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Supplementary Table 1. A summary of demographic and clinical characteristics and tumor
genomics of the included IDH-wildtype patients in this study.

Cohort (conventional MRI) Cohort (conventional and
advanced MRI)
Demographics
No. of Patients 357 228
Mean Age (years) 63.2 62.4
Age Range (years) 20.7 - 89.6 22.0-89.6
No. of Females 132 94

Survival (months)

Mean + Std 15.8 £+ 14.1 16.9 + 14.1
No. of Censored Patients 92 58

MGMT Methylation

Status

Methylated 95 48
Unmethylated 140 73

Indeterminate or Not

Available 122 107

Driver Genes

Co-occurring  Exclusive Co-occurring  Exclusive

EGFRmut | EGFRu 83274 36 |43 62| 166 25|24
NF Tmut | NF Tt 62 | 295 13143 40188 10|24
PTENmut | PTENw 144213 42143 86 | 142 2124
TP53mut | TP53ut 103 | 254 27 |43 70158 1924

Core signaling pathways

Co-occurring  Exclusive Co-occurring  Exclusive

RTKmut | RTKut 107 | 250 45|43 81| 147 32|24
Pl3Kmut | PI3Kut 185 [ 172 68 | 43 114 [ 114 37|24
MAPKout | MAPKut 67 | 290 - 431185 -
P53mut | P53ut 105 | 252 - 721156 -

Numbers in parentheses indicate percentages. Std = standard deviation. AUC = Area Under the receiver operating
characteristic (ROC) Curve. Cl = Confidence Interval



Supplementary Table 2. A summary of the copy number variations (CNVs) in the key driver
pathways in the cohort.

Pathways Alterations No. of Patients with Alteration
(Frequency)
RTK EGFR gain 1271177 (71.7%)
MET gain 145/177 (81.9%)
PDGFRA gain 20/177 (11.3%)
FGFR2 loss 110/177 (62.1%)
PI3K PTEN loss 37/177 (20.9%)
PIK3CA gain 15/177 (8.5%)
PIK3R1 gain 22/177 (12.4%)
P53 TP53 loss 41/177 (23.2%)
MDM4 gain 18/177 (10.2%)
RB1 RB1 loss 3177 (1.7%)
CDKN2A loss 47/177 (26.6%)
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Supplementary Figure 1. Modified 34-layer ResNet architecture with an initial 7x7 convolution
followed by four layers (comprising 3, 4, 6, and 3 residual blocks, each with two 3x3 convolutions).
Input to the model included slices from T1-Gd and T2 structural images, along with tumor
segmentation masks (three image volumes). After pretraining, weights from the initial layers up
to layer 3 were transferred to the CNN classifier but remained fixed. Radiomic features, including
spatial location, were fed into fully connected layers after layer 4, which, along with layer 4
weights, were trained for classification.
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Supplementary Figure 2. Representative imaging characteristics in different tumorous subregions
for the tumors with mutations in key driver genes in comparison to their wildtype counterparts
[rCBV = relative cerebral blood volume; PSR = Percentage Signal Recovery; ADC = Apparent
Diffusion Coefficient; PH = Peak Height]. The annotation (m) or (w) after the names of genes,
e.g., EGFR(m) or EGFR(w), in the boxes denote mutant or wildtype tumors, respectively. Edema
refers to peritumoral edema, which is an infiltrated zone surrounding the tumor comprised of
vasogenic edema and infiltrating tumor cells diffused in the adjacent normal brain tissue.
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Supplementary Figure 3. Mutant Allele Tumor Heterogeneity (MATH) scores across frontal,
temporal, parietal, and occipital brain regions. The differences in MATH scores were determined
using Wilcoxon rank-sum test, indicating a statistically significant difference in intra-tumoral
heterogeneity between the frontal and occipital regions (p = 0.01).
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Supplementary Figure 4. Oncogenic drivers in de novo GBMs based on mutated genes in six
signaling pathways present in over 10% of samples. The model identified early drivers, including
EGFR amplification and somatic mutations in NF1, PTEN, and TP53. The suffix for each gene
name indicates somatic point mutation (snv), copy number gains (gain) or copy number losses
(loss) observed in the cohort. The corresponding relative and absolute frequencies in the cohort
are listed as well.



CDKNZ2A loss
50% (2)

x x

Edge confidence
« Temporal Priority
# Probability Raising
+ Hypergeometric test
p-value cutoff < 0.05

Sample size

25% (1)

n=4m=11
IGI=11,IPI=0
Events type
Algorithm: @ snv
® capri bic O loss
capri aic O gain

Supplementary Figure 5. Oncogenic drivers in Group 1 tumors. The model identified early drivers
and subsequent genomic alteration events along three main trajectories. The suffix for each gene
name indicates somatic point mutation (snv), copy number gains (gain) or copy number losses
(loss) observed in the cohort. The corresponding relative and absolute frequencies in the cohort
are listed as well.
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Supplementary Figure 6. Oncogenic drivers in Group 2 tumors. The model identified early drivers
and subsequent genomic alteration events. EGFR and PTEN alterations were early events. The
suffix for each gene name indicates somatic point mutation (snv), copy number gains (gain) or
copy number losses (loss) observed in the cohort. The corresponding relative and absolute
frequencies in the cohort are listed as well.
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Supplementary Figure 7. Oncogenic drivers in Group 3 tumors. The model identified early drivers
and subsequent genomic alteration events. The suffix for each gene name indicates somatic point
mutation (snv), copy number gains (gain) or copy number losses (loss) observed in the cohort.
The corresponding relative and absolute frequencies in the cohort are listed as well.

11



i1 <Qo1 <Qqo1 i1
i <qgoi <qgo1 1
i <qgoi 0 i1

EGFR_gain

71% (5)

DK4_gai
14% (1)

Edge confidence
+ Temporal Priority
+ Probability Raising
+ Hypergeometric test
p-value cutoff < 0.05

1|
Sample size )
n=7,m=17 PDGFRA_gajn
1GI=17,IPI=0 14% (1)
Algorithm: Events type
@ capri bic ® snv
capri aic 0 gain

Supplementary Figure 8. Oncogenic drivers in Group 4 tumors. The model identified early drivers
and subsequent genomic alteration events. The suffix for each gene name indicates somatic point
mutation (snv), copy number gains (gain) or copy number losses (loss) observed in the cohort.
The corresponding relative and absolute frequencies in the cohort are listed as well.



