SDHB R90* 

SDHC R133* 

SDH mutant GIST SDH mutant primary cell models

Establishment of SDHx Cell Models

Yebra, Bhargava, et al, Clinical Cancer Research, 2022.

Ex vivo 

establishment



SDH-def GIST Cell Models are Imatinib/Sunitinib Insensitive 

N CR PR Best ORR

Imatinib 61 0 2 3%

Sunitinib 49 1 4 10%

Regorafenib 16 0 3 19%

Ripretinib 2 0 0 0%

Linsit inib 15 0 0 0%

Vandentinib 9 0 0 0%

Guadecitabine 7 0 0 0%
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Yebra, Bhargava, et aléSicklick, Clinical Cancer Research, 2022



Elevated Succinate Levels Inhibit DNA Damage Response (DDR)

ÅSensitizes cells to DNA Damaging agents

ÅTemozolomide (TMZ)

ÅGIST & PGL patients50% response

N CR PR Best ORR

Trent, 2003 18 0 0 0%

Garcia del Muro, 2005 18 0 0 0%

SDHB  WT (Hadoux, 2017) 5 0 0 0%

SDHB  Mut (Hadoux, 2017) 10 0 5 50%
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Sulkowski PL, et al, Nat Genetics, 2018.
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Elevated Succinate Inhibits DNA Damage Response (DDR)

Therapeutic Vulnerability to TMZ

Yebra, Bhargava, et aléSicklick, Clinical Cancer Research, 2022



START OF TREATMENT 8 MONTHS

Å22 yo male treatment with TMZ

Stage IV SDHB R90* GIST (PD on 3Ls of TKIs) 

Bench-to-Bedside

Yebra, Bhargava, et al, Clinical Cancer Research, 2022.

Paul Fanta, MD



Phase II Study of TMZ in Advanced SDH-def GIST

ClinicalTrials.gov  NCT03556384

Adam Burgoyne, MD, PhD



Best Overall Response Rate (ORR)

ORR 22%
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Best Overall Response Rate (ORR)
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Summary

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.



Temozolomide (TMZ) Increases

Expression of Death Receptor 5 (DR5)

DMSO TMZ

DR5

Proteome Profiler Human Apoptosis Array

(SD-437A)

Tumor necrosis factor-Related

Apoptosis-Inducing Ligand
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Strong apoptosis

DR5 as a Therapeutic Target

ÅTo date, several DR5 agonists have failed in clinical 
trials due to unfavorable pharmacokinetics and/or 

inefficient bivalent/trivalent DR5 receptor clustering 

leading to poor agonist activity.

ÅInhibrx, Inc. (located 3.2 miles from our lab in La 

Jolla, CA) has developed INBRX-109, a tetravalent 
DR5 agonistic antibody which effectively induces 

tumor cell death by DR5 activation.

ÅINBRX-109 is å50ï100³ more potent than native 
TRAIL at inducing apoptosis

ÅINBRX-109 is currently in clinical trials for several 
cancers 



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
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Translation: Bench-to-Bedside

National Cancer Institute - Wikipedia

https://www.google.com/imgres?imgurl=https%3A%2F%2Fupload.wikimedia.org%2Fwikipedia%2Fcommons%2F0%2F0b%2FNCI_Stacked_COLOR.png&imgrefurl=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FNational_Cancer_Institute&tbnid=iORlvthHsEiEVM&vet=12ahUKEwjMnJesteT2AhXvATQIHRLjDO4QMygBegUIARC-AQ..i&docid=7ZMitfDJhfu7FM&w=904&h=400&q=nci%20logo&ved=2ahUKEwjMnJesteT2AhXvATQIHRLjDO4QMygBegUIARC-AQ


Phase I 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



U01 Cooperative Group of 10 Institutions
SDH-Deficient GIST Translational Research 
and Clinical Trial Consortium

National Cancer Institute - Wikipedia
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Unite SDH-def GIST clinicians, researchers, patient advocates and industry 

Å Conduct clinical trials

Å Develop new models for predicting drug responses in individual patients

Å Can we start to personalize therapy? SDH A vs. B vs. C vs. D?

Å Better understand disease biology for personalized prognostication?
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Priscilla Merriam, MD

ÅSDH-deficiency leads to DNA hypermethylation and chromatin topology changes, 

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

expression

ÅDysregulation of signaling through FGFR may be oncogenic in certain cellular contexts

Flavahan et al Nature 2019

Slides complements of S. George

New Target Identified in 2019



PR
PR in 10/24 pts 

Best ORR 41.7 %

Confirmed PR
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Study Chair: Suzanne George, MD

Lead investigator: Priscilla Merriam, MD

Phase 2 Study OF Rogaratinib (BAY 1163877) in Soft Tissue Sarcomas:

SDH-Deficient Gastrointestinal Stromal Tumors



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) 

Slides complements of S. George



Olverembatinib in SDH-deficient GIST (China)

ġÙĳġ

æĆĆġĀĆġÙĚ



Anecdotal Responses

Imatinib + Binimetinib

1/5 patients PR
Chi et al., Clin Can Res 2022

Temozolomide + Olaparib
Singh é. Pashankar, Ped Blood & Cancer 2022



Making Progress



Localized Disease ï No Data
Wedge resection vs. Partial Gastrectomy
Selective vs. Routine Lymphadenectomy

Total gastrectomy

Sharma et aléSicklick, Clin Cancer Res, 2022



SEER Subset analysis of AYA patients with 

metastatic disease, stratified by resection.

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 

study of 76 patients under 19 yo 

with WT-GIST diagnosis that 

there was an association 

between repeated surgical 

resections and decreased 

event-free survival.



Surgery: Extent of Dz vs. Role of Resection?

Medications Operations

Unpublished Data

Surgical resection may play a role in managing this patient population?



Predictors of Worse OS

Variable Univariate HR (95% CI) P-value

Ó29 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

Sunitinib 7.25 (3.26-16.10) <0.001

Regorafenib 3.27 (1.79-5.97) <0.001

Temozolomide 3.576 (1.40-9.16) 0.008

No Surgery vs. Surgery 2.831 (1.068-7.506) 0.036
Unpublished Data



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

PFS on TMZ

mPFS 1.3y

RFS after

Cytoreduction

mRFS 1.9y

Conversion to Surgical Resection
5 patients (21.7%)

P=0.045

PFS before TMZ

mPFS 0.26y


