Immune gene signatures for predicting durable clinical benefit of anti-PD-1 immunotherapy in patients with non-small cell lung cancer
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Supplementary figure S1. (A) Tumor mutation burden (TMB) in patients with durable clinical benefit (DCB) versus non-durable benefit (NDB). Median TMB was 11.76 versus 8.4 mutations per Mb, Mann-Whitney P=0.08). (B) TMB according to PD-L1 expression. Median TMB was 10.94, 10.93, 6.29/Mb, respectively for the PD-L1 expression of <1%, 1-50%, ≥50%.  (C) Distribution of PD-L1 expression (<1%, 1-50%, >=50%) according to clinical outcome. DCB in green and NDB in red. 
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Supplementary figure S2. Progression-free survival (PFS) in patients according to the median TMB value of 9.27. Patients with higher TMB showed a prolonged PFS as compared to patients with lower TMB (16.78 months vs. 7.14 months, P=0.003). 
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Supplementary figure S3. PD-L1 expression, tumor-infiltrating lymphocytes (TILs), and core TILs in patients with durable clinical benefit (DCB), non-durable benefit (NDB) with high gene-expression (hot NDB), and NDB with low gene-expression (cold NDB).  (A) PD-L1 expression shows no significant difference among three groups, although there is a slight tendency to decrease from DCB to “hot” NDB to “cold” NDB groups. (B) There is no significant difference of TIL among three groups. (C) For core TIL, DCB group shows significant higher value than two NDB groups (P=0.02). There is a significant difference between core TILs of hot and cold NDB groups (P=0.04) (D) The ratio of core TIL to total TIL was significantly different between the DCB and NDB groups (P = 0.03), the “hot” NDB group showed no difference from the DCB group, and the “cold” NDB group showed a lower core TIL ratio than the DCB (P = 0.002) and “hot” NDB groups (P = 0.03).
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Supplementary figure S4. The performance of random forest classification models. (A) Among random forest models of gene signatures, the model of two gene signatures showed the best performance; sensitivity = 0.89 and specificity = 1.0. (B) Among random forest models consisted of genes (from two genes to all 393 genes), the model of three genes showed the best performance; sensitivity = 0.67 and specificity = 0.75.
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Supplementary figure S5. A representative picture of tumor immune microenvironment in patients. (A) Tumor of patient D2 (durable clinical benefit group) shows highly infiltrated lymphocytes within tumor core (Hematoxylin-eosin stain [H-E], x200). (B) Tumor of patient N9 (non-durable benefit group with low gene-expression) contains many tumor-infiltrating lymphocytes, but mainly localized along the tumor margin or in fibrotic nests (H-E, x200).


Supplementary tables

Supplementary table S1. The predictability of gene signatures of functional annotation in discriminating between DCB and NDB
	ID
	AUC
	t-test
p-value (adjusted)
	PFS
p-value
(adjusted)
	OS
p-value
(adjusted)

	Type II interferon signaling
	0.77
	0.0529
(1.0)
	0.917
(1.0)
	0.34
(1.0)

	TCR coexpression
	0.81
	0.0186
(0.71)
	1.38e-2
(0.57)
	0.76
(1.0)

	Neutrophil
	0.85
	6.08e-3
(0.24)
	2.26e-2
(0.88)
	0.23
(1.0)

	Tumor marker
	0.85
	4.83e-3
(0.20)
	0.154
(1.0)
	0.81
(1.0)

	Apoptosis
	0.74
	0.0279
(1.0)
	0.154
(1.0)
	0.81
(1.0)




Supplementary table S2. Description of signatures
	Id
	Description
	Genes

	M1 signature
	Up-regulated genes in classical macrophage 1 compared with alternative macrophage 2 in developmental process (GSE5099, GSE5099 CLASSICAL M1 VS ALTERNATIVE M2 MACROPHAGE UP)
	CBLB, CCR7, CD27, CD48, FOXO1, FYB, HLA-B, HLA-G, IFIH1, IKZF4, LAMP3, NFKBIA, SAMHD1

	Peripheral T cell signature
	Down-regulated genes in lymph node T cells compared with fat tissue T cells. (GSE7852, GSE7852 LN VS FAT TCONV UP)
	GPR18, HLA-DOA, STAT1






Supplementary table S3. The predictability of selected gene signatures and genes in discriminating DCB and NDB
	ID
	AUC
	t-test
p-value
	edgeR
p-value
	PFS
p-value
	OS
p-value

	M1 signature
	1
	4.95e-4*
	8.54e-11*
	7.84e-5*
	0.348

	Peripheral T cell signature
	0.944
	1.08e-4*
	1.45e-10*
	8.29e-3*
	0.695

	BCL2
	0.87
	0.122
	0.558
	2.68e-3*
	0.408

	TNFRSF9 (CD137)
	0.93
	2.78e-3*
	1.23e-3*
	0.0822
	0.179

	PSMB9
	0.87
	6.66e-3*
	0.193
	4.13e-3*
	0.530


*Statistically significant


Supplementary table S4. The entire list of 395 genes used in the panel
	Gene
	Target
	NCBI name
	NCBI 
ACCESSION
	GENE
FUNCTION

	ABCF1
	ABCF1_11741283
	ATP_binding_cassette_subfamily_F_member_1
	NM_001025091
	Housekeeping

	ADGRE5
	ADGRE5_26552764
	adhesion_G_protein-coupled_receptor_E5
	NM_078481
	Adhesion,migration

	ADORA2A
	ADORA2A_771873
	adenosine_A2a_receptor
	NM_000675
	Checkpoint_pathway

	AIF1
	AIF1_385491
	allograft_inflammatory_factor_1
	NM_001623
	Macrophage

	AKT1
	AKT1_358467
	AKT_serine_threonine_kinase_1
	NM_001014431
	Tumor_marker

	ALOX15B
	ALOX15B_13391445
	arachidonate_15-lipoxygenase_type_B
	NM_001141
	Macrophage

	ARG1
	ARG1_174278
	arginase_1
	NM_000045
	Myeloid_marker

	AXL
	AXL_24872596
	AXL_receptor_tyrosine_kinase
	NM_021913
	Innate_immune_response

	B3GAT1
	B3GAT1_170280
	beta-13-glucuronyltransferase_1
	NM_018644
	NK_activation

	BAGE
	BAGE_153290
	B_melanoma_antigen
	NM_182482
	Tumor_antigen

	BATF
	BATF_237345
	basic_leucine_zipper_ATF-like_transcription_factor
	NM_006399
	Helper_T_cells

	BCL2
	BCL2_10401144
	B-cell_CLL_lymphoma_2
	NM_000633
	Apoptosis

	BCL2L11
	BCL2L11_620729
	BCL2_like_11
	NM_138621
	Apoptosis

	BCL6
	BCL6_21502257
	B-cell_CLL_lymphoma_6
	NM_001706
	Type_II_interferon_signaling

	BRCA1
	BRCA1_42344338
	BRCA1_DNA_repair_associated
	NM_007300
	Tumor_marker

	BRCA2
	BRCA2_98179922
	BRCA2_DNA_repair_associated
	NM_000059
	Tumor_marker

	BST2
	BST2_218322
	bone_marrow_stromal_cell_antigen_2
	NM_004335
	Type_I_interferon_signaling

	BTLA
	BTLA_227334
	B_and_T_lymphocyte_associated
	NM_181780
	Checkpoint_pathway

	BUB1
	BUB1_701803
	BUB1_mitotic_checkpoint_serine_threonine_kinase
	NM_004336
	Proliferation

	C10orf54
	C10orf54_562672
	chromosome_10_open_reading_frame_54
	NM_022153
	Checkpoint_pathway

	C1QA
	C1QA_67171
	complement_component_1_q_subcomponent_A_chain
	NM_015991
	Innate_immune_response

	C1QB
	C1QB_111199
	complement_component_1_q_subcomponent_B_chain
	NM_000491
	Innate_immune_response

	CA4
	CA4_420530
	carbonic_anhydrase_4
	NM_000717
	Neutrophil

	CBLB
	CBLB_296407
	Cbl_proto-oncogene_B
	NM_170662
	T_cell_receptor_signaling

	CCL17
	CCL17_288394
	C-C_motif_chemokine_ligand_17
	NM_002987
	Chemokine_signaling

	CCL18
	CCL18_198296
	C-C_motif_chemokine_ligand_18
	NM_002988
	Lymphocyte_infiltrate

	CCL2
	CCL2_242346
	C-C_motif_chemokine_ligand_2
	NM_002982
	Lymphocyte_infiltrate

	CCL20
	CCL20_297403
	C-C_motif_chemokine_ligand_20
	NM_004591
	Chemokine_signaling

	CCL21
	CCL21_432539
	C-C_motif_chemokine_ligand_21
	NM_002989
	Lymphocyte_infiltrate

	CCL22
	CCL22_79185
	C-C_motif_chemokine_ligand_22
	NM_002990
	Chemokine_signaling

	CCL3
	CCL3_238343
	C-C_motif_chemokine_ligand_3
	NM_002983
	Lymphocyte_infiltrate

	CCL4
	CCL4_121220
	C-C_motif_chemokine_ligand_4
	NM_002984
	Lymphocyte_infiltrate

	CCL5
	CCL5_110219
	C-C_motif_chemokine_ligand_5
	NM_002985
	Lymphocyte_infiltrate

	CCNB2
	CCNB2_9861095
	cyclin_B2
	NM_004701
	Proliferation

	CCR1
	CCR1_54149
	C-C_motif_chemokine_receptor_1
	NM_001295
	Cytokine_signaling

	CCR2
	CCR2_385483
	C-C_motif_chemokine_receptor_2
	NM_001123396
	Helper_T_cells

	CCR4
	CCR4_76182
	C-C_motif_chemokine_receptor_4
	NM_005508
	Chemokine_signaling

	CCR5
	CCR5_85193
	C-C_motif_chemokine_receptor_5_gene_pseudogene
	NM_001100168
	Lymphocyte_infiltrate

	CCR6
	CCR6_271363
	C-C_motif_chemokine_receptor_6
	NM_004367
	Chemokine_signaling

	CCR7
	CCR7_133237
	C-C_motif_chemokine_receptor_7
	NM_001838
	TCR_coexpression

	CD14
	CD14_329435
	CD14_molecule
	NM_000591
	Dendridic_cell,macrophage

	CD160
	CD160_194300
	CD160_molecule
	NM_007053
	Checkpoint_pathway

	CD163
	CD163_21422245
	CD163_molecule
	NM_004244
	Macrophage

	CD19
	CD19_12011317
	CD19_molecule
	NM_001178098
	B_cell_marker

	CD1C
	CD1C_12531357
	CD1c_molecule
	NM_001765
	Antigen_presentation

	CD1D
	CD1D_10661173
	CD1d_molecule
	NM_001766
	Antigen_presentation

	CD2
	CD2_350452
	CD2_molecule
	NM_001767
	Lymphocyte_infiltrate

	CD209
	CD209_9921101
	CD209_molecule
	NM_021155
	Dendridic_cell,macrophage

	CD22
	CD22_10251132
	CD22_molecule
	NM_001771
	B_cell_marker

	CD226
	CD226_9021006
	CD226_molecule
	NM_006566
	Adhesion,migration

	CD244
	CD244_868973
	CD244_molecule
	NM_001166663
	Checkpoint_pathway

	CD247
	CD247_152252
	CD247_molecule
	NM_198053
	TCR_coexpression

	CD27
	CD27_409517
	CD27_molecule
	NM_001242
	Drug_target

	CD274
	CD274_461569
	CD274_molecule
	NM_014143
	Checkpoint_pathway

	CD276
	CD276_12011310
	CD276_molecule
	NM_001024736
	Checkpoint_pathway

	CD28
	CD28_601704
	CD28_molecule
	NM_006139
	Checkpoint_pathway

	CD33
	CD33_387493
	CD33_molecule
	NM_001772
	Myeloid_marker

	CD37
	CD37_496605
	CD37_molecule
	NM_001774
	Lymphocyte_infiltrate

	CD38
	CD38_519628
	CD38_molecule
	NM_001775
	Adhesion,migration

	CD3D
	CD3D_400503
	CD3d_molecule
	NM_000732
	TCR_coexpression

	CD3E
	CD3E_677780
	CD3e_molecule
	NM_000733
	TCR_coexpression

	CD3G
	CD3G_616717
	CD3g_molecule
	NM_000073
	TCR_coexpression

	CD4
	CD4_147255
	CD4_molecule
	NM_000616
	Helper_T_cells

	CD40
	CD40_300407
	CD40_molecule
	NM_001250
	Drug_target

	CD40LG
	CD40LG_479579
	CD40_ligand
	NM_000074
	T_cell_receptor_signaling

	CD44
	CD44_10151123
	CD44_molecule_Indian_blood_group
	NM_000610
	Adhesion,migration

	CD47
	CD47_826931
	CD47_molecule
	NM_001777
	Adhesion,migration

	CD48
	CD48_695798
	CD48_molecule
	NM_001778
	Checkpoint_pathway

	CD52
	CD52_70175
	CD52_molecule
	NM_001803
	Lymphocyte_infiltrate

	CD53
	CD53_28133
	CD53_molecule
	NM_001040033
	Adhesion,migration

	CD6
	CD6_17771886
	CD6_molecule
	NM_006725
	TCR_coexpression

	CD63
	CD63_692800
	CD63_molecule
	NM_001780
	Lymphocyte_infiltrate

	CD68
	CD68_172280
	CD68_molecule
	NM_001251
	Macrophage

	CD69
	CD69_195303
	CD69_molecule
	NM_001781
	Checkpoint_pathway

	CD70
	CD70_259363
	CD70_molecule
	NM_001252
	Drug_target

	CD74
	CD74_787896
	CD74_molecule
	NM_001025159
	Antigen_processing

	CD79A
	CD79A_184290
	CD79a_molecule
	NM_001783
	B_cell_receptor_signaling

	CD79B
	CD79B_484590
	CD79b_molecule
	NM_001039933
	B_cell_receptor_signaling

	CD80
	CD80_457557
	CD80_molecule
	NM_005191
	Checkpoint_pathway

	CD83
	CD83_480580
	CD83_molecule
	NM_004233
	Antigen_presentation

	CD86
	CD86_169267
	CD86_molecule
	NM_175862
	Checkpoint_pathway

	CD8A
	CD8A_14271531
	CD8a_molecule
	NM_171827
	TCR_coexpression

	CD8B
	CD8B_403510
	CD8b_molecule
	NM_172213
	TCR_coexpression

	CDK1
	CDK1_837939
	cyclin-dependent_kinase_1
	NM_001786
	Proliferation

	CDKN2A
	CDKN2A_696829
	cyclin-dependent_kinase_inhibitor_2A
	NM_000077
	Tumor_marker

	CDKN3
	CDKN3_434534
	cyclin-dependent_kinase_inhibitor_3
	NM_005192
	Proliferation

	CEACAM1
	CEACAM1_10471155
	carcinoembryonic_antigen_related_cell_adhesion_molecule_1
	NM_001712
	Checkpoint_pathway

	CEACAM8
	CEACAM8_745847
	carcinoembryonic_antigen_related_cell_adhesion_molecule_8
	NM_001816
	Myeloid_marker

	CIITA
	CIITA_294397
	class_II_major_histocompatibility_complex_transactivator
	NM_000246
	Type_II_interferon_signaling

	CLEC4C
	CLEC4C_322429
	C-type_lectin_domain_family_4_member_C
	NM_130441
	Dendridic_cell

	CMKLR1
	CMKLR1_36143
	chemerin_chemokine-like_receptor_1
	NM_001142345
	Dendridic_cell,macrophage

	CORO1A
	CORO1A_457563
	coronin_1A
	NM_007074
	Lymphocyte_infiltrate

	CRTAM
	CRTAM_312417
	cytotoxic_and_regulatory_T-cell_molecule
	NM_019604
	TCR_coexpression

	CSF1R
	CSF1R_19612067
	colony_stimulating_factor_1_receptor
	NM_005211
	Cytokine_signaling

	CSF2RB
	CSF2RB_11971301
	colony_stimulating_factor_2_receptor_beta_common_subunit
	NM_000395
	Cytokine_signaling

	CTAG1B
	CTAG1B_276373
	cancer_testis_antigen_1B
	NM_001327
	Tumor_antigen

	CTAG2
	CTAG2_407763
	cancer_testis_antigen_2
	ENST00000369585
	Tumor_antigen

	CTLA4
	CTLA4_584689
	cytotoxic_T-lymphocyte_associated_protein_4
	NM_005214
	Drug_target

	CTSS
	CTSS_356460
	cathepsin_S
	NM_004079
	Lymphocyte_infiltrate

	CX3CL1
	CX3CL1_190298
	C-X3-C_motif_chemokine_ligand_1
	NM_002996
	Type_II_interferon_signaling

	CX3CR1
	CX3CR1_35133
	C-X3-C_motif_chemokine_receptor_1
	NM_001337
	Lymphocyte_infiltrate

	CX3CR1
	CX3CR1_147243
	C-X3-C_motif_chemokine_receptor_1
	NM_001171172
	Lymphocyte_infiltrate

	CX3CR1
	CX3CR1_207292
	C-X3-C_motif_chemokine_receptor_1
	NM_001171171
	Lymphocyte_infiltrate

	CX3CR1
	CX3CR1_58187
	C-X3-C_motif_chemokine_receptor_1
	NM_001171174
	Lymphocyte_infiltrate

	CXCL1
	CXCL1_357459
	C-X-C_motif_chemokine_ligand_1
	NM_001511
	Chemokine_signaling

	CXCL10
	CXCL10_354459
	C-X-C_motif_chemokine_ligand_10
	NM_001565
	Type_II_interferon_signaling

	CXCL11
	CXCL11_261361
	C-X-C_motif_chemokine_ligand_11
	NM_005409
	Type_II_interferon_signaling

	CXCL13
	CXCL13_202307
	C-X-C_motif_chemokine_ligand_13
	NM_006419
	Type_II_interferon_signaling

	CXCL8
	CXCL8_197302
	C-X-C_motif_chemokine_ligand_8
	NM_000584
	Cytokine_signaling

	CXCL9
	CXCL9_149250
	C-X-C_motif_chemokine_ligand_9
	NM_002416
	Type_II_interferon_signaling

	CXCR2
	CXCR2_379486
	C-X-C_motif_chemokine_receptor_2
	NM_001557
	Chemokine_signaling

	CXCR3
	CXCR3_11138
	C-X-C_motif_chemokine_receptor_3
	NM_001504
	Chemokine_signaling

	CXCR4
	CXCR4_100208
	C-X-C_motif_chemokine_receptor_4
	NM_003467
	Lymphocyte_infiltrate

	CXCR5
	CXCR5_153252
	C-X-C_motif_chemokine_receptor_5
	NM_001716
	Type_II_interferon_signaling

	CXCR6
	CXCR6_48153
	C-X-C_motif_chemokine_receptor_6
	NM_006564
	Lymphocyte_infiltrate

	CYBB
	CYBB_14221529
	cytochrome_b-245_beta_chain
	NM_000397
	Type_II_interferon_signaling

	DDX58
	DDX58_540643
	DEXD_H-box_helicase_58
	NM_014314
	Interferon_signaling

	DGAT2
	DGAT2_439548
	diacylglycerol_O-acyltransferase_2
	NM_032564
	Neutrophil

	DMBT1
	DMBT1_64696575
	deleted_in_malignant_brain_tumors_1
	NM_007329
	Innate_immune_response

	EBI3
	EBI3_527636
	Epstein-Barr_virus_induced_3
	NM_005755
	T_cell_regulation

	EFNA4
	EFNA4_548649
	ephrin_A4
	NM_005227
	Tumor_marker

	EGFR
	EGFR_31583261
	epidermal_growth_factor_receptor
	NM_005228
	Tumor_marker

	EGR2
	EGR2_454559
	early_growth_response_2
	NM_000399
	T_cell_differentiation

	EGR3
	EGR3_411516
	early_growth_response_3
	NM_004430
	Tumor_marker

	EIF2AK2
	EIF2AK2_257357
	eukaryotic_translation_initiation_factor_2_alpha_kinase_2
	NM_001135651
	Type_II_interferon_signaling

	ENTPD1
	ENTPD1_708815
	ectonucleoside_triphosphate_diphosphohydrolase_1
	NM_001098175
	Checkpoint_pathway

	EOMES
	EOMES_9391044
	eomesodermin
	NM_005442
	Checkpoint_pathway

	FAS
	FAS_473575
	Fas_cell_surface_death_receptor
	NM_000043
	B_cell_receptor_signaling

	FASLG
	FASLG_417521
	Fas_ligand
	NM_000639
	Type_II_interferon_signaling

	FCER1G
	FCER1G_31138
	Fc_fragment_of_IgE_receptor_Ig
	NM_004106
	Lymphocyte_infiltrate

	FCGR1A
	FCGR1A_547652
	Fc_fragment_of_IgG_receptor_Ia
	NM_000566
	B_cell_marker

	FCGR2B
	FCGR2B_792903
	Fc_fragment_of_IgG_receptor_IIb
	NM_004001
	B_cell_marker

	FCGR3A
	FCGR3A_575682
	Fc_fragment_of_IgG_receptor_IIIa
	NM_000569
	Macrophage

	FCGR3B
	FCGR3B_620722
	Fc_fragment_of_IgG_receptor_IIIb
	NM_000570
	NK_activation

	FCRLA
	FCRLA_710815
	Fc_receptor_like_A
	NM_001184866
	B_cell_marker

	FOXM1
	FOXM1_10551166
	forkhead_box_M1
	NM_021953
	Proliferation

	FOXO1
	FOXO1_9761081
	forkhead_box_O1
	NM_002015
	PD-1_signaling,tumor_marker

	FOXP3
	FOXP3_865975
	forkhead_box_P3
	NM_014009
	T_cell_regulation

	FUT4
	FUT4_31443252
	fucosyltransferase_4
	NM_002033
	Myeloid_marker,stem_cell

	FYB
	FYB_12891393
	FYN_binding_protein
	NM_001465
	Lymphocyte_infiltrate

	G6PD
	G6PD_10841194
	glucose-6-phosphate_dehydrogenase
	NM_000402
	Housekeeping

	GADD45GIP1
	GADD45GIP1_329429
	GADD45G_interacting_protein_1
	NM_052850
	Apoptosis

	GAGE1,GAGE12I,GAGE12F
	GAGE1_144260
	G_antigen_1
	NM_001468,NM_001477,NM_001098405
	Tumor_antigen

	GAGE10
	GAGE10_137250
	G_antigen_10
	NM_001098413
	Tumor_antigen

	GAGE12J
	GAGE12J_144260
	G_antigen_12J
	NM_001098406
	Tumor_antigen

	GAGE13
	GAGE13_116232
	G_antigen_13
	NM_001098412
	Tumor_antigen

	GAGE2C,GAGE2A,GAGE2E
	GAGE2C_104217
	G_antigen_2C
	NM_001472,NM_001127212,NM_001127200
	Tumor_antigen

	GATA3
	GATA3_14061514
	GATA_binding_protein_3
	NM_001002295
	Helper_T_cells

	GBP1
	GBP1_771872
	guanylate_binding_protein_1
	NM_002053
	Type_II_interferon_signaling

	GNLY
	GNLY_251357
	granulysin
	NM_006433
	NK_activation

	GPR18
	GPR18_238340
	G_protein-coupled_receptor_18
	NM_001098200
	TCR_coexpression

	GRAP2
	GRAP2_283387
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