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This thesis addresses some of the critical challenges in brain tumor diagnosis, 

classification, and post-surgical evaluations. By leveraging advanced quantitative 

imaging techniques, machine learning, and deep learning approaches, the studies aim 

to bridge some of the existing gaps in tumor segmentation, grading, and treatment 

planning, thereby improving diagnostic accuracy and optimizing therapeutic 

interventions. 

This thesis consists of 5 chapters. Chapter 1 includes background about brain tumors, 

particularly Glioma. It also provides details on the role of MRI in its diagnosis, 

treatment planning, and monitoring. Some details on machine learning and deep 

learning are also included. A detailed literature review of the current research work 

in brain tumors is provided, followed by identifying research gaps. Finally, it presents 

the objectives of the current study, data information, and thesis outlines. Chapter 2 

focuses on automated brain tumor segmentation. Accurate segmentation is vital for 

clinicians to make informed decisions regarding treatment strategies and monitor 

disease progression effectively. In this chapter, three sub-studies were conducted to 

develop frameworks using ML and DL models to segment gliomas and their 

subcomponents, such as enhancing tumors, non-enhancing tumors, and necrotic 

regions. The studies utilized multi-parametric MRI data from glioma patients. 

Optimization of the segmentation frameworks, including U-Net, MultiRes U-Net, 

and nnU-Net architectures, ensured robust and generalizable performance across 

multicenter datasets. Chapter 3 is on the grading and classification of gliomas, a 

critical aspect of brain tumor management that influences prognosis and therapeutic 

strategies. Conventional MR imaging often falls short of capturing the physiological 



 
 

changes associated with tumor progression, necessitating advanced imaging 

methods. This chapter introduces two sub-studies for pre-operative glioma grading 

and subtype classification using quantitative DCE-MRI parameters and ML models. 

The first study focuses on distinguishing low-grade gliomas from high-grade 

gliomas based on quantitative perfusion parameters. The second study further 

classifies glioblastomas into IDH wild type and IDH mutant subtypes, which have 

distinct prognostic and therapeutic implications. A novel imaging biomarker, the 

"Fragmented Tumor Vasculature (FTV) sign," observed on susceptibility-weighted 

imaging, was proposed for differentiating IDHwt glioblastomas from IDHmt grade 4 

astrocytomas.  

Chapter 4 focuses on two critical challenges in the post-surgical evaluation of 

glioblastoma: distinguishing true progression from pseudoprogression and 

accurately segmenting post-surgical cavities. The first study integrates quantitative 

diffusion and perfusion MRI parameters with MGMT promoter methylation status 

to develop ML models for TP and PsP discrimination. On conventional 

neuroimaging, TP and PsP often present similar features, leading to diagnostic 

uncertainty for radiologists and oncologists. Misclassification can result in 

unnecessary repeat surgeries or the administration of expensive and potentially 

harmful therapies. By providing a precise distinction between TP and PsP, the 

proposed framework enables oncologists to adapt treatment plans promptly and 

reduce the psychological burden of "scanxiety" experienced by patients and their 

families.  

The second study in Chapter 4 introduces a U-Net-based DL framework for 

segmenting post-surgical cavities in glioma patients. Accurate segmentation of 

resection cavities is essential for assessing the extent of tumor removal, planning 



 
 

subsequent treatments like radiation therapy, and monitoring disease recurrence. 

Finally, Chapter 5 presents the conclusion and future directions. 

Collectively, the studies presented in this thesis leverage quantitative multi-

parametric MRI data and advanced ML/DL methodologies to address significant 

challenges in brain tumor management. By automating tumor segmentation, 

improving grading and classification accuracy, and enhancing post-surgical 

evaluation, these methods aim to optimize diagnostic workflows and support 

clinicians in making data-driven decisions.  
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 The figure showcases a representative slice from an enhancing IDHwt 

glioma patient included in the analyzed dataset, highlighting pre-surgery 
FLAIR, post-contrast T1-weighted (T1-W), and SWI images (A-C). Subfigure 
(D) presents the ITSS vasculature mask alongside tumor subcomponents 
overlaid on the post-contrast T1-W image, with subfigure (E) offering a 
zoomed-in view of this overlay. Subfigure (F) identifies FTV (orange arrow) and 
normal vessels (blue arrow) on the SWI image, while subfigure (G) provides a 
magnified view of both structures. ...........................................................................  

Fragmented intra-tumoral thrombosed microvasculature (FTV) in 
Glioblastoma IDHwt. The figure illustrates a representative slice from an 
enhancing IDHwt glioma patient in the analyzed dataset, featuring pre-surgery 
FLAIR, post-contrast T1-W, and SWI images (A-C). Subfigure (D) shows a 
SWI image with orange and blue arrows pointing to FTV and normal vessels, 
respectively. Subfigure (E) provides a zoomed-in view of the FTV and normal 
vessels. Tumor subcomponents are overlaid on the post-contrast T1-W images 
(F), while the intratumoral susceptibility signal (ITSS) vasculature mask 
derived from SWI images is depicted in (G). Subfigure (H) displays the ITSS 
vasculature alongside the tumor subcomponents overlaid on the post-contrast 
T1-W images, with subfigure (I) presenting a zoomed-in view of this overlay. 
Subfigures (J-L) represent the corresponding rCBV, Ve, Ktrans images. The 
orange and blue arrow on the rCBV map shows the low and high values for the 
FTV and normal vessels, respectively(M). Subfigure (O) represents the 
concentration time plot for the healthy (blue curve) vessels and FTV (orange 
curve). Subfigures (P-U) shows the histopathology images. H&E section (200x) 
showing a highly cellular tumor with palisading necrosis (arrow) (P). Subfigure 
(Q) shows the H&E section (400x) in high magnification, showing a highly 
cellular glial tumor. The tumor cells show moderate to marked pleomorphism. 
Subfigure (R) features H&E section (100x) showing numerous thrombosed 
vessels (arrow). Subfigure (S) presents the H&E section (200x) in high 
magnification showing a thrombosed vessel. Subfigure (T) demonstrates strong 
positivity for OLIG2 immunohistochemistry. CD34 highlights endothelial cells 



 
 

in dilated and thrombosed vessels (U) (Abbreviations: FLAIR: fluid-attenuated 
inversion recovery; T1-W: T1-weighted; SWI: susceptibility-weighted imaging; 
rCBV: relative cerebral blood volume, Ktrans: volume transfer coefficient; Ve: 
fraction of extravascular and extracellular space volume). .................................  

 Absence of fragmented intra-tumoral thrombosed microvasculature in 
Astrocytoma grade 4 IDHmt. The figure illustrates a representative slice from a 
non-enhancing IDHmt glioma patient in the analyzed dataset, featuring pre-
surgery FLAIR, post-contrast T1-W, and SWI images (A-C). Subfigures (D-F) 
display the corresponding rCBV, Ve, and Ktrans images. Note the absence of 
fragmented intra-tumoral thrombosed microvasculature within the tumor on 
SWI. (Abbreviations: FLAIR: fluid-attenuated inversion recovery; T1-W: T1-
weighted; SWI: susceptibility-weighted imaging. ................................................  

: Absence of fragmented intra-tumoral thrombosed microvasculature 
(FTV) in IDHwt glioma. The figure illustrates a representative slice from an 
IDHwt glioma patient in the analyzed dataset, featuring pre-surgery FLAIR, 
post-contrast T1-W, and SWI images (A-C). Tumor subcomponents are 
overlaid on the post-contrast T1-W image (D). The intratumoral susceptibility 
signal (ITSS) vasculature mask derived from SWI images is depicted in 
subfigure (E). Subfigure (E) shows the blank mask, as no ITSS was observed on 
SWI images. Subfigure (F) displays the absent ITSS vasculature mask alongside 
the tumor subcomponents overlaid on the post-contrast T1-W images. 
Subfigure G presents a zoomed-in view of the ITSS vasculature with the tumor 
subcomponents overlaid on the post-contrast T1-W images. Subfigures (H-J) 
represent the corresponding rCBV, Ve, and Ktrans images (Abbreviations: 
FLAIR: fluid-attenuated inversion recovery; T1-W: T1-weighted; SWI: 
susceptibility-weighted imaging; rCBV: relative cerebral blood volume; Ktrans: 
volume transfer coefficient; Ve: fraction of extravascular and extracellular space 
volume)............................................................................................................................  

Absence of fragmented intra-tumoral thrombosed microvasculature in 
IDHmt glioma with necrotic components. The figure illustrates a representative 
slice from an IDHmt glioma patient with necrosis in the analyzed dataset, 
featuring pre-surgery FLAIR, post-contrast T1-W, and SWI images (A-C). 
Tumor subcomponents are overlaid on the post-contrast T1-W images (D), 
while the intratumoral susceptibility signal (ITSS) vasculature mask derived 
from SWI images is depicted (E). Subfigure (E) shows the blank figure, as no 
ITSS was observed on SWI images. Subfigure (F) displays the ITSS vasculature 
alongside the tumor subcomponents overlaid on the post-contrast T1-W 
images. Subfigure (G) presents a zoomed-in view of the ITSS vasculature with 
the tumor subcomponents overlaid on the post-contrast T1-W images. 
Subfigures (H-J) represent the corresponding rCBV, Ve, and Ktrans images 
(Abbreviations: FLAIR: fluid-attenuated inversion recovery; T1-W: T1-
weighted; SWI: susceptibility-weighted imaging; rCBV: relative cerebral blood 



 
 

volume, Ktrans: volume transfer coefficient; Ve: fraction of extravascular and 
extracellular space volume). .......................................................................................  

 Subfigures (A), (B), and (C) show the confusion matrices for Rater-1, 
Rater-2, and Rater-3, respectively, assessing the classification based on 
fragmented intra-tumoral thrombosed microvasculature (FTV) sign observed 
in SWI images, with histopathology findings as the ground truth. Subfigure (D) 
presents the confusion matrix corresponding to the perfusion parameter, Ktrans, 
used in classification. ....................................................................................................  

 ...  

 ..........................................................................................................................................  

 .........................................................................................................................  
The Boxplot labelled A to H depicts the classification training and cross-

validation accuracies of logistic regression (LR), support vector machine with a 
radial basis kernel (quadratic SVM), random forest (RF), medium neural 
network (MNN) across the six folds, with Series 1 to Series 9 representing 
feature vectors. Feature vector:  Series1={ FA}, Series2= { FA, rCBV}, 



 
 

Series3={ FA, rCBV, MD}, Series4= { FA, rCBV, MD, CP}, Series5= { FA, 
rCBV, MD, CP, CL}, Series6= { FA, rCBV, MD, CP, CL, rCBVmax}, Series7= 
{ FA, rCBV, MD, CP, CL, rCBVmax, MDmin}, Series8= { FA, rCBV, MD, CP, 
CL, rCBVmax, MDmin, MGMT}, Series9= { FA, rCBV, MD, CP, CL, rCBVmax, 
MDmin, MGMT, CS}. (Abbreviations- FA: fractional anisotropy; rCBV: relative 
cerebral blood volume; MD: mean diffusivity; CL: coefficient of linear 
anisotropy; CP: planar anisotropy; MGMT: O6-methylguanine-DNA-
methyltransferase; CS: spherical anisotropy). ........................................................  

: Kaplan-Meier (KM) curves illustrate that patients with PsP have 
significantly longer overall survival compared to those with TP (log-rank 
p=0.043) in subfigure (A). Additionally, GBM patients with MGMT promoter 
methylation status exhibit longer overall survival than those without (log-rank 
p=0.015) in subfigure (B). KM curves also show that GBM patients with lower 
rCBV have significantly longer survival times compared to those with higher 
median rCBV (20.5 ± 2.47 vs. 18.1 ± 1.09 months, log-rank p=0.011) in 
subfigure (C). Furthermore, there is a trend towards longer survival for GBM 
patients with lower rCBVmax (17.9 ± 2.4 vs. 18.9 ± 1.24 months, log-rank 
p=0.081) in subfigure (D) (Abbreviations PsP: pseudoprogression; TP: true 
progression; GBM: glioblastoma; MGMT: O6-methylguanine-DNA-
methyltransferase; rCBV: relative cerebral blood volume). ................................  
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Summary of the demographic characteristics of the included patients.  
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