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ABSTRACT

Introduction: Identifying clinical predictors of death and recurrence in breast cancer is essential for prognostic
stratification and individualized treatment. In cohorts with few events, conventional statistical methods are
inadequate, requiring penalized approaches such as Firth's regression. Objective: To identify clinical factors
associated with death and tumor recurrence in patients with invasive breast carcinoma in a hospital cohort,
using Firth's penalized logistic regression. Methods: Retrospective cohort study with 97 patients with confirmed
invasive breast carcinoma, excluding ductal carcinoma in situ. Univariate analysis used Fisher’s exact test. Firth's
penalized logistic regression models were fitted for death and recurrence, expressed as odds ratios (OR) with
95% Cl. Event concentration by subgroup was presented in a staging x T-component cross-table. Results: Six
deaths (6.2%) and 9 recurrences (9.3%) were recorded. Advanced staging (lll-IV) was strongly associated with
death (OR = 57.67; 95%Cl: 9.39-643.91; p < 0.001) and recurrence (OR = 73.29; 95%Cl: 14.05-544.21; p < 0.001).
T3-T4 component showed associations of similar magnitude. In a multivariable model for recurrence, staging -
IV maintained independent association (adjusted OR = 39.99; 95%Cl: 7.41-290.74; p < 0.001) after adjustment for
axillary approach and HER2. Patients with stage IlI-IV and T3-T4 tumors had death rates of 50% and recurrence
rates of 70%. The adjusted model ROC curve reached AUC = 0.942. Conclusion: Advanced clinical staging and T3-
T4 component are fundamental determinants of adverse prognosis in invasive breast carcinoma. Firth's penalized
logistic regression proved appropriate for analyzing rare outcomes in small cohorts.
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INTRODUCTION

Breast cancer represents the most common malignant neoplasm among women in Brazil and
worldwide, with a significant.impact on female morbidity and mortality. The prognosis of the
disease is multifactorial, being determined by clinical, histological, and molecular characteristics
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of the tumor, in addition to the extent of the disease at diagnosis. Early identification of factors
associated with death and recurrence is essential for risk stratification, individualization of
therapeutic strategies, and appropriate clinical follow-up."

From an epidemiological perspective, clinical stage at diagnosis is recognized as the main predictor
of overall survival in breast cancer. Patients diagnosed at early stages (I-1l) have five-year survival
rates close to 90%, while those with locally advanced (Ill) or metastatic (IV) disease have substantially
worse prognoses. In addition to staging, factors such as tumor size, axillary lymph node involvement,
histological grade, and molecular profile — especially the triple-negative subtype — are independent
predictors of recurrence and mortality widely documented in the literature.?

Conducting robust inferential analyses in small hospital cohorts poses relevant methodological
challenges. When the number of observed events is low, estimates obtained by conventional logistic
regression are susceptible to complete or quasi-complete separation bias, with consequent instability
of the coefficients and excessively wide confidence intervals. In these situations, Firth penalized logistic
regression is recommended because of its ability to produce unbiased estimates even in the presence
of data separation, being particularly suitable for studies with few events per covariate.?

The present study aimed to identify clinical factors associated with death and tumor recurrence
in patients with invasive breast carcinoma followed in a hospital cohort, using statistical methods
appropriate for samples with a low number of events.*

METHODS
Study Design and Population

A retrospective observational cohort study was conducted at a private referral hospital for
oncology in the state of Goias, in the Central-West region of Brazil. Patients with a histologically
confirmed diagnosis of invasive breast carcinoma were included. The following were excluded:
(1) cases of ductal carcinoma in situ (DCIS, stage 0), as they do not represent invasive disease; (2)
patients with missing essential clinical data. The final sample consisted of 97 patients.

Variables and Outcomes

The primary outcomes were death from any cause and tumor recurrence (local, regional, or
distant), both treated as binary variables. The explanatory variables included: clinical stage (I-Il
vs. llI-1V), T component of the TNM classification (T1-T2 vs. T3-T4), histological type (IDC, ILC,
inflammatory carcinoma, and others), tumor grade (G1 vs. G2-G3), axillary status (negative vs.
positive), molecular profile (HR-positive, HER2-positive, triple-negative subtype), and treatment
modalities performed (chemotherapy, hormone therapy, and radiotherapy).

Statistical Analysis

Descriptive analysis was performed using absolute and relative frequencies for categorical variables.
Univariate analysis used Fisher’s exact test to assess the association between clinical variables and the
outcomes, due to the small number of events. Variables with a statistically significant association or
potential clinical relevance were included in the regression models.

Firth penalized logistic regression models were fitted for both outcomes. This method reduces
estimation bias in situations of complete or quasi-complete separation of the data, a common condition
in datasets with few events. Results were expressed as odds ratios (ORs) with 95% confidence intervals
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(95% Cls). In an exploratory multivariable model for recurrence, stage, axillary status, and HER2 status
were included as covariates. The discriminatory ability of the models was assessed by the area under the
ROC curve (AUC). All analyses were performed using R software (version 4.x; R Foundation for Statistical
Computing, Vienna, Austria), with a significance level of 5%.

RESULTS
Sample Characteristics

A total of 97 patients with invasive breast carcinoma were included, after the exclusion of 2 cases
of DCIS. During follow-up, 6 deaths (6.2%) and 9 recurrences (9.3%) were recorded. The clinical
characteristics of the sample are presented in Table 1.

Table 1: Clinicopathological characteristics of the sample (n = 97).

Variable n %

Clinical Stage
-1 87 89.7
-1V 10 103
T component (TNM)

T1-T2 86 88.7

T3-T4 11 11.3
Histological type

Invasive ductal carcinoma (IDC) 80 825

Invasive lobular carcinoma (ILC) 7 72

Inflammatory carcinoma 2 2.1

Other subtypes 8 82

Tumor grade

Gl 14 14.4
G2 69 71.1
G3 14 14.4
Axillary approach
Negative 69 71.1
Positive 28 289
Molecular profile
HR-positive (ER or PR) 75 713
HER2-positive 19 19.6
Triple-negative subtype 15 15.5
Treatments performed
Chemotherapy 56 57.7
Neoadjuvant 32 33.0
Adjuvant 22 227
Hormone therapy 74 76.3
Radiotherapy 75 773
Outcomes
Death 6 6.2
Recurrence 9 9.3

IDC: invasive ductal carcinoma; ILC: invasive lobular carcinoma; HR: hormone receptors.
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Univariate Analysis — Fisher’'s Exact Test

In the univariate analysis for the outcome of death (Table 2), a statistically significant association was
observed with variables related to tumor extent: TNM risk, N component, clinical stage, T component,
and hormone therapy (all p <0.001), as well as chemotherapy (p = 0.036) and tumor grade (p = 0.043).
Axillary status (p = 0.052) and histological type (p = 0.083) showed borderline associations.

Table 2 : Fisher's exact test — association between clinical variables and death (n = 97).

TNM risk 97 <0.001
TNM N component 97 <0.001
Clinical stage 97 <0.001
TNM T component 97 <0.001
Hormone therapy 97 <0.001
Chemotherapy 97 0.036
Tumor grade 97 0.043
Axillary approach 97 0.052
Histological type 97 0.083
Reconstruction 97 0.481
Radiotherapy 97 0.621
Educational level 97 0.679
Family history 97 1.000
HER2 97 1.000

For the outcome of recurrence (Table 3), significant associations included the N component, TNM
risk, clinical stage, T component, hormone therapy, chemotherapy, and axillary status. HER2 showed a
borderline association (p = 0.066).

Table 3: Fisher's exact test — association between clinical variables and recurrence (n = 97).

TNM N component 97 <0.001
TNM risk 97 <0.001
Clinical stage 97 <0.001
TNM T component 97 <0.001
Hormone therapy 97 <0.001
Chemotherapy 97 0.009
Axillary approach 97 0.014
HER2 97 0.066
Tumor grade 97 0.135
Educational level 97 0.161
Histological type 97 0.368
Radiotherapy 97 0.430
Reconstruction 97 1.000
Family history 97 1.000

Firth Penalized Logistic Regression — Univariate Models
The univariate Firth models (Table 4) showed a strong association of stage IllI-IV with death (OR =
57.67; 95% Cl: 9.39-643.91; p < 0.001) and recurrence (OR = 73.29; 95% CI: 14.05-544.21; p < 0.001).
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The T3-T4 component showed associations of similar magnitude for both outcomes (death: OR = 49.36;
95% Cl: 8.24-539.63; p < 0.001; recurrence: OR = 57.67; 95% Cl: 11.70-395.81; p < 0.001). Regarding
histological type, the “Other” group (vs. IDC) was significantly associated with death (OR = 8.16; 95%
Cl: 1.53-44.22; p = 0.016), whereas ILC showed no significant difference for either outcome. The wide
confidence intervals reflect the small number of events.

Table 4: Firth Penalized Logistic Regression — Univariate Models for Death and Recurrence.

Outcome: Death

Clinical stage -1V vs -1 57.67 (9.39-643.91) <0.001
T component T3-T4 vs T1-T2 49.36 (8.24-539.63) <0.001
Histological type ILC vs IDC 1.48 (0.01-17.56) 0.811
Histological type Other vs IDC 8.16 (1.5344.22) 0.016

Outcome: Recurrence

Clinical stage -1V vs -1 73.29 (14.05-544.21) <0.001
T component T3-T4 vs T1-T2 57.67 (11.70-395.81) <0.001
Histological type ILC vs IDC 0.76 (0.01-7.66) 0.854
Histological type Other vs IDC 4.22 (0.88-17.90) 0.069

IDC: invasive ductal carcinoma; ILC: invasive lobular carcinoma; OR: odds ratio; 95% Cl: 95% confidence interval.

sty
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Figure 1: Forest plot of Firth penalized logistic regression models for the outcomes of death and recurrence (upper panel), and ROC
curves comparing the model with clinical stage alone (AUC = 0.872) versus the model adjusted for clinical stage, axillary approach, and
HER2 (AUC = 0.942; lower panel). The dashed line indicates OR = 1.

Exploratory Multivariable Model for Recurrence
In the multivariable model for recurrence (Table 5), stage IlI-IV remained strongly associated with
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the outcome after adjustment for axillary approach and HER2 status (adjusted OR = 39.99; 95% ClI:
7.41-290.74; p < 0.001). Positive axillary approach (OR = 2.01; 95% Cl: 0.27-12.74; p = 0.467) and HER2-
positive status (OR =2.62; 95% Cl: 0.35-19.21; p = 0.335) did not show statistically significant independent
associations after adjustment.

Table 5: Exploratory Multivariable Model (Firth Regression) — Predictors of Recurrence.

Clinical stage III-1V vs. -1 39.99 (7.41-290.74) <0.001
Positive axillary approach 2.01 (0.27-12.74) 0.467
HER2-positive status 2.62 (0;35-19.21) 0.335

OR: adjusted odds ratio; 95% Cl: 95% confidence interval.

Concentration of Events by Subgroup

Table 6 and Figure 2 present the distribution of death and recurrence according to the main
clinical subgroups. Patients with stage IlI-1V disease and T3-T4 tumors had death and recurrence
proportions of 50% (5/10) and 70% (7/10), respectively, compared with less than 2% for both
outcomes among patients with early-stage disease (stage I-Il, T1-T2). The concentration of events
in the triple-negative subgroup was also substantial — 26.7% for deaths and 33.3% for recurrences,
versus 2.4% and 4.9%, respectively, in the other subgroups.

Table 6: Proportion of Death and Recurrence According to Clinical Subgroups (n = 97).

Stage I-11 1(1.1) 2(2.3) <0.001
Stage M-IV 10 5(50.0) 7 (70.0) <0.001
T1-T2 86 1(1.2) 2(2.3) <0.001
T3-T4 11 5(45.5) 6 (54.5) <0.001
Negative axilla 69 1(1.4) 2(2.9 0.052/0.014
Positive axilla 28 5(17.9) 7 (25.0) 0.052/0.014
Triple-negative — No 82 2(2.4) 44.9) <0.001
Triple-negative — Yes 15 4 (26.7) 5(33.3) <0.001

*p-value by Fisher's exact test; values separated by a slash correspond to the p-value for death / p-value for recurrence, respectively.
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Estadamento dirico

Componento T do TNM

Figure 2: Proportion of death and recurrence according to clinical stage and the T component of the TNM system. The values in each
cell represent the proportion of events in the corresponding subgroup. A clear concentration of events was observed among patients
with stage IlI-1V disease and T3-T4 tumors.

DISCUSSION

The results of this study confirm the central role of clinical stage as the main prognostic determinant
in invasive breast carcinoma, with associations of large magnitude for both death and recurrence, which
were maintained after multivariable adjustment. Patients with stage IlI-IV disease had approximately
58- and 73-fold higher odds of death and recurrence, respectively, compared with patients with stage
I-1l disease — a finding consistent with the established oncology literature and biologically plausible,
given the greater tumor burden and therapeutic limitations inherent to advanced disease.”

The T component of the TNM system showed associations of similar magnitude to overall stage,
which is expected given the strong correlation between these two parameters. T3-T4 tumors, due to
their greater tumor volume and higher probability of lymph node involvement and distant spread, are
associated with poorer locoregional control and a higher risk of systemic recurrence. Cross-analysis
of clinical stage x T component revealed that adverse events were specifically concentrated in the
subgroup with both unfavorable factors: proportions of 50% for death and 70% for recurrence among
patients with stage llI-IV disease and T3-T4 tumors.®

The “Other” histological subtype showed a significant association with death (OR = 8.16; p = 0.016),
a result that warrants careful interpretation. This group is heterogeneous and includes Paget and
medullary carcinomas — subtypes with distinct prognoses. The wide confidence intervals observed
in the estimates for histological type reflect both the small number of events and the within-group
biological heterogeneity, limiting definitive conclusions.’

In the exploratory multivariable model for recurrence, stage IlI-IV remained independently associated
with the outcome after adjustment for axillary approach and HER2 status. The lack of statistical
significance for positive axillary approach and HER2 in the adjusted model does not imply a lack of
clinical relevance of these factors, but rather reflects the limited statistical power of this sample. With
only 9 recurrence events, the model’s ability to detect independent effects of additional covariates is
substantially reduced.®

The adjusted model achieved an AUC of 0.942 for predicting recurrence, suggesting excellent
discriminatory ability. However, this value should be interpreted with caution: in small samples with
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a low number of events, the AUC tends to be overestimated, and external validation of the model
would be necessary before any clinical application. The improvement in AUC from 0.872 (model with
clinical stage alone) to 0.942 (adjusted model) indicates that the inclusion of additional covariates adds
discriminatory value, although again subject to the limitations of the sample context.’

From a methodological perspective, the use of Firth penalized logistic regression was appropriate
for the context of this study. The quasi-complete separation of the data — resulting from the strong
association between advanced stage and the occurrence of events in a sample with few cases — would
render conventional logistic regression estimates unstable or even incalculable. The Firth method
addresses this problem by introducing a penalty into the likelihood function, producing estimates with
reduced bias even in situations of separation.

The main limitations of the study are the small sample size and the low number of events, which
impose restrictions on statistical power and the stability of multivariable estimates. The retrospective
nature of the study and its single-center setting limit the generalizability of the findings. Prospective
studies with larger series and prolonged follow-up are needed to confirm the identified associations
and to develop prognostic models with external validation.™

CONCLUSION

O estadiamento clinico avancado (llI-IV) e o componente tumoral T3-T4 constituiram os
principais determinantes do progndstico adverso nesta coorte de pacientes com carcinoma
mamario invasivo, associando-se independentemente a maiores riscos de ébito e recidiva tumoral.
A regressao logistica penalizada de Firth mostrou-se abordagem estatisticamente adequada para
o estudo de desfechos raros em séries clinicas de pequeno porte, permitindo estimativas estaveis
na presenca de separacdo quase completa dos dados.

Os achados reforcam a relevancia do diagndstico precoce e do estadiamento preciso
como ferramentas fundamentais para a estratificacdo progndstica e orientacdo das decisdes
terapéuticas em oncologia mamaria. A ampliacdo da casuistica e o seguimento prolongado de
séries institucionais sao necessarios para a consolidacdao de modelos progndsticos validados e
aplicaveis a realidade clinica regional.
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