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[image: ]Supplementary Figure 1 Correlation of GeneScore and clinical risk factors in the unresectable HCC patients with the triple combination therapy. Forest plot showing the prognostic impact of clinical subgroups on PFS outcomes in patients with low/high GeneScore. The horizontal line within each square represents the hazard ratio (HR) and its 95% confidence interval (CI). Squares located to the left of the vertical null line indicate a better prognosis in the compared subgroup, while those to the right indicate a worse prognosis.
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[bookmark: OLE_LINK52]Supplementary Table 1. Correlation between PFS and 123 pathway perturbation scores using the univariate Cox analysis
	Signaling pathway
	Coef
	HR
	CI95
	P value

	Focal adhesion
	0.22
	1.24
	1.02-1.51
	0.029

	Notch signaling pathway
	0.4
	1.49
	1.01-2.2
	0.045

	Hedgehog signaling pathway
	0.15
	1.16
	0.98-1.38
	0.082

	ErbB signaling pathway
	-0.31
	0.74
	0.51-1.06
	0.096

	Th1 and Th2 cell differentiation
	0.01
	1.01
	1-1.02
	0.099

	Long-term depression
	-0.41
	0.67
	0.41-1.08
	0.101

	GnRH signaling pathway
	-0.36
	0.7
	0.43-1.13
	0.145

	Oxytocin signaling pathway
	-0.28
	0.76
	0.52-1.1
	0.148

	Axon guidance
	0.1
	1.11
	0.96-1.28
	0.158

	Sphingolipid signaling pathway
	-0.27
	0.76
	0.52-1.12
	0.167

	B cell receptor signaling pathway
	-0.34
	0.71
	0.43-1.17
	0.176

	Long-term potentiation
	-0.47
	0.62
	0.31-1.26
	0.189

	Vascular smooth muscle contraction
	-0.49
	0.61
	0.28-1.36
	0.23

	Cell cycle
	0.04
	1.04
	0.97-1.12
	0.237

	NOD-like receptor signaling pathway
	-0.27
	0.76
	0.48-1.2
	0.243

	NF-kappa B signaling pathway
	-0.43
	0.65
	0.32-1.35
	0.251

	Apelin signaling pathway
	-0.24
	0.79
	0.52-1.19
	0.251

	Hippo signaling pathway - multiple species
	0.3
	1.35
	0.81-2.25
	0.253

	Autophagy - animal
	-0.07
	0.93
	0.82-1.06
	0.282

	Chemokine signaling pathway
	-0.13
	0.88
	0.69-1.12
	0.284

	FoxO signaling pathway
	-0.14
	0.87
	0.67-1.13
	0.293

	PI3K-Akt signaling pathway
	0.13
	1.13
	0.9-1.43
	0.293

	Insulin resistance
	0.13
	1.14
	0.89-1.45
	0.309

	T cell receptor signaling pathway
	-0.2
	0.82
	0.55-1.21
	0.317

	Type II diabetes mellitus
	0.34
	1.41
	0.71-2.78
	0.324

	Estrogen signaling pathway
	-0.12
	0.89
	0.69-1.14
	0.342

	Neurotrophin signaling pathway
	-0.11
	0.9
	0.72-1.12
	0.343

	Oocyte meiosis
	-0.5
	0.61
	0.22-1.71
	0.345

	Necroptosis
	-0.09
	0.91
	0.75-1.11
	0.357

	Regulation of lipolysis in adipocytes
	0.12
	1.13
	0.86-1.49
	0.378

	Cholinergic synapse
	-0.11
	0.9
	0.71-1.14
	0.382

	Protein processing in endoplasmic reticulum
	-0.14
	0.87
	0.62-1.2
	0.391

	Natural killer cell mediated cytotoxicity
	-0.07
	0.93
	0.78-1.1
	0.397

	Wnt signaling pathway
	0.12
	1.13
	0.84-1.52
	0.415

	cAMP signaling pathway
	0.16
	1.18
	0.79-1.76
	0.422

	Osteoclast differentiation
	-0.1
	0.91
	0.71-1.16
	0.433

	GABAergic synapse
	0.79
	2.21
	0.3-16.26
	0.435

	MAPK signaling pathway
	0.16
	1.17
	0.78-1.74
	0.447

	Parathyroid hormone synthesis, secretion and action
	-0.08
	0.93
	0.75-1.14
	0.464

	Fc epsilon RI signaling pathway
	-0.08
	0.92
	0.75-1.14
	0.466

	Cushing syndrome
	0.08
	1.09
	0.87-1.36
	0.471

	Regulation of actin cytoskeleton
	0.07
	1.07
	0.88-1.31
	0.497

	mTOR signaling pathway
	-0.04
	0.96
	0.85-1.08
	0.506

	Fanconi anemia pathway
	-0.16
	0.86
	0.53-1.37
	0.519

	Longevity regulating pathway - multiple species
	-0.16
	0.85
	0.51-1.42
	0.535

	Insulin signaling pathway
	-0.05
	0.95
	0.81-1.12
	0.552

	Non-alcoholic fatty liver disease
	0.08
	1.08
	0.83-1.41
	0.558

	Maturity onset diabetes of the young
	0.25
	1.28
	0.55-3.01
	0.566

	Ferroptosis
	0.07
	1.07
	0.85-1.34
	0.569

	Aldosterone-regulated sodium reabsorption
	-0.23
	0.8
	0.36-1.76
	0.574

	TNF signaling pathway
	-0.23
	0.8
	0.34-1.84
	0.594

	HIF-1 signaling pathway
	0.04
	1.04
	0.89-1.23
	0.608

	AGE-RAGE signaling pathway in diabetic complications
	-0.06
	0.94
	0.74-1.2
	0.638

	Toll-like receptor signaling pathway
	0.06
	1.06
	0.83-1.34
	0.648

	cGMP-PKG signaling pathway
	-0.09
	0.91
	0.62-1.34
	0.65

	p53 signaling pathway
	0.06
	1.06
	0.82-1.37
	0.663

	C-type lectin receptor signaling pathway
	-0.04
	0.96
	0.78-1.18
	0.691

	Th17 cell differentiation
	0.06
	1.06
	0.76-1.48
	0.718

	Thyroid hormone synthesis
	-0.18
	0.84
	0.31-2.26
	0.728

	Renin secretion
	-0.18
	0.84
	0.31-2.26
	0.728

	Cortisol synthesis and secretion
	-0.18
	0.84
	0.31-2.26
	0.728

	Endocrine and other factor-regulated calcium reabsorption
	-0.18
	0.84
	0.31-2.26
	0.728

	Vasopressin-regulated water reabsorption
	-0.18
	0.84
	0.31-2.26
	0.728

	Salivary secretion
	-0.18
	0.84
	0.31-2.26
	0.728

	Gastric acid secretion
	-0.18
	0.84
	0.31-2.26
	0.728

	Pancreatic secretion
	-0.18
	0.84
	0.31-2.26
	0.728

	Bile secretion
	-0.18
	0.84
	0.31-2.26
	0.728

	Insulin secretion
	-0.18
	0.84
	0.31-2.26
	0.728

	Glutamatergic synapse
	-0.16
	0.85
	0.35-2.08
	0.729

	Glucagon signaling pathway
	0.11
	1.11
	0.58-2.13
	0.742

	Ras signaling pathway
	0.03
	1.04
	0.83-1.29
	0.756

	Circadian entrainment
	-0.11
	0.89
	0.44-1.82
	0.76

	Fc gamma R-mediated phagocytosis
	0.06
	1.06
	0.73-1.54
	0.765

	Calcium signaling pathway
	-0.09
	0.92
	0.51-1.65
	0.769

	Longevity regulating pathway
	0.02
	1.02
	0.9-1.15
	0.777

	Cytokine-cytokine receptor interaction
	0.17
	1.18
	0.37-3.84
	0.778

	JAK-STAT signaling pathway
	-0.02
	0.98
	0.82-1.17
	0.798

	Apoptosis
	-0.02
	0.98
	0.84-1.15
	0.807

	VEGF signaling pathway
	-0.03
	0.97
	0.79-1.21
	0.811

	Mitophagy - animal
	0.04
	1.04
	0.77-1.38
	0.812

	Tight junction
	-0.03
	0.97
	0.72-1.29
	0.816

	Hippo signaling pathway
	-0.02
	0.98
	0.79-1.2
	0.822

	EGFR tyrosine kinase inhibitor resistance
	-0.02
	0.98
	0.86-1.13
	0.823

	Gap junction
	0.02
	1.02
	0.82-1.28
	0.852

	Platelet activation
	0.02
	1.02
	0.8-1.31
	0.878

	AMPK signaling pathway
	0.01
	1.01
	0.78-1.32
	0.917

	Leukocyte transendothelial migration
	0.01
	1.01
	0.81-1.26
	0.92

	Ovarian steroidogenesis
	0.05
	1.05
	0.42-2.59
	0.921

	Endocrine resistance
	0.01
	1.01
	0.88-1.14
	0.924

	Phospholipase D signaling pathway
	-0.01
	0.99
	0.77-1.27
	0.933

	RNA degradation
	0.07
	1.07
	0.15-7.83
	0.944

	Platinum drug resistance
	0.01
	1.01
	0.8-1.27
	0.95

	Neuroactive ligand-receptor interaction
	-0.06
	0.94
	0.13-6.92
	0.955

	Homologous recombination
	-0.02
	0.98
	0.41-2.32
	0.96

	TGF-beta signaling pathway
	-0.01
	0.99
	0.59-1.66
	0.964

	Rap1 signaling pathway
	0
	1
	0.89-1.13
	0.975

	Cellular senescence
	0
	1
	0.88-1.14
	0.989

	PPAR signaling pathway
	-8.02
	0
	0-Inf
	0.996

	Apoptosis - multiple species
	-8.02
	0
	0-Inf
	0.996

	RIG-I-like receptor signaling pathway
	-7.26
	0
	0-Inf
	0.996

	Autophagy - other
	-4.95
	0.01
	0-Inf
	0.997

	Thermogenesis
	0
	1
	0.89-1.13
	0.997

	Relaxin signaling pathway
	0
	1
	0.88-1.13
	0.999
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Supplementary Table 2. The related genes from the risk pathway signatures
	Pathways
	Mutated genes

	Hedgehog signaling pathway
	SMO, GSK3B, PTCH1

	ErbB signaling pathway
	CBL, PIK3CA, PIK3R1, PIK3CD, CDKN1B, ARAF, ERBB3, NRAS, GSK3B, PLCG2, KRAS, AKT2, PAK1, MYC, SRC, PIK3R2, MTOR, CDKN1A

	Focal adhesion
	PIK3CA, PIK3R1, PIK3CD, CTNNB1, KDR, GSK3B, MET, FLT1, PDGFRA, CCND3, IGF1R, FLT4, AKT2, PAK1, SRC, VEGFA, PIK3R2, HGF, PTEN


 

Supplementary Table 3. The clinical characteristics of the validation unresectable HCC patients with low/high OverallScore
	[bookmark: _Hlk149123441]Characteristic
	Total (n = 26)
	High (n = 14)
	Low (n = 12)
	p value

	Gender (%)
	
	
	
	0.33

	Female
	5 (19.2)
	4 (28.6)
	1 (8.3)
	

	Male
	21 (80.8)
	10 (71.4)
	11 (91.7)
	

	Age (%)
	
	
	
	0.692

	<=50
	15 (57.7)
	9 (64.3)
	6 (50.0)
	

	>50
	11 (42.3)
	5 (35.7)
	6 (50.0)
	

	AST (%)
	
	
	
	0.014*

	<=60
	10 (38.5)
	2 (14.3)
	8 (66.7)
	

	>60
	16 (61.5)
	12 (85.7)
	4 (33.3)
	

	ALT (%)
	
	
	
	1

	<=50
	18 (69.2)
	10 (71.4)
	8 (66.7)
	

	>50
	8 (30.8)
	4 (28.6)
	4 (33.3)
	

	AFP (%)
	
	
	
	0.692

	<=400
	11 (42.3)
	5 (35.7)
	6 (50.0)
	

	>400
	15 (57.7)
	9 (64.3)
	6 (50.0)
	

	Anti-HBV treatment (%)
	
	
	
	NA

	Present
	26 (100.0)
	14 (100.0)
	12 (100.0)
	

	HBsAg (%)
	
	
	
	1

	Negative
	4 (15.4)
	2 (14.3)
	2 (16.7)
	

	Positive
	22 (84.6)
	12 (85.7)
	10 (83.3)
	

	HBeAg (%)
	
	
	
	1

	Negative
	19 (73.1)
	10 (71.4)
	9 (75.0)
	

	Positive
	7 (26.9)
	4 (28.6)
	3 (25.0)
	

	PVTT (%)
	
	
	
	0.003**

	Absent
	9 (34.6)
	1 (7.1)
	8 (66.7)
	

	Present
	17 (65.4)
	13 (92.9)
	4 (33.3)
	

	Child-Pugh (%)
	
	
	
	0.081&

	A
	19 (73.1)
	8 (57.1)
	11 (91.7)
	

	B
	7 (26.9)
	6 (42.9)
	1 (8.3)
	

	Performance status (%)
	
	
	
	0.014*

	0
	16 (61.5)
	12 (85.7)
	4 (33.3)
	

	1-2
	10 (38.5)
	2 (14.3)
	8 (66.7)
	

	Tumor size(cm) (%)
	
	
	
	0.422

	<10
	10 (38.5)
	4 (28.6)
	6 (50.0)
	

	>=10
	16 (61.5)
	10 (71.4)
	6 (50.0)
	

	BCLC (%)
	
	
	
	0.001**

	A-B
	7 (26.9)
	0 (0.0)
	7 (58.3)
	

	C
	19 (73.1)
	14 (100.0)
	5 (41.7)
	

	Metastasis (%)
	
	
	
	0.13

	Absent
	15 (57.7)
	6 (42.9)
	9 (75.0)
	

	Present
	11 (42.3)
	8 (57.1)
	3 (25.0)
	

	Tumor number (%)
	
	
	
	1

	<3
	7 (26.9)
	4 (28.6)
	3 (25.0)
	

	>=3
	19 (73.1)
	10 (71.4)
	9 (75.0)
	

	Tiny neoplasm (%)
	
	
	
	1

	Absent
	8 (30.8)
	4 (28.6)
	4 (33.3)
	

	Present
	18 (69.2)
	10 (71.4)
	8 (66.7)
	

	Tumor envelope (%)
	
	
	
	1

	Absent
	16 (61.5)
	9 (64.3)
	7 (58.3)
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	10 (38.5)
	5 (35.7)
	5 (41.7)
	


Fisher’s exact test: *p < 0.05; **p < 0.01, &p <0.1.
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