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Unveiling Survival Signatures: 
Assessing Contributions of Transcriptional Outliers on Breast Cancer Survival 

Conclusion
• ER and PR status became increasingly negative with increasing outlier gene count.
• HER2 status became increasingly positive with increasing outlier gene count).
• METABRIC displayed reduced survival probability with increasing outlier gene count early 

post-diagnosis. TCGA had limited follow-up, requiring further investigation. 
• Both diagnosis age and radiation therapy showed significant associations with survival in METABRIC 

covariate-adjusted Cox models, while diagnosis age was significantly associated in TCGA. 
• METABRIC revealed significant outlier genes post-FDR correction. Limited significant outliers in 

TCGA; longer follow-up may clarify. 
•  Future endeavors include exploration of outlier genes' survival patterns in other cancer types for 

pan-cancer insight generation, as well as replication of survival analyses  in cohorts with extended 
patient follow-up.
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Introduction | Abstract
Despite their potential as prognostic biomarkers and therapeutic 
targets, outlier genes with unique expression patterns in cancer 
have not been comprehensively characterized in the context of 
patient survival. The integration of outlier gene signatures with 
clinical measurements enables more nuanced profiling of 
tumor-specific heterogeneity.  Leveraging TCGA RNA-Seq and 
METABRIC microarray data, we constructed univariate and 
multivariate Cox proportional hazards models to investigate the 
impact of outlier genes on patient survival.  Our findings shed 
light on the role of outlier genes as proxies for patient survival, 
demonstrating their relevance in characterizing breast cancer 
survival patterns. Exploration of clinical variables in association 
with outlier genes and their molecular mechanisms can unveil 
avenues for therapeutic interventions targeting tumor-specific 
transcriptional variations. Future endeavors include an  
extension of this methodology across cancer types and 
advancing pattern identification in pan-cancer outlier 
contributions for clinical and molecular data.
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Methods | Schematic Workflow
Methods / Schematic Workflow 
TCGA-BRCA Dataset: 
● RNA-seq data from n = 1085 breast cancer patients, with 

1187 identified outlier genes
● RNA abundance levels represented as Fragments Per 

Kilobase Million (FPKM)
METABRIC Dataset: 
● Microarray data from n = 1991 breast cancer patients, with 

4782 identified outlier genes 
● RNA abundance levels represented as probe intensity values

Clinical Variable Correlation

FIGURE 4. Relationship Between TCGA-BRCA & METABRIC Clinical Variables and Outlier Gene Count
A-C) Relationship Between METABRIC Hormone Receptor Status and Outlier Gene Count. Contingency Tables 
displaying the relationship between: A) Human epidermal growth factor receptor 2 (HER2) and Outlier Gene Count 
B) Estrogen receptor (ER) and Outlier Gene Count C) Progesterone receptor (PR) and Outlier Gene Count
Statistical significance was assessed using Pearson's Chi-Square Test, using significance level ɑ = 0.05. D) TCGA- 
BRCA - MSI Sensor Score per Outlier Group (lower accuracy) E) TCGA-BRCA - MSI Mantis Score per Outlier Group 
(higher accuracy) F) TCGA-BRCA - Fraction of Genome Altered per Outlier Group G) METABRIC - Tumor Size per 
Outlier Group
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Survival Analysis: Outlier Gene Count and Molecular Subtype

FIGURE 6. Kaplan-Meier 
Survival Curves and Cox 
Proportional Hazards Models 
Stratified by Outlier Count
[Significance Level: ɑ = 0.05]
A) TCGA-BRCA: Kaplan-Meier 

survival curves and log-rank 
test comparison for outlier 
strata 

B) METABRIC: Kaplan-Meier 
survival curves and log-rank 
test comparison for outlier 
strata

C) CoxPH Model Forest Plot 
for TCGA-BRCA
Covariates: age, radiation 
therapy, prior diagnosis 

D) CoxPH Model Forest Plot 
for METABRIC
Covariates: age, radiation 
therapy

 

FIGURE 5. Kaplan-Meier 
Survival Curves Stratified 
by PAM50 Molecular 
Cancer Subtype 
[Significance Level: ɑ = 0.05]
A) TCGA-BRCA: 

Kaplan-Meier survival 
curves and log-rank test 
comparison for subtype 
strata

B)  METABRIC: 
Kaplan-Meier survival 
curves and log-rank test 
comparison for subtype 
strata

TCGA-BRCA & METABRIC Outlier Landscape 

FIGURE 1. TCGA-BRCA Outlier Heat Map. Clustering of outliers by gene 
and patient

FIGURE 2. METABRIC Outlier Heat Map. Clustering of outliers by gene 
and patient  
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FIGURE 3. Contingency Matrices Displaying 
Outlier Count by Molecular Subtype. 
[Includes odds ratios, corresponding 
p-values, and row/column totals]
A) TCGA-BRCA: Subtypes = Normal, 

Luminal B, Luminal A, HER2, Basal
B) METABRIC: Subtypes = Normal, 

Claudin-low, Luminal B, Luminal A, 
HER2, Basal
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FIGURE 7. FDR-Adjusted 
P-Values from Gene-Wise 
Univariate Cox Proportional 
Hazards Modeling
Colour Key: 
{Grey: y ≤ -log₋₁₀(0.05)} 
{Blue:  x < 0, y > -log₁₀(0.05)}
{Red: x > 0, y > -log₁₀(0.05)}

[Significance level: ɑ = 0.05]

FIGURE 8. Comparison of 
TCGA-BRCA and METABRIC 
Unadjusted P-Values and 
Log-Transformed Hazard 
Ratios
[Displayed with overlaid y = x 
line]


