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Novel PET and MRI based markers for predicting response to IDH inhibitors in gliomas 
 
Background and objectives 
Diffuse gliomas are the most common malignant primary brain tumors (1). According to the World Health 
Organization (WHO) classification, gliomas are classified based on histological and molecular characteristics. 
Isocitrate dehydrogenase 1 or 2 (IDH1/2) mutations, found in approximately 30% of diffuse gliomas (2), define 
two adult-type diffuse gliomas: oligodendrogliomas (grade 2 or 3) which are IDH1/2-mutant and exhibit a co-
deletion of the 1p and 19q chromosome arms (1p/19q co-deletion), and astrocytomas (grade 2 to 4) which are 
IDH1/2-mutant (3). IDH1/2 enzymes catalyze the convertion isocitrate to alpha-ketoglutarate in the tricarboxylic 
acid cycle. IDH1/2 mutations lead to the production of D2-hydroxyglutarate (D-2HG), which drives gliomagenesis 
through metabolic, epigenetic and microenvironment alterations (4–9). IDH1/2-mutant gliomas are associated 
with distinct clinical features, better outcomes, and improved therapy response compared to IDH1/2-wild-type 
glioblastomas (10). 
 
IDH inhibitors (IDHi) including ivosidenib and vorasidenib recently emerged as effective treatments for patients 
with IDH1/2-mutant glioma (11). Vorasidenib demonstrated efficacy in extending progression-free survival (PFS) 
vs placebo in grade 2 IDH1/2-mutant gliomas, leading to its approval by the FDA. However, while some objective 
responses to IDHi therapy have been observed on MRI, most patients exhibit stable disease or only minor 
delayed responses (12–14), underscoring the limitation of standard 2D MRI-based response assessment 
methods (RANO criteria) in capturing the full magnitude of response to effective therapy (15). In addition, this 
group of patients is usually clinically stable, thus it is difficult to identify clinical correlates to response, highlighting 
the need for using biological changes as an early and reliable indicator of response to therapy (16). Although 
advanced imaging markers hold potential for improving the accuracy of response assessments, their use 
remains underexplored. IDHi treatment was shown to suppress D-2HG levels as detected by MR spectroscopy, 
(17,18) demonstrating target engagement but not predicting clinical efficacy. Early increase in relative cerebral 
blood volume (rCBV) post-treatment was correlated with shorter PFS (19). To date, data on the utility of positron 
emission tomography (PET) imaging in this context remains limited (20).  

 
These limitations underscore the need for complementary approaches to guide clinical decision-making and 
future trial design. Identifying meaningful surrogate markers for response and long-term outcomes is indeed 
essential. To address this, our group recently performed longitudinal and multimodal monitoring of one of the 
largest existing cohorts of glioma patients treated with IDHi (Figure 1). We will leverage this unique cohort to 
identify novel imaging biomarkers using longitudinal and multimodal PET and MRI assessments to 
predict response to IDHi. To achieve this, we will: 
• Develop an integrated database to store clinical, histomolecular, and imaging data of IDH1/2-mutant glioma 

patients treated with IDHi. 
• Develop machine learning algorithms to analyze MRI and ¹⁸F-DOPA-PET imaging data and identify predictive 

markers of treatment response. 
• Assess the prognostic and predictive value of radiomic signatures in baseline and on-treatment PET/MRI 

scans. 
• Correlate radiological imaging features with histomolecular markers using multi-omic analysis, and find as 

much as possible causality relations to go further than correlations. 
• Validate identified biomarkers using independent control cohorts of glioma patients treated with other 

therapeutic modalities. 
 
Methods 
We conducted a longitudinal and multimodal study on one of the largest existing cohorts of glioma patients 
treated with IDHi (Mehdi Touat). The dataset includes: MRI scans (3-15 per patient) with 3D pre- and post-
contrast T1-weighted images, 3D FLAIR/T2-weighted images, diffusion-weighted imaging (DWI), and dynamic 
susceptibility contrast (DSC) sequences without gadolinium preload, along with rCBV maps; ¹⁸F-DOPA-PET 
scans (2–4 per patient) with baseline and on-treatment scans; and clinical, histomolecular and treatment 
response annotation. 
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The first step will consist of data quality check, 
harmonization, normalization and pre-
processing using available tools such as 
ComBat to extract features on each modality 
and to serve the data all along the project and 
afterwards (21,22). Radiomic feature 
extraction, data integration and analysis will 
then be performed using pipelines developed 
in collaboration with the LIP6 lab (Isabelle 
Bloch). We will explore the role of novel 
signatures in predicting treatment outcomes 
(i.e. tumor radiological response, progression-
free survival, overall survival) and apply deep 
learning algorithms such as XGBoost and 
LightGBM on radiological data, and develop 
automated MRI/PET tumor segmentation 
methods using convolutional neural networks 
taking into account the complementarity 
between these modalities. This will allow us to 
identify predictive markers of long-term benefit 
in the baseline MRI/PET images. We will explore the prognostic and predictive value of MRI/PET lesions texture 
analysis. For the subset of patients for which multimodal data is available (methylome, genome, transcriptome, 
tissue whole-slide histopathology images), correlations of results and signatures with histomolecular markers 
will be performed, or potential causality relations to go one step further. This will also allow to investigate 
explainability of the results and outcomes. If needed, control cohorts of patients who received treatment with 
other modalities will be available to test the specificity of the identify signature (n>200 patients treated with 
chemotherapy with available scans). 
 
Associated teams and added value 
This proposal involves two teams with complementary expertise in the development of precision medicine 
approaches for glioma patients (Mehdi Touat, Co-PI) and biomedical image analysis, artificial intelligence, and 
deep learning for classification and segmentation (Isabelle Bloch, Co-PI). The PhD student will be co-mentored 
by the two Co-PIs. 
ICM team (Mehdi Touat, Sorbonne University, https://parisbraininstitute.org/paris-brain-institute-research-
teams/bright-brain-tumor-heterogeneity-immunity-and-therapy) leads the RENOCLIP-LOC reference network 
for rare brain tumors. The team includes several researchers with extensive expertise in translational and clinical 
research on gliomas, preclinical research, and development of novel MRI and PET markers for primary brain 
tumors. The team participated to the demonstration that mutant IDH1/2 targeting is safe and provides durable 
tumor growth control in IDH-mutant gliomas. The project lead (Mehdi Touat) was involved in the development of 
IDH1/2 inhibitors as one of the main investigators from the first-in man, first-in-class, phase 1 trial of Ivosidenib 
(Mellinghoff et al. J Clin Oncol 2020) to the randomized phase 3 trial of Vorasidenib (Mellinghoff et al. NEJM 
2023). The team manages a large cohort of IDH1/2-mutant glioma patients treated with IDHi (vorasidenib) as 
well as other standard treatment (chemotherapy, radiotherapy) and has access to clinical, histomolecular and 
imaging data from the cohort. Patients are consented for research which will support this proposal (protocol 
ONCONEUROTEK 2.0). 
LIP6 team (Isabelle Bloch, Sorbonne University, https://www.lip6.fr/isabelle.bloch) with more than 500 
members, including 200 permanent members, LIP6 is one of the largest computer science research laboratories 
in France. Located in the heart of Paris, LIP6 is a Joint Research Unit (UMR 7606) of Sorbonne University (SU) 
and the National Center for Scientific Research (CNRS). The 21 teams of the laboratory cover a wide field of 
computer sciences from electronics to artificial intelligence. LIP6 collaborations relate to both fundamental 
research (modeling and resolution of fundamental problems) and applied research (implementation and 
validation of solutions in real conditions). The laboratory's activities revolve around four transversal axes: artificial 
intelligence and data sciences; architecture, systems and networks; safety, security and reliability; theory and 
mathematical tools for computer science. 
 

 
Fig. 6. Example of longitudinal monitoring with MRI and PET in two 
patients treated with IDH inhibitors. Scans were acquired on the 
same machines and lesions were segmented using semi-
automated methods. 

https://parisbraininstitute.org/paris-brain-institute-research-teams/bright-brain-tumor-heterogeneity-immunity-and-therapy
https://parisbraininstitute.org/paris-brain-institute-research-teams/bright-brain-tumor-heterogeneity-immunity-and-therapy
https://www.lip6.fr/isabelle.bloch
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