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Abstract    
 This study aimed to investigate the association between TP53 

gene mutations and copy number variations (CNAs) in certain 

TGF-β pathway genes and the impact overall survival in patients, 

using TCGA data (number of patients = 479). Fisher's exact tests 

revealed a statistically significant association between Tp53 

mutation and TGF_β pathway variant {odds ratio = 4.44, 95% 

confidence interval: 1.61–12.27, p = 0.005}. Fisher's exact tests 

revealed a statistically significant association among Tp53 mutation 

and TGF_β pathway variant (odds ratio=4.44, 95% confidence 

intermission: 1.61–12.27, p = 0.005)). Kaplan Meier survival 

analysis did not show any statistically significant difference in 

overall survival between patients with TP53 mutations and those 

without (p=0.692)), nor between those with TGF-β copy number 

variations and those without ((p = 0.162).  When patients were 

categorized into three groups (no TP53 mutation, TP53 mutation, 

and TP53 mutation with TGF-β copy number heterozygosity), the 

log-rank test was also not statistically significant (p = 0.373). 

Sensitivity analyses by tumor stage yielded consistent (p = 0.691 

and p = 0.145, respectively). Multivariable Cox regression 

confirmed that older age (HR = 1.04 per year, p < 0.001)) and 

progressive stage (Stage IV vs. I: HR = 5.78, p < 0.001) were 

independent predictors of inferior OS, while TP53 mutation (HR = 

1.08, p = 0.917) and TGF-β CNA (HR=1.38, p = 0.303) were not. 

In conclusion, although TP53 mutations are significantly associated 

with TGF-β pathway CNAs, neither alteration independently 

predicts OS in breast cancer after adjusting for age and stage. 

Keywords: TP53 mutations, TGF-β signalling Pathway, 

copy number alterations, Breast cancer, overall survival, 

prognostic biomarkers. 

Introduction  

 
   Breast cancer (BC) is one of the all-greatest common cancer types affecting. As a 

significant community health issue that effect millions of women annually (1). 

According to one more analysis published by the International Agency on cancer in 
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Nature Medicine on 24 February 2025, BC is estimated 1 in 20 women international 

will be diagnosed with breast cancer in their lifetime, and if current trends continue, 

there will be 3.2 million new breast cancer bags and 1.1million deaths yearly by 

(2050), with greatest impact on low HDI, countries (2). Breast cancer develops at the 

molecular level through activation of oncogenes such as HER2 and disruption of 

hormone receptor–related signaling pathways, leading to increased cell proliferation, 

apoptosis resistance, and alterations in the tumor microenvironment, which 

collectively influence disease progression and therapeutic (3). The TP53 gene 

functions as a key tumor suppressor by variable cells cycle, DNA repair, and 

apoptosis, and remains the most frequently mutated gene in human cancers. Such 

mutations lead to genomic instability, tumor progression, and treatment resistance, as 

evidenced by the co-occurrence of FKBP10 and TP53 mutations predicting poor 

forecast in triple_-negative breast cancer (4). The TGF-β (transforming growth 

factor-β) pathway plays a dual role in cancer. In the early stages, it acts as a tumor 

suppressor by inducing cell arrest and enhancing tumor resistance, and in the 

advanced stages, it transforms into a stimulator of cancer cell penetration via 

epithelial to-mesenchymal transition and supports the tumor microenvironment, 

which opens the door to new therapeutic strategies that precisely target this pathway 

(5). TP53 mutations are present in 26.5% off breast cancer tumors and are associated, 

by lower survival rates and a higher risk of disease recurrence (6). Complementarily, 

mapped the complex molecular interactions of the TGF-β pathway, demonstrating its 

central role in promoting epithelial–mesenchymal transition in metastatic breast 

cancer (7). Despite advances in the diagnosis and treatment of breast cancer, the 

molecular determinants of disease prognosis remain poorly understood. The TP53 

gene, a tumor suppressor gene, is theme to mutations in breast cancer. The altering 

growth factor beta (TGF-β) signaling pathway theatres a dual role in breast cancer, 

acting as a tumor suppressor in its early stages and promoting rapid tumor progression 

in advanced stages (8).  While the prognostic effects of TP53 mutation and TGF_β 

pathway variation have been studied separately, the evidence for their combined 

effect on patient survival is limited. Explaining the relationship between these 

molecular alterations could contribute to a better sympathetic of cancer biology and 

improve risk classification (9). Consequently, this study aims to investigate the 

association between TP53 mutation status and copy number alterations (CNA) in key 

TGF-β signaling pathway genes in breast cancer, and to evaluate their combined 

impact on overall survival (OS) using multivariate survival analysis of the Cancer 

Genome Atlas (TCGA) data.  

 

Literature review  

Epidemiology of breast cancer  

     Breast cancer epidemiology encompasses the study of solar, genetic, epigenetic, and 

environmental danger factor for the disease. Breast Cancer danger is elevated among rare 

syndromes with germline mutations, polygenic inheritance, family history, high breast 

density, and hormone therapy)10(. Triple-negative is responsible for more than 15-20% 

of breast cancer. The occurrence of this malignant tumour is cumulative in all regions of 

the world, but the uppermost incidence occurs in industrial countries )11 (. Population-

based studies of breast cancer aetiology focus on the distribution of breast cancer 

concerning various demographic variables, including geographic region, age, and ethnic 
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background. The scope is limited to contemporary descriptive and analytic epidemiology, 

prioritizing publicly available data with well-documented methods and classification 

criteria )12(. Despite many outstanding uncertainties in the aetiology of breast cancer as 

well as in the estimation of its incidence and mortality the lack of progress in limiting its 

spread indicates that current epidemiological strategies may have reached the bounds of 

their usefulness in this area )13(. 

Prognostic and Predictive Biomarkers in Breast cancer 

     Breast cancer is an unequal disease, and molecular sub-typing has revolutionized its 

classification, prognosis, and treatment. The most widely recognized system is based on 

gene expression profiling, which categorizes breast cancer into intrinsic sub-types )14(  . 

Biomarkers refer to biological molecules discovered in blood, other body fluid, or tissue 

that are indicative of a filterable or inflamed pathology)15(. In addition to tumour size, 

grade, and nodal status, biomarker status forms a valuable instrument in assessing breast 

cancer prognosis and predicting treatment sensitivity. Biomarkers play a crucial and 

valuable role at multiple levels of cancer management, such as in diagnosis, prognosis, 

treatment, and follow-up. Molecular marker panels provide the basis for robust extended 

biological classification of breast cancer with promising prognostic and therapeutic 

relevance )16(. A significant biological driver is the oestrogen receptor (ER). While 

certain tumours lack ER and other hormone receptors, ER-positive tumours can cause 

early or late recurrence many years after diagnosis  )17(. Based on distinct transcriptional 

profiles covering major patterns of disease, the following molecular subtypes of breast 

cancer can be identified. 

Role TP35 Mutation in Breast cancer Prognosis 

TP53 is the greatest frequently mutated genes in breast cancer, occurring in 

approximately 50% of cases, with a notably high incidence in HER2_positive tumours 

(18). Missense mutations within the DNA binding domain of TP53 correlate with reduced 

response charges and shorter progression free survival among patients receiving 

epidermal growth factor receptor (EFFR) TKIs  )19(. Its definitive role as a prognostic 

and predictive biomarker for triple -negative breast cancer has not yet been elucidated. 

Despite a lack of statistically significant prognostic value observed for recurrently 

mutated codons likely owing to limited sample size TP53 mutation imparts additional 

predictive information not captured by proliferation-based platforms  )20(. Integrating the 

results obtained in TP53 mutation analysis into certain gene expression assays is 

considered a promising way to improve prediction accuracy and detect disease in its early 

stages )21(. 

TGF_β Pathway Alterations in Breast Cancer 

  The TGF-β family comprises 33 multifunctional polypeptides that are involved in 

controlling proliferation, cell death, cell fate determination, differentiation, and 

homeostasis in both embryos and adults )22(. TGF-β controls the behaviour of the tumour 

cells, their stromal microenvironment, and systemic interactions in both growth-

suppressive and growth-promoting functions. The TGF-β cytokine subfamily includes 
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three isoforms: TGF-β1- TGF-β2 )23(. The transforming growth factor-beta (TGF-β) 

signaling pathway play a paradoxical role in breast cancer, acting as both a tumour 

suppressor in early stages and a promoter of metastasis, in advanced disease. 

Dysregulation of TGF-β signaling contributes to breast cancer progression, immune 

evasion, and therapeutic resistance )24(. TGF-β isoforms induce growth inhibition in 

most epithelial cells, act as tumour suppressors in the early stages of cancer, but can 

promote tumour progression after the acquisition of mutations that encourage 

carcinogenesis )25(. Inhibition of TGF-β signaling leads to a significant decrease in 

metastasis formation in patients with cancer, as TGF-β signalling exerts context-

dependent effects in breast cancer. In normal and pre-malignant cells, TGF_β inhibits 

proliferation by persuading cell cycle arrest (G1/s Phase) via upregulation of CDK 

inhibitors (e.g, p15, p21) )26(.  In advanced breast cancer, TGF-β promotes epithelial-

mesenchymal transition, attack, and metastasis by upregulating matrix metalloproteinases 

and suppressing immune surveillance )27(. 

Combined Genetic Alterations and Their Impact on Survival 

         Breast cancer is considered a genetically irregular disease, characterised by 

molecular changes than may affect diagnosis and response to treatment)28(. While 

individual mutations (TP53, PIK3CA, ESR1) have been extensively studied, emerging 

evidence suggests that co-occurring genetic alterations significantly impact clinical 

outcomes )29(. The molecular taxonomy of breast cancer has evolved from a subtype-

based classification to a more nuanced understanding of how interacting genetic 

alterations drive clinical outcomes )30(. As demonstrated by the TP53-PIK3CA 

interaction in TNBC, mutation combinations often have greater prognostic power than 

individual alterations (31). The Cancer Genome Atlas Network (2012) established that 

breast cancer comprises four major molecular subtypes with distinct mutation profiles: 

Luminal A (HR+/HER2-): Dominated by PIK3CA (45%), GATA3 (10%), and MAP3K1 

(7%) mutations (32). Luminal B (HR+/HER2+): Features TP53 (30%) and PIK3CA 

(30%) mutations with HER2 amplifications (33). HER2-enriched: Characterized by 

ERBB2 amplifications (80%) and TP53 mutations (75%). Basal-like/TNBC: Shows TP53 

mutations (80%), RB1 loss (20%), and BRCA1/2 alterations (15%) )34(. Recent multi-

omics studies reveal that interacting mutations, rather than single alterations, better 

predict clinical behavior. 

Current Gaps in Evidence Regarding TP53, TGF-β Interactions 

 The tumor suppressor gene TP53 and the transforming growing factor beta (TGF-β) 

signaling pathway plays critical roles in cellular processes for example apoptosis, cell 

cycle arrest, and tumor suppression. Their interactions remain incompletely understood. 

Emerging evidence suggests complex crosstalk between TP53 and TGF-β signaling 

)35(.  The interplay between TP53 (a critical tumor suppressor) and TGF-β (a dual-role 

signaling pathway in cancer) is complex and context-dependent in breast cancer. While 

some mechanisms have been elucidated, significant gaps remain in understanding their 

crosstalk and therapeutic implications )36(. The direct influence of TGF-β on the 

replication of breast cancer cells is modulated by the status of TP53, consequently 

affecting whether the cellular environment evolves towards a homeostatic state or one 

conducive to proliferation )37(. Previous investigations primarily focused on the 
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correlation between triple-negative breast cancer and the combined effects of TGF-β 

and mutant TP53 at a molecular level. Despite occasional contradictory findings arising 

in some clinical and in vivo research, a consensus regarding the downregulation of wild-

type TP53 by TGF-β is established )38(. The formation of telomeres serves as a crucial 

lengthening factor and constitutes a convergent focal point of interaction between wild-

type TP53 and TGF-β, pointing towards the potential operation of the alternative 

lengthening of telomeres (ALT) pathway in governing breast cancer proliferation  Figure 

1 shows the gene locations on the chromosomes (Figure. 1) )39(. It underscores the 

necessity for comprehensive elucidation of the molecular mechanisms underscoring 

TP53–TGF-β interactions to identify new therapeutic targets and comprehend essential 

interactions that guide breast cancer progression  )40(. 

 

Figure. 1: Genomic Distribution and Interactions of TP53 and TGF-β Pathway Genes 

in the Human Genome.  

 

Materials and Methods  
 

Data Source 

 

Data for this study were obtained from the TCGA Pan-Cancer Atlas Breast Cancer 

(BRCA) cohort via the cBioPortal for Cancer Genomics. The dataset initially included 

480 breast cancer patients. One patient was excluded due to missing information on the 

Neoplasm Disease Stage (American Joint Committee on Cancer Code, recorded as 'NA'), 

and an additional 17 patients were excluded because TP53 mutation data were missing 

(recorded as empty or NA). Consequently, a total of 462 patients were included in the 

final analysis. No other missing values were present in the remaining clinical or genomic 

variables; therefore, no imputation methods were applied. The dataset included clinical 

information, somatic mutation profiles, and copy number alteration (CNA) data for TP53 

and key TGF-β signaling pathway genes (TGFBR1, TGFBR2, SMAD4, SMAD3, 

TGFB1). Data were downloaded, cleaned, and merged to integrate clinical, mutation, and 

CNA variables for downstream analyses (41,42). Table. 1 displayed the most important 

previous published studies, while, Table 2 classifies breast cancer patients in the TCGA 

project based on TP53 and TGF-β pathway changes. 

 

Table. 1: Summary of key published studies reporting TP53 mutations in breast cancer 

patients using TCGA data 
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Key finding TP53 mutation 

frequency 

Sample size (n) Year Reference 

Identified molecular subtypes of 

breast cancer; TP53 mutations 

associated with aggressive subtypes 

(basal-like, HER2-enriched) 

~30% 825 2012 (43) 

TP53 is the most frequently mutated 

gene in human cancer, mutations 

correlate with deprived prognosis 

3,786 patients 

with TP53 

mutations 

10,225 (32 

cancer types) 

2019 (44) 

TP53 mutations related with worse 

survival in hormone receptor-

positive breast cancer (P = .042) 

Not specified 442 (HR+ breast 

cancer) 

2018 (45) 

TP53 is the most commonly mutated 

gene in breast cancer; linked to 

therapy resistance and poor survival 

~30% Comprehensive 

review 

2020 (46) 

TP53 mutations predict poor 

outcomes across all breast cancer 

subtypes 

Not specified Meta-analysis of 

multiple TCGA 

studies 

2024 (47) 

 
Table. 2: Classification of TCGA breast cancer patients based on TP53 and TGF-β 

pathway alterations 

 
Patient group Number of patients (n) Supporting references 

TP53 mutation only Determined from TCGA data (45) 

TGF-β pathway alteration only Determined from TCGA data (48) 

TP53 & TGF-β co-alteration Determined from TCGA data )47) 

Source: Prepared by the authors based on analysis of TCGA data and literature. 

 

Statistical Analysis 

 

Patients were classified into three groups: (1) TP53 mutation, (2) TP53 mutation with 

TGF-β copy number alteration, and (3) no TP53 mutation. Overall survival was assessed 

using the Kaplan Meier method, and alteration between groups were assessed using the 

two-tailed Log-Rank test. Univariate and multivariate Cox proportional hazards reversion 

models were also applied to examine the associations between TP53 mutation status, 

TGF-β copy number alteration status, and overall survival rates, after adjusting for age 

and tumour stage.  Hazard ratios (ER) with corresponding 95% confidence intervals (CI) 

were calculated, and arithmetical significance was distinct as P < 0.05. Cases with missing 

morals for key variables were excluded from the relevant analyses. Additionally, Fisher’s 

Exact Test was used to assess the association between TP53 mutation status and TGF-β 

CNA status. All statistical analyses were performed in R software (version 4.4.2; released 

2024-10-31, ucrt) and IBM SPSS Statistics (Version 27) using the survival and survminer 

packages. To evaluate the robustness of the survival findings, a sensitivity analysis was 

conducted by stratifying patients according to tumor stage. into early stages, (I & II) and 

late stages ((III & IV). Within each stratum, overall survival was assessed using the 

Kaplan Meier method, and differences between TP53/TGF-β alteration groups were 

tested using the two-sided log-rank test. The number of patients at risk was displayed for 

each time point, and p- values < 0.05 were considered statistically significant (49). 
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Results 

To evaluate the prognostic significance of TP53 mutations and copy number alterations 

(CNAs) in the TGF-β signaling pathway, we performed Kaplan‑Meier survival analysis 

with log‑rank tests, univariable and multivariable Cox regression, and Fisher’s exact 

test. Sensitivity analyses stratified by tumor stage were also conducted (Figure. 2 & 

Table.3).  

 
Figure. 2: Kaplan-Meier curves for overall survival according to TP53 gene 

expression levels. 

Table. 3: Number of patients at risk over time according to TP53 mutation status 

 

 

 

 

Patients with mutant TP53 presented a slightly higher survival rate likened to those with 

wild-type TP53. The hazard ratio for mutant versus wild-type was 1.10 (95% confidence 

interval: 0.78–1.55). However, this difference did not reach statistical significance (Log-

rank p = 0.692; Gehan-Breslow p = 0.692) (Figure.3).  

The solid line represents patients without any CNA in TGF-β pathway genes (n = 136), 

and the dashed line represents patients with at least one CNA (n = 326). Censored patients 

are indicated by tick marks. The median survival was not reached in the no-CNA group 

and was 113.8 months in the CNA group. The log-rank test showed no statistically 

significant difference between the two groups (χ² = 1.954, do = 1, p = 0.162)  (Table. 4 & 

Figure. 4).  

The solid line suggests patients with TP53 mutation only (n = 136), and the dashed line 

represents patients with both TP53 mutation and TGFB1 CNA (n = 326). The log-rank 

test presented no statistically significant change between the two groups (p = 0.162) 

(Figure. 5).  

Time (months) 0 50 100 150 200 

Wild-type TP53 372 350 280 150 40 

Mutant TP53 90 85 70 40 10 
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Figure. 3: Kaplan–Meier survival curves for overall survival according to TGF-β 

pathway copy number alteration (CNA) status. 

       

    

Table. 4: Number of patients at risk over time 

 
Time (months) 0 50 100 150 200 

No CNA 136 55 12 4 1 

Any CNA 326 98 34 7 3 

 

 
 

Figure. 4: Kaplan Meier survival curves for general survival according toTP53 

mutation and TGFB1 copy number alteration (CNA) status. 
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Figure. 5: Overall survival by combined TP53 mutation and TGF-β pathway copy 

number alteration (CNA) status.  

 

Kaplan–Meier survival curves for three patient groups: no TP53 mutation (n = 17), 

TP53 mutation only (n = 136), and TP53 mutation with concurrent TGF-β pathway 

CNA (n = 326). The log-rank test presented no statistically significant difference 

amongst the three collections (χ² = 1.973, df = 2, p = 0.373) (Table.5& 6).  

 

Table. 5: Number of patients at risk over time 

 
Time (months) 0 50 100 150 200 

No TP53 mutation 17 5 2 0 0 

TP53 mutation only 136 55 12 4 1 

TP53 + TGFb CNA 326 98 34 7 4 

 

Table. 6: Univariable Cox proportional hazards regression analysis for overall 

survival in TCGA BRCA cohort 
Variable HR 95% CI p-value Significant Events (%) 

TP53_mut_bin 1.08 0.26 - 4.43 0.917 No 66 (13.8%) 

 

Hazard ratios (HR) with 95% confidence intervals (CI) are shown. A p-value < 0.05 

was careful statistically significant. Age and higher tumour stages (IV, Unknown) 

were significantly associated with worse overall survival, whereas TP53 mutation 

and TGF-β CNA status did not reach statistical significance (Table.7 & 8).  

 

Table. 7: Multivariable Cox relative hazards regression analysis for general survival 

in TCGA BRCA cohort. 

 
Variable HR 95% CI p-value Significant 

TGFb_CNA_bin 1.38 [0.75 - 2.55] 0.303 No 

AGE 1.04 [1.02 - 1.06] <0.001 Yes 

STAGE_simpleII 1.35 [0.63 - 2.93] 0.441 No 

STAGE_simpleIII 1.98 [0.85 - 4.59] 0.111 No 

STAGE_simpleIV 5.78 [2.24 - 14.94] <0.001 Yes 

Note: Total number of patients = 479, events = 66 (13.8%). Cases with unknown stage were excluded 

from the analysis. 
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Table. 8: Association between TP53 mutation status and TGF-β pathway copy 

number alterations (CNA) in breast cancer patients (TCGA-BRCA cohort) 

 
TP53 mutation status No TGF-β CNA 

(n=143) 
Any TGF-β CNA 

(n=326) 
Total  

Wild-type (n=17) 11 (64.7%) 6 (35.3%) 17 
Mutant (n=462) 132 (28.6%) 320 (70.8%) 452 
Total 143 (30.5%) 326 (69.5%) 469 

Statistical test: Fisher's exact test (two-sided) 

p-value: 0.005  

Odds Ratio (OR): 4.44 (95% CI: 1.61 – 12.27) 

 

Note: Data are presented as counts (row percentages). Fisher's exact test revealed a 

statistically significant association between TP53 mutation status and TGF-β pathway 

copy number alterations (p = 0.005). Patients with TP53 mutations were approximately 

4.4 times more likely to harbor a TGF-β pathway CNA compared to those with wild‑type 

TP53 (OR = 4.44, 95% CI: 1.61–12.27). One case (0.2%) with missing data was excluded 

from the analysis (Figure. 6), Kaplan–Meier survival curves for early-stage breast cancer 

patients (Stages I–II).  

 

 

Figure. 6: Kaplan–Meier survival curves for early-stage breast cancer patients (Stages I–

II) 

The Kaplan-Meier plot shows the survival rates of early-stage breast cancer patients 

(stages I and II), categorized into three groups: no TP53 mutation, TP53 mutation, and 

TP53 mutation with altered TGF-β copy number. The curves show significant overlap, 

and the log-rank test indicates no statistically significant difference in survival rates 

between the groups. Survival probabilities remained relatively high for many groups 

throughout the follow-up period, reflecting the favourable prognosis associated with 

early-stage disease (Figure.7), that displayed Kaplan–Meier survival curves for late-stage 

breast cancer patients (Stages III–IV).  
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Figure. 7: Kaplan–Meier survival curves for late-stage breast cancer patients (Stages III–

IV) 

The Kaplan-Meier survival chart for advanced-stage breast cancer (stages III and IV) 

categorized patients into three groups: no TP53 mutation, TP53 mutation, and TP53 

mutation with TGF-β copy number alteration. All groups showed a significant decline in 

survival over time. While the TP53 mutation group with TGF-β copy number alteration 

appeared to have slightly worse outcomes, the differences between the groups were not 

statistically significant. These results suggest that tumor stage at diagnosis remains a 

major prognostic factor, potentially overriding the impact of these TP53 and TGF-β gene 

alterations in the later stages of the disease. 

 

Discussion 
 

     In this study, we examined the association between TP53 mutations and copy number 

alterations (CNAs) in TGF-β signaling pathway and their impact on overall survival in 

breast cancer using data from the TCGA-BRCA cohort.  Biological association Fisher’s 

exact test revealed a statistically significant association between TP53 mutation status 

and TGF-β pathway CNAs (OR = 4.44, 95% CI: 1.61–12.27, p = 0.005). This suggests 

that TP53-mutated tumors are more likely to harbor concurrent CNAs in TGF-β pathway 

genes, possibly due to the genomic instability induced by mutant TP53 (50). The strong 

association between TP53 mutations and TGF-β pathway CNAs (OR = 4.44, p = 0.005) 

is consistent with the findings of (51), who demonstrated that TP53-mutant tumors exhibit 

widespread CNAs and that such alterations occur spontaneously in TP53‑null mouse 

models. This suggests that TP53 mutations may create a permissive genomic environment 

for the acquisition of CNAs in TGF-β pathway genes. 

Survival analyses. This biological association, Kaplan–Meier and Cox regression 

analyses showed no statistically significant difference in overall survival between patients 

with or without TP53 mutations or between the other analyzed groups. All log-rank p-

values were > 0.05.  For instance, one study demonstrated that in HR+/HER2- and 

HER2+ breast cancer subtypes, there was no statistically significant difference in overall 

survival between TP53-mutant and wild-type cases, with p-values of 0.585 and 0.07, 

respectively (52). Similarly, other studies have found no significant prognostic impact of 

TP53 mutations on survival in certain patient subgroups, with Kaplan-Meier curves 

showing non-significant differences (53). This supports the notion that the prognostic 
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value of TP53 mutations is complex and may be subtype-dependent, which could explain 

the lack of a significant effect in our primary analyses. Independent prognostic factors: 

Multivariable Cox regression confirmed that only older age (HR = 1.04 per year, p<0.001) 

and advanced tumor stage (Stage IV vs. I, HR = 5.78, p < 0.001) were independent 

predictors of inferior overall survival. Neither TP53 mutation nor TGF-β CNA retained 

prognostic significance after adjustment for clinical covariates. 

Interpretation of discrepancies. The apparent discrepancy between TP53's strong 

association with TGF-β CNAs and the lack of survival impact can be explained by several 

factors. First, the low number of events (66 deaths out of 479 patients) limited statistical 

power to detect modest effect sizes. Second, effective adjuvant therapies may mitigate 

the prognostic impact of these genetic alterations. Third, the association between TP53 

and TGF-β CNAs may reflect genomic co-occurrence rather than a functional interaction 

that directly influences survival. Fourth, the relatively short follow-up time in the TCGA 

dataset may not capture late recurrences or differences in long-term survival (47). 

Compared with previous studies, our results are consistent with numerous TCGA studies 

indicating that TP53 mutations are related with aggressive tumor patterns, but their effect 

is not independently consistent on survival after adjusting for disease stage and treatment 

(45).  Changes in the TGF-β pathway remain controversial; no studies have shown any 

association with survival as reported in reference (23), and it has been shown that the role 

of TGF-β is contradictory in breast cancer, as it turns from an inhibitor of growth to an 

inducer of it as the disease progresses, which may explain the conflicting results in the 

scientific literature [48].  The lack of a significant effect on survival rate in our analysis 

does not preclude the possibility that specific types of copy number changes such as 

amplification versus deletion, as well as specific genetic changes such as TGFB1 alone, 

may have predictive value in selected subgroups.   

 

Conclusions  
 

       The attendance of TP53gene mutations is closely related with copy number variation 

in the TGF-β pathway; however, neither of these variations independently predicts overall 

survival in breast cancer patients after adjusting for age and disease stage. Future studies 

should validate these findings in independent cohorts, explore the effects specific to each 

subtype, and integrate multiple data sets to healthier understand the functional 

interactions between TP53 and TGF-β signaling. 
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