SUPPLEMENTARY MATERIAL 
Supplementary Methods
Molecular scores
The hypoxia score for a given sample was defined as the median expression of the 26 hypoxia genes (1). The hypoxia score was then normalized between 0 and 1, where 0 represented the least hypoxic and 1 represented the most hypoxic.
The proliferation score for a given sample was calculated by averaging the mRNA expression levels of 45 genes in the proliferation signature (2). A high proliferation score represented high proliferative capacity.
The stemness score for a given sample was calculated based on the mRNA of 109 stemness-related gene signatures by performing ssGSEA (3) using a “GSVA” package. A high score represented high stemness of the tumors.
ESTIMATE (4) was introduced to estimate the immune score for a given sample by performing ssGSEA (3), based on its mRNA expression profiles using an “estimate” package. 

Supplementary Tables
[bookmark: _Hlk83909376]Table S1. Baseline clinical characteristics of patients in the analysed cohorts
	
	Meta-discovery (n=665)
	Meta-validation I (n=299)
	Meta-validation II (n=274)

	Age (years)
	

	≤ 65
	362 (54.4%)
	173 (57.9%)
	129 (47.1%)

	> 65
	303 (45.6%)
	126 (42.1%)
	145 (52.9%)

	Gender
	
	
	

	Female
	338 (50.8%)
	135 (45.2%)
	146 (53.3%)

	Male
	327 (49.2%)
	164 (54.8%)
	128 (46.7%)

	TNM stage
	
	
	

	I
	484 (72.8%)
	243 (81.3%)
	201 (73.4%)

	II
	142 (21.4%)
	43 (14.4%)
	47 (17.2%)

	III
	39 (5.9%)
	13 (4.3%)
	22 (8.0%)

	Average survival (Month)
	54.18
	65.68
	33.16
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Table S2. Gene enrichment analysis of 913 prognosis-related genes based on KEGG database.
	KEGG pathway
	P value
	FDR
	Gene number in pathway 

	Cell cycle
	2.42E-11
	7.45E-09
	34

	DNA replication
	1.50E-07
	2.31E-05
	14

	Progesterone-mediated oocyte maturation
	7.66E-05
	0.0069 
	17

	Oocyte meiosis
	8.91E-05
	0.0069 
	20

	Glycolysis / Gluconeogenesis
	0.0003 
	0.0190 
	14

	Pyrimidine metabolism
	0.0004 
	0.0226 
	11

	Mismatch repair
	0.0012 
	0.0540 
	7

	Histidine metabolism
	0.0020 
	0.0764 
	6

	p53 signaling pathway
	0.0023 
	0.0803 
	13

	Fructose and mannose metabolism
	0.0035 
	0.1035 
	8

	Fanconi anemia pathway
	0.0037 
	0.1035 
	9

	Phenylalanine metabolism
	0.0045 
	0.1158 
	5

	Proteasome
	0.0075 
	0.1757 
	9

	Parkinson disease
	0.0082 
	0.1757 
	27

	Biosynthesis of cofactors
	0.0089 
	0.1757 
	17

	Homologous recombination
	0.0091 
	0.1757 
	8

	Apoptosis
	0.0110 
	0.1989 
	19

	Cellular senescence
	0.0128 
	0.2090 
	20

	Tyrosine metabolism
	0.0132 
	0.2090 
	7

	HIF-1 signaling pathway
	0.0136 
	0.2090 
	16

	Glycine, serine and threonine metabolism
	0.0157 
	0.2305 
	7

	Huntington disease
	0.0191 
	0.2673 
	30

	MicroRNAs in cancer
	0.0226 
	0.3032 
	20

	Tryptophan metabolism
	0.0252 
	0.3036 
	7

	One carbon pool by folate
	0.0258 
	0.3036 
	4

	Drug metabolism - other enzymes
	0.0258 
	0.3036 
	9

	Human T-cell leukemia virus 1 infection
	0.0275 
	0.3036 
	25

	Protein digestion and absorption
	0.0276 
	0.3036 
	12

	Pyruvate metabolism
	0.0486 
	0.5114 
	7

	Central carbon metabolism in cancer
	0.0498 
	0.5114 
	10


Table S3. The detailed functions of the 14 glycolysis metabolism genes
	Gene id
	Gene symbol
	Description
	Prognostic value 

	125
	ADH1B
	Alcohol Dehydrogenase 1B (ADH1B (Class I), Beta Polypeptide) is a Protein Coding gene.
	Protective

	217
	ALDH2
	Aldehyde Dehydrogenase 2 Family Member (ALDH2) is a Protein Coding gene. Diseases associated with ALDH2 include Alcohol Sensitivity, Acute and Amed Syndrome, Digenic. Among its related pathways are ethanol degradation II and Oxidation by cytochrome P450
	Protective

	222
	ALDH3B2
	Aldehyde Dehydrogenase 3 Family Member B2 (ALDH3B2) is a Protein Coding gene. Diseases associated with ALDH3B2 include Succinic Semialdehyde Dehydrogenase Deficiency and Gamma-Amino Butyric Acid Metabolism Disorder.
	Risky

	223
	ALDH9A1
	 (Aldehyde Dehydrogenase 9 Family Member A1 (ALDH9A1) is a Protein Coding gene. Diseases associated with ALDH9A1 include Alcohol Dependence and Alcohol Use Disorder. Among its related pathways are Carnitine synthesis and ethanol degradation II.
	Protective

	226
	ALDOA
	Aldolase A (ALDOA) is a glycolytic enzyme that catalyzes the reversible conversion of fructose-1, 6-bisphosphate to glyceraldehyde 3-phosphate and dihydroxyacetone phosphate.
	Risky

	1737
	DLAT
	Dihydrolipoamide S-Acetyltransferase (DLAT) is a Protein Coding gene. Diseases associated with DLAT include Pyruvate Dehydrogenase E2 Deficiency and Cholangitis. Among its related pathways are Pyruvate metabolism and glycolysis (BioCyc).
	Risky

	2597
	GAPDH
	Glyceraldehyde-3-phosphate dehydrogenase (GAPDH), is a key enzyme involved in glycolysis that participates in the conversion of glyceraldehyde-3-phosphate (G3P) to 1,3-bisphosphoglycerate in the cytoplasm, thereby regulating the production of ATP for energy metabolism.
	Risky

	2821
	GPI
	Glucose-6-phosphate isomerase (GPI) is a second glycolytic enzyme that catalyzes the isomerisation of G6P into fructose-6-phosphate.
	Risky

	3939
	LDHA
	Lactate dehydrogenase A(LDHA), is a key enzyme that converts pyruvate into lactic acid during glycolysis, this gene catalyzes the conversion of L-lactate and NAD to pyruvate and NADH in the final step of anaerobic glycolysis.
	Risky

	5214
	PFKP
	Phosphofructokinase, Platelet (PFKP) is a Protein Coding gene. Diseases associated with PFKP include Glycogen Storage Disease Vii. Among its related pathways are glycolysis (BioCyc) and Glycolysis (REACTOME).
	Risky

	5223
	PGAM1
	Phosphoglycerate mutase 1 (PGAM1), as one of the important enzymes in the glycolysis pathway, catalyzes the conversion of 3-phosphoglycerate (3-PG) in the glycolysis pathway to 2-phosphoglycerate (2-PG), promote glucose metabolism and energy production.
	Risky

	5230
	PGK1
	Phosphoglycerate Kinase 1 (PGK1) is a Protein Coding gene. Diseases associated with PGK1 include Phosphoglycerate Kinase 1 Deficiency and Male Infertility Due to Obstructive Azoospermia. Among its related pathways are glycolysis (BioCyc) and gluconeogenesis III.
	Risky

	5315
	PKM
	Pyruvate Kinase M1/2 (PKM) is a Protein Coding gene. Diseases associated with PKM include Pyruvate Kinase Deficiency Of Red Cells and Anterior Dislocation Of Lens. Among its related pathways are glycolysis (BioCyc) and Innate Immune System.
	Risky

	7167
	TPI1
	Triosephosphate isomerase (TPI) is the most active enzyme in the glycolytic pathway, catalyzes the isomerization of glyceraldehydes 3-phosphate (G3P) and dihydroxy-acetone phosphate (DHAP) in glycolysis and gluconeogenesis.
	Risky





Table S4. Univariate Cox regression analysis in the analysed cohorts
	Meta-discovery dataset
	Univariate analysis

	
	HR (95% CIs)
	P value

	14GM-PS (High risk vs. Low risk)
	2.79 (2.09 - 3.72)
	3.72E-12

	TNM stage (III vs. II vs. I)
	2.80 (2.31 - 3.38)
	2.12E-26

	Age (>65 vs. 65≤)
	2.03 (1.53 - 2.70)
	9.46E-07

	Sex (Male vs. Female)
	1.59 (1.20 - 2.11)
	0.0014

	Meta-validation I dataset
	Univariate analysis

	
	HR (95% CIs)
	P value

	14GM-PS (High risk vs. Low risk)
	2.52(1.69 - 3.76)
	6.16E-06

	TNM stage (III vs. II vs. I)
	1.96 (1.47 - 2.61)
	3.80E-06

	Age (>65 vs. 65≤)
	1.59 (1.09 - 2.32)
	0.0155

	Sex (Male vs. Female)
	1.61 (1.09 - 2.39)
	0.0180

	Meta-validation II dataset
	Univariate analysis

	
	HR (95% CIs)
	P value

	14GM-PS (High risk vs. Low risk)
	1.95 (1.22 - 3.11)
	0.0049

	TNM stage (III vs. II vs. I)
	2.38 (1.79 - 3.16)
	1.94E-09

	Age (>65 vs. 65≤)
	1.35 (0.85 - 2.15)
	0.2090

	Sex (Male vs. Female)
	1.24 (0.78 - 1.97)
	0.3680






Table S5. Difference analysis of 25 LUAD driver genes across the high- and low-risk groups 
	Gene symbol
	Discovery
	Validation I
	Validation II
	Meta P value
	FDR

	PARP4
	1.99E-06
	9.40E-05
	0.0317 
	2.41E-08
	6.03E-07

	APC
	1.13E-05
	0.4239 
	0.0228 
	2.54E-05
	0.0003 

	LYST
	0.0001 
	0.9735 
	0.0600 
	0.0070 
	0.0125 

	CTNNB1
	0.2005 
	0.0570 
	0.0793 
	0.0188 
	0.0248 

	EGFR
	0.0366 
	0.2555 
	0.2358 
	0.0395 
	0.0470 

	EPRS
	0.1005 
	0.0179 
	0.0011 
	0.0002 
	0.0007 

	KRAS
	0.8850 
	0.6012 
	0.0297 
	0.3655 
	0.3807 

	SMAD4
	8.16E-06 
	0.9002 
	0.0078 
	0.0001 
	0.0005 

	MET
	0.1321 
	0.1029 
	0.0686 
	0.0186 
	0.0248 

	NF1
	0.0022 
	0.0166 
	0.1426 
	0.0004 
	0.0011 

	PIK3CA
	0.2049 
	0.5310 
	0.0235 
	0.0558 
	0.0634 

	PTEN
	0.0034 
	0.4524 
	0.0697 
	0.0051 
	0.0099 

	RASA1
	0.0036 
	0.0016 
	0.1615 
	0.0001 
	0.0006 

	RB1
	0.0006 
	0.2780 
	0.6919 
	0.0096 
	0.0160 

	STK11
	0.1161 
	0.9423 
	0.5737 
	0.6374 
	0.6374 

	TP53
	0.1258 
	0.0490 
	0.0157 
	0.0033 
	0.0076 

	TTF1
	0.6411 
	0.1800 
	0.0644 
	0.1195 
	0.1299 

	ZMYM2
	2.60E-05 
	0.2266 
	0.2448 
	0.0002 
	0.0007 

	RBM10
	0.1156 
	0.1682 
	0.0371 
	0.0159 
	0.0248 

	NCOR2
	0.3138 
	0.0062 
	0.3027 
	0.0181 
	0.0248 

	KEAP1
	0.0012 
	0.0155 
	0.2102 
	0.0003 
	0.0011 

	MGA
	0.0088 
	0.1666 
	0.4969 
	0.0229 
	0.0287 
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Supplementary Figures
[image: ]
Figure S1. Time-Dependent ROC Curve for the 14GM-PS in the meta-discovery dataset. Green dotted line indicates the shortest distance between the receiver operating characteristic (ROC) curve and the point representing 100% true positive rate and 0% false positive rate. Intersection of the green dotted line with the ROC curve corresponds to the risk score of 81.5660, which was used as cut-off for the 14GM-PS to stratify patients into high- or low-risk groups.
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Figure S2. The score distribution and survival status of the patient ordered by increasing PLPPS risk score in meta-validation I (A) and meta-validation II (B) datasets. Here, the samples were clustered into high- and low-risk groups.
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Figure S3. The clinical nomogram and performance improvement evaluation of the survival nomogram. (A) The clinical nomogram in the meta-discovery dataset. (B) Performance improvement of the survival nomogram compared with clinical nomogram estimated by net reclassification improvement (NRI) and integrated discrimination improvement indexes (IDI) methods. (C) Performance improvement of the radiomic nomogram compared with 14GM-PS estimated by NRI and IDI methods. The responding significance is shown by asterisks in the circles (* for P<0.05 and ** for P<0.01).
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Figure S4. The survival analysis for 14GM-PS in the three array-based cohorts with a larger sample size (>100) of the meta-discovery dataset. Kaplan–Meier curves of overall survival for the 334, 204 and 127 patients in the GSE68465 (A), GSE31210 (C) and GSE50081 (E) cohorts. The receiver operating characteristic (ROC) curve of 14GM-PS in predicting 5-year survival rate in the GSE68465 (B), GSE31210 (D) and GSE50081 (F) cohorts.
[image: Figure S5]
Figure S5. Kaplan–Meier curves of overall survival (OS) and recurrence-free survival (RFS) for stage I patients. (A) OS for the meta-discovery dataset. (B) OS for integrated meta-validation dataset. (C) RFS for the meta-discovery dataset. (D) RFS for integrated meta-validation dataset.
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