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Figure S1. Biological relevance of the pairwise gene expression ratios (PGERs). (A) Boxplots of top 25
most important features PGERs. The Kruskal-Wallis test was performed to determine whether each
feature was significantly different among the subtypes. The five colors represent the five subtypes.
(B) Clustering in two-dimensional gene-pair space. Each subtype is closely enriched by the expression
values of two genes, indicating that the use of two genes can be a feature that can classify subtypes.
Five color dots represent five subtypes.
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Figure S2. Confusion matrix for validation dataset. PAM50none is a subtype of the sample identified
by the genefu package using the "none" option. * BasalL = Basal-like subtype; Her2E = HER2-enriched
subtype; LumA = Luminal A subtype; LumB = Luminal B subtype; NormalL = Normal-like subtype.
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Table S1. Dataset characteristics.
# Samples
hort Dataset Technol - -
Cohor atase echnology BeTsal Her’E  LumA  LumB NoFmal Total
like like
Discovery L CC0 BRC[A”N ature 2012 RNA-seq 76 50 194 105 7 432
GSE60788 [2]
RNA- 9 1 1 2 22
(SCAN-B) sed 0 0
GSE81538 [3] RNA-seq 57 65 156 105 22 405
GSE96058 [3] RNA-seq 360 348 1709 767 225 3409
GSE25066 [4] Affymetrix 189 37 160 78 44 508
array
Validation GSE41998 [5] Affymetrix 110 23 91 33 22 279
array
GSE51280 [6] NanoString 19 2 0 0 3 24
GSE58479 [7] .
(GEICAM2006-3) NanoString 61 4 0 0 4 69
GSE92977 [8] NanoString 27 41 80 76 22 246
Priedigkeit et al. [9] NanoString 16 8 9 7 0 40
GIECAMO9906 [10] qRT-PCR 70 174 277 261 32 814
Total 994 753 2686 1432 383 6248

* Her2E = HER2-enriched subtype; LumA = Luminal A subtype; LumB = Luminal B subtype

Table S2. Full list of ssDEGs.

Basal-like ssDEGs Her2E ssDEGs LumA ssDEGs LumB ssDEGs Normal-like ssDEGs
Symbol P value Symbol P value Symbol P value Symbol P value Symbol P value
MLPH 3'994)1( 10- FGFR4 4.60x10-19 CEP55 2.37x10-50 KRT17 1.98x10-20 ERBB2 5.40x10-3
FOXA1 9.63x10-40 GRB7 5.60x10-16 MYBL2 7.03x10-49 SFRP1 7.65x10-20 KRT14 2.32x10-3
FOXC1 1.01x10-38 ERBB2 1.43x10-15 MELK 3.79x10-47 KRT14 5.66x10-18 KRT5 2.95x10-3

ESR1 1.04x10-35 BCL2 5.20x10-14 KIF2C 7.52x10-47 KRT5 1.58x10-17 MIA 3.19x10-3
NAT1 1.38x10-35 ESR1 3.63x10-12 ANLN 1.20x10-46 EGFR 1.12x10-16 SFRP1 4.85x10-3
CCNE1 9.46x10-34 SLC39A6 3.19x10-11 CDC20 1.78x10-45 MIA 6.18x10-16
CXXC5 3.31x10-33 RRM2 3.34x10-11 BIRC5 5.34x10-45 FOXC1 6.51x10-16

SLC39A6 1.95x10-31 TMEM45B  9.78x10-11 UBE2C 8.93x10-45 CDC6 1.30x10-12
CDC20 3.37x10-31 PGR 8.18x10-10 NDC80 9.23x10-45 CCNB1 3.96x10-12
GPR160 9.86x10-31 MAPT 4.07x10-9 UBE2T 1.70x10-44 CDH3 6.06x10-12
MAPT 2.46x10-30 CDC6 4.25x10-9 EXO1 1.86x10-44 ESR1 7.74x10-12
ORC6L 7.28x10-29 MIA 2.41x10-7 NUF2 6.13x10-44 UBE2T 1.15x10-11

SFRP1 1.16x10-28 MYBL2 3.32x10-7 MKI67 1.86x10-43 CXXC5 1.23x10-11
PGR 4.69x10-28 UBE2T 3.26x10-6 PTTG1 2.16x10-42 BIRC5 4.97x10-11
TMEM45B  7.01x10-28 CEP55 3.99x10-6 CDC6 1.84x10-41 MKI67 9.52x10-10

PHGDH 3.58x10-27 MKI67 4.26x10-6 RRM2 4.05x10-41 BLVRA 5.92x10-09
NDC80 6.27x10-27 UBE2C 8.87x10-6 CENPF 4.33x10-40 RRM2 6.84x10-9

MIA 1.64x10-26 ANLN 1.01x10-5 CCNE1 3.41x10-39 CENPF 6.88x10-9
KIF2C 5.34x10-26 EXO1 1.13x10-5 ORC6L 4.27x10-37 SLC39A6 7.45x10-9
MELK 4.85x10-25 MDM?2 1.27x10-5 CCNB1 1.10x10-35 MYBL2 1.26x10-8
CDH3 6.45x10-25 MYC 1.92x10-5 TYMS 9.13x10-30 NUE2 1.55x10-8
CEP55 1.38x10-23 GPR160 2.08x10-5 PGR 4.93x10-28 UBE2C 3.44x10-8

EGFR 1.99x10-23 NAT1 2.52x10-5 MAPT 5.19x10-24 TYMS 6.55x10-8
NUE2 2.14x10-23 MELK 2.56x10-5 BCL2 3.25x10-23 CEP55 7.10x10-8
ANLN 3.31x10-23 BAGI1 2.66x10-5 NAT1 1.11x10-22 EXO1 2.29x10-7
BLVRA 1.25x10-22 SFRP1 3.57x10-5 MLPH 1.86x10-19 FOXA1 2.44x10-7
EXO1 2.04x10-20 FOXC1 4.54x10-5 PHGDH 4.29x10-19 NDC80 2.68x10-7
CENPF 5.56x10-20 CCNE1 1.00x10-4 SLC39A6 3.39x10-18 PTTG1 5.61x10-7
ERBB2 1.30x10-19 CCNB1 1.19x10-4 ESR1 3.10x10-17 KIF2C 5.85x10-7
ACTR3B 4.07x10-19 PTTG1 1.23x10-4 FOXA1 1.11x10-12 ANLN 7.01x10-7
BCL2 4.75x10-19 CDC20 1.89x10-4 BAGI1 4.13x10-12 MDM?2 2.18x10-6
PTTG1 7.29x10-19 CXXC5 3.40x10-4 CXXC5 5.82x10-10 MELK 2.53x10-5
BIRC5 1.11x10-18 PHGDH 8.03x10-4 TMEM45B 8.93x10-7 MLPH 1.09x10-4
TYMS 1.65x10-18 KRT14 8.65x10-4 GPR160 1.71x10-6 CDC20 8.90x10-4
MYBL2 9.25x10-18 ORC6L 9.71x10-4 KRT14 1.97x10-6 NAT1 2.55x10-3
KRT17 1.06x10-17 KIF2C 1.46x10-3 FGFR4 5.92x10-5 ACTR3B 3.39x10-3
UBE2C 1.72x10-16 GRB7 1.62x10-4 MAPT 4.64x10-3
MKI67 5.29x10-15 MDM?2 4.41x10-4
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UBE2T 3.51x10-12 CDH3 1.81x10-3
MYC 3.54x10-12
KRT5 8.36x10-11
RRM2 3.91x10-9
MDM?2 9.81x10-9
CCNB1 1.24x10-8
MMP11 2.05x10-8
BAG1 6.23x10-08
KRT14 1.12x10-7
CDC6 3.61x10-7

P values were determined using Wilcoxon rank-sum test. P values less than 0.005 were regarded as

statistically significant. The colors denote over- (red) or down- (blue) regulated genes compared to

median expression of the gene between the given subtype and the remaining subtypes.

Table S3. Statistical significance of seed genes.

ESR1 ERBB2 PGR MKI67
ssDEGs P value FDR P value FDR P value FDR P value FDR
Basal-like 1.04x10-35 6.47x10-33 1.30x10-19 1.96x10-18 4.69x10-28 2.93x10-26 5.29x10-15 4.47x10-14
Her2E 3.63x10-12 9.53x10-10 1.43x10-15 1.62x10-12 8.18x10-10 7.34x10-8 4.26x10-6 6.75x10-5
LumA 3.10x10-17 8.53x10-16 5.23x10-2 8.45x10-2 4.93x10-28 5.03x10-26 1.86x10-43 7.95x10-41
LumB 7.74x10-12 5.18x10-10 3.91x10-1 5.17x10-1 8.28x10-2 1.54x10-1 9.52x10-10 2.98x10-8
Normal-like 2.01x10-1 5.68x10-1 5.38x10-4 2.42x10-1 6.47x10-1 8.61x10-1 1.18x10-1 4.71x10-1

P values were determined using Wilcoxon rank-sum test. * Her2E = HER2-enriched subtype; LumA

= Luminal A subtype; LumB = Luminal B subtype; ssDEG = subtype-specific Differentially Expressed

Gene.
Table S4. Comparison of four machine learning algorithms.
« value
ML
0.00 0.01 0.05 0.10 0.15 0.20 1.00
1st-level
CART 76.90 76.95 76.96 77.03 77.03 77.06 77.54
RF 83.15 83.23 83.20 83.26 83.24 83.15 83.45
SVM 77.24 77.27 77.26 77.33 77.42 7741 76.37
NB 80.81 80.81 80.89 80.94 81.02 81.05 80.55
2nd_Jevel
CART 82.55 82.55 82.55 82.59 82.58 82.58 81.21
RF 87.82 87.84 87.88 87.86 87.91 87.85 88.04
SVM 75.85 75.81 75.72 75.65 75.51 75.35 73.00
NB 85.06 85.06 85.16 84.96 84.94 84.95 82.84
3rd-level
CART 79.41 79.41 79.40 79.42 79.45 79.44 78.30
RF 86.87 86.86 86.93 86.87 86.86 86.95 87.03
SVM 74.57 74.56 74.57 74.49 74.44 74.37 73.01
NB 83.69 83.76 83.92 83.81 83.94 83.85 83.28
4th-Jevel
CART 80.57 80.57 80.57 80.57 80.57 80.59 80.88
RF 87.40 87.36 87.37 87.46 87.50 87.42 87.12
SVM 73.76 73.74 73.71 73.68 73.63 73.62 72.35
NB 85.43 85.48 85.51 85.52 85.65 85.56 84.32
5th-level
CART 80.55 80.55 80.55 80.54 80.54 80.55 80.89
RF 87.22 87.30 87.34 87.30 87.40 87.33 87.20
SVM 73.78 73.74 73.71 73.65 73.59 73.52 72.10
NB 85.49 85.54 85.56 85.53 85.80 85.72 84.21
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For each input gene set, the RF models showed the best performance, regardless of the a value, among
the four algorithms. The model with the 2"d-level gene set achieved the highest accuracy (88.04%)

among all models. The number in bold corresponds to the highest accuracy in each input gene set.

* ML=Machine Learning; SVM=Support Vector Machine; CART=Classification and Regression Tree;
RF=Random Forest; NB=Naive Bayes

Table S5. Analysis of model accuracy depending on different gene set refinement strategies.

# Total # Level of ML Best

genes ssDEGs algorithm  Accuracy Gene set
9 1st RF 85.23 MLPH NUDT6 CEP55 TRIM29 AK5
14 ond RF 8735 MLPH NUDT6 CDC45 TRIM29 AK5
FOXA1 FGFR4 MYBL2 TIMELESS CAPN6
MLPH NUDT6 CDC45 TRIM29 AK5
19 3rd RF 86.63 FOXA1 FGFR4 MYBL2 TIMELESS CAPN6 XBP1 TCAP CENPA ID4
CCDC88B
MLPH NUDT6 CDC45 TRIM29 AK5
24 4th RF 87.84 FOXA1 FGFR4 MYBL2 TIMELESS CAPN6 XBP1 TCAP CENPA ID4
CCDC88B AR FA2H CDCAS8 KRT17 CCL14
MLPH NUDT6 CDC45 TRIM29 AK5
29 5t RF 8714 FOXA1 FGFR4 MYBL2 TIMELESS CAPN6 XBP1 TCAP CENPA ID4

CCDC88B AR FA2H CDCAS8 KRT17 CCL14 FOXC1 DBNDD2
CDCAS5 TCF7L1 COL17A1

The green genes correspond to seed genes. The bold text corresponds to the highest accuracy among
all models. These models were constructed using an “intrinsic gene set” instead of the PAM50 gene
set, and the accuracy was slightly lower, even with the use of more genes than included in MiniABS.

* RF = Random Forest; ML = Machine Learning; ssDEG = subtype-specific Differentially Expressed

Gene.
Table S6. Analysis of model accuracy with ssDEGs from all genes.
# Total # Level of ML Best Gene set
genes ssDEGs algorithm  Accuracy
MLPH NUDT6 CDC45 TRIM29
st
9 1 RF 86.21 ABCF1
14 ond RE 88.01 MLPH NUDT6 CDC45 TRIM29
ABCF1 FOXA1 FGFR4 MCM10 KCNMB1 ADAR
MLPH NUDT6 CDC45 TRIM29
19 3rd RF 88.81 ABCF1 FOXA1 FGFR4 MCM10 KCNMB1 ADAR XBP1
PMAIP1 CEP55 TIMELESS ADH1C
MLPH NUDT6 CDC45 TRIM29
o4 n RE 88.09 ABCF1 FOXA1 FGFR4 MCM10 KCNMB1 ADAR XBP1
’ PMAIP1 CEP55 TIMELESS ADH1C AR TCAP FOXM1
1ID4 ADIG
MLPH NUDT6 CDC45 TRIM29
29 5t RF 88.16 ABCF1 FOXA1 FGFR4 MCM10 KCNMB1 ADAR XBP1

PMAIP1 CEP55 TIMELESS ADH1C AR TCAP FOXM1
ID4 ADIG TBC1D9 FA2H AURKB BBOX1 ADNP2

The green genes correspond to seed genes. The bold text corresponds to the highest accuracy among

all models. These models were constructed using ssDEGs for all genes of RNA-seq libraries, instead
of the PAM50 gene set, and the accuracy was slightly higher than that for the MiniABS even though

more genes had to be used. * RF = Random Forest; ML = Machine Learning; ssDEG = subtype-specific
Differentially Expressed Gene.

Table S7. Analysis of model accuracy without seed genes.



Cancers 2020, 12 6of 11
# Total # Level of ML Best Gene set
genes ssDEGs algorithm Accuracy
5 st RF 79.67 MLPH FGFR4 CEP55 KRT17 ERBB2
MLPH FGFR4 CEP55 KRT17 ERBB2 FOXA1 GRB7 MYBL2
10 2nd RF 85.01 SFRP1 KRT14
13 3ud RF 84.56 MLPH FGFR4 CEP55 KRT17 ERBB2 FOXA1 GRB7 MYBL2
SFRP1 KRT14 FOXC1 MELK KRT5
17 4t RF 87.32 MLPH FGFR4 CEP55 KRT17 ERBB2 FOXA1 GRB7 MYBL2
SFRP1 KRT14 FOXC1 MELK KRT5 ESR1 BCL2 KIF2C MIA
MLPH FGFR4 CEP55 KRT17 ERBB2 FOXA1 GRB7 MYBL2
20 5th RF 87.39 SFRP1 KRT14 FOXC1 MELK KRT5 ESR1 BCL2 KIF2C MIA

NAT1 ANLN EGFR

To investigate the effect of the addition of seed genes on the performance of the model, the models

were constructed using ssDEGs derived from PAMS50 without additional seed genes. Although the

5t gene set (20 genes) was used, the accuracy was lower than that of MiniABS. * RF = Random Forest;

ML = Machine Learning; ssDEG = subtype-specific Differentially Expressed Gene.

Table S8. Performance in the validation dataset.

miniABS vs. PAM50

Performance GSE6 GSES1 GSE9% GSE25 GSE4 GSE51 GSE584 GSE9 Priedi  geica
0788 538 058 066 1998 280 79 2977 gkeit  m9906
_ Basal- 100 9649 8833 8877 100 9474 9508 9259 100  97.14
like_Sensitivity
Her2E_Sensitivity 0 7077 6724 3611 7826 100 75 6829 100 523
LumA_Sensitivity 100 9872 99.65 975 8901  NA NA 95 8889  95.67
LumB_Sensitivity NA 4667 4654 5325 5455  NA NA 68 8571  63.08
_ Normal- 0 455 0.44 93 455 0 0 0 NA 0
like_Sensitivity
Basal-
Looasan 100 100 98 9652 8757 60 875 100 100 9879
like_Specificity
Her2E_Specificity 100 9882 9889 9914 9805 9091 9385  97.06 96.88 9421
LumA_Specificity  83.33  63.86  59.88 7493 8883 100 95.65 697 9677  72.39
LumB_Specificity  95.45 98 9735 9531 9878 100 100 9471 100 9439
_ Normal- 100 100 99.87 9957  99.61 100 100 100 100 100
like_Specificity
Basal-like_P.
asai-liie_ros 100 100 9815 9379  83.97 90 98.31 100 100 8831
Pred Value
Her2F_Pos P
er2E_PosPred 92 8731 7647 7826 50 4286 8235 8889  71.09
Value
L Pos P
umA_PosPred g0 o3 0349 71.4 6446 7941 NA NA 6032 8889  64.16
Value
LumB_Pos P
umB_PosPred 1\ g9.09 8361 6721 8571 NA NA 85 100 84.1
Value
Ilike_P
Normal-like Pos 100 20 66.67 50 NA NA NA NA NA
Pred Value
Basal-li
asal-like_Neg 100 99.43 9864 9356 100 75 70 9909 100 99.73
Pred Value
H P
erz]i;gjeg red 9545 9465 9637 9527  98.05 100 9839 9384 100 87.88
L P
umANegPred 100 9g76 9941 9847 9435  NA NA 9.64 9677 97
Value
LumB P
umB_Neg Pred 84 8625  91.86 9419  NA NA 87.03  97.06 8447
Value
15
Normal-like Neg 509, g9 9342 9215 9242 875 942 9102  NA 96.06
Pred Value
Basal-
like_Balanced 100 9825 9407 9264 9379  77.37 91.29 96.3 100  97.97
Accuracy
H 1
er2E_Balanced 50 84.8 8307 6763 8815 9545 84.42 8268 9844 7325
Accuracy
L 1
umA Balanced o) o gy 09 7977 8621 8892  NA NA 8235 9283  84.03

Accuracy
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LumB_Balanced (a3 7105 7428 7666 NA NA 8135 9286 7874
Accuracy
Normal-
like_Balanced 50 5227 5016 5443  52.08 50 50 50 NA 50
Accuracy
miniABS vs. PAM50none
GSE6 GSES1 GSE9% GSE25 GSE4 GSE51 GSE584 GSE9 Priedi  geica
Performance .
0788 538 058 066 1998 280 79 2977 gkeit  m9906
 Basal- 100 100 99.62 100 100 94.44 98.25 100 100 95.65
like_Sensitivity
Her2E_Sensitivity NA 9444 97.4 4138 7143 100 100 9375  88.89 100
LumA_Sensitivity 9231 9505 9498 9809 9286  NA 100 9783 100 60.38
LumB_Sensitivity NA 5699 6524 3819  23.81 0 0 513 50 70.97
_ Normal- 0 20 5 8.7 8.7 0 0 0 NA 0
like_Sensitivity
Basal-
. o 86.67 9831  97.94 81.7 8043 50 75 97.78 100 93.04
like_Specificity
Her2E_Specificity 100 9566 9637 9895 9338  86.96 96.88 917 9677  86.16
LumA_Specificity 100 8197 8563 7457 823 100 98.51 7647 8378  97.76
LumB_Specificity 9545 9936 9837 9833 9949 100 100 9923 100 77.88
_ Normal- 100 100 99.94 100 100 100 100 100 100 100
like_Specificity
Basal-like_Pos
7778 89.09 7994 5876  72.52 85 94.92 80 100 2857
Pred Value
Her2E_PosPred 68 5597 7059 2174 25 7143 4412 8889  14.06
Value
Lum@;ﬁsz Pred  y00 8648 9363 6364 6373  NA 6667 7143 3333  99.27
LumB PosPred 1\ 9636 8923 9016 9524  NA NA 9833 100 11.28
Value
Normalike_Pos 100 60 100 100 NA NA NA NA NA
Pred Value
Basallike Neg -, 100 99.97 100 100 75 90 100 100 99.86
Pred Value
Her2E NegPred 9944 9987 965  99.22 100 100 9953  96.77 100
Value
LumANegPred g, 9317 gg48 9885 9718  NA 100 9832 100 3275
Value
Lum%ijg Pred VA 8857 9319 7986 7519 9583 9565  69.73 8235 9854
Normallike Neg )1 9901 o833  s732 9242  83.33 97.1 9918  NA 9237
Pred Value
Basal-
like_Balanced 9333 9916 9878  90.85 9022  72.22 8662 9889 100 94.35
Accuracy
Her2E Balanced 1\ 9505 9689 7016 8241 9348 9844 9273  92.83  93.08
Accuracy
LumA Balanced 0o ooy 9031 8633 8758  NA 9925 8715  91.89  79.07
Accuracy
LumB Balanced (2017 o181 6826 6165 50 50 75.27 75 74.42
Accuracy
Normal-
like_Balanced 50 60 5247 5435 5435 50 50 50 NA 50
Accuracy
AIMS vs. PAM50
GSE60  GSES1 GSE250
Performance 788 538 GSE96058 66 GSE41998
Basal-like_Sensitivity 100 100 86.94 91.53 100
Her2E_Sensitivity 100 84.62 77.87 83.78 78.26
LumA_Sensitivity 100 85.9 78.53 54.38 19.78
LumB_Sensitivity NA 49.52 49.54 58.97 69.7
Normal-like_Sensitivity 50 72.73 88.89 63.64 40.91
Basal-like_Specificity 100 99.14 99.31 97.49 86.98




Cancers 2020, 12 8of 11
Her2E_Specificity 100 94.71 97.32 86.41 89.84
LumA_Specificity 91.67 82.33 78.71 98.56 100
LumB_Specificity 100 99 99.13 91.4 94.31

Normal-like_Specificity 100 93.99 86.97 93.75 84.82
Basal-like_Pos Pred Value 100 95 93.71 95.58 83.33
Her2E_Pos Pred Value 100 75.34 76.77 32.63 40.91
LumA_Pos Pred Value 90.91 75.28 78.76 94.57 100
LumB_Pos Pred Value NA 94.55 94.29 55.42 62.16
Normal-like_Pos Pred Value 100 41.03 32.52 49.12 18.75
Basal-like_Neg Pred Value 100 100 98.47 95.11 100
Her2E_Neg Pred Value 100 96.99 97.48 98.55 97.87
LumA_Neg Pred Value 100 90.31 78.48 82.45 72.03
LumB_Neg Pred Value NA 84.86 87.13 9247 95.87
Normal-like_Neg Pred Value 95.24 98.36 99.11 96.45 94.37
Basal-like_Balanced Accuracy 100 99.57 93.13 94.51 93.49
Her2E_Balanced Accuracy 100 89.66 87.6 85.1 84.05
LumA_Balanced Accuracy 95.83 84.11 78.62 76.47 59.89
LumB_Balanced Accuracy NA 74.26 74.34 75.18 82
Normal-like_Balanced Accuracy 75 83.36 87.93 78.69 62.87
AIMS vs. PAM50none
GSE60  GSES81 GSE250
Performance 788 538 GSE96058 66 GSE41998
Basal-like_Sensitivity 100 100 100 100 100
Her2E_Sensitivity NA 80.56 86.36 60 71.43
LumA_Sensitivity 84.62 71.62 68.27 56.33 24.29
LumB_Sensitivity NA 51.61 58.73 49.66 40.48
Normal-like_Sensitivity 0 20 41.67 16.9 34.78
Basal-like_Specificity 86.67 96.91 97.65 80.94 79.89
Her2E_Specificity 95.45 88.08 93.24 83.89 85.66
LumA_Specificity 100 89.62 90.64 99.14 99.52
LumB_Specificity 100 97.76 97.88 96.97 98.46
Normal-like_Specificity 95 90.5 82.38 89.7 84.38
Basal-like_Pos Pred Value 77.78 81.67 77.84 57.46 71.97
Her2E_Pos Pred Value NA 39.73 37.68 18.95 11.36
LumA_Pos Pred Value 100 89.33 94.19 96.74 94.44
LumB_Pos Pred Value NA 87.27 85.11 86.75 91.89
Normal-like_Pos Pred Value 0 2.56 4.07 21.05 16.67
Basal-like_Neg Pred Value 100 100 100 100 100
Her2E_Neg Pred Value NA 97.89 99.31 97.09 99.15
LumA_Neg Pred Value 81.82 72.25 56.25 83.41 79.69
LumB_Neg Pred Value NA 87.14 91.98 82.82 79.34
Normal-like_Neg Pred Value 90.48 98.91 98.75 86.92 93.51
Basal-like_Balanced Accuracy 93.33 98.46 98.83 90.47 89.95
Her2E_Balanced Accuracy NA 84.32 89.8 71.95 78.55
LumA_Balanced Accuracy 92.31 80.62 79.46 77.74 61.9
LumB_Balanced Accuracy NA 74.68 78.3 73.31 69.47
Normal-like_Balanced Accuracy 47.5 55.25 62.02 53.3 59.58
PAM50none vs. PAM50
Performance 2;0575 GSE81 GSE9%  GSE250 2;1895 GSE51 ?8?1]; GSE9  Priedi  geica
8 538 058 66 8 280 9 2977 gkeit  m9906
Basal-like_Sensitivity  77.78 85.96 72.22 55.03 83.64 9474 9344  74.07 100 32.86
Her2E_Sensitivity 0 49.23 41.95 35.14 26.09 50 75 34.15 100 6.32
LumA_Sensitivity 100 99.36 99.59 81.25 74.73 NA NA 85 33.33 100
LumB_Sensitivity NA 74.29 61.41 96.15 100 NA NA 98.68 100 11.88
_ Normal- 0 455 4 3182 7727 100 25 455  NA 1562
like_Sensitivity
Basal-like_Specificity 100 100 100 100 98.22 100 100 100 100 100
Her2E_Specificity 100 98.82 99.74 96.39 99.61 100 96.92  99.02 96.88 98.91
LumA_Specificity 75 73.09 61.82 91.95 98.94 100 97.1 85.54 100 24.95
LumB_Specificity 100 95 95.72 83.72 7927 9583 9565  75.88 84.85 100
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Normal-
. o 90 98.96 98.4 87.72 9767 9524 9846 9955 100 92.71
like_Specificity
Basal-like_Pos Pred 100 100 100 9684 100 100 100 100 100
Value
Her2E_Pos Pred Value NA 8889 9481 4333 8571 100 60 875 8889 6111
LumA_Pos Pred Value 7692  69.82  72.39 8228 9714 NA NA 7391 100 4074
LumB_Pos Pred Value ~ NA 8387  80.65 5172 3929  NA NA 6466 5833 100
Normal-like PosPred 20 15 1972 73.91 75 50 50 NA 8.06
Value
Basal'hf;;ieg Pred  gce7 o775 9682 7896 9022 8333 6667 969 100 94.06
Herz%gjf Pred 9545  91.06  93.79 9498 9375  95.65 9844 8826 100 79.52
LumA_Neg Pred 100 9945 9934 91.43 89 NA NA 9221 8378 100
Value
LumB_Neg Pred NA 9135  89.52 99.17 100 NA NA 9923 100 70.63
Value
Normal-like Neg Pred o) 9475 9355 9314 9805 100 9552 9139  NA 96.41
Value
Basallike Balanced o000 gy98  gg11 7751 9093 9737 9672 8704 100 66.43
Accuracy
Her2E_Balanced 50 7403 70.85 6576  62.85 75 8596 6659 9844 5261
Accuracy
LumA_Balanced 875 8623 8071 866 868  NA NA 8527 6667 6248
Accuracy
LumB_Balanced NA 8464 7857 89.94  89.63 NA NA 8728 9242 5594
Accuracy
Normal-like Balanced 51.75 51.2 5977 8747 97.62 6173 5205  NA 54.17

Accuracy

* Her2E = HER2-enriched subtype; LumA = Luminal A subtype; LumB = Luminal B subtype.
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Table S9. Accuracy in the GSE96058.
MiniABS vs. PAM50
MiniABS
PAMS50 Basal-like Her2E LumA LumB Normal-like
Basal-like 318 19 13 6 4 360 (10.6%)
Her2E 0 234 57 57 0 348 (10.2%)
LumA 0 1 1703 5 0 1709 (50.1%)
LumB 3 3 404 357 0 767 (22.5%)
Normal-like 3 11 208 2 1 225 (6.6%)
324 268 2385 427 5 3409
(9.5%) (7.9%) (70.0%) (12.5%) (0.1%)
AIMS vs. PAM50
PAMS50 AIMS
Basal-like Her2E LumB Normal-like
Basal-like 313 10 2 0 35 360 (10.6%)
Her2E 17 271 25 17 18 348 (10.2%)
LumA 0 3 1342 6 358 1709 (50.1%)
LumB 3 68 312 380 4 767 (22.5%)
Normal-like 1 1 23 0 200 225 (6.6%)
334 353 1704 403 615 3409
(9.8%) (10.4%) (50.0%) (11.8%) (18.0%)
PAM50 vs. PAM50(none)
PAMS0 PAM50(none)
Basal-like Her2E LumA LumB Normal-like
Basal-like 260 8 26 15 51 360 (10.6%)
Her2E 0 146 111 91 0 348 (10.2%)
LumA 0 0 1702 7 0 1709 (50.1%)
LumB 0 0 296 471 0 767 (22.5%)
Normal-like 0 0 216 0 9 225 (6.6%)
260 154 2351 584 60 3409
(7.6%) (4.5%) (69.0%) (17.1%) (1.8%)
AIMS vs. PAM50(none)
PAMS50(none) AIMS
Basal-like Her2E LumA LumB Normal-like
Basal-like 260 0 0 0 0 260 (7.6%)
Her2E 21 133 0 0 0 154 (4.5%)
LumA 3 95 1605 60 588 2351 (69.0%)
LumB 16 124 99 343 2 584 (17.1%)
Normal-like 34 1 0 0 25 60 (1.8%)
334 353 1704 403 615 3409
(9.8%) (10.4%) (50.0%) (11.8%) (18.0%)
MiniABS vs. PAM50(none)
MiniABS
PAMS0(none) Basal-like Her2E LumA LumB Normal-like
Basal-like 259 1 0 0 0 260 (7.6%)
Her2E 4 150 0 0 0 154 (4.5%)
LumA 4 66 2233 46 2 2351 (69.0%)
LumB 14 42 147 381 0 584 (17.1%)
Normal-like 43 9 5 0 3 60 (1.8%)
324 268 2385 427 5 3409
(9.5%) (7.9%) (70.0%) (12.5%) (0.1%)

PAMS50(none) is a subtype of the sample identified by the genefu package using the "none" option. *
Her2E = HER2-enriched subtype; LumA = Luminal A subtype; LumB = Luminal B subtype.
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