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Development of the HER2DX Predictor of Brain Metastasis in Advanced HER2-Positive Breast Cancer Treated with First-Line THP

.

Background
• Central nervous system (CNS) is a clinically significant site of progression in advanced HER2-positive (HER2+) 

breast cancer. Identifying patients at higher risk could guide surveillance and treatment strategies.
• Prior work has demonstrated the strong prognostic value of the HER2DX ERBB2 score in first-line advanced 

HER2+ breast cancer treated with trastuzumab, pertuzumab, and chemotherapy (THP)  (Sánchez-Bayona et al. 
NPJ Breast Cancer 2025, Cortés et al. SABCS 2024). In addition, the HER2DX metastatic prognostic score 
(HER2DX-METS), an integrated model combining ERBB2 with additional molecular signatures, was developed 
to predict overall survival (OS) (Kubeczko et al. SABCS 2025, #PS5-01-23). 

• Here, we describe the development and validation of the HER2DX CNS progression score, a distinct genomic 
tool specifically designed to predict brain metastasis risk.

Methods
• Transcriptomic data were analyzed from 215 patients with HER2-positive advanced breast cancer treated with 

first-line trastuzumab, pertuzumab, and chemotherapy (THP), including 93 cases from Spain and 122 from 
Poland. All tumor samples were processed using the standardized HER2DX gene expression platform. 

• CNS progression data were available for 214 of 215 (99.5%) patients.
• Biological features associated with CNS progression were explored in the combined cohort, and a genomic score 

was developed using key signatures. Coefficients were derived in the Spanish cohort, and the final score was   
validated in the Polish cohort. Cox models and km plots were used to evaluate the association of each variable 
with CNS progression, and other clinical endpoints such as OS.

Results

The HER2DX CNS progression score is a novel, biology-informed genomic tool that independently predicts brain metastasis in HER2+ advanced 
breast cancer treated with first-line THP. These findings support its potential integration into clinical workflows to personalize CNS surveillance and 
intervention strategies.

Results
• In the combined cohort of 214 patients, the median follow-up was 37.1 months. A total of 53 patients (21.9%)    

developed brain metastases. No statistically significant differences in CNS progression (27.2% and 23.0%) and 
time to CNS progression (hazard ratio [HR] 0.90, 95% CI 0.51-1.56, p-value=0.70) were observed between the 
Spanish and Polish cohorts. 

• Clinical variables associated with CNS progression included younger age and having ≥3 metastatic sites. In    
contrast, hormone receptor status, HER2 IHC, menopausal status, biopsy site (primary vs. metastatic), bone     
disease, and best overall response to THP were not associated with brain metastasis (Figure 1). 

• HER2DX assay identified 3 main genomic patterns associated with CNS progression: HER2DX ERBB2              
score was associated with higher risk of CNS progression, while the HER2DX luminal score and a novel immu-
ne-related signature were associated with lower risk (Figure 2-3). 

• The distribution HER2DX CNS progression score in the Spanish and Polish cohorts is represented in Figure 4.
• The HER2DX CNS progression score was not associated with PFS or OS, confirming its specificity for CNS     

progression (Figure 5). On the contrary, the HER2DX-METS score (Kubeczko et al. SABCS 2025, #PS5-01-23) 
was not associated with CNS progression. As expected, both HER2DX scores were not found correlated       
(Pearson correlation coefficient = -0.049) .

• In the Polish set, the 3-year cumulative incidence of CNS progression was 39.2% in the HER2DX CNS              
progression high-risk group vs. 13% in the intermediate-risk group vs. 4.3% in the low-risk groups (Figure 6A).

• In the combined set, the 3-year cumulative incidence of CNS progression was 41.1% in the HER2DX CNS          
progression high-risk group vs. 26.1% in the intermediate-risk group vs. 15.5% in the low-risk groups (Figure 
6B).
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Figure 1. Association of clinical variables with CNS metastasis in the combined cohort.

Figure 2. HER2DX genomic patterns associated with CNS progression.

Figure 4. Distribution of HER2DX CNS 
progression score.

Figure 6. Cumulative risk of CNS metastatic progression acording to HER2DX CNS progression score in the (A) Polish 
and (B) combined cohorts.
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Figure 5. Association of HER2DX ERBB2, HER2DX-METS and HER2DX CNS score with survival.
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Figure 3.  Multivariable analyses of HER2DX 
CNS progression score in (A) the Polish 
cohort and (B) the combined cohort. Log−rank p = 0.016
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