Supplementary Information

Inferring tumour purity and stromal and immune cell admixture
from expression data
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Supplementary Figure S1. Reduced stromal and immune scores in the tumor cell enriched fraction
after laser capture microdissection

Comparison of stromal scores between tumor part and stromal part after laser capture microdissection in
(a) ovarian, (b) breast, and (c¢) colorectal cancers. Scores of the tumor portion are shown in the left box, in
red, scores of the stromal portion are shown on the right side, in blue. The box represents the interquartile
range of the scores and the whiskers indicate the range of values used, within the following range: Q1 -
1.5* IQR to Q3 + 1.5*IQR where Q is a quantile and IQR is the interquartile range.
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Supplementary Figure S2. Evaluation of the ESTIMATE algorithm in tumor profiled on the Agilent platform.
In Agilent platform, the accuracy of ESTIMATE algorithm was evaluated based on the area under ROC curve (AUC) per each tumor when
tumor samples were divided into high and low purity groups on the basis of DNA copy number-based tumor purity.
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Supplementary Figure S3. Evaluation of the ESTIMATE algorithm in tumor profiled on the Affymetrix platform.

In Affymetrix platform, the accuracy of ESTIMATE algorithm was evaluated based on the area under ROC curve (AUC) per each tumor when
tumor samples were divided into high and low purity groups on the basis of DNA copy number-based tumor purity. TCGA Ovarian cancer
samples used in the gene selection were removed.
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Supplementary Figure S4. Evaluation of the ESTIMATE algorithm in tumor profiled using RNA-sequencing and Reads Per Kilobase

per Million mapped reads [RPKM]

In RNA-seq platform, the accuracy of ESTIMATE algorithm was evaluated based on the area under ROC curve (AUC) per each tumor when
tumor samples were divided into high and low purity groups on the basis of DNA copy number-based tumor purity.
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Supplementary Figure SS. Evaluation of the ESTIMATE algorithm in tumor profiled using RNA-sequencing and quantified through
Expectation Maximization [RSEM]
In RNA-seq platform, the accuracy of ESTIMATE algorithm was evaluated based on the area under ROC curve (AUC) per each tumor when

tumor samples were divided into high and low purity groups on the basis of DNA copy number-based tumor purity. Ovarian cancer samples in
the TCGA data set that were used in the gene selection were removed.
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Supplementary Figure S6. Correlation between various expression platforms and ESTIMATE scores.
High correlation in ESTIMATE scores between each platform and similar AUC per platform were observed when we evaluated the prediction
ability of tumor purity per each platform using 110 lung squamous cell carcinoma samples with expression data from four platforms.
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Supplementary Figure S7. The correlation between stromal and immune scores.
Scatterplots between stromal and immune scores in nine TCGA data sets. Correlation coefficient was

calculated by Pearson’s and distance correlation analysis.
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Supplementary Figure S8. The estimation of tumor purity based on ESTIMATE algorithm using Affymetrix expression data.

(a) Of 1,001 TCGA Affymetrix data, six outlier samples were detected by computing a multivariate outlier criterion based on Generalized
Extreme Studentized Deviate (GESD) test. (b-c) High correlation between ESTIMATE based tumor purity (x-axis) and ABSOLUTE based
tumor purity (y-axis) in (b) the TCGA Affymetrix data set and (c) the independent validation data set.
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Supplementary Figure S9. Predicting tumor purity in cell lines using ESTIMATE and ABSOLUTE algorithms

A plot of tumor purity per cancer cell line sample. In twenty-seven samples (GSE34211) that had not used in the process of gene selection, both
ESTIMATE and ABSOLUTE were performed. The x-axis and y-axis denote cancer cell line samples and tumor purity, respectively. RMSE
stands for root mean square error.
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Supplementary Figure S10. ESTIMATE predictive ability is independent of altered gene expression in tumor cells

Using 26 microarray expression data from lung adenocarcinoma cell lines (GSE17708) that were treated or untreated by TGFBI1 protein,
stromal, immune, and ESTIMATE score were calculated. The x-axis denotes cancer cell line samples and y-axis represented mRNA expression
data, estimated tumor purity, and raw stromal, immune, and ESTIMATE scores.
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Supplementary Figure S11. High correlation between immune score and leukocyte methylation
score.

Using 3,681 samples with leukocyte methylation score, correlation analysis between stromal (green),
immune (red), and ESTIMATE score (blue) and leukocyte methylation score was performed in the
discovery set (OV) and the validation data sets. TCGA ovarian cancer samples used in the gene selection
were removed.
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Supplementary Figure S12. Beeswarm plots of ESTIMATE scores in non-TCGA data
Distinct distributions of ESTIMATE scores across different tumor types were observed in Affymetrix platform data sets. The one-way Analysis of Variance
(ANOVA) followed by Tukey’s post hoc test was performed to examine the differences in these scores among different tumor types. P-values for Tukey’s post hoc

test are listed in Supplementary Table S4. The boxes in the boxplots in figure A and B represent the interquartile range of the scores and the whiskers indicate the
range of values used, within the following range: Q1 - 1.5* IQR to Q3 + 1.5*IQR where Q is a quantile and IQR is the interquartile range.
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Supplementary Figure S13. The relationship between the level of tumor purity based on ESTIMATE and mutation frequency.

We compared differences in mutation frequency between high and low purity subgroups by using the unpaired t-test. . The box represents the
interquartile range of the scores and the whiskers indicate the range of values used, within the following range: Q1 - 1.5* IQR to Q3 + 1.5*IQR
where Q is a quantile and IQR is the interquartile range.
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Supplementary Table S1. A list of public data sets used in this study
Publicly available microarray expression and SNP array copy number data sets used in this study are listed in this table.

Dataset Type Platform Disease Reference

Detection of stromal/immune cell
related genes

GSE1133 EXP Affymetrix HG-U133A Normal tissue 70
GSE9899 (GSE9890/9891) EXP* Affymetrix HG-U133Plus2.0 oV n
GSE14548 EXP* Affymetrix Human X3P BRCA 72
GSE35602 EXP* Agilent 4x44K (G4112F) COADREAD 3
Cancer Cell line Encyclopedia EXP Affymetrix HG-U133Plus2.0 Cell line 74
Glioma stem cell line data EXP Affymetrix HG-U133A2 Cell line 75,76,71,78, 79,

80, 81

Validation of stromal/immune

signatures

GSE29156 EXP* Affymetrix Human Exonl.0 ST ov -
GSE10797 EXP* Affymetrix HG-U133A2 BRCA 82
GSE33363 EXP* Affymetrix HG-U133Plus2.0 LUAD 83
GSE17708 EXP Affymetrix HG-U133Plus2.0 Cell line 84
GSE18520 EXP Affymetrix HG-U133Plus2.0 Normal ovarian epithelium cell 8
Validation of ESTIMATE

GSE14994 EXP/SNP Affymetrix HT-HG-U133A & Sty250K KIRC 86
GSE19949 EXP/SNP Affymetrix HT-HG-U133A & SNP6 KIRC 87
GSE36895/GSE25540 EXP/SNP Affymetrix HG-U133Plus2.0 & SNP6 KIRC 88
GSE27854/GSE27910 EXP/SNP Affymetrix HG-U133Plus2.0 & Sty250K ~ COADREAD 89
GSE33356 EXP/SNP  Affymetrix HG-U133Plus2.0 & SNP6 Lung %0
GSE34211 EXP/SNP Affymetrix HG-U133Plus2.0 & SNP6 Cell line (8 breast, 4 brain, 1 o1

colon, 5 lung, 3 ovary, 5 renal,
and 1 melanoma)

*The expression data were obtained from tumor-cell enrich samples after laser-capture microdissection.
EXP: expression, SNP: Single Nucleotide Polymorphism
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Supplementary Table S1. A list of public data sets used in this study (Continued)
Publicly available microarray expression and SNP array copy number data sets used in this study are listed in this table.

Dataset Type Platform Disease Reference

Investigating distribution of
stromal/immune score

GSE2109 EXP Affymetrix HG-U133Plus2.0 BLCA, BRCA, COADREAD, -
KIRC, LUAD, LUSC, OV, UCEC

GSE3292 EXP Affymetrix HG-U133Plus2.0 HNSC o2
GSE9891 EXP Affymetrix HG-U133Plus2.0 oV 71
GSE17025 EXP Affymetrix HG-U133Plus2.0 UCEC %3
GSE17538 EXP Affymetrix HG-U133Plus2.0 COADREAD o4
GSE20685 EXP Affymetrix HG-U133Plus2.0 BRCA 93
GSE28571 EXP Affymetrix HG-U133Plus2.0 LUAD, LUSC %6
GSE31189 EXP Affymetrix HG-U133Plus2.0 BLCA o7
GSE31684 EXP Affymetrix HG-U133Plus2.0 BLCA o8
GSE31210 EXP Affymetrix HG-U133Plus2.0 LUAD %
GSE36895 EXP Affymetrix HG-U133Plus2.0 KIRC 88
GSE37745 EXP Affymetrix HG-U133Plus2.0 LUAD, LUSC 100
E-MTAB-1328 EXP Affymetrix HG-U133Plus2.0 HNSC 101
Rembrandt datat EXP Affymetrix HG-U133Plus2.0 GBM 102

+ The Rembrandt data were downloaded from National Cancer Institute web page (https://caintegrator.nci.nih.gov/rembrandt/).
EXP: expression



Supplementary Table S2. The accuracy of ESTIMATE-based tumor purity in the validation data
set.

ESTIMATE algorithm was validation in the independent data set consisting of six publicly available data
sets. The sensitivity, specificity, and accuracy per cutoff was calculated by pROC.

Cutoff Sensitivity Specificity Accuracy
0.9 0.820 0.855 0.831
0.8 0.763 0.939 0.851
0.7 0.840 0.967 0.918
0.6 0.694 0.955 0.872
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Supplementary Table S3. Stromal, Immune, and ESTIMATE score in ten normal ovarian

epithelium samples

ESTIMATE ESTIMATE-predicted

GEO _ID Tissue  Stromal score Immune score score tumor purity

GSM462643  normal 912.0 2279.9 3191.9 0.477
GSM462644  normal 191.5 396.4 587.9 0.770
GSM462645  normal 142.5 902.6 1045.1 0.726
GSM462646  normal -136.8 49.8 -87.1 0.830
GSM462647  normal 650.4 2330.9 2981.3 0.504
GSM462648  normal 350.4 1058.8 1409.2 0.688
GSM462649  normal 585.5 1831.7 2417.1 0.574
GSM462650  normal 325.9 764.6 1090.5 0.721
GSM462651  normal 260.7 744.6 1005.3 0.730
GSM462652  normal 114.6 202.7 317.3 0.795
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Supplementary Table S4. Tukey’s post hoc test between two different tumor types.
The adjusted P-values for Tukey’s post hoc test between two different tumor types are listed in this table.

TCGA Stromal score Immune score ESTIMATE score
(RNAseqV2) P-value P-value P-value
BRCA-BLCA 0 0.83 0
COADREAD-BLCA 0.58 1.0 1.0
GBM-BLCA 0.00063 0.26 0.0077
HNSC-BLCA 6.7E-08 1.1E-07 0
KIRC-BLCA 0 0 0
LUAD-BLCA 0 0 0
LUSC-BLCA 2.6E-08 8.1E-10 0
OV-BLCA 1.0 0.50 1.0
UCEC-BLCA 0.0013 0.053 0.0025
COADREAD-BRCA 0 0.95 0
GBM-BRCA 0 0.88 0.00084
HNSC-BRCA 0 8.6E-10 0.75
KIRC-BRCA 0 0 0
LUAD-BRCA 4.5E-06 0 2.4E-05
LUSC-BRCA 0 0 1.0
OV-BRCA 0 7.1E-06 0
UCEC-BRCA 0 0 0
GBM-COADREAD 0 0.34 9.7E-06
HNSC-COADREAD 0 0 0
KIRC-COADREAD 0 0 0
LUAD-COADREAD 0 0 0
LUSC-COADREAD 0 0 0
OV-COADREAD 0.013 0.022 1.0
UCEC-COADREAD 0.20 5.1E-05 0.00088
HNSC-GBM 0.96 0.025 0.19
KIRC-GBM 0 0 0
LUAD-GBM 5.21E-05 0 0
LUSC-GBM 0.81 0.0013 0.029
OV-GBM 0.00075 5.2E-06 3.8E-06
UCEC-GBM 0 44E-10 0
KIRC-HNSC 0 0 0
LUAD-HNSC 0.00053 1.0E-08 8.6E-08
LUSC-HNSC 1.0 0.98 0.99
OV-HNSC 0 0 0
UCEC-HNSC 0 0 0
LUAD-KIRC 0 0.30 0
LUSC-KIRC 0 0 0
OV-KIRC 0 0 0
UCEC-KIRC 0 0 0
LUSC-LUAD 0.016 7.5E-05 0.00014
OV-LUAD 0 0 0
UCEC-LUAD 0 0 0
OV-LUSC 0 0 0
UCEC-LUSC 0 0 0
UCEC-OV 2.67E-09 0.98 0.0024
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Supplementary Table S4. Tukey’s post hoc test between two different tumor types (Continued)
The adjusted P-values for Tukey’s post hoc test between two different tumor types are listed in this table.

Publicly available data Stromal score Immune score ESTIMATE score
(Affymetrix) P-value P-value P-value
BRCA-BLCA 0 0 0
COADREAD-BLCA 0 0.054 5.0E-07
KIRC-BLCA 0 0 0
LUAD-BLCA 0 0 0
LUSC-BLCA 0 0 0
OV-BLCA 0.037 3.0E-05 0.97
UCEC-BLCA 0.71 0 1.5E-05
GBM-BLCA 0.52 0.00026 0.87
HNSC-BLCA 0 5.8E-07 0
COADREAD-BRCA 0 2.0E-07 0
KIRC-BRCA 1.0 4.3E-07 0.053
LUAD-BRCA 0.55 0 1.4E-06
LUSC-BRCA 2.4E-06 0.25 0.95
OV-BRCA 0 0 0
UCEC-BRCA 0 0 0
GBM-BRCA 0 0 0
HNSC-BRCA 8.3E-06 1.0 0.36
KIRC-COADREAD 0 0 0
LUAD-COADREAD 0 0 0
LUSC-COADREAD 0.057 6.0E-08 1.2E-05
OV-COADREAD 3.2E-06 0 0
UCEC-COADREAD 0 0 0
GBM-COADREAD 5.1E-07 0 0
HNSC-COADREAD 0.060 0.0022 0.0031
LUAD-KIRC 0.61 1.0 0.95
LUSC-KIRC 0.00027 0.72 0.024
OV-KIRC 0 0 0
UCEC-KIRC 0 0 0
GBM-KIRC 0 0 0
HNSC-KIRC 0.00056 0.020 0.00089
LUSC-LUAD 6.0E-10 0.31 7.2E-05
OV-LUAD 0 0 0
UCEC-LUAD 0 0 0
GBM-LUAD 0 0 0
HNSC-LUAD 1.1E-08 0.0013 6.1E-07
OV-LUSC 1.8E-09 0 0
UCEC-LUSC 0 0 0
GBM-LUSC 0 0 0
HNSC-LUSC 1.0 0.90 1.0
UCEC-OV 1.1E-07 0.077 6.0E-05
GBM-OV 0.99 1.0 1.0
HNSC-OV 4.9E-09 0 0
GBM-UCEC 0.00060 0.17 0.0052
HNSC-UCEC 0 0 0
HNSC-GBM 0 0 0
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Supplementary Table S5. Comparison of substitution frequency between high and low purity subgroups.
The adjusted P-value (Benjamini-Hochberg) per substitution pattern for unpaired t-test between two high and low purity subgroups are listed in this table.

C>A C>G C>T T>A T>C >G

Tumor Adjusted Adjusted Adjusted Adjusted Adjusted Adjusted

type Purity No. mean+sd p-value mean+tsd p-value  meantsd p-value  meandsd p-value  mean+sd p-value  meantsd p-value

BLCA high 22 0.12+0.071 0.8 0.25+0.10 0.8 0.48+0.074 0.8 0.030+£0.024 0.8 0.084+0.049 0.97 0.030+0.024 0.8
low 22 0.10+0.076 0.27+0.089 0.50+0.078 0.027+0.024 0.085+0.066 0.022+0.025

BRCA high 184 0.15+0.075 0.22 0.13£0.076  0.072 0.49+0.12  0.81 0.062+0.045 0.26 0.12+0.071 0.5 0.052+0.042  0.81
low 178  0.13+0.086 0.15+0.11 0.49+0.13 0.054+0.051 0.11+0.077 0.054+0.069

Igg:DD high 26  0.15+0.086 0.24 0.049+0.034  0.89 0.59+£0.13 091 0.041+£0.033  0.94 0.12+0.085  0.24 0.051+0.031 0.24
low 21 0.12+0.048 0.043+0.040 0.60+0.11 0.042+0.029 0.16+0.089 0.037+0.021

GBM high 50  0.10£0.46  0.82 0.080+0.039  0.59 0.60+0.12  0.45 0.052+0.034 0.32 0.13£0.054  0.44 0.030+0.022 0.44
low 63  0.10£0.45 0.075+0.041 0.62+0.096 0.041+0.024 0.12+0.067 0.036+0.024

HNSC high 75  0.18+0.090 0.00009 0.15+0.072 0.3 0.45+0.12  0.015 0.068+0.036  0.015 0.12+0.044 0.9 0.037+0.024  0.61
low 75  0.11£0.067 0.17+0.096 0.51+0.13 0.052+0.036 0.12+0.088 0.04140.045

KIRC high 84  0.18+0.054 0.2 0.12+0.034  0.13 0.34+0.70  0.51 0.11+0.041 0.15 0.17£0.062  0.23 0.081+0.033 0.23
low 107 0.20+0.065 0.11+0.051 0.33+0.076 0.096+0.040 0.18+0.059 0.088+0.037

LUAD high 27  0.29+0.16  0.97 0.14+0.10 0.97 0.34+0.14  0.97 0.068+0.031 0.6 0.11+£0.060  0.97 0.049+0.075  0.97
low 33 0.30+0.16 0.14+0.069 0.34+0.15 0.082+0.033 0.98+0.47 0.040+0.020

Lusc high 43  0.30+0.080 0.24 0.15+0.051  0.36 0.31£0.079  0.49 0.090+0.026  0.015 0.11+0.031 0.13 0.034+0.014 0.13
low 41 0.34+0.16 0.16+0.088 0.30+0.14 0.070+0.032 0.10+0.037 0.028+0.013

ov high 79  0.18+0.071 0.63 0.15+0.068  0.056 0.42+0.13  0.33 0.080+0.043 0.7 0.12+0.048  0.63 0.057+0.036  0.46
low 79  0.17+0.072 0.17+0.069 0.38+0.12 0.077+0.042 0.13+0.059 0.064+0.034

UCEC high 52 0.15+£0.061 0.93 0.080+0.064 0.93 0.57£0.12  0.93 0.032+0.023  0.93 0.12+0.082  0.93 0.044+0.036  0.93
low 62  0.15+0.082 0.069+0.076 0.59+0.12 0.030+0.029 0.12+0.053 0.041+0.036
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