
0.694

0.696

0.698

0.739

0.583

0.812

0.537

0.68

0.831

0.696

0.656

0.673

0.641

0.589

0.715

0.654

0.631

0.679

0.682

0.628

0.637

0.648

0.617

0.689

0.695

0.648

0.571

Year Year Year

0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8

GSE11121

TRANSBIG

GSE58112

GSE131769

GSE86166

GSE20685

GSE96058

GSE202203

AUC

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+ + ++

+++++++++++ +

+
+ +

++
+ +

+

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ +
++++++ +

+++ + ++ + + ++ + +
++

+ + + +

p < 0.0001
rank

0.00

0.25

0.50

0.75

1.00

0 1 2 3 4 5 6 7 8 9 10
Time in Year

Su
rv

iv
al

 p
ro

ba
bi

lit
y

Strata + +high low

419 335 205 139 100 71 56 35 31 20 15 9 5 4 2 2 2 2 1 1 1 1 1 1

657 583 393 297 230 180 141 104 74 41 26 20 14 14 12 10 9 9 8 7 5 4 2 1low

high

0 1 2 3 4 5 6 7 8 9 10
Time in Year

Number at

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

+ + ++ ++ +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

p < 0.0001
rank

0.00

0.25

0.50

0.75

1.00

0 1 2 3 4 5 6 7 8
Time in Year

Su
rv

iv
al

 p
ro

ba
bi

lit
y

Strata + +high low

1133 1114 1073 1025 988 866 609 355 146

2073 2064 2033 1994 1953 1625 1196 720 282low

high

0 1 2 3 4 5 6 7 8
Time in Year

Number at

+
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

+++++++++++++++++++

+ + +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

p < 0.0001
rank

0.00

0.25

0.50

0.75

1.00

0 1 2 3 4 5 6
Time in Year

Su
rv

iv
al

 p
ro

ba
bi

lit
y

Strata + +high low

1304 1283 1233 1084 782 474 189

2105 2096 2069 1748 1275 757 296low

high

0 1 2 3 4 5 6
Time in Year

Number at

+

+
+++ +++ +++++++++ + ++ +++ + ++++++++++++

+++++++++ + + +

+ ++++++ +++ ++++++++++++++++++++++++++++++++++++++++++++++++++ ++++++++++++ +

p = 0.025
rank

0.00

0.25

0.50

0.75

1.00

0 1 2 3 4 5 6 7 8 9 10
Time in Year

Su
rv

iv
al

 p
ro

ba
bi

lit
y

Strata + +high low

127 125 116 111 105 99 90 76 65 56 47 35 10 3 1

200 198 191 184 179 172 155 124 108 84 55 36 18 6 1low

high

0 1 2 3 4 5 6 7 8 9 10
Time in Year

Number at

+ ++
+ + + +++

++++
+++ ++++++++++++++++++++++++++++++++++++++++++++ ++++ +++

+ + +
++

++ + +
++ ++++ + +

+

+ + + + +++++ ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ ++++ ++ +
++++++

+
+

+++++
+

++ ++++ ++

+

p = 0.012
rank

0.00

0.25

0.50

0.75

1.00

0 1 2 3 4 5 6 7 8 9 10
Time in Year

Su
rv

iv
al

 p
ro

ba
bi

lit
y

Strata + +high low

130 126 114 104 91 65 47 32 29 24 21 20 17 14 9 4 2 1

200 192 186 176 156 123 82 52 38 34 30 23 21 15 13 10 6 4low

high

0 1 2 3 4 5 6 7 8 9 10
Time in Year

Number at

+ + ++ +++++ +++++
++++++++++ + ++ ++++++++++++++++++++++++ +

++++++++++ +++++++++++++++++++++++++++++++

+ ++ + ++ + + + +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ +++++++++++++++++
++++++++++++++++++++++++++ ++

p = 0.0037
rank

0.00

0.25

0.50

0.75

1.00

0 1 2 3 4 5 6 7 8 9 10
Time in Year

Su
rv

iv
al

 p
ro

ba
bi

lit
y

Strata + +high low

118 115 109 103 98 92 83 78 74 64 43 23 8

180 179 175 170 163 150 127 95 75 61 46 25 11low

high

0 1 2 3 4 5 6 7 8 9 10
Time in Year

Number at

+
+

+
+

+ ++
+++ ++ + +++ ++ + + +

+
+

+ +++
+++++ + ++ ++++++++ ++ + ++++++++ + ++++ +++++ ++

p = 0.021
rank

0.00

0.25

0.50

0.75

1.00

0 1 2 3 4 5 6 7 8 9 10
Time in Year

Su
rv

iv
al

 p
ro

ba
bi

lit
y

Strata + +high low

39 38 33 26 21 17 14 11 8 6 4

68 66 64 57 52 43 33 27 20 15 11low

high

0 1 2 3 4 5 6 7 8 9 10
Time in Year

Number at

+ ++
+ +

+ +
+ + +

+
++ + + + +++ ++

+ +++ ++
+++++++

p = 0.003
rank

0.00

0.25

0.50

0.75

1.00

0 1 2 3 4 5 6 7 8 9 10
Time in Year

Su
rv

iv
al

 p
ro

ba
bi

lit
y

Strata + +high low

82 81 77 74 68 64 58 56 53 52 49

116 116 116 110 108 102 99 97 91 87 79low

high

0 1 2 3 4 5 6 7 8 9 10
Time in Year

Number at

++

+ ++ ++ +++ ++ ++++ + ++ + + ++++++ +

+ + ++ + + + + ++ + +++++++++++++++++++++++++++++++ ++
++ ++++++++++

p = 0.37
rank

0.00

0.25

0.50

0.75

1.00

0 1 2 3 4 5 6 7 8 9 10
Time in Year

Su
rv

iv
al

 p
ro

ba
bi

lit
y

Strata + +high low

69 64 58 55 52 50 46 40 33 29 22

131 127 121 116 107 103 84 67 53 47 38low

high

0 1 2 3 4 5 6 7 8 9 10
Time in Year

Number at

TCGA-BRCA

GSE202203

GSE96058

GSE20685

GSE86166

GSE58112

TRANSBIG

GSE131769 GSE11121

A

B

Figure S1. Evaluation of CMRS in 9 cohorts. (A) Kaplan-Meier curves of the CMRS in 9 cohorts. (B) Time-dependent ROC analysis for predicting 
OS at 1, 3, and 5 years.
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Figure S2. Prognostic characters of CMRS. (A) Forest plot illustrates the results of univariate and multivariate analyses, detailing hazard ratios (HR), 
95% confidence intervals (CI), and p-values for various prognostic factors, providing a statistical view on the impact of these factors on patient 
outcomes. (B) A nomogram for predicting patient survival based on prognostic factors such as CMRS, stage, and age is shown; here, points are 
assigned to each factor, summed to a total, with corresponding survival probabilities indicated for different time frames (1, 3, and 5 years), offering 
a personalized survival prediction tool. (C) The calibration curve for the nomogram plots the nomogram-predicted survival probabilities on the x-axis 
against the observed survival rates at 1, 3, and 5 years on the y-axis, serving as a validation tool for the nomogram's accuracy. (D) Decision curve 
analysis (DCA) is displayed, showing the net benefit across a range of threshold probabilities for three different strategies: treating all patients, 
treating none, or using the CMRS score to guide treatment decisions, helping to evaluate the clinical usefulness of the CMRS score in making 
treatment decisions. (E) Receiver operating characteristic (ROC) curves for various factors used in the nomogram demonstrate the trade-off between 
sensitivity and specificity for predicting patient outcomes, aiding in assessing the predictive performance of the nomogram. (F) A kernel-smoothing 
hazard function plot estimates the recurrence rate for different CMRS subgroups, providing insights into the risk dynamics within these subgroups 
over time.
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Figure S3. Comprehensive single-cell profiling of breast cancer. (A) A UMAP visualization illustrates the distribution of single cells from multiple 
breast cancer patients. (B) UMAP plot categorizes tissue type, with red dots representing tumor cells and blue dots indicating cells from normal 
tissue. (C) A bar graph displays the number of cells per cluster identified in the dataset, with the largest bar representing epithelial cells, indicating 
the prevalence of this cell type in the samples. (D) A stacked bar chart shows the proportion of different cell types found in individual patients, 
illustrating the variability in cellular composition between patients. (E) UMAP plots each highlight the density of specific marker genes across cells, 
providing insights into the expression patterns that may define cell function or status. (F) Inferring cancer cell using inferCNV. (G) A volcano plot 
illustrates differential gene expression across specific cell types, with genes that are significantly upregulated shown in red and downregulated in 
blue. Labels identify some of the most differentially expressed genes, offering clues to their potential roles in cancer biology. (H) A dot plot matrix 
reveals the probable involvement in specific biological processes of genes that are differentially expressed among each cell type, linking gene 
expression patterns to potential functional implications.
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Figure S4. Transcription factor activity correlation and contribution analysis in cell types. (A) UMAP projections categorize samples by transcrip-
tion factor activity, revealing distinct cell types based on their transcriptional profiles, aiding in the identification of unique cellular behaviors and 
properties. (B) Illustrates the contribution of different transcription factor groups to CMRS, with significant transcription factors highlighted and 
ranked based on their RSS, showcasing their regulatory impact on gene expression particularly in epithelial cells.
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