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Abstract

Part I Predictive Value of Radiomic Features in the Regions Beyond
Peritumoral Edema for the Grading of Glioma

Objective: To investigate the predictive value of radiomics features extracted from regions beyond
peritumoral edema for preoperative grading of adult-type diffuse gliomas using multiparametric MRI
(mpMRI).

Methods: Retrospective analysis of preoperative mpMRI data from 180 adult-type diffuse glioma
patients in the Cancer Imaging Archive (TCIA). The data were divided into a training set (126 cases) and a
test set (54 cases) according to the stratified random principle at a 7:3 ratio. The tumor core and peritumoral
edema region were defined as the intratumoral volume of interest (the Tumor VOI, VOI_T), which served
as the baseline for automatically generating seven peritumoral band-like volumes of interest (the
Peritumoral VOI, VOI P) at different expansion distances (1-5 mm, 10 mm, and 15 mm). PyRadiomics
was used to extract radiomics features from each VOI. Levene’s test and Student’s t-test were first applied
for initial data analysis. Subsequently, features with Pearson’s correlation coefficients greater than 0.9 were
removed to eliminate redundancy. The minimum Redundancy Maximum Relevance (mRMR) algorithm
was then employed to identify the top 10 classification-relevant features. Finally, the Least Absolute
Shrinkage and Selection Operator (LASSO) was employed for further dimensionality reduction. Three
radiomics models were constructed: the intratumoral radiomics model (VOI T Model), the peritumoral
radiomics model (VOI_P Model), and the combined intratumoral-peritumoral radiomics model (Combined
Omics Model). The performance of each model was assessed using the receiver operating characteristic
(ROC) curve, area under the curve (AUC), sensitivity, specificity, accuracy, and F1-score. DeLong’s test
was used to compare the predictive performance of different models and identify the optimal radiomics
model. Clinical characteristics (age and gender) of patients in the training and test sets were analyzed using
the Chi-square test and Mann-Whitney U test in SPSS to assess intra-group and inter-group differences.
Clinically significant variables were then combined with the optimal radiomics model to construct a
combined clinical-radiomics model (Clinical-Omics Combined Model), and its predictive performance was
evaluated.

Results: The intratumoral and peritumoral 1 mm combined radiomics model (VOI1 Model) achieved

the best predictive performance, with AUC values of 0.903 (accuracy 0.880, sensitivity 0.905, specificity
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0.855, Fl-score 0.884) in the training set and 0.904 (accuracy 0.852, sensitivity 0.778, specificity 0.926,
F1-score 0.840) in the test set. This model significantly outperformed the VOI T Model, which had AUC
values of 0.815 in the training set and 0.672 in the test set, with P < 0.05. Additionally, although the AUC
of the VOI1 Model was higher in the training set than the four Combined Omics Model established within
2-5 mm of the tumor and its peritumoral region, no statistical difference was observed. However, its
predictive performance was significantly superior in the training and test sets compared to the Combined
Omics Models established within 10 mm and 15 mm of the tumor and its peritumoral region (VOI10 Model
and VOI15 Model, all P < 0.05). The Clinical-Omics Combined Model achieved AUC values of 0.908 and
0.920 in the training and test sets, respectively, but showed no statistically significant improvement over the
VOI1 Model (P=0.961 and 0.929, respectively).

Conclusions: Radiomic features within 1-5 mm beyond peritumoral edema in adult-type diffuse
glioma can provide additional predictive value for preoperative non-invasive glioma grading. The
established combined intratumoral-peritumoral radiomics model demonstrates excellent predictive
performance.

Key words: Radiomics; Glioma; Grading; Peritumoral regions

Part II Predictive Value of Radiomic Features in the Regions Beyond
Peritumoral Edema for the Methylation Status of MGMT in Glioblastoma

Objective: To explore the preoperative predictive value of radiomics features from regions beyond
peritumoral edema for O6-methylguanine-DNA methyltransferase (MGMT) methylation status in
glioblastoma using multiparametric MRI (mpMRI).

Methods: A retrospective analysis was conducted on mpMRI data from 242 glioblastoma patients in
The Cancer Imaging Archive (TCIA) database. The dataset was divided into a training set (126 cases) and a
test set (54 cases) through stratified random sampling at an 8:2 ratio. The tumor core and peritumoral
edema region were defined as the intratumoral region (VOIL_T). Five peritumoral band-like volumes of
interest (VOI_P) with expansion distances ranging from 1 mm to 5 mm were automatically generated.
Radiomic features were extracted from each VOI using PyRadiomics. Feature selection was performed in
two steps: first, LASSO regression was applied to retain features with non-zero coefficients, followed by
removal of highly correlated features (Pearson correlation coefficient >0.85). Three models were

established: Intratumoral Model (VOI_T Model), Peritumoral Model (VOI_P Model), and Combined
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Omics Model. Model performance was evaluated using ROC curves, AUC values, accuracy, sensitivity,
specificity, and F1-score. DeLong's test was employed for inter-model comparisons.

Results: The Combined Omics Models (VOI1-4 Model) incorporating intratumoral features with
peritumoral features within 1-4 mm demonstrated optimal predictive performance. These models achieved
AUC values of 0.859-0.883 (training set) and 0.784-0.825 (test set), significantly outperforming the VOI T
Model (training AUC=0.672, test AUC=0.616; P<0.05). No significant AUC differences were observed
among VOI1-VOI4 models (all P>0.05), whereas the VOI5 model exhibited markedly reduced
performance (training AUC=0.693, test AUC=0.556).

Conclusion: Incorporating radiomics features from regions 1-4 mm beyond peritumoral edema
significantly enhances MGMT methylation status prediction in glioblastoma. The optimal peritumoral
expansion range should be limited to 4 mm, as exceeding this threshold may introduce interference from
normal tissues.

Key words: Radiomics; Glioblastoma; MGMT Methylation; Peritumoral regions
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