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Assessment of structural-functional integration impact on connectivity abnormalities in glioma patients
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Motivation: Brain networks glioma’s disruption was often explored through separate examinations of structural and functional connectivity. However, there were limited efforts in glioma research to investigate

the interplay between structure-function and how this connection might influence our comprehension.

Goal(s): Can integrating structural and functional connectivity aid understanding the alterations’ neurobiological foundation in brain networks caused by glioma?

Approach: The study design involves standard diffusion MR and rs-fMRI preprocessing, statistical methods including Pearson and Spearman correlation and Euclidean distance computation.

Results: This study underscores the significance of examining structure-function integration, where both microstructure and function play crucial roles in relation to white matter integrity.

Impact: Glioma, the primary brain tumor, affects both structural and functional connectivity. Understanding alterations in structure-function integration and connection with single-modalities, may be of highest

significance for a more comprehensive explanation of compensatory mechanisms induced by glioma and its clinical progression.

Introduction
Several neuroimaging studies have separately investigated structural (in white matter, WM) and functional (in grey matter, GM) connectivity alteration in glioma patients. In fact, this brain tumor can modify brain

function  and WM integrity  through expansion, invasion and intra-tumoral changes . Nonetheless, most of the studies focused on abnormalities within major WM tracts , or microstructure , or within specific

functional GM regions , lacking for a comprehensive and integrated network overview .

This work aims to explore the interplay between structural (SC) and functional (FC) connectivity at the individual level and to assess whether changes in this link: 1) may have an impact on understanding tumor's

effect on key brain networks and 2) correlate with tumors topological characteristics.

Methods
41 patients with de novo glioma at different locations (22-left/14-right/5-bilateral) and grades (I-IV) were enrolled in the study. Data were acquired with a 3T Siemens Biograph mMR PET/MR scanner: Diffusion

MR images (dMRI) collected following the optimized NODDI protocol  (TR/TE-5355ms/104ms-2x2x2mm , b-values 0/710/2855s/mm , 100 directions), rs-fMRI acquired for 15-min (TR/TE-1260/30ms-3x3x3mm ).

Lesion masks were manually delineated by an expert neuroradiologist.

SC and FC matrices were computed using the cortical parcellation scheme provided by the Yan homotopic functional atlas (100 parcels, 17 networks) .

For each patient, the MRtrix3  software was used to process dMRI images and generate the tractogram  (10M streamlines-iFOD2 ). In addition, tissues microstructure was quantified using NODDI , DTI

and DKI  models, yielding eight different microstructure maps. The SC matrices were quantified with two different metrics: a) the number of streamlines (SCnos) of the tractogram and b) the single

microstructure matrix (SNFmicro), obtained by applying the similarity network fusion approach  to the eight microstructure matrices.

Rs-fMRI data underwent state-of-the-art pre-processing . FC matrices were calculated as Pearson correlation between signals of each pair of regions of interest .

Overall, for each patient, connectivity was assessed using three distinct modes: SCnos, SNFmicro and FC. The three matrices were next concatenated, obtaining an Integration Matrix (IM-100x300), to define an

individual SC/FC measure.

To explore the added value of an integrated approach in comparison to the single modalities, changes in the connectivity were assessed according to single and integrated modalities.

Starting from the patients’ group of each connectivity mode, a pseudo-healthy matrix was computed as the median across all the patients, after removing tracts/parcels overlapped with the lesion, and used as

reference to detect significant changes. The pseudo-reference of the three connectivity modalities were also concatenated, generating the pseudo-reference IM.

For each patient/modality, Spearman correlation was used to assess the similarity between each parcel connectivity profile and its pseudo-reference profile (row by row).

Considering the similarity distribution (single or integrated mode) of all the subjects, a parcel was set as altered if distance from the pseudo-healthy profile fell in the lower tail of the distribution (i.e., below 5%).

Next, the connectivity impairment of each network  was computed as the Network Alteration Degree (percentage of altered parcels within the same network).

To investigate point 2), patients Network-Lesion distance was classified as Near/Far, according to the mean Euclidean distance between parcel-lesion centroids (threshold=76.17mm).

Results
Figures 1 and 2 show, above, for networks Near/Far to the lesion, IM Network Alteration Degree in overlap with the three single modalities. Right-SalVentAttnB, Right-DefaultA and Right-LimbicB are the near

networks more often altered among the patients (range 24%-29%). Left-DefaultA, Right-DefaultA and Right-SalVentAttnA are the networks far from the lesions more frequently altered across the patients (range

17%-27%). These regions are known to be in overlap with higher frequency lesions position.

Figures 1 and 2 also represent, below, for each network, the percentage of altered patients, distinguishing into IM-alone (pink bar) and IM-in-overlap (grey bar) abnormalities. It’s worth highlighting that several

networks present both IM-alone and IM-in-overlap alterations. Nonetheless, networks near to the lesion are more frequently characterized by IM-alone alteration (53% against 32% of networks present IM-alone

alterations). To be noticed that Left-LimbicA and Left-VisCent, are respectively the unique near and far networks to present only IM-alone alteration (accounting for 2% and 2%).

Discussion
Our results show that IM provides a complementary view of connectivity changes in glioma with respect to single modality connectivity, and this is true especially for networks near to the lesion position. From a

topological perspective, the most frequently altered IM networks are within the right hemisphere, in regions known to be in overlap with higher lesion frequency.

Conclusions
These results suggest that, when performing studies on glioma, the integration of functional connectivity with microstructure and structural integrity, could provide major insights about key networks alterations

and highlights specific topological-relevant tumors characteristics.
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Figures

Figure 1: Above: Network Alteration Degree for networks near to the lesion. For each network-patient pair, IM, FC, SCnos and SNFmicro alteration degrees are reported, as illustrated in the legend. Patients are

grouped by lesion hemisphere. Below: Percentage of patients with altered IM networks. In pink alterations of IM alone (networks are altered according to IM, but not according to single modalities), in grey

alterations of IM in overlap with at least a single modality (networks are altered according to IM and at least a single modality). Results are illustrated for 5% lower tail.

Figure 2: Above: Network Alteration Degree for networks far from the lesion. For each network-patient pair, IM, FC, SCnos and SNFmicro alteration degrees are reported, as illustrated in the legend. Patients are

grouped by lesion hemisphere. Below: Percentage of patients with altered IM networks. In pink alterations of IM alone (networks are altered according to IM, but not according to single modalities), in grey

alterations of IM in overlap with at least a single modality (networks are altered according to IM and at least a single modality). Results are illustrated for 5% lower tail.
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