[bookmark: _Hlk188630186]Inclusion and Exclusion Criteria
[bookmark: _Hlk186131961]The inclusion criteria were as follows: (1) Patients were aged over 18 years. (2) According to the 2016 WHO CNS Tumor Classification, the pathological histological types included diffuse astrocytoma, IDH wild-type, anaplastic astrocytoma, IDH wild-type and GBM, IDH wild-type, all of which occurred intracranially. (3) All cases underwent surgical resection or biopsy to obtain histological, immunohistochemical, and molecular pathological results. Molecular pathology results included IDH mutation status, telomerase reverse transcriptase (TERT) promoter mutation status, 1p/19q codeletion status, and O6-methylguanine DNA methyltransferase (MGMT) gene promoter methylation status. (4) The quality of preoperative multi-sequence MRI images satisfies the diagnostic criteria.
The exclusion criteria were as follows: (1) Patients younger than 18 years old. (2) Molecular pathology results that were either incomplete or not detected. (3) Preoperative MRI images of the patient exhibited artifacts or were unobtainable.

MRI acquisition parameters
The brain MRI protocol included the following sequences: axial and sagittal spin-echo T1-weighted imaging (SE-T1W) (TR: 550 ms, TE: 12 ms), axial fast spin-echo T2-weighted imaging (FSE-T2W) (TR: 2,200 ms, TE: 90 ms), and axial fluid-attenuated inversion recovery (FLAIR) T2-weighted imaging (TR: 9,000 ms, TE: 110 ms, TI: 2,371 ms). Imaging parameters were as follows: field of view (FOV) 320 mm × 320 mm, matrix size 256 × 256, axial slice thickness 5 mm with 1.5 mm interslice spacing, and sagittal slice thickness 8.0 mm with 2.0 mm interslice spacing. Diffusion-weighted imaging (DWI) was performed using SE-EPI sequences with frequency-selective fat suppression, with TR = 4,000 ms, TE = 100 ms, slice thickness = 9 mm, slice spacing = 1 mm, FOV = 260 mm × 260 mm, matrix = 256 × 192, and diffusion gradients applied in three directions (b values = 0, 1,000 s/mm²). For contrast-enhanced T1-weighted imaging (T1C), gadoteric acid meglumine (0.1 mmol/kg) was injected intravenously at a rate of 3 mL/s, followed by acquisition of axial, coronal, and sagittal images using the same scanning parameters as for T1WI.

Definition of Multiple and Multifocal Tumors
Tumors were categorized as multiple if distinct lesions were separated by normal brain tissue, and as multifocal if lesions were interconnected by abnormal signals without intervening normal brain tissue, resembling satellite lesions.

Measurement and calculation of quantitative parameters
Tumor heterogeneity was evaluated using the following grading criteria: 
Grade 0: Homogeneous tumor appearance.
Grade 1: Heterogeneous regions comprising less than one-third of the tumor volume.
Grade 2: Heterogeneous regions comprising one-third to two-thirds of the tumor volume.
Grade 3: Heterogeneous regions comprising more than two-thirds of the tumor volume.

The degree of peritumoral edema was assessed following Schoenegger K’s classification:
Minor edema: The distance from the outermost margin of the hyperintense T2-weighted imaging (T2WI) signal to the tumor boundary is less than 1 cm.
Major edema: The measured distance exceeds 1 cm.

Calculation of T2W SNR
Measure the T2W signal intensity of the solid tumor region and the air background, and calculate the T2W signal-to-noise ratio (SNR). The SNR is calculated using the formula: T2W SNR = T2W signal intensity of the solid tumor region / air background signal intensity. This method quantitatively reflects the tumor's signal intensity and aids in differentiating tumor types.
To avoid the influence of tumor heterogeneity on the calculation of the signal-to-noise ratio (SNR) of T2-weighted images, in this study, multiple regions of interest (ROIs) were delineated in the tumor parenchyma or homogeneous area and at the four corners of the background noise to calculate the average signal intensity and standard deviation of the tumor parenchyma or homogeneous area and the background noise [1].

Measurement of ADC Values 
The mean ADC value, maximum ADC value, and minimum ADC value of the solid tumor region, as well as the ADC value of the contralateral normal white matter, were measured. The relative ADC (rADC) value was calculated using the formula: rADC = average ADC value of the solid tumor region / ADC value of the contralateral normal white matter. The size of the region of interest (ROI) for ADC measurement ranged from 10 to 120 mm², selected based on the area of the solid tumor component (the region with the most prominent tumor enhancement or highest cell density, typically corresponding to the T1-enhanced area or the high-signal intensity region on DWI) while avoiding areas of necrosis, cystic change, hemorrhage, and calcification[2,3]. 
Quantitative Enhancement Parameters
Measurement of quantitative enhancement parameters: the T1W signal intensity of the solid tumor region before and after contrast enhancement, the T1W signal intensity of air, and the T1W signal intensity of the contralateral white matter. The following parameters were calculated:
Enhancement rate before and after contrast administration = (T1W signal intensity of the enhanced tumor area post-contrast - T1W signal intensity of the corresponding area pre-contrast) / T1W signal intensity of the corresponding area pre-contrast.
Tumor enhancement SNR = T1W signal intensity of the enhanced tumor area post-contrast / T1W signal intensity of air.
Enhancement ratio = T1W signal intensity of the enhanced tumor area post-contrast / T1W signal intensity of the contralateral normal white matter in the same region.
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