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Description of the Project (max 3,000 characters including spaces)

Background/gap of knowledge

Despite significant therapeutic advances, breast cancer management still relies largely on clinicopathological features, 
-size-fits- - and overtreatment. This limitation is 

particularly evident in early-stage disease, where current tools inadequately capture tumor heterogeneity and immune 
contexture. As a result, many patients receive ineffective therapies or are exposed to unnecessary toxicity. The rapid 
integration of novel agents, including immunotherapy(1) and antibody drug conjugates (ADCs)(2), has further 
increased the urgency for robust predictive biomarkers to guide treatment selection and sequencing. However, clinically 
applicable biomarkers especially in the post-neoadjuvant setting remain scarce.

Rationale and hypothesis

Large-scale, publicly available multi-omics datasets represent a unique opportunity to systematically identify and 
validate predictive biomarkers. Integrative analyses of genomic, transcriptomic, and immune-related data across cohorts 
can reveal molecular determinants of recurrence risk in patients with residual disease after neoadjuvant therapy, as well 
as mechanisms of response and resistance to immunotherapy and ADCs. We hypothesize that integrative bioinformatic 
approaches will identify clinically actionable biomarkers capable of predicting treatment benefit, with particular 
relevance for high-risk patients with residual disease after neoadjuvant chemo-immunotherapy. All analyses will 
leverage publicly available or previously approved datasets and will not require additional ethical approval. Advanced 
bioinformatics expertise from the candidate, including proficiency in R, is essential for project execution as well as a 
strong knowledge background in breast cancer.

Objectives and Specific Aims

The overall objective is to optimize treatment strategies in breast cancer through biomarker-driven patient stratification. 
Specific aims are: (i) to perform integrative analyses of publicly available datasets to identify molecular and immune 
signatures associated with recurrence risk after neoadjuvant therapy, with a focus on residual disease; (ii) to develop 
and validate predictive models of treatment benefit from immunotherapy and ADCs, particularly in patients with 
residual disease after neoadjuvant chemo-immunotherapy, a high-risk setting where treatment escalation strategies are 
actively evolving (3,4).

Expected outcomes

This project will generate robust predictive biomarkers and integrative models to improve risk stratification and guide 
treatment selection in breast cancer. By enabling precise identification of patients most likely to benefit from 
immunotherapy or ADCs, it aims to minimize both under- and overtreatment. Ultimately, the results will support 
biomarker-driven therapeutic strategies and advance the implementation of precision oncology in breast cancer.
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Skills that the student should acquire (max. 600 characters including spaces):

The PhD student must demonstrate a basic bioinformatics knowledge being confident with R environment and able to 

write codes. During the period of thesis the student will acquire advanced skills in bioinformatics and computational 

biology, including multi-omics data integration, statistical modeling, and machine learning applied to translational 

oncology. Additional competencies will include critical interpretation of large-scale datasets, biomarker discovery, and 

validation strategies. The student will also develop scientific writing, interdisciplinary collaboration, and project 

management skills in a precision medicine framework.
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