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Project background 

Breast cancer continues to have a high mortality rate, which can in part be explained by the fact that patients are 

treated with ‘one size fits many’ therapies that are agnostic to the molecular complexity of the tumour ecosystem 
(Rueda and Sammut et al., Nature 2019). Treatment choice is not optimised to the tumour molecular profile, 
resulting in high therapy failure rates. This is most striking in patients treated with chemotherapy before surgery: in 
55% of cases extensive cancer is still present despite treatment with five months of chemotherapy (Yau et al., 
Lancet Oncology 2022). Predicting response to treatment in the clinic therefore remains an area of unmet need.  

By employing recent advances in tumour profiling and machine learning algorithms, we developed the first machine 
learning model that integrates genomic, transcriptomic and digital pathology pre-therapy tumour data to predict 
response to chemo and targeted therapies in early breast cancer (Sammut et al., Nature 2022). By modelling 
biological features derived from the baseline tumour ecosystem we showed that a complex interplay between the 
tumour and its microenvironment shapes response in early breast cancer and was in keeping with previous work we 
performed in the metastatic setting (De Mattos and Sammut et al., Cell Rep 2019). This work has provided a proof-
of-concept framework that will pave the way for the next generation of predictors that interrogate different aspects of 
tumour biology at a high resolution to forecast response to treatment. This is a major conceptual step forward in our 
mission to deliver truly personalised precision cancer medicine as we now have the technology to predict which 
patients will respond to therapy (and should receive standard therapies) and which are predicted to be resistant (and 
should be considered for recruitment into trials).  

In this project, we will first extend the pre-therapy machine learning framework that we have already developed to 
include data from additional novel biological features and processes. We will then extend the computational 
framework to integrate data from serially acquired samples during therapy to generate dynamic predictions of 
response. 



 
 
 
 

 

Project aims 

• To extend the pre-therapy breast cancer machine learning model to include data from novel biological 
features and processes, explore statistical methods for dimensionality reduction and explore new machine 
learning technologies to improve the pre-therapy predictor performance. = 

• To develop a computational framework that integrates multiplatform longitudinal cancer data to model 
tumour evolution throughout the course of therapy and generate dynamic real-time predictions of treatment 
response 

Research proposal 

Within the clinic, oncologists select patients for pre-operative (neoadjuvant) anticancer therapies using empirical 

risk-stratification models that are based on clinical and pathological features, including tumour size, age, and 
hormone receptor status. These models do not take into account the molecular complexity of the tumour and its 
microenvironment and therefore cannot be used to generate personalised predictions of response to therapy. As a 
result, patients are commenced on therapy with no firm guarantee that they will work.  

To tackle this urgent unmet need, we recently developed a machine learning model that integrates multiplatform 
data (DNA, RNA, digital pathology) from pre-therapy breast tumours to predict response to therapy (Sammut et al., 
Nature, 2022). In an external cohort, the integrated model achieved an area under the curve of 0.87 and the pre-
therapy predictor score linearly correlated with the amount of cancer remaining after therapy. 

This project seeks to further extend on the methodologies we have developed in order to further improve the 
performance of this predictor, with the aim of generating a framework that can be deployed within a healthcare 
setting for real time therapy decisions and therapy monitoring. This is particularly pertinent given that molecular 
profiling is becoming increasingly common in standard-of-care clinical practice, with NHS England now offering 
routine clinical grade whole genome sequencing to women with triple negative breast cancer. 

In the first part of the project, we will explore methods of novel tumour and microenvironment biological feature 
extraction from DNA and RNA sequencing and digital pathology data, amongst others, and assess their contribution 
to response to therapy. We will aim to comprehensively quantify novel biological processes implicated in breast 
tumorigenesis (such as senescence, metabolic reprogramming, vascular infiltration, immune predation and evasion) 
and assess whether the interaction of these processes is associated with response.  

Following this, we will develop methods to estimate these complex molecular biomarkers using reduced assays. 
Similar approaches have been developed by other groups, where, for example, DNA somatic mutations and copy 
number alterations were identified using RNA sequencing data (Yizhak et al., 2019) and T cell abundance quantified 
using DNA (Bentham et al., 2021). We will use statistical learning approaches to create estimators that exploit the 
correlation among different profiling modalities to derive projections onto a smaller space, thereby making the 
predictor technology less expensive to implement. 

Having reduced the dimensionality of our pre-therapy predictor, we will explore alternative machine learning 
algorithms to integrate the biological features shown to be associated with response to determine whether this 
improves performance compared to our original framework (Sammut et al., 2022). The final models will be applied to 
publicly available datasets, such as the ICGC, PCAWG, TCGA, SCAN-B and the 100,000 Genomes Project to 
assess whether they are also predictive of survival, given that recent work we have done has shown that the 
molecular landscape is also associated with survival (Rueda and Sammut et al., 2019)  

Once the pre-therapy biomarker predictor is finalised, we will investigate dynamic biomarker models of response to 
therapy. Using the same principles used to develop the pre-therapy biomarker, we will explore molecular data from 
breast tumours that have been serially sampled during chemotherapy to investigate whether tumour and 
microenvironment evolutionary trajectories during treatment can be robustly mapped to future response outcomes, 
and whether these can be modelled using machine and statistical learning to generate a dynamic predictor of 
response to therapy. 
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Candidate profile 

Note: the ICR’s standard minimum entry requirement is a relevant undergraduate Honours degree (First or 2:1). 

Pre-requisite qualifications of applicants: Candidates must have a First or 2:1 Honours degree or a 
master’s in computational biology, biology, computer 
science, statistics, or a related discipline. 

Working knowledge of genomics and cancer biology 

Previous experience with cancer/biological datasets 
desirable but not essential 

Previous experience in data analysis using R and machine 
learning using Python desirable but not essential 

Intended learning outcomes: • Deep knowledge of breast cancer genomics 

• Knowledge of next-generation sequencing 
technologies, molecular pathology and molecular 
diagnostics. 

• Skills in bioinformatics analysis, particularly of 
genomic and transcriptomic data 

• Skills in the application of machine learning to 
biomedical data 

• Scientific writing and presentation skills 

Advertising details 

Project suitable for a student with a background in:  Biological Sciences 

 Physics or Engineering 

 Chemistry 

 Maths, Statistics or Epidemiology 

 Computer Science 

 


