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Supervisory team 
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Associate Supervisor(s): Alan Melcher, Esther Arwert 

Secondary Supervisor: Trevor Graham 

Divisional affiliation 

Primary Division: Breast Cancer Research 

Primary Team: Cancer Dynamics Laboratory 

Site: ICR Chelsea 

Project background 

Immune dysregulation is a hallmark of  cancer. We have shown that breast tumours genomically co -evolve with the 
immune response, resulting in immunoevasion (Sammut et al., Nature Immunology 2024; Arruda and Sammut et al., 

Cell Reports 2019). The interplay of  tumour-immune coevolution and how this results in immunoevasion, particularly 
in the context of  metastasis to immune-rich organs such as lymph nodes, remains a critical but poorly understood 

aspect of  cancer biology.  

 

This is particularly important in an aggressive subtype of  breast cancer called triple-negative breast cancer (TNBC; 
negative for oestrogen, progesterone and HER2 receptors), which is f requently diagnosed in younger women and is 

characterised by high rates of  lymph node metastasis, limited therapy options, and poor prognosis. TNBC is treated 
with chemo-immunotherapy, however around 40% of  patients show a poor response to this (Schmid et al., NEJM, 
2020) and have a poor prognosis. The mechanisms behind resis tance and response to immunotherapy in TNBC are 

unknown, and therefore immunotherapies continue to be given in a one size f its all approach.  

 

This proposal aims to unravel the biology underlying adverse immune evolution that results in failure of  

immunosurveillance and metastasis to immune-rich lymph nodes. In this project, you will leverage the laboratory’s 
expertise in translational cancer medicine as well as the generation and analysis of  large-scale molecular prof iling 
data f rom women with breast cancer, and its integration using machine learning (Sammut et al., Nature 2022), to 

generate a single-cell atlas of  primary TNBCs and metastatic lymph nodes. By developing methods that combine this 
data, you will elucidate how the interaction between tumour cells, their microenvironment and the adaptive immune 
response enables immunoevasion during treatment with chemo-immunotherapy, resulting in therapy failure. You will 

determine biological mechanisms associated with response and resistance to immunotherapy and use this knowledge 

to identify new targets for which novel immunotherapies can be developed.  



 

 
 
 

 

Project aims 

• Identify the molecular alterations TNBC cells acquire to avoid immune recognition 

• Characterise how the immunosuppressive tumour microenvironment facilitates immune escape and enables 

resistance to immunotherapy 

• Using single cell B and T cell receptor sequencing, investigate how adaptive immune failure occurs and how 

immunotherapy restores immune function 

Research proposal 

This is a computational biology PhD project and you will be working in a multidisciplinary environment. You will be 
expected to have a background in computational biology or other quantitative subject. You will be working closely with 

experimental scientists, functional and basic immunologists (Melcher, Arwert, Centre for Translational Immunology), 
experts in tumour evolution (Graham, Centre for Evolution and Cancer) as well as members of  the oncology 

multidisciplinary team at the Royal Marsden Hospital.  

 

In this project we will analyse paired primary breast tumour and metastatic lymph node samples f rom patients newly 

diagnosed with TNBC recruited to the BELIEVE breast cancer study at the Royal Marsden Hospital.  

 

We will generate bulk whole genome sequencing data and perform single cell RNA and B and T cell receptor 
sequencing (scRNA-seq; 10x Genomics) on all samples. WGS will establish the overall tumour genomic landscape, 

while scRNA-seq will identify and quantif y tumour, stroma, and immune cells in each sample.  

 

In the f irst part of  the project, we will focus on identifying molecular alterations TNBC cells acquire to avoid immune 

recognition. We will use DNA sequencing to characterise the bulk mutational and copy number landscape in primary 
TNBCs and identify immuno-evasive genomic alterations associated with metastasis. We will ref ine this data further 
using scRNA-seq data and derive single cell signatures associated with immunoevasion. Hence, this approach will 

allow us to derive tumour-cell specif ic genomic and transcriptomic signatures associated with immune escape and 
failure of  immunotherapy. We will then use ensemble machine learning methods to combine this data and pinpoint 

the exact combination of  immunoevasive molecular alterations required to enable metas tasis.  

 

In the second part of  the project, we will focus on characterising the role of  the microenvironment in facilitating immune 
escape. Using the scRNA-seq data we will identify microenvironment cell types and states associated with immune 

evasion and reconstruct their dif ferentiation trajectory to identify the key microenvironmental steps and molecular 
pathways associated with metastasis and determine whether tumour cells actively drive these changes. If  so, this will 
provide evidence that tumour cells manipulate their microenvironment to enhance immunosuppression and facilitate 

metastasis and diversif ication. We will also infer cell-cell communication networks f rom scRNA-seq data to elucidate 
how microenvironmental cell types associated with immune evasion interact to establish an immunosuppressive 

microenvironment and validate these using spatial transcriptomic analyses.  

 

Finally, we will use B and T cell receptor sequencing data to investigate the role of  adaptive immune failure in enabling 
metastasis. We will develop novel B and T cell receptor biomarkers of  response to immunotherapy and describe how 

tumour and immune cells co-evolve and inf luence each other's evolutionary trajectories. By examining these 
interactions, we aim to uncover new biological targets associated with immunotherapy resistance. If  validated through 
functional studies (in collaboration with Melcher and Arwert), these targets may pave the way for the development of  

innovative immunotherapeutic strategies. 
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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 Masters degree in computational biology, 
quantitative biology, computer science, statistics, or a 

related discipline. 

• Demonstrable previous experience in data analysis 
using R and/or Python is essential. 

• Previous experience with cancer/biological datasets 

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 the quantitative analysis of  bulk and single cell 
sequencing data 

• Skills in the application of  machine learning to 
biomedical data 
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• Scientif ic 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 

 


