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Title: Decoding malignant glioma heterogeneity by combined MRI and PET for HYpoxia, PERfusion and 
DIffusion spatial habitat imaging: the HYPERDIrect study 
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Project description (Number of characters, including spaces: 2.000 - 3.000): 

Intra-tumoral brain glioma heterogeneity has been observed at the histological and genetic levels, and 
increased levels of diversity are associated with treatment failure and therapy resistance. As such, the in vivo 
detection of malignant glioma heterogeneity may be instrumental to predict prognosis, to personalize 
treatment and to follow-up patients.  
Advanced physiological MRI techniques such as diffusion MRI (dMRI) and perfusion-weighted imaging (PWI) 
add important structural, physiological and hemodynamic information to measure biological properties 
quantitatively and non-invasively and correlate with patients' outcome [1]. More recently, quantitative blood 
oxygenation level dependent (qBOLD) MRI has been validated as a reliable technique to noninvasively map 
tissue hypoxia in brain tumors, that has been shown to be related to treatment resistance, thus negatively 
impacting on patient outcome and survival [2-4]. On the other hand, positron emission tomography (PET) 
imaging with the radiotracer 11C-Methionine (MET) reflects fundamental metabolic patterns throughout the 
tumor, showing the most aggressive tumor areas [5]. 
The current state of the art in imaging analysis is `radiomics', that extract multiple quantitative imaging 
features from MR images in an objective and reproducible form [6]. Furthermore, by applying advanced 
mathematical modelling, it is possible to segment tumors into subregions containing clusters of voxels with 
similar radiomics features, a method which is defined `spatial habitat imaging' and is considered a way to 
represent and quantify tumor microenvironment heterogeneity [7].  
The main hypothesis of this project is that malignant gliomas can be consistently divided into some small 
number of radiologically defined discrete clusters or `habitats', based on the combinations of quantitative 
parameters from PWI, dMRI, qBOLD-MRI and 11C-MET PET metabolic maps. This unique heterogeneity map 
would be reflective of the underlying pathological, molecular and genomic heterogeneity of the tumor, to be 
proved by image-guided tissue sampling. Notably, as increased levels of intra-tumoral heterogeneity have 
been reported to be associated with poor clinical outcomes, a measure of spatial diversity within this map 
may eventually predict prognosis and therapy response in individual patients.  
To this end, the project has three objectives: 
1. to implement a simultaneous PET/MR HYpoxia, PERfusion and DIffusion imaging in malignant glioma and to 
derive a combined HYPErDIrect map for the clustering of intra-tumoral heterogeneity;  
2. to perform HYPERDIrect map-guided multiple intraoperative sampling to assess the correlation between 
histopathological, immunohistochemical and molecular biomarkers and imaging features; 
3. to investigate intra-tumoral heterogeneity depicted by HYPERDIrect map as a predictor of clinical 
outcome in malignant glioma patients after treatment. 
The final goal of the project is to validate the HYPERDIrect map as a tool for decoding pattern of glioma 
heterogeneity and a new biomarker for stratifying prognosis and selecting patients for personalized 
approaches. 
 

Skills to be acquired by the student (Number of characters, including spaces: max 600): 

The PhD student will be directly involved in data acquisition and analyses, radiomic features extraction and 
spatial habitat imaging analysis. Particularly he/she will develop skills in the following fields: 
- Advanced brain MRI pre-processing and radiomic features extraction by using the common tools such as 
3D slicer for MRI pre-processing, Matlab/Olea/pyRadiomics for features extraction, R for statistical analyses. 
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- Development of clustering methods on MRI images based on advanced computational approaches. 
- Statistical correlation of imaging features with histopathological, IHC and molecular samples’ profiles and 
to clinical parameters. 
- Ability to work in a multidisciplinary team including neurosurgeons, pathologists, software engineers, 
physicists. 
- Capability to develop an incisive communication plan for results dissemination. 
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