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Figure S1. The analysis of 25 genes related to senescence in breast cancer.  

(A) The network analysis was performed to reveal the interactions among these 25 

genes in elderly breast cancer. Genes were grouped into four clusters (hcluster) based 

on their expression, with red lines indicate positive correlations and blue lines indicate 

negative correlations. The size of the circles reflects the P value representing the impact 

of the genes on patient survival. Two genes, HSPA8 and UBC, clustered together, while 

the remaining genes were distributed among three other clusters. (B) Displaying the 

expression levels of the 25 genes in both elderly breast cancer and normal samples. P 

value were determined using Student’s t-test, with blue representing normal sample 

expression and red representing tumor sample expression. (C) Analysis of single 

nucleotide variations (SNVs) in the 25 senescence genes among 445 elderly breast 

cancer patients. (D) Co-occurrence analysis of genetic alterations in the 25 senescence 

genes among 445 elderly breast cancer patients. There are significant co-mutations 

between MDM2 and MAPKAPK5, as well as HMGA2 and CCNA2. (E) Univariate 

Cox analysis of the expression of the 25 senescence genes. HSPA8 and E2F2 were 

negatively correlated with patient survival, with a hazard ratio greater than 1 and 

statistical significance. *P < 0.01, ** P < 0.001, *** P < 0.0001, **** P < 0.00001. 

 

Figure S2. Unsupervised clustering analysis displays two distinct senescent 

clusters in elderly breast cancer. 

(A) The ConsensusClusterPlus R package was used to calculate the optimal cutoff 

values for patients. Consistency Matrix (CM) plots values from white to blue on a color 



scale for different K values. (B-H) Consensus matrix heatmaps represent sample 

matrices where values range from 0 to 1, indicating the likelihood of belonging to the 

same cluster, with colors from white to dark blue. (I) Consensus cumulative distribution 

function (CDF) plots use histograms with 100 bins to calculate cumulative distributions 

for each K corresponding to the consensus matrix. CDF plots help determine the 

optimal K value. (J) Delta area plot compares the relative changes in the area under the 

curve of the CDF between K and K-1. Points with minimal increase were selected as 

the optimal K value; in this case, K=2 was chosen. (K) Tracking plots show samples 

(rows) across different K values (columns) using heatmaps, allowing qualitative 

assessment of unstable clustering and sample stability. (L) PCA reduction of 25 

senescence genes in 513 elderly breast cancer patients. Red represents Cluster1, and 

blue represents Cluster2.  

 

Figure S3. Two senescent clusters show different gene enrichment pathways.  

 (A) Univariate Cox analysis of patient information (Gender, Stage, ER, PR, HER-2, 

and Cluster) (B) Multivariate Cox analysis of patient information (Gender, Stage, ER, 

PR, HER-2, and Cluster). (D-E) Illustrate the differential Gene Set Enrichment 

Analysis (GSEA) between Cluster1 and Cluster2.  

 

Figure S4. Construction of the Sene_Signature model.  

(A) Model Comparison: We conducted a comprehensive evaluation of machine 

learning models using accuracy parameters such as AUC, MCC, F1 score, recall, and 



Positive predictive value (PPV). (B) Discrepancies in survival outcomes between the 

senescence score model and single genes, risk scores, and biological pathway 

enrichment scores. 

 

Figure S5. Sene_Signature score associated with clinical features. 

(A-B) Lollipop chart showing the correlation between 25 senescence genes and 

senescence scores in the TCGA (A) and METRBIC (B) data. The smaller the P value, 

the redder the color, and the size of the circle maps to the size of the correlation. (C) 

The Recurrence-Free Survival differences between the high and low evaluation groups 

in the GSE2990 dataset. (D) The sample information table is represented by the Sankey 

plot, which corresponds to cluster information, high and low scores, PAM50 typing 

information, and TMN tumor staging information. (E) The box chart of Sene_Signature 

difference between triple negative breast cancer and non-triple-negative breast cancer 

shows that there is significant difference between the two groups through Wilcoxon-

test. 

 

Figure S6. The correlation between Sene_Signature and genomic mutations 

(A) The box plot of TMB scores in the high and low scoring groups in METABRIC 

shows that red represents the high scoring group and blue represents the low scoring 

group (Student’s t-test). (B-C) Mutation information is provided for the top 20 genes 

with the highest number of mutations in high and low scoring patients in TCGA (B) 

and METABRIC (C). 



 

Figure S7. Identification of characteristic genes for the single-cell transcriptomic 

data. 

(A) Using the "FindAllMarkers" function to identify characteristic genes within 6 cell 

types from the single-cell transcriptomic data of 70 breast cancer patients. Columns 

represent cell types, rows represent genes, and the heatmap displays gene expression 

within each cell type. 

 

Figure S8. The relationship between Sene_Signature and tumor immune 

infiltration from scRNA-seq data. 

(A) Integration of 70 single-cell transcriptomic datasets, where different colors 

represent distinct patients. From the visual results, batch effects appear to have been 

removed. (B) UMAP dimensionality reduction results for the subdivision of T-cell 

subtypes, grouped into 12 clusters. (C) Mapping patient information onto the UMAP 

results for T-cell subtypes, with each color representing a different patient. No 

noticeable batch effects are observed in the data.  

 

Figure S9. Drug sensitivity analysis for 25 senescence-related genes.  

(A) The correlation between 25 senescence genes and drug IC50 was analyzed in the 

GDSC database, and the corresponding drug names were listed for the 25 genes. Red 

indicates that higher gene expression is associated with lower drug sensitivity, while 

blue indicates that higher gene expression is associated with greater drug sensitivity. 



Addition, larger circles represent more significant P value.  

 

Figure S10. Sene_Signature predicts drug sensitivity of elderly breast cancer.  

(A-B) Differential analysis of IC50 values between high and low Sene_Signature 

groups in elderly breast cancer patients from the TCGA (A) and METABRIC (B) 

datasets. (C-D) Correlation analysis was conducted between drug sensitivity 

predictions and Sene_Signature scores in the TCGA (C) and METABRIC (D) datasets.  

 

FigureS11. EGFR inhibitor sensitivity analysis in high and low Sene_Signature 

groups. 

(A) Eight breast cancer patients in GSE33658 predicted the high and low scores through 

the senescence model, and checked the patients' drug response to EGFR inhibitor 

Gefitinib.  
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A

B

Method AUC MCC F1Score Recall PPV

OneClassDetection 0.65330 0.2170231 0.5784314 0.7375 0.4758065 

GradientBoostingRegressor 0.63555 0.2161001 0.5573770 0.6375 0.4951456 

DecisionTreeRegressor 0.60975 0.2150721 0.5433526 0.5875 0.5053763 

KNeighborsRegressor 0.68885 0.2100731 0.5512821 0.5375 0.5657895 

LinearRegressor 0.61940 0.1896500 0.5502646 0.6500 0.4770642 

SupportVectorRegression 0.73080 0.1705952 0.3589744 0.2625 0.5675676 
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