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Supplementary Material summary:
Suppl. Table S1: Patient Demographic and Clinical Characteristics
Suppl. Fig. S1: Number and regions of brain lesions.
Suppl. Fig. S2: Comparative analysis of genetic metrics in brain tumors and pre-ctDNA and lesion characteristics.
Suppl. Fig. S3: Analysis of changes in ctDNA levels before and after treatment.
Suppl. Fig. S4: Correlation analysis of genetic and lesion metrics with survival.
Suppl. Fig. S5: Relationship between ctDNA assessment and imaging-based extent of resection.























Supplementary Table S1: Patient Demographic and Clinical Characteristics
	Sex, n (%)
	

	Female
	12 (37.5%)

	Male
	20 (62.5%)

	Age, years
	

	Median (range)
	53 (38-68)

	<60
	25 (78.1%)

	[bookmark: OLE_LINK2]≥60
	7 (21.9%)

	Regions of tumor, n (%)
	

	Multi-lobe
	16 (50.0%)

	[bookmark: _Hlk166186037]Frontal
	7 (21.9%)

	Temporal
	4 (12.5%)

	Parietal
	3 (9.4%)

	Occipital
	1 (3.1%)

	Cerebellum
	1 (3.1%)

	Pathology, n (%)
	

	[bookmark: _Hlk166184543][bookmark: _Hlk166184511]GBM
	19 (59.4%)

	[bookmark: _Hlk166184554]DMG
	2 (6.3%)

	[bookmark: _Hlk166184563]Astrocytoma
	8 (25.0%)

	[bookmark: _Hlk166184571]Oligodendroglioma
	2 (6.3%)

	[bookmark: _Hlk166184589]Medulloblastoma
	1 (3.1%)

	Deep structure involved, n (%)
	

	Yes
	11 (34.4%)

	No
	21 (65.6%)

	Hydrocephalus, n (%)
	

	Yes
	2 (6.3%)

	No
	30 (93.8%)

	Tumor volume (cm3)
	

	Median (range)
	43.4 (13.3-172.6)

	<30
	10 (31.3%)

	≥30
	22 (68.7%)

	Peritumoral edema (cm)
	

	Median (range)
	1.76 (0.53-3.80)

	Epilepsy, n (%)
	

	Yes
	8 (25.0%)

	No
	24 (75.0%)

	Enhanced T1-weighted based GTR, n (%)
	

	GTR
	25 (78.1%)

	Non-GTR
	7 (21.9%)


[image: ]Supplementary figure 1: Number and regions of brain lesions. A: Among the 32-patient case series, 23 cases had a single brain lesion, while the remaining 9 developed multiple lesions. B: Invasive cerebral lobes of the 9 cases with multiple lesions.





















[bookmark: _Hlk173191330][image: ]Supplementary figure 2: Comparative analysis of genetic metrics in brain tumors and pre-ctDNA and lesion characteristics. A: Correlation of MAF between tumor lesions and pre-ctDNA in HGGs (Spearman r = 0.6612, P < 0.0001). B: Correlation of TMB between tumor lesions and pre-ctDNA in HGGs, showing a significant correlation (Spearman r = 0.5621, P = 0.0080). C: Quantification of TMB in pre-ctDNA for LGGs and HGGs indicates that LGGs harbor a higher TMB compared to HGGs (Mann-Whitney U test, P = 0.0480). D: Mean MAF in pre-ctDNA for tumors with low vs. high Ki67 expression, showing no significant difference (Mann-Whitney U test, P = 0.1754). E: Negative association between TMB in tumor lesions and tumor mass (Spearman r = -0.4978, P = 0.0255). F: Concordance of mutations between tissue DNA and pre-ctDNA, with no significant difference observed between LGGs and HGGs (Mann-Whitney U test, P = 0.8132). Data are presented as means±SEM.





[image: ]Supplementary figure 3: Analysis of changes in ctDNA levels before and after treatment. A: The bar graph indicates a significant reduction in the mean MAF in post-ctDNA compared to pre-ctDNA (Wilcoxon signed-rank test, ****: P < 0.0001). B: The scatter plot shows the quantifications of mean MAF of ctDNA in HGGs before and after surgery (Wilcoxon signed-rank test, ****: P < 0.0001). C-D: Quantifications of TMB in ctDNA in all patients and in HGGs only, before and after surgery (Wilcoxon signed-rank test, ****: P < 0.0001). E: The bar graph shows the detection rate of driver mutations of individuals in pre- and post-ctDNA in our cohort (Fisher's exact test, P = 0.0211). F-G: The heat maps show the reduction rate of TMB post-operatively in patients with single or multiple lesions (F), and the corresponding survival rates (G, Log-rank test, P = 0.0473). Data are presented as means±SEM.







[image: ]Supplementary figure 4: Correlation analysis of genetic and lesion metrics with survival. A-D: Correlation analysis between tumor size (A), Ki67 expression (B), pre-ctDNA MAF (C), and TMB (D) with survival (Log-rank test, P = 0.4952, 0.0766, 0.1446 and 0.9106, respectively)












[bookmark: _Hlk172678214][image: ]Supplementary Figure 5: Relationship between ctDNA assessment and imaging-based extent of resection. A: Analysis of T1-weighted contrast-enhanced imaging indicating GTR and non-GTR in the mutations non-detectable and remaining population (Fisher's exact test, P > 0.9999). B: Analysis of T2-weighted imaging indicating GTR and non-GTR in the mutations non-detectable and remaining population (Fisher's exact test, P > 0.9999).
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