Supplementary materials
Development and Validation of a Metabolic Gene-Based Prognostic Signature for Hepatocellular Carcinoma
The Supplementary Data consist of:

Supplementary Tables S1-S4
Supplementary Figures. S1-S3
Table S1. Fifty-eight candidate metabolic-related genes identified by univariate Cox regression analysis
	Gene
	Hazard ratio
	95% confidence interval
	P value

	TXNRD1
	1.0201
	1.014-1.027
	< 0.001

	G6PD
	1.018
	1.012-1.025
	< 0.001

	ATIC
	1.063
	1.040-1.086
	< 0.001

	RRM2
	1.076
	1.045-1.108
	< 0.001

	RRM1
	1.074
	1.042-1.106
	< 0.001

	PGD
	1.012
	1.007-1.017
	< 0.001

	ME1
	1.046
	1.025-1.067
	< 0.001

	DTYMK
	1.053
	1.029-1.078
	< 0.001

	HEXB
	1.041
	1.022-1.060
	< 0.001

	LPCAT1
	1.050
	1.027-1.073
	< 0.001

	POLD1
	1.160
	1.083-1.242
	< 0.001

	MBOAT7
	1.085
	1.042-1.130
	< 0.001

	CANT1
	1.088
	1.041-1.136
	< 0.001

	UGDH
	1.011
	1.005-1.018
	< 0.001

	GLA
	1.040
	1.017-1.063
	< 0.001

	POLR2G
	1.049
	1.021-1.078
	< 0.001

	CYP2C9
	0.995
	0.992-0.998
	< 0.001

	SRM
	1.015
	1.006-1.024
	< 0.001

	TYMS
	1.044
	1.018-1.070
	< 0.001

	AKR1C3
	1.005
	1.002-1.008
	< 0.001

	AKR1B10
	1.001
	1.000-1.001
	< 0.001

	PI4KB
	1.066
	1.025-1.108
	0.001

	ADH1C
	0.998
	0.997-0.999
	0.002

	FTH1
	1.002
	1.001-1.003
	0.002

	LCAT
	0.973
	0.956-0.990
	0.002

	PYCR1
	1.026
	1.009-1.043
	0.003

	FLAD1
	1.046
	1.015-1.077
	0.003

	ALDH2
	0.989
	0.983-0.996
	0.003

	TK1
	1.017
	1.006-1.029
	0.003

	PSPH
	1.039
	1.013-1.066
	0.003

	ADH1A
	0.997
	0.995-0.999
	0.004

	TPI1
	1.004
	1.001-1.006
	0.004

	GGCT
	1.037
	1.011-1.064
	0.005

	ABAT
	0.981
	0.968-0.994
	0.005

	ALDOA
	1.004
	1.001-1.006
	0.005

	AKR1C1
	1.004
	1.001-1.006
	0.006

	DEGS1
	1.025
	1.006-1.044
	0.008

	HAO1
	0.994
	0.989-0.999
	0.010

	EPRS
	1.031
	1.007-1.055
	0.011

	FTCD
	0.994
	0.989-0.999
	0.012

	GYS2
	0.975
	0.957-0.995
	0.013

	NME1
	1.017
	1.003-1.031
	0.017

	ADH6
	0.991
	0.984-0.998
	0.018

	INPPL1
	1.055
	1.008-1.104
	0.022

	ITPA
	1.020
	1.003-1.037
	0.022

	ALDOB
	0.999
	0.998-0.999
	0.028

	ACADS
	0.983
	0.968-0.998
	0.029

	CAT
	0.995
	0.990-0.999
	0.034

	GPX2
	1.001
	1.000-1.001
	0.037

	PKM
	1.004
	1.000-1.008
	0.037

	PFKP
	1.012
	1.001-1.024
	0.038

	SARDH
	0.977
	0.955-0.999
	0.041

	NT5C
	1.017
	1.000-1.034
	0.044

	BPNT1
	1.056
	1.001-1.115
	0.045

	PCK1
	0.997
	0.995-0.999
	0.045

	ENTPD6
	1.035
	1.000-1.072
	0.049

	POLR2K
	1.015
	1.000-1.030
	0.049

	RDH16
	0.994
	0.988-0.999
	0.049


Table S2. Correlation of identified molecular subtypes with clinical features and risk score of HCC patients in TCGA cohort
	Feature
	Proliferation subtype

(n = 61) a
	Non-proliferation subtype 

(n = 53) a
	P valueb

	AFP (ng/ml)
	
	
	0.514

	  ≤ 300
	35 (79.5%)
	34 (85.0%)
	

	  > 300
	9 (20.5%)
	6 (15.0%)
	

	Histologic grade
	
	
	0.224

	  G1-2
	33 (54.1%)
	34 (65.4%)
	

	  G3-4
	28 (45.9%)
	18 (34.6%)
	

	Vascular invasion
	
	
	0.666

	  Absent
	28 (60.9%)
	30 (65.2%)
	

	  Present
	18 (39.1%)
	16 (34.8%)
	

	Risk score
	
	
	< 0.001

	  Low
	14 (23.0%)
	31 (58.5%)
	

	  High
	47 (77.0%)
	22 (41.5%)
	

	a Sum of the frequency of some variables may not be equal to the total sample size due to the missing values;

b The constituent ratio of each feature between proliferation subtype and non-proliferation subtype was compared using the Pearson chi-square test. Bold P values indicate statistical significance.


Table S3. Correlation of risk score with clinicopathologic characteristics of HCC patients in ICGC and GSE14520 cohorts
	Characteristics
	ICGC cohort 
	P value#
	GSE14520 cohort
	P value a

	
	High risk
(n = 123)
	Low risk
(n = 109)
	
	High risk
(n = 133)
	Low risk
(n = 109)
	

	Age (year)
	
	
	0.310
	
	
	0.266

	  ≤ 50
	7 (5.7%)
	10 (9.2%)
	
	73 (54.9%)
	52 (47.7%)
	

	  > 50
	116 (94.3%)
	99 (90.8%)
	
	60 (45.1%)
	57 (52.3%)
	

	Gender
	
	
	0.274
	
	
	0.431

	  Male
	87 (70.7%)
	84 (77.1%)
	
	118 (88.7%)
	93 (85.3%)
	

	  Female
	36 (29.3%)
	25 (22.9%)
	
	15 (11.3%)
	16 (14.7%)
	

	TNM stage
	
	
	0.012
	
	
	0.002

	Stage I-II
	66 (53.7%)
	76 (69.7%)
	
	95 (71.4%)
	96 (88.1%)
	

	  Stage III-IV
	57 (46.3%)
	33 (30.3%)
	
	38 (28.6%)
	13 (11.9%)
	

	Tumor size (cm)
	
	
	
	
	
	0.130

	  ≤ 5
	
	
	
	79 (59.4%)
	75 (68.8%)
	

	  > 5
	
	
	
	54 (40.6%)
	34 (31.2%)
	

	Multinodular
	
	
	
	
	
	0.043

	  No
	
	
	
	98 (73.7%)
	92 (84.4%)
	

	  Yes
	
	
	
	35 (26.3%)
	17 (15.6%)
	

	Cirrhosis
	
	
	
	
	
	0.488

	  Absent
	
	
	
	9 (6.8%)
	10 (9.2%)
	

	  Present
	
	
	
	124 (93.2%)
	99 (90.8%)
	

	BCLC stage
	
	
	
	
	
	0.002

	  0-A
	
	
	
	94 (70.7%)
	95 (87.2%)
	

	  B-C
	
	
	
	39 (29.3%)
	14 (12.8%)
	

	a The constituent ratio of each feature between high-risk group and low-risk group was compared using the Pearson chi-square test or Fisher exact test. Bold P values indicate statistical significance.


Table S4. Sequences of the primers used in PCR array
	Gene
	Primer sequence

	
	Forward
	Reverse

	HEXB
	5'-TAGAGTCACAGCATCTGGCTT-3'
	5'-CCAAAATCAAGAGGTTCCACT-3'

	CYP2C9
	5'-CAGAGGATCAGTCAAAGGGTG-3'
	5'-CTGGGTGACAGAGCAAGACTT-3'

	ATIC
	5'-GCAGGACAGCAGTCTCGTATA-3'
	5'-AGCACTTGTGGATGGTGTCTA-3'

	G6PD
	5'-AACCACATCTCCTCCCTGTTC-3'
	5'-AGATCCTGTTGGCAAATCTCA-3'

	LPCAT1
	5'-CTCCGTTTCAATCAATCACCT-3'
	5'-TGACTTCGGTTTACTCCATCC-3'

	RRM1
	5'-GCCATCATTGAGTCTCAGACG-3'
	5'-GGTTCTGCTGGTTGCTCTTTC-3'

	RRM2
	5'-ACCTCACAACCAGTCCTGTCT-3'
	5'-ACTGCCATTGTCACTGCTATG-3'

	TXNRD1
	5'-TTGGAGGCTATGTAGGCTTGT-3'
	5'-TCGCAGATGTACTTGTTTTGG-3'

	ME1
	5'-TAAACACTTGGAAGAGGGTCG-3'
	5'-GGCTGTCTTTTCTTG GTA TGC-3'

	ADH1C
	5'-GTGTTGGAGAAGGGGTGACTA-3'
	5'-GCAGTAGTTGCTTTCTGGGTT-3'

	HMBS
	5'-ACGGCTCAGATAGCATACAAG-3'
	5'-CAACTGTGGGTCATCCTCA-3'

	UBC
	5'-AGTTCTTGTTTGTGGATCGCT-3'
	5'-ATCTTTGCCTTGACATTCTCG-3'

	RNA18SN5
	5'-TGTTGGTTTTCGGAACTGAG-3'
	5'-GTCGGCATCGTTTATGGTC-3'
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Figure S1. Construction of the prognostic metabolic-related gene signature for HCC. Heatmap (A) and volcano plot (B) of differentially expressed metabolic-related genes between normal and tumor tissues of TCGA dataset. (C and D) Identification of the most valuable metabolic-related genes and their coefficients using the LASSO COX regression analysis with 1000-fold cross-validation.
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Figure S2. The mRNA expression levels of selected 10 metabolic-related genes in normal liver and HCC tissues of TCGA dataset. P value was calculated using the Mann-Whitney U test.
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Figure S3. Kaplan-Meier analyses of the overall survival of identified HCC molecular subtypes in TCGA cohort. The difference between non-proliferation and proliferation subtypes was compared using the log-rank test.
