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Supplementary Figure 1. Prognostic significance of immune signature (IS) score in human
melanoma treated with MAGE-AS3 antigen

Receiver operating characteristics (ROC) analysis of various immune biomarkers as well as IS scores
from each prediction (top left, interferon-gamma (IFN) signature; top right, cytolytic activity; middle
left, PD-L1 expression; middle right, PD-1 expression; bottom, CTLA-4 expression). Significance of
IS biomarkers was estimated by area under curve (AUC) from ROC analysis.
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Supplementary Figure 2. Prognostic significance of immune signature (IS) score in mouse
mesothelioma model treated with anti-CTLA-4 antibody

Receiver operating characteristics (ROC) analysis of various immune biomarkers as well as IS scores
from each prediction (top left, interferon-gamma (IFN) signature; top right, cytolytic activity; middle
left, PD-L1 expression; middle right, PD-1 expression; bottom, CTLA-4 expression). Significance of
IS biomarkers was estimated by area under curve (AUC) from ROC analysis.
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Supplementary Figure 3. Prognostic significance of immune signature (IS) score in human
melanoma treated with ipilimumab

Receiver operating characteristics (ROC) analysis of various immune biomarkers as well as IS scores
from each prediction (top left, interferon-gamma (IFN) signature; top right, cytolytic activity; middle
left, PD-L1 expression; middle right, PD-1 expression; bottom, CTLA-4 expression). Significance of
IS biomarkers was estimated by area under curve (AUC) from ROC analysis.
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Supplementary Figure 4. Prognostic significance of immune signature (IS) score in human
melanoma treated with anti-PD-1 antibody

Receiver operating characteristics (ROC) analysis of various immune biomarkers as well as IS scores
from each prediction (top left, interferon-gamma (IFN) signature; top right, cytolytic activity; middle
left, PD-L1 expression; middle right, PD-1 expression; bottom, CTLA-4 expression). Significance of
IS biomarkers was estimated by area under curve (AUC) from ROC analysis.
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Supplementary Figure 5. Prognostic significance of immune signature (IS) score in human renal
cell carcinoma treated with anti-PD-1 antibody

Receiver operating characteristics (ROC) analysis of various immune biomarkers as well as IS scores
from each prediction (top left, interferon-gamma (IFN) signature; top right, cytolytic activity; middle

left, PD-L1 expression; middle right, PD-1 expression; bottom, CTLA-4 expression). Significance of

IS biomarkers was estimated by area under curve (AUC) from ROC analysis.



P-values (—log10)
0 5 10 15 20
|

Antigen Presentation Pathway |
Type | Diabetes Melitus Signaling |
Autoimmune Thyroid Disease Signaling |
Graft-versus-Host Disease Signaling I
0X40 Signaling Patway I
Communication between Innate and Adaptive Immune Cells |
Allograft Rejection Signaiing I
Dendiitic Cell Maturation | NN
Crosstalk between Dendritic Cells and Natural Killer Cells [ NEGTNGNGNGEGEGEGEGEEEEEEEEENEEENENN
iC0S-icosL signaling in T Helper Cells | NG
T Helper Cell Differentiation | NG
Cdo#2 Signating
CTLA4 Signaling in Cytotoxic T Lymphocytes | EEEING@GEGEGEGNGNGNNN
€D28 Signaling in T Helper Cells | NG
Cytotoxic T Lymphocyte-mediated Apoptosis of Target Cells [ NEGTNGTNG
Virus Entry via Endocytic Pathways [
Calcium-induced T Lymphocyte Apoptosis | ENNEEEIEGEEE
Neuroprotective Role of THOP1 in Alzheimer's Disease |GG
IL~4 Signaling. NN
PKCe, Signaling in T Lymphocytes | EEENENEINGzGEE
Protein Ubiguitination Pathway [ NEGT<TNGEGINEG
Systemic Lupus Erythematosus Signaling | NNNRNRNENEEEE
Caveolar-mediated Endocytosis Signaling | NNEGEG
Role of NFAT in Regulation of the Immune Response |G
Primary Immunodeficiency Signaling | NG
Altered T Cell and B Cell Signaling in Rheumatoid Arthritis || N N NI
Pathogenesis of Multiple Sclerosis | NEGTGTNGN
Nur77 Signaling in T Lymphocytes [ N RN
Tec Kinase Signaling | INNENEGNGE
B Cell Development |

Supplementary Figure 6. Canonical signaling pathways enriched in immune signature genes
Immune signature genes identified in Figure 1 were analyzed by IPA™ for enrichment of canonical
pathways activated in responders to immunotherapy. Bars indicate —log P values that were generated

by Fisher’s exact test.



vy)

@
T
~

V &
’ X
T@‘ Y ! U

<BSMBS> v ITG@S

Supplementary Figure 7. Gene network analysis with genes down-regulated in non-responder
patients

Analysis using Ingenuity Pathway Analysis software revealed that networks of immune genes
repressed by I1L10, IL10RA (A), and MYC (B) were significantly down-regulated in non-responders,
indicating that these genes are activated in non-responders. Upregulated and downregulated genes in
non-responders are indicated by red and green, respectively. The lines and arrows represent functional
and physical interactions and directions of regulation from the literature.

-7-



B owsc [ rvm [ cave [l cre [ Luso [ cesc [l insc [l stao [l rect [l Paao [l veso [l Lusc [l coso [l uvc [l cHou
Bs<cvllov [ escalllucec llsica [l srca [l kire [l el sarc [l prao [l cam [lucs [l rcrc lll acc Il uvm

score

PTENP1

Supplementary Figure 8. Immune signature gene expressions of The Cancer Genome Atlas
(TCGA) tumor samples

Heatmap of gene expression included in immune signature (1S) score was plotted (red, high
expression; green, low expression). Abbreviation of cancer type was referred from The Cancer
Genome Atlas tag name.
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Supplementary Figure 9. Association of PD-L1 and PD-1 expressions with immune signature

scores

Scatter plot (left) and box plot (right) of IS score and reads per kilobase of transcript per million reads
mapped (RPKM) of programmed death-ligand1 (PD-L1, top), and programmed death-1 (PD-1,

bottom) across cancer types. Abbreviation of cancer type was referred from The Cancer Genome Atlas
tag name; n/a, not applicable.
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Supplementary Figure 10. Subgroup analysis of overall survival according to IS score

Forest plot of hazard ratio (HR) and 95% confidence interval (ClI) by Cox regression survival analysis
according to two groups dichotomized by immune signature score (top) and continuous value of IS
score (bottom) across cancer types. Abbreviation of cancer type was referred from The Cancer

Genome Atlas tag name; n/a, not applicable.
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Supplementary Figure 11. Association of Immune signature score and immune cell properties
calculated by Cibersort®

Immune cell proportions in each cancer type (A). Each bar representatives mean proportion of
immune cell types calculated by Cibersort algorism. Scatter plot of 1S score and CD8 T cell (B) or
Macrophage M1 (C) proportions. Solid lines represent local regression curves between IS score and
immune cell proportions in each cancer as indicated. Abbreviation: LUAD, lung adenocarcinoma;
KIRC, renal clear cell carcinoma; SKCM, skin cutaneous melanoma.

-11 -



Mutation subtype

1.00 4

0.75

IS score
i

BRAF NF1 RAS Triple WT

075

IS score
3
1

Q25

[
[T}
s

1.00 4
0.75
@
|
o
.:| ..:)_
7]
2
0.254
0
T T
Immune Keratin  MITF low
1.00 -
Q75—
@
[
=]
Q 050 -
wn
2
025 —
0—.

Methylation

Q75

IS score
&
|

025 —

T
Hiyper

T 1
Hypo  Normakiks

Supplementary Figure 12. Potential response of patients with melanoma to immunotherapy
Tumors were grouped according to molecular subtypes that were discovered by TCGA study on

melanoma (SKCM).
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Supplementary Figure 13. Potential response of patients with thyroid cancer to immunotherapy
Tumors were grouped according to molecular subtypes that were discovered by TCGA study on

thyroid cancer (THCA).
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Supplementary Figure 14. Potential response of patients with head and neck squamous cell

carcinoma to immunotherapy
Tumors were grouped according to molecular subtypes that were discovered by TCGA study on head

and neck squamous cell carcinoma (HNSC).
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Supplementary Figure 15. Association of molecular subtypes of HNSC with IS scores
(top) Patients were stratified according to HPV status first and platform-based molecular subtypes

subsequently as indicated.
(bottom) Membership of tumors in molecular subtypes associated with IS scores.
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Supplementary Figure 16. Potential response of patients with lung cancer to immunotherapy
(top) Lung squamous cell carcinoma (LUSC) were grouped by mRNA molecular subtypes.
(bottom) Lung adenocarcinoma (LUAD) were grouped by molecular subtypes.
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Supplementary Figure 17. Potential response of patients with muscle-invasive bladder cancer to

immunotherapy
Tumors were grouped according to molecular subtypes that were discovered by TCGA study on

muscle-invasive bladder cancer (BLCA).
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Supplementary Figure 18. Potential response of patients with breast cancer to immunotherapy

Tumors were grouped according to molecular subtypes that were discovered by TCGA study on breast

cancer (BRCA).
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Supplementary Figure 19. Potential response of patients with stomach cancer to

immunotherapy
Tumors were grouped according to molecular subtypes that were discovered by TCGA study on

stomach cancer (STAD).
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Supplementary Figure 20. Landscape of somatic mutation in TCGA samples.

(top) Percentage of nonsynonymous (red), indel (blue), silent (gray) mutations in tissue were plotted.
(bottom) The number of total mutation (nonsynnymous + indel + silent, upper left), nonsynonymous
(upper right), indel (lower left), and silent mutation (lower right) were compared with predicted
neoantigen from the previous study?.
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Supplementary Figure 21. Significant correlation of immune signature with mutational load and
copy number alteration.

(top) Scatter plot (left) and box plot (right) of immune signature (IS) score and number of mutation
across cancer types.

(bottom) Scatter plot (left) and box plot (right) of IS score and chromosomal instability score.
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Supplementary Figure 22. Forest plot of odds ratio (OR) and 95% confidence interval (Cl) by
logistic regression analysis of association of IS scores with number of mutation (top) and
chromosomal instability score (bottom).

Tumors were dichotomized by median of number of mutations or CIN scores.

Abbreviation of cancer type was referred from The Cancer Genome Atlas tag name; IS, immune
signature.
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Supplementary Figure 23. Validation of chromosomal instability score.

Chromosomal instability (CIN) score according to previously reported copy number alteration cluster

of stomach adenocarcinoma (STAD, top left), thyroid cancer (THCA, top right), and head and neck
cancer (HNSC, bottom left) were compared.

-23-




Supplementary Figure 6E

>2000- ¢c¢e | msi
@ vSIH
I * MSIL
M fype| mss

1,500+

Number of nonsynonymous mutation

T T T T T
0 5,000 10,000 15000 20,000 25000 >30,000
Chromosomal instability score

Microsatellite instability ©® MSS ® MS|-L ® MS|-H

1.00- 1.00+ . P <0.001
P <0.001
X . Lo Lo
2075, & L] o 2075’
Q- ® Py Y 0
g .. Nt o 3
[ o %% ® e
= * vge gm,, g
€050 = = = = ~ = doa o & === - &0-50
] %: ) K
© s oi- g Eﬁ
£ sst @ oW 5
= ® £
£ °e ’ao ®e E ks aadl
£0.25- .09. X ® =0.25- ¥
- 0“ ®
o 5% ° E
[
e ¥ o ¢
0.00- 0.007

T T 1 T
4 8 12

0 VSS MSI-L MSI-H
Number of nonsynonymous mutation (Log2)

Microsatellite instability

Supplementary Figure 24. Significant correlation of immune signature with microsatellite status.
Scatter plot (top) and box plot (bottom) of immune signature score and number of mutation according
to microsatellite (MSI)-status.
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Supplementary Figure 25. Over-expressed genes in tumors with high IS scores in MSI-H
colorectal cancer and stomach cancer.

(Left) Heatmap of genes differentially expressed between tumors with high or low IS scores in MSI-H
colorectal cancer (COAD) and stomach cancer (STAD). Seventy two were identified as commonly
up-regulated genes (P < 0.005) in high IS score tumors in both COAD and STAD data.

(Right) Gene network enriched in tumors with high IS scores. Analysis using Ingenuity Pathway
Analysis software revealed that networks of genes regulated by IL4, IL21, and IL15 were
significantly up-regulated in IS score high tumors. Upregulated and downregulated genes in non-
responders are indicated by red and green, respectively. The lines and arrows represent functional and
physical interactions and directions of regulation from the literature.
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Supplementary Figure 26. Chromosomal instability score according to the tumor purity in
TCGA samples.

(top) Scatter plot of the proportion of tumor cell and stromal cell (left), chromosomal instability (CIN)
score and tumor cell proportion (middle), and number of nonsynonymous mutation and tumor cell
proportion were plotted.

(bottom) Scatter plot of IS score and adjusted chromosomal instability score (left). Scatter plot of
number of nonsynonymous mutation (y axis) and adjusted CIN score (x axis) according to the degree
of immune signature (IS) score (right).

Adjusted CIN score = CIN score / tumor purity.
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Supplementary Figure 27. Adjusted chromosomal instability score according to the tumor
purity in TCGA samples.

(top) Scatter plot of the proportion of tumor cell and consensus measurement of purity estimations
(CPE)® (left), chromosomal instability (CIN) score and CPE (middle), and number of nonsynonymous
mutation and CPE (right) were plotted.

(bottom) Scatter plot of IS score and adjusted chromosomal instability score (left). Scatter plot of
number of nonsynonymous mutation (y axis) and adjusted CIN score (x axis) according to the degree
of immune signature (IS) score.

Adjusted CIN score = CIN score / CPE.
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Supplementary Figure 28. Association of IS score and tumor purity in TCGA samples

(top) Scatter plot of immune signature score and the proportion of tumor cell by CPE? (left) and
immunohistochemistry (IHC, right).

(bottom) Scatter plot of immune signature score and the proportion of stromal cell calculated by 1 -
CPE (left) and 1 - IHC (right).
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Supplementary Figure 29. Immune signature score according to chromosomal instability score.
(A) The significance (FDR value) of association between amplified genes and CIN score (blue) or IS
score (red). (B) The significance (FDR value) of association between deleted genes and CIN score
(blue) or IS score (red). Significance is plotted according to sequence map.
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Supplementary Figure 30. Immune signature score is associated with viral presence.

Box plot of IS score according to presence of any virus (top left), Epstein-Barr virus (EBV, top right),
human papillomavirus (HPV, bottom left), and hepatitis B virus (HBV, bottom right).

Abbreviation: STAD, stomach adenocarcinoma; HNSC, head and neck squamous cell carcinoma;
CESC, cervical & endocervical cancer; LIHC, hepatocellular carcinoma.
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Supplementary Figure 31. Schematic diagram for M and C types of tumors.
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