Antonescu Research lab synopsis — Proposal for 2026-2027 Funding:

Identify and validate molecular biomarkers predictive of recurrence risk and adjuvant

therapy determination in primary GIST after resection.

Progress Report: As a result of the generous GCRF funding, we were able to continue making
progress in the past year on defining the genomic landscape and biomarkers to better assess risk
of malignancy in GIST on three different fronts. First is to predict risk in the setting of primary,
resectable disease. Our second goal was to better guide the patient’s selection for adjuvant
therapy. Lastly, we used the genomic landscape to further understand alternative mechanisms of
resistance.

1. Discover and validate predictive molecular biomarkers for recurrence free survival in
primary disease. Among the total 501 patients (592 samples) tested by MSK-IMPACT, we
first focused the analysis on the localized cohort (n=232 patients), which included 152 gastric
GIST, with 63 (41%) received adjuvant imatinib therapy. Using ensemble machine learning
method (OncoCast), we developed a novel 3-tier genomic risk stratification model for primary
localized gastric in the setting of imatinib era and adjuvant therapy (Figure 1). Gastric GISTs
were classified as high risk if chr1p deletion or SDHB loss was present, and intermediate risk
if chr14q deletion was present or KIT exon 11 mutation was absent. Our results showed that
genomic nomogram complements traditional clinicopathologic-based risk stratification models
in primary localized gastric in the setting of imatinib era and adjuvant therapy.

2. Investigate potential novel mechanisms of resistance in the setting of
advanced/metastatic disease. In the metastatic cohort, including the TKI-resistant samples,
the genomic analyses revealed distinct, mutually exclusive molecular alterations co-existing
with the primary or secondary KIT mutations. These included MGA/MAX/MY C axis alterations,
NKX2.1 deletions and KIT amplifications (Figure 2). These suggest a potential synergistic
effect in driving an aggressive behavior. Further subset analyses are on-going related to the
precise mechanism of failure and drug selection regimen. Additionally, validation of our
proposed genomic risk stratification scheme in external, independent cohorts is on-going.

This study was triggered by the many existing limitations of the current risk stratification schemes
in GIST. To mention a few, the conventional guidelines for risk assessment were defined in the
pre-imatinib era and rely solely on clinicopathologic metrics: tumor site, tumor size, and mitotic
activity. These risk models have performed inconsistently in differentiating potentially aggressive
from indolent clinical behavior, offering limited guidance on adjuvant therapy. Additional significant
limitations of the current prognostication include the lack of integrated molecular biomarkers and
not accounting for the imatinib sensitivity of the primary GIST genotype.

In this project we specifically investigate means of extracting additional information from large-
scale genomic landscape signatures, focusing on selecting and validating prognostic biomarkers
of tumor progression. By applying a targeted hybrid capture-based next-generation sequencing
assay to determine the mutational and copy-number landscape in a large GIST cohort with
comprehensive and detailed clinicopathologic annotation from a single tertiary center, we were
able to identify molecular determinants of aggressive clinical behaviors that can be used as the
next-generation, genomic based risk prediction in GIST in the present imatinib era.




The following is a brief summary of our recent study main findings:

o Genomic landscape comparison between gastric vs small bowel GIST. Gastric GISTs
more frequently harbored alterations in PDGFRA, SDHA, SDHB, whereas small bowel GISTs were
enriched in inactivating alterations in MAX/MGA and RB1, deletions in chr1p and chr22q deletion,
and amplifications in chr1q, chr5p, and chr5q. The frequencies of CDKN2A and chr14q deletion
were relatively similar in gastric and small bowel GISTs.

o Genomic risk_stratification in gastric GIST. Among gastric GIST, our genomic risk
stratification model revealed that SDHB status correlated with high risk. This SDHB-deficient group
has few co-occurring alterations.

. Genomic risk_stratification in SDH-deficient GIST. Within SDH deficient cases, TP53
mutations or chr1p deletions portends poor outcome even within this high-risk group. This is
significant as we have shown previously that conventional pathologic criteria (mitotic count) do not
correlate well with outcome (metastatic potential) in the molecular subset of SDH-deficient GIST.

. Genomic risk stratification in small bowel GIST. In the small bowel cohort, alterations in
MY C/MAX/MGA axis were associated with a significantly worse recurrence free survival (RFS, log-
rank P = 0.003) by multivariate Cox regression analysis. In addition, presence of CDKN2A
deletions or RB1 loss-of-function alterations also conferred high-risk status in small bowel GISTs.

. Longitudinal sequencing uncovered that unlike acquired KIT second site mutations, most
chromosomal arm level CNA and cooccurring “secondary” gene-level alterations occurred at
baseline and remained stable during disease progression.

o Comparison between genomic and conventional risk stratification schemes. The results
showed that the genomic risk stratification not only upgrades but also downgrades. This suggests
that conventional risk stratification can miss some high-risk patients (underestimates), but also
tends to overestimate risks, implying that patients who belong to the low genomic risk groups may
potentially be over treated.

° Wide application of the proposed genomic risk stratification. Most KlT-independent
genomic risk factors found to be prognostically significant occur at the gene level (MYC/MGA/MAX,
CDKN2A, RB1, etc.). Thus, it is likely that these alterations will be consistently detected by various
platforms.




Figure 1: Recurrence-free survival in primary gastric GIST, excluding SDH-deficient GIST
cases by genomic risk stratification. A 3-tier genomic risk group is proposed. Recurrence-free
survival for patients in low-, intermediate-, and high-risk genomic groups is represented by

Kaplan-Meier curves.
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Figure 2. Oncoprint summarizing the genomic events in the metastatic cohort, including
TKil-resistant samples. Results revealed distinct, mutually exclusive molecular alterations co-

existing with the primary or secondary KIT mutations.
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Proposed Aims for the next funding year (2026-2027)

Aim 1. Identifying molecular biomarkers of primary and secondary resistance to imatinib
and other tyrosine kinase inhibitors (TKI) beyond secondary KIT mutations.

To date, we were able to complete two-thirds of the proposed 100 pre-imatinib era primary/
resectable GISTs (1982-2000) that will serve as the MSK validation cohort. Slides were reviewed,
blocks have been selected and in the process of DNA extraction/ targeted sequencing. We will
continue to complete this task in the next funding year.

This preliminary data emerged so far is encouraging. Among gastric GISTs, CDKN2A deletions
and TP53 mutations were mutually exclusive, while RB1 alterations were rare (only 1 case with
RB1 inactivating mutation). Among small bowel GISTs, CDKN2A deletions, RB1
deletion/inactivating mutations, TP53 mutations, and SETD2 mutations were mutually exclusive
except for one case; TP53 and PTEN mutations were exclusively seen in imatinib-resistant GISTs
harboring 2nd site KIT mutations; chr1p deletions were highly prevalent, all of which were detected
at baseline.

Our results also showed that unlike acquired KIT second site mutations (KIT exon 13/14, exon
17/18), most chromosomal arm level CNA (deletion in chr1p, 14q, 22q; amplification in chr1q, 5p,
5q) and co-occurring “secondary” gene-level alterations occurred at baseline and remained stable
during disease progression.

Aim 2. KIT-independent Genomic Risk Factors in TKI Resistance.

In a different pilot analysis, we reviewed a cohort of treated GIST cases (neoadjuvant, adjuvant,
palliative) that had available targeted DNA sequencing. The genetic alterations were analyzed by
site and by the association of KIT second site mutations and KIT-independent alterations with
imatinib resistance. Cases were reviewed for evidence of TKI resistance, i.e., progression of
disease (recurrence, increase in size, metastasis) despite compliance with imatinib treatment.
Patients who progressed due to intolerance or toxicity to imatinib or other TKls were excluded.
On multivariate logistic regression analysis, we included only alterations with at least 10% allele
frequency in resistant cases and 2X frequency in resistant versus sensitive cases. In addition to
KIT exon 13 V654A/14/17/18 second-site mutations, among treated gastric GISTs, the presence
of CDKNZ2A deletions or chr5q / chr8q amplifications were significantly associated with imatinib
resistance. Among treated small bowel GISTs, the presence of MAX/MGA or RB1 inactivating
mutations or deletions were significantly associated with imatinib resistance. Moreover, the
distribution of these non-KIT alterations was not significantly different between TKl-resistant GIST
cases with or without KIT second site mutations.

We will further perform genomic analyses on an extended number of resistant GIST patients with
various TKiIs to define various mechanisms of drug failure not related to KIT mutations. We will
also use Machine Learning (OncoCast) for integrating large number of genomic alterations and
clinicopathologic data to predict duration of response, as well as biomarkers for TKI resistance.
OncoCast is a computational tool developed at MSK, to incorporate genomic data from broad
panel sequencing platforms such as MSK-IMPACT to predict individual patient prognosis and
compare risk characteristics. OncoCast uses an ensemble learning strategy by repeatedly
splitting the cohort into training and test sets that generate classifiers with varying genes and gene



1.

combinations. We hypothesize that these molecular predictive biomarkers may complement the
optimal conventional risk stratification model for improved prediction of GIST recurrence and
resistance.
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Proposed Budget:

Salary Support for:

e Sr Research technician

e Sr Bioinformatician
Core Facilities — for sequencing

Other Lab Reagents




