Supplementary Table 2. Definitions of normalization methods


	Normalization Method
	Define
	Requires DEGs or NDEGs
	Normalization factor

	[bookmark: _Hlk219876201]Z_Original
	[bookmark: _Hlk219876496][bookmark: _Hlk219876295]Z-transformed RNA-seq data in FPKM format, including all gene features shared between the two cohorts
	No
	N/A

	[bookmark: _Hlk219876214]Z_Raw
	[bookmark: _Hlk219876309]Z_Original restricted to the selected DEGs
	DEGs were determined on training only
	N/A

	[bookmark: _Hlk219876168]Z_Binary
	[bookmark: _Hlk219876927]Binarization applied to Z_Raw
	DEGs were determined on training only
	N/A

	Z_NICG
	Z_Raw normalized using internal control (housekeeping/NDEG) genes, where each sample is scaled by the mean expression of the selected control genes (using a control-gene–based normalization factor)
	DEG and NDEG sets were determined on the training set only and then fixed
	For each internal (or external) test sample, the normalization factor was computed as the mean expression of the fixed NDEGs within that sample

	Z_NPN
	Z_Raw normalized via rank-based percentile transformation and mapping to a reference distribution 
	DEG and NDEG sets were determined on the training set only and then fixed
	Rank-based percentiles were mapped to a fixed reference distribution (standard normal) and applied per sample (no joint normalization across splits)

	Z_QN
	Z_Raw after quantile normalization, which aligns the expression-value distributions across samples by replacing each rank with the across-sample mean at that rank
	DEG and NDEG sets were determined on the training set only and then fixed
	The reference quantile distribution was estimated from the training set and then applied to the internal (or external) test set for quantile normalization (no joint normalization across splits)

	Z_QNZ
	Z_QN with Z-transformation 
	DEG and NDEG sets were determined on the training set only and then fixed
	Training-derived QN reference quantiles and per-gene z-score parameters (median) were fixed and applied to the internal (or external) test set without refitting





DEG, P threshold of DEGs; DEGs, differentially expressed genes; NDEG, P threshold of NDEGs; NDEGs, non-differentially expressed genes;  norm_method, normalization method; Z_Binary, binarization applied to Z_Raw data; Z_NICG, Normalization using Internal Control Genes (NICG) applied to Z_Raw data; Z_NPN, Non-Parametric Normalization (NPN) applied to Z_Raw data; Z_Original, Z-transformed RNA-seq data in FPKM format, including all gene features shared between the two cohorts; Z_QN, Quantile Normalization (QN) applied to Z_Raw data; Z_QNZ, Quantile Normalization with Z-Score (QNZ) applied to Z_Raw data; Z_Raw, Z_Original data restricted to the selected DEGs.







