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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. 



Cancers 2020, 12 3 of 11 

 

Table S1. Dataset characteristics. 

Cohort Dataset Technology 
# Samples 

Basal-
like 

Her2E LumA LumB 
Normal-

like 
Total 

Discovery TCGA BRCA Nature 2012 
[1]  

RNA-seq 76 50 194 105 7 432 

Validation 

GSE60788 [2]  
(SCAN-B) 

RNA-seq 9 1 10 0 2 22 

GSE81538 [3]  RNA-seq 57 65 156 105 22 405 
GSE96058 [3] RNA-seq 360 348 1709 767 225 3409 

GSE25066 [4]  
Affymetrix 

array 
189 37 160 78 44 508 

GSE41998 [5] 
Affymetrix 

array 
110 23 91 33 22 279 

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 

 GIECAM9906 [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 
3.99 x 10-

41 
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 MDM2 1.27x10-5 CCNB1 1.10x10-35 MYBL2 1.26x10-8   
CDH3 6.45x10-25 MYC 1.92x10-5 TYMS 9.13x10-30 NUF2 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   
NUF2 2.14x10-23 MELK 2.56x10-5 BCL2 3.25x10-23 CEP55 7.10x10-8   
ANLN 3.31x10-23 BAG1 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 BAG1 4.13x10-12 MDM2 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   MDM2 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         
MDM2 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. 

ML 
α value 

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 77.41 76.37 
NB 80.81 80.81 80.89 80.94 81.02 81.05 80.55 

2nd-level 
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-level 
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 α value, among 

the four algorithms. The model with the 2nd-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=Naïve Bayes 

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

# Total 
genes 

# Level of 
ssDEGs 

ML 
algorithm 

Best 
Accuracy Gene set 

9 1st RF 85.23 ESR1 PGR ERBB2 MKI67 MLPH NUDT6 CEP55 TRIM29 AK5 

14 2nd RF 87.35 
ESR1 PGR ERBB2 MKI67 MLPH NUDT6 CDC45 TRIM29 AK5 

FOXA1 FGFR4 MYBL2 TIMELESS CAPN6 

19 3rd RF 86.63 
ESR1 PGR ERBB2 MKI67 MLPH NUDT6 CDC45 TRIM29 AK5 

FOXA1 FGFR4 MYBL2 TIMELESS CAPN6 XBP1 TCAP CENPA ID4 
CCDC88B 

24 4th RF 87.84 
ESR1 PGR ERBB2 MKI67 MLPH NUDT6 CDC45 TRIM29 AK5 

FOXA1 FGFR4 MYBL2 TIMELESS CAPN6 XBP1 TCAP CENPA ID4 
CCDC88B AR FA2H CDCA8 KRT17 CCL14 

29 5th RF 87.14 

ESR1 PGR ERBB2 MKI67 MLPH NUDT6 CDC45 TRIM29 AK5 
FOXA1 FGFR4 MYBL2 TIMELESS CAPN6 XBP1 TCAP CENPA ID4 

CCDC88B AR FA2H CDCA8 KRT17 CCL14 FOXC1 DBNDD2 
CDCA5 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 
genes 

# Level of 
ssDEGs 

ML 
algorithm 

Best 
Accuracy 

Gene set 

9 1st RF 86.21 
ESR1 PGR ERBB2 MKI67 MLPH NUDT6 CDC45 TRIM29 

ABCF1 

14 2nd RF 88.01 ESR1 PGR ERBB2 MKI67 MLPH NUDT6 CDC45 TRIM29 
ABCF1 FOXA1 FGFR4 MCM10 KCNMB1 ADAR 

19 3rd RF 88.81 
ESR1 PGR ERBB2 MKI67 MLPH NUDT6 CDC45 TRIM29 

ABCF1 FOXA1 FGFR4 MCM10 KCNMB1 ADAR XBP1 
PMAIP1 CEP55 TIMELESS ADH1C 

24 4th RF 88.09 

ESR1 PGR ERBB2 MKI67 MLPH NUDT6 CDC45 TRIM29 
ABCF1 FOXA1 FGFR4 MCM10 KCNMB1 ADAR XBP1 
PMAIP1 CEP55 TIMELESS ADH1C AR TCAP FOXM1 

ID4 ADIG 

29 5th RF 88.16 

ESR1 PGR ERBB2 MKI67 MLPH NUDT6 CDC45 TRIM29 
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. 
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# Total 
genes 

# Level of 
ssDEGs 

ML 
algorithm 

Best 
Accuracy Gene set 

5 1st RF 79.67 MLPH FGFR4 CEP55 KRT17 ERBB2 

10 2nd RF 85.01 
MLPH FGFR4 CEP55 KRT17 ERBB2 FOXA1 GRB7 MYBL2 

SFRP1 KRT14 

13 3rd RF 84.56 
MLPH FGFR4 CEP55 KRT17 ERBB2 FOXA1 GRB7 MYBL2 

SFRP1 KRT14 FOXC1 MELK KRT5 

17 4th RF 87.32 
MLPH FGFR4 CEP55 KRT17 ERBB2 FOXA1 GRB7 MYBL2 
SFRP1 KRT14 FOXC1 MELK KRT5 ESR1 BCL2 KIF2C MIA 

20 5th RF 87.39 
MLPH FGFR4 CEP55 KRT17 ERBB2 FOXA1 GRB7 MYBL2 
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 PAM50 without additional seed genes. Although the 
5th 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
0788 

GSE81
538 

GSE96
058 

GSE25
066 

GSE4
1998 

GSE51
280 

GSE584
79 

GSE9
2977 

Priedi
gkeit 

geica
m9906 

Basal-
like_Sensitivity 

100 96.49 88.33 88.77 100 94.74 95.08 92.59 100 97.14 

Her2E_Sensitivity 0 70.77 67.24 36.11 78.26 100 75 68.29 100 52.3 
LumA_Sensitivity 100 98.72 99.65 97.5 89.01 NA NA 95 88.89 95.67 
LumB_Sensitivity NA 46.67 46.54 53.25 54.55 NA NA 68 85.71 63.08 

Normal-
like_Sensitivity 

0 4.55 0.44 9.3 4.55 0 0 0 NA 0 

Basal-
like_Specificity 

100 100 99.8 96.52 87.57 60 87.5 100 100 98.79 

Her2E_Specificity 100 98.82 98.89 99.14 98.05 90.91 93.85 97.06 96.88 94.21 
LumA_Specificity 83.33 63.86 59.88 74.93 88.83 100 95.65 69.7 96.77 72.39 
LumB_Specificity 95.45 98 97.35 95.31 98.78 100 100 94.71 100 94.39 

Normal-
like_Specificity 

100 100 99.87 99.57 99.61 100 100 100 100 100 

Basal-like_Pos 
Pred Value 

100 100 98.15 93.79 83.97 90 98.31 100 100 88.31 

Her2E_Pos Pred 
Value 

NA 92 87.31 76.47 78.26 50 42.86 82.35 88.89 71.09 

LumA_Pos Pred 
Value 

83.33 63.11 71.4 64.46 79.41 NA NA 60.32 88.89 64.16 

LumB_Pos Pred 
Value 

NA 89.09 83.61 67.21 85.71 NA NA 85 100 84.1 

Normal-like_Pos 
Pred Value 

NA 100 20 66.67 50 NA NA NA NA NA 

Basal-like_Neg 
Pred Value 

100 99.43 98.64 93.56 100 75 70 99.09 100 99.73 

Her2E_Neg Pred 
Value 

95.45 94.65 96.37 95.27 98.05 100 98.39 93.84 100 87.88 

LumA_Neg Pred 
Value 

100 98.76 99.41 98.47 94.35 NA NA 96.64 96.77 97 

LumB_Neg Pred 
Value 

NA 84 86.25 91.86 94.19 NA NA 87.03 97.06 84.47 

Normal-like_Neg 
Pred Value 

90.91 94.8 93.42 92.15 92.42 87.5 94.2 91.02 NA 96.06 

Basal-
like_Balanced 

Accuracy 
100 98.25 94.07 92.64 93.79 77.37 91.29 96.3 100 97.97 

Her2E_Balanced 
Accuracy 

50 84.8 83.07 67.63 88.15 95.45 84.42 82.68 98.44 73.25 

LumA_Balanced 
Accuracy 

91.67 81.29 79.77 86.21 88.92 NA NA 82.35 92.83 84.03 
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LumB_Balanced 
Accuracy 

NA 72.33 71.95 74.28 76.66 NA NA 81.35 92.86 78.74 

Normal-
like_Balanced 

Accuracy 
50 52.27 50.16 54.43 52.08 50 50 50 NA 50 

miniABS vs. PAM50none 

Performance GSE6
0788 

GSE81
538 

GSE96
058 

GSE25
066 

GSE4
1998 

GSE51
280 

GSE584
79 

GSE9
2977 

Priedi
gkeit 

geica
m9906 

Basal-
like_Sensitivity 

100 100 99.62 100 100 94.44 98.25 100 100 95.65 

Her2E_Sensitivity NA 94.44 97.4 41.38 71.43 100 100 93.75 88.89 100 
LumA_Sensitivity 92.31 95.05 94.98 98.09 92.86 NA 100 97.83 100 60.38 
LumB_Sensitivity NA 56.99 65.24 38.19 23.81 0 0 51.3 50 70.97 

Normal-
like_Sensitivity 

0 20 5 8.7 8.7 0 0 0 NA 0 

Basal-
like_Specificity 

86.67 98.31 97.94 81.7 80.43 50 75 97.78 100 93.04 

Her2E_Specificity 100 95.66 96.37 98.95 93.38 86.96 96.88 91.7 96.77 86.16 
LumA_Specificity 100 81.97 85.63 74.57 82.3 100 98.51 76.47 83.78 97.76 
LumB_Specificity 95.45 99.36 98.37 98.33 99.49 100 100 99.23 100 77.88 

Normal-
like_Specificity 

100 100 99.94 100 100 100 100 100 100 100 

Basal-like_Pos 
Pred Value 

77.78 89.09 79.94 58.76 72.52 85 94.92 80 100 28.57 

Her2E_Pos Pred 
Value 

NA 68 55.97 70.59 21.74 25 71.43 44.12 88.89 14.06 

LumA_Pos Pred 
Value 

100 86.48 93.63 63.64 63.73 NA 66.67 71.43 33.33 99.27 

LumB_Pos Pred 
Value 

NA 96.36 89.23 90.16 95.24 NA NA 98.33 100 11.28 

Normal-like_Pos 
Pred Value 

NA 100 60 100 100 NA NA NA NA NA 

Basal-like_Neg 
Pred Value 

100 100 99.97 100 100 75 90 100 100 99.86 

Her2E_Neg Pred 
Value 

NA 99.44 99.87 96.5 99.22 100 100 99.53 96.77 100 

LumA_Neg Pred 
Value 

90 93.17 88.48 98.85 97.18 NA 100 98.32 100 32.75 

LumB_Neg Pred 
Value 

NA 88.57 93.19 79.86 75.19 95.83 95.65 69.73 82.35 98.54 

Normal-like_Neg 
Pred Value 

90.91 99.01 98.33 87.32 92.42 83.33 97.1 99.18 NA 92.37 

Basal-
like_Balanced 

Accuracy 
93.33 99.16 98.78 90.85 90.22 72.22 86.62 98.89 100 94.35 

Her2E_Balanced 
Accuracy 

NA 95.05 96.89 70.16 82.41 93.48 98.44 92.73 92.83 93.08 

LumA_Balanced 
Accuracy 

96.15 88.51 90.31 86.33 87.58 NA 99.25 87.15 91.89 79.07 

LumB_Balanced 
Accuracy 

NA 78.17 81.81 68.26 61.65 50 50 75.27 75 74.42 

Normal-
like_Balanced 

Accuracy 
50 60 52.47 54.35 54.35 50 50 50 NA 50 

AIMS vs. PAM50 

Performance GSE60
788 

GSE81
538 GSE96058 GSE250

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 
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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 92.47 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 

Performance GSE60
788 

GSE81
538 GSE96058 GSE250

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 
GSE
6078

8 

GSE81
538 

GSE96
058 

GSE250
66 

GSE
4199

8 

GSE51
280 

GSE
5847

9 

GSE9
2977 

Priedi
gkeit 

geica
m9906 

Basal-like_Sensitivity 77.78 85.96 72.22 55.03 83.64 94.74 93.44 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-
like_Sensitivity 

0 4.55 4 31.82 77.27 100 25 4.55 NA 15.62 

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 79.27 95.83 95.65 75.88 84.85 100 
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Normal-
like_Specificity 

90 98.96 98.4 87.72 97.67 95.24 98.46 99.55 100 92.71 

Basal-like_Pos Pred 
Value 

100 100 100 100 96.84 100 100 100 100 100 

Her2E_Pos Pred Value NA 88.89 94.81 43.33 85.71 100 60 87.5 88.89 61.11 
LumA_Pos Pred Value 76.92 69.82 72.39 82.28 97.14 NA NA 73.91 100 40.74 
LumB_Pos Pred Value NA 83.87 80.65 51.72 39.29 NA NA 64.66 58.33 100 
Normal-like_Pos Pred 

Value 
0 20 15 19.72 73.91 75 50 50 NA 8.06 

Basal-like_Neg Pred 
Value 

86.67 97.75 96.82 78.96 90.22 83.33 66.67 96.9 100 94.06 

Her2E_Neg Pred 
Value 

95.45 91.06 93.79 94.98 93.75 95.65 98.44 88.26 100 79.52 

LumA_Neg Pred 
Value 

100 99.45 99.34 91.43 89 NA NA 92.21 83.78 100 

LumB_Neg Pred 
Value 

NA 91.35 89.52 99.17 100 NA NA 99.23 100 70.63 

Normal-like_Neg Pred 
Value 

90 94.75 93.55 93.14 98.05 100 95.52 91.39 NA 96.41 

Basal-like_Balanced 
Accuracy 

88.89 92.98 86.11 77.51 90.93 97.37 96.72 87.04 100 66.43 

Her2E_Balanced 
Accuracy 

50 74.03 70.85 65.76 62.85 75 85.96 66.59 98.44 52.61 

LumA_Balanced 
Accuracy 

87.5 86.23 80.71 86.6 86.83 NA NA 85.27 66.67 62.48 

LumB_Balanced 
Accuracy 

NA 84.64 78.57 89.94 89.63 NA NA 87.28 92.42 55.94 

Normal-like_Balanced 
Accuracy 

45 51.75 51.2 59.77 87.47 97.62 61.73 52.05 NA 54.17 

* 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  

PAM50 
MiniABS   

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 
(9.5%) 

268 
(7.9%) 

2385 
(70.0%) 

427 
(12.5%) 

5 
(0.1%) 

3409 

AIMS vs. PAM50 

PAM50 
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 
(9.8%) 

353 
(10.4%) 

1704 
(50.0%) 

403 
(11.8%) 

615 
(18.0%) 

3409 

PAM50 vs. PAM50(none) 

PAM50 
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 
(7.6%) 

154 
(4.5%) 

2351 
(69.0%) 

584 
(17.1%) 

60 
(1.8%) 

3409 

AIMS vs. PAM50(none) 

PAM50(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 
(9.8%) 

353 
(10.4%) 

1704 
(50.0%) 

403 
(11.8%) 

615 
(18.0%) 

3409 

MiniABS vs. PAM50(none) 

PAM50(none) 
MiniABS   

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 
(9.5%) 

268 
(7.9%) 

2385 
(70.0%) 

427 
(12.5%) 

5 
(0.1%) 

3409 

PAM50(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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