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Table S1. Characteristics of ICIs scRNA cohorts.

SKCM[1] BCC[2]

Patients

Response 0 6

Non-response 11 4

Treatment naive 13 0

Overall 24! 10°
Malignant cells 2142 1826
GEO Accession number GSE115978 GSE123813

! Seven patients have been removed from GSE115978 due to lack of malignant cells data.

2 One patient has been removed from GSE123813 due to its aberrant mutation and CNV profiles compared with other patients
in this cohort.



Table S2. List of scRNA datasets applied to develop Stem.Sig.

Dataset Name Cancer Patients Cells Platform PMID
GSE123813[2] BCC 11 52884 10x Genomics 31359002
GSE143423[3] BRCA 2 4375 10x Genomics bioRxiv
SRP114962[4] BRCA 8 2472 SNRS 29681456
GSE125449[5] CHOL 10 5761 10x Genomics 31588021
GSE146771[6] CRC 10 10468 Smart-seq2 32302573
GSE102130[7] GBM 6 3321 Smart-seq2 29674595
GSE103224[8] GBM 8 17185 Microwell 30041684
GSE131928a[9] GBM 9 13553 10x Genomics 31327527
GSE131928b[9] GBM 28 7930 Smart-seq2 31327527
GSE138794[10] GBM 9 18458 10x Genomics 31554641
GSE139448[11] GBM 3 12152 10x Genomics 32004492
GSE141982[12] GBM 2 5263 10x Genomics 32105316
GSE148842[13] GBM 7 111397  Microwell bioRxiv
GSE70630[14] GBM 6 4347 Smart-seq2 27806376
GSEg4465[15] GBM 4 3533 Smart-seq2 29091775
GSEg9567[16] GBM 10 6341 Smart-seq2 28360267
GSE103322[17] HNSC 18 5902 Smart-seq2 29198524
GSE125449[5] LIHC 9 3834 10x Genomics 31588021
GSE119926[18] MB 25 7745 Smart-seq2 31341285
GSE117988[19] MCC 1 10134 10x Genomics 30250229
GSE118056[19] MCC 1 11024 10x Genomics 30250229
GSE117156[20] MM 14 24918 MARS-seq 30523328
GSE140312[21] NET 1 3158 10x Genomics 32054662
EMTABG6149[22] NSCLC 8 40218 10x Genomics 29988129
GSE117570[23] NSCLC 4 11453 10x Genomics 31033233
GSE127465[24] NSCLC 7 31179 Smart-seq2 30979687
GSE143423[3] NSCLC 3 12193 10x Genomics bioRxiv
GSE118828[25] oV 9 1909 Smart-seq2 30383866
CRA001160[26] PAAD 35 57443 10x Genomics 31273297
GSE111672[27] PAAD 3 6122 inDrop 31932730
GSE115978[1] SKCM 31 7186 Smart-seq2 30388455
GSE72056[28] SKCM 19 4645 Smart-seq2 27124452
GSE134520[29] STAD 13 41554 10x Genomics 31067475
GSE139829[30] UvM 11 103703 10x Genomics 31980621
Overall 17 345 663760



https://www.biorxiv.org/content/10.1101/2019.12.30.890517v1
https://www.biorxiv.org/content/10.1101/2020.04.22.056341v1
https://www.biorxiv.org/content/10.1101/2019.12.30.890517v1

Table S3. List of immunotherapy cohorts used in this study.

Response Multi-variate cox regression analysis of overall survival
Cohorts Cancer Treatment All R NR Events/Patients TMB Sex Age Purity
(No.of  Patients (CR/PR) (PD/SD)
patients)
Training and Validation

Braun 2020 RCC[31] RCC aPD-1 181 39 142 122/180 - - - -
Mariathasan 2018 UC[32] ucC aPD-L1 348 68 280 232/348 - - - -
Liu 2019 SKCM]33] SKCM aPD-1 121 47 74 62/121 - - - -
Gide 2019 SKCM?[34] SKCM aPD-1/ 73 33 40 29/73 - - - -

Combo®
Riaz 2017 SKCM[35] SKCM aPD-1 494 10 41 29/46 - - - -
Independent Testing - - - -
Zhao 2019 GBM[36] GBM aPD-1 17 10 7 9/17 - NN -
Synder 2017 UC[37] ucC aPD-L1 25 6 19 17/25 - v oy -
Hugo 2016 SKCM[38] SKCM  aPD-1 26° 12 14 11/26 \ NN \
Van 2015 SKCM[39] SKCM  aCTLA-4 36 14 22 24/366 \ NN -
Kim 2018 GC[40] GC aPD-1 45 12 33 - - - - -

! During multi-variate cox regression analysis of overall survival, patients with missing covariates data have been deleted.

2 Gide 2019 cohort had pre-ICT biopsies for melanoma patients treated with either anti-PD-1 (41 patients: 22 non-responders vs 19 responders) or the combination of anti-PD-1 and
anti-CTLA-4 drugs (32 patients: 11 non-responders vs 21 responders).

3 Combo: combined therapy of anti-PD-1 and anti-CTLA4.

4 Two patients from Riaz 2017 were removed due to unknown response.

> Hugo 2016 comprises 27 pre-treated tumor samples from 26 patients. Zhao 2019 comprises 34 pre-treated tumor samples from 17 patients. We randomly selected a single tumor
sample that represents the corresponding patient.

¢ Van 2015 has 2 patients deleted due to missingness during multi-variate cox regression analysis of overall survival.

7 Kim 2018 does not include survival data.

Abbreviation: R: responder; NR: non-responder; RCC: renal cell carcinoma; UC: Urothelial carcinoma; SKCM: skin cutaneous melanoma; GBM: glioblastoma; aPD-1: anti-PD-1
antibody; aPD-L1: anti-PD-L1 antibody; TMB: tumor mutational burden; ITH: intratumor heterogeneity;



Table S4. List of CRISPR datasets.

CRISPR dataset condition cancer Model cell
Freeman 2019[41] NK' Melanoma Bl16
OT1® Melanoma B16
Kearney 2018[42] NK' Colon MC38
OT1+IgG? Colon MC338
OT1+PD1* Colon MC38
Manguso 2017[43] GVAX® Melanoma Bl16
GVAX+PD1’ Melanoma Bl16
Pan 2018[44] OT1? Melanoma Bl16
Pmel-1_T® Melanoma B16
Patel 2017[45] NY-ESO-1 MART-1_T° Melanoma Mel624
Vredevoogd 2019[46] MARTI1 T" Melanoma D10 IFNGR1"
Lawson 2020[47] Mid CTL’ Breast EMT6HA
Mid CTL’ Breast X4T1HA
Mid CTL’ Colon CT26HA
Mid CTL’ Colon MC380VA
Mid CTL’ Melanoma B160OVA
Mid CTL’ Renal RencaHA

I'NK: natural killer cells;

20T1: ovalbumin-specific transgenic CD8 T cells;

30T1+IgG: OT1 + immunoglobulin;

4OT1+PD1: OT1 + anti—PD-1 antibody;

> Mid_CTL: cytotoxic cells at mid time point (defined as the population of cells following 1 or 2 treatment rounds);
6GVAX: a granulocyte-macrophage colony-stimulating factor (GM-CSF)-secreting, irradiated tumor cell vaccine;

7 GVAX+PD1: GVAX + anti—PD-1 antibody;

8 Pmell_T: Pmel-1 T cells (specific for gp100 melanoma antigen);

NY-ESO-1"_MART-1* _T: CD8 T cells, which had been retrovirally transduced with a MART-1-specific and NY-ESO-1-
specific T cell receptor (MART-1 T cells).

10 MART-1_T: CD8 T cells, which had been retrovirally transduced with a MART-1-specific T cell receptor (MART-1 T
cells).



Table S5. List of predictive gene expression signatures for immunotherapy

Signatures Algorithms Description

Stem.Sig Naive Bayes Novel stemness signature identified by large-scale single cell RNA sequencing analysis
Pan-cancer signatures

IFNG.Sig[48] Average gene expression An IFN-gamma-related profile that predicts PD-1blockade efficacy
T.cell.inflamed.Sig[48] Average gene expression T-cell inflamed gene expression profiles

PD-L1.Sig[49] Expression of PD-L1 Gene expression profiles of PD-L1 / PDCDI.

LRRCI15.CAF.Sig[50] eigenWeightedMean* Gene expression signature of LRRC15" Cancer associated fibroblast

Cytotoxic.Sig[51] Geometric mean of gene expression Genes associated with cytotoxic activities

NLRP3.Sig[52] ssGSEA NLRP3 inflammasome-related genes derived from pan-cancer analysis
Melanoma-specific signatures

IMPRES.Sig[53] Comparison of 15 gene pairs Twenty-eight immune checkpoints genes that build Immuno-predictive scores (IMPRES).
CRMA.Sig[54] Geometric mean of gene expression Genes of cancer-germline antigen that predicts the outcome of CTLA-4 blockade
TcellExc.Sig[1] Overall Expression Genes correlated with exclusion of T cells in the tumor microenvironment
IPRES.Sig[55] Mean z-scores of GSVA scores 73 pathways involved with innate anti-PD-1 resistance (IPRES)

ImmuneCells.Sig[56]  Cancerclass Gene expression signature of TREM2hi macrophages and yo T cells

TRS.Sig[57] GSVA a tumor-reactive T cell signature

IMS.Sig[58] Ratio of IMS scores / INF-y scors”  Genes correlated with immunosuppression

* A method provided by R package multiGSEA v/.1.99
*IMS scores = Average gene expression of 18 immunosupression genes; IFN-y scores = Average gene expression of 6 INF-y genes



Table S6. Gene list of Stem.Sig.

ENOI1 RBM17 RHCG HIFX UPF2 C19orfl12 TXNDC5 SERPINAIL HNRNPH2 PHB2 LHX2 NNAT CHCHDS FAM204A 1FT20 COPA
UQCRH KRTI S100A7 RYK RPP38 NUDTI19 RNF11 VPS35 CEACAM6 PTMA FOXGl1 ACO018890.6 | CISD2 PCBP2 SMIM26 ACKR1
SERBP1 MYL6 GSDMC HISTIH2AE MSRB2 LRP3 EEF2 MTRNR2L1 C180RF32 SELENOW CTDNEP1 KCTD8 SPINK1 LECT1 MMP240S MADCAMI1
BCL10 SLC25A3 LY6D TPD52L1 EIF5AL1 LSMI4A SUMO3 SPHK1 TMEDS SLC25A6 ALKBHS5 OOEP RENBP VRK1 ABCA7 FABP3
DENND2C CNIH1 CALMLS PDCD2 MARVELDI1 GPI SHC4 HM13 DERL2 UBB PIPOX STEAP1B MRPL23 CIB2 PVR GPR137B
S100A6 SERF2 DSGl1 NDUFA4 LDHB GRAMDIA RRS1 LBP VPS29 YBXI1 TRIM47 SLC26A3 NTS PKMYTI1 SELENOM HTR2B
JTB FEMIB KRTDAP NUPR2 PFDNS5 SYNE4 SND1 MYDGF ATP5G2 Cllorf31 SMOX MAMDC2 CLN3 RPAL DESI1 ZNF330
LRRFIP2 ALDOA CITED4 SHFM1 GTSF1 FAM9SC PRDX1 C190rf70 CI90ORF78 ATP5B C200rf24 PLEKHA7 PPP4C ALYREF PIGP EIF4EBP3
TMA7 PEN1 ANKRD35 ATP5J2 PRSS27 DYRKI1B CFH UBAS2 POLR2E MIDI1IP1 RNF126 SIK3 VCX2 SF3A2 UFDIL SNX8
TMEM41A PSMB3 NBPF14 C7orf73 TCEB2 EGLN2 C4BPA TMPRSS3 ZFAND6 KNGI1 SH3GL1 GGACT ADAMTSLI ASFIB UBE2L3 RGS20
ATPSI KRT10 MRPS21 ARHGEF35 BCL7C AP2S1 AGT RACKI1 COMMDS OMG RAD23A Cl4orfl66 DKK2 DDA EIF5A2 MLANA
H2AFZ H3F3B Clorfd3 FAM104B IRX3 PIHID1 KYNU EIF3M EMC3 SLC25A29 SSBP4 ALKBH7 EIF2S3 Fuz PNCK LRRN4CL
UBE2D2 ACTG1 APOA1BP NGFRAP1 IRXS UBE2S ATP5G3 AGR2 C50RF15 SNF8 KXD1 ZNF90 EMX2 PDXP PTHLH TM7SF3
NPMI1 RIOK3 TAGLN2 VGLLI1 CALB2 RBX1 UGT2BI15 MTHFD2 RBM3 INAFM1 CCDC106 CDHR1 EPHA3 LMF2 AC0073254 GNPTAB
TUBB RALY PIGC SFRP1 KIF1C DSCRS GC SUBI SET LINCO00844 | IGSF21 LMF1 EPHA7 NCAPH2 AL353997.6 ZNF106
PERP TICAMI1 SNRPE ENY2 C1QBP HNRNPAIL PPIA C110RF58 SUMO2 TXNL4A PLPPRS SHC3 NTNS ACO011043.1 MIR205HG TSPAN10
ACTB C19orf43 PPP2RSA AARD TMEM256 CHCHD2 IGFBP1 ERP29 DERLI1 TMPRSSS FAMS9A EHD2 WIF1 IGKC NECTIN1 BIRC7
AC090498.1 TIAM1 H3F3A SLURP1 EIF4A1 TSPYL5 PON3 TMEDI10 GRTP1 GLRXS5 GRID2 POLE4 CENPU SNORD100 ECM1 CLPTM1
PLP2 GRHL3 Clorfl31 C8orf82 KRT19 AL365205.1 MTRNR2L10 | RERI C60RF62 ATPS] GNB2L1 POMI21 SMC2 HOMERI1 Clorf56 BAIAP2L2
EFNBI1 PKP1 CEBPZOS TPM2 ATP5G1 WDR77 DIAPH2 AP3S1 CASP6 ANKRD6 KLRC2 SERPINA3 GTSE1 CPEB4 SPRR1B

SLC25A5 GPR87 COX7A2L PRKCDBP NMEI1 NDCl1 FGL1 COPBI1 BECNI1 COX4l1 NKDI1 STEAP3 PCP4 CDK13 SPRR2D

PDP1 ADGRF4 PEX13 FTH1 HNI1 FZD8 TXN EEF1A1 PSMF1 PFKFB2 CYP27B1 GNBI1 HPCA TAC1 SFTPB

CDKN2A FAMS3B TCF7L1 EEF1G FAMI10A TP53BP2 ORM1 FAU ANP32B CRYGS CIORF61 PARL TMEMI18 BEXS5 FABP6

CDKN2B CALML3 RPIA FAMS9B SNRPB RSLIDI ORM2 CCNDBP1 ATPSFIB NUDT4 CMTM5 G6PD POU4F3 TPH1 MuC21

UBAPI HCAR2 FAHD2A CCS COMMD?7 EIF2S2 Cs AATF HINT1 SPOCDI1 ATP23 FAAP20 NRM AGRN SLC22A31

SEC61B ZNF750 DBI DHCR7 BPI DDOST GAPDH NOX1 HNRNPD KCNF1 TTC9B NROB2 UBE2A CGN MRPL54

ZBTB43 SERPINB2 NAASO DGAT2 PSMA7 MKI67 TPI1 CHMP4A LYPLAL OSBPL6 CIORF122 APHIA MCTSI1 SFTA2 NAPSA

PPPICA TINCR ROPNI1 BARX2 MRGBP AC0126404 | COX6Al GSTA1 MTRNR2L2 MTHFD2L C170RF89 CRP IDH3G GCLC AL031727.1

GSTP1 1IL36G ROPNIB ZMYNDI1 POP4 PRDX3 RAN GTF3A NACA ARSJ LINCO01268 APOA2 TIMM23 FAMS3A QARS




Table S7. Comparison of AUC of previous signatures in testing cohort.

Pan-cancer
signatures

Testing Cohort Hugo 2016 SKCM Van 2015 SKCM Kim 2018 GC Zhao 2019 GBM | Synder 2017 UC

Stem.Sig

INFG.Sig

T.cell.inflamed.Sig

PDL1.Sig

LRRC15.CAF.Sig

NLRP3.Sig

Cytotoxic.Sig 0.44

Melanoma-specific SKCM
signatures (Hugo2016 + Van 2015)

IMPRES.Sig

CRMA.Sig

Stem.Sig

TcellExc.Sig

IPRES.Sig

ImmmuncCells.Sig

TRS.Sig 0.57

IMS.Sig 0.53
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