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Supplementary Figure 1. Quality control, batch correction, and validation of R-loop scoring in single-cell transcriptomic data. (A) Distribution of nCount_RNA across samples. (B) Distribution of the mitochondrial-gene proportion (percent.mt) across samples. (C) Distribution of nFeature_RNA across samples. (D) Low-dimensional distribution of cells from different samples after Harmony correction. (E) Comparison of R-loop-related gene-set scores across cell types calculated using ssGSEA, AddModuleScore, AUCell, UCell, and singscore.
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Supplementary Figure 2. Cell-cycle and metabolic-communication characteristics of R-loop-high malignant cells and MTHFD1L-related GSEA. (A) Comparison of the proportions of cells in G1, S, and G2/M phases between R-loop-high and R-loop-low malignant cells. (B) MEBOCOST analysis of event numbers for different cell types as senders and receivers of metabolic communication. (C) MEBOCOST metabolic-communication network among different cell types. (D) Distribution of major cell types and R-loop-low malignant cells in the spatial transcriptomic section. (E) KEGG GSEA of MTHFD1L⁺ and MTHFD1L⁻ malignant cells. (F) Hallmark GSEA of MTHFD1L⁺ and MTHFD1L⁻ malignant cells.



Supplementary Table
Supplementary Table 1. Cutoff sensitivity analysis of the DeepSurv-derived risk model.
A. Cutoff definitions, group sizes, and event counts
	Cutoff method
	Cutoff value
	Train high, n
	Train low, n
	Validation high, n
	Validation low, n
	Train high events, n
	Train low events, n
	Validation high events, n
	Validation low events, n

	median
	0.0897
	18
	17
	7
	23
	10
	8
	4
	13

	tertile_top2_bottom1
	-0.0639
	23
	12
	10
	20
	14
	4
	7
	10

	restricted_maxstat
	-0.0651
	24
	11
	10
	20
	15
	3
	7
	10

	train_maxstat
	-0.0651
	24
	11
	10
	20
	15
	3
	7
	10


B. Survival associations and discrimination
	Cutoff method
	Train log-rank P
	Validation log-rank P
	Train HR (95% CI)
	Validation HR (95% CI)
	Train C-index
	Validation C-index

	median
	0.6489
	0.0619
	1.121 (0.686–1.831)
	1.600 (0.954–2.683)
	0.613
	0.661

	tertile_top2_bottom1
	0.0298
	0.0467
	1.789 (1.029–3.108)
	1.596 (0.989–2.577)
	0.613
	0.661

	restricted_maxstat
	0.0129
	0.0467
	2.027 (1.110–3.701)
	1.596 (0.989–2.577)
	0.613
	0.661

	train_maxstat
	0.0129
	0.0467
	2.027 (1.110–3.701)
	1.596 (0.989–2.577)
	0.613
	0.661


Abbreviations: CI, confidence interval; HR, hazard ratio. Event counts indicate observed deaths. Validation refers to the GSE107943 cohort. P values are from two-sided log-rank tests.
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