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Project background 

 

1:2 people will get cancer in their lifetimes. Performing diagnosis earlier, more accurately, and in ways 

personalized to each patient will improve treatment, life expectancy, and patient health.  

 

Multimodal data acquisition is driving the next generation of oncology discovery and patient care. It is now 

the time to leverage artificial intelligence (AI) based tools for multimodal data analysis and integration. But 

while AI has already transformed several domains such as language processing, object/facial recognition, 

and consumer profiling; its use in the development of diagnostics has lagged behind (Acosta et al., 2022).  

 

Under the supervision of Professors Bakal and Salto-Tellez, a computational PhD student will work as part 

of an interdisciplinary team of AI specialists, clinician scientists, and pathologists to develop AI-based 

diagnostic tools including: i) Deep learning digital pathology models capable of automated analysis of 

histopathology images; ii) Integrative technologies which that combine histopathology, omics, and patient 

data to generate multimodal diagnostic signatures. 

 



 
 
 
 

Over the last 15 years the Bakal laboratory has pioneered AI-based methods for image analysis and data 

integration in the field of cancer cell biology. These have included the first use of machine-learning image 

analysis in genetic screens (Bakal et al., 2007), the first examples of imaging and omic integration (Bakal 

et al., 2008, Jones et al., 2023, Sailem and Bakal, 2017). Recently, we have developed Attention Map 

Transformer Models called “CHARM” that use deep learning to pinpoint regions in tumour sections and 

classify cancer sub-types. These are state-of-the-art techniques in digital pathology.  

 

Professor Salto-Tellez has a long history in the development of both digital pathology and multimodal 

diagnostic tools.  One of Professor Salto-Tellez’s main goals is to accelerate the translation of potentially 

relevant diagnostic, prognostic and therapeutic findings into clinically actionable information by applying 

state-of-the-art technology in a clinical laboratory environment. 

 

 

 

Project aims 

The PhD student in this project will: 

 

Aim 1: Establish a multimodal database of histopathology images, patient data, and omics 

descriptors.  

 

 Generate a rich resource for the training of AI based methods for digital pathology (Aim 2) and 

multimodal data integration (Aim 3) described in this proposal. 

 

 Work as part of an interdisciplinary team to build a world-leading multimodal database and 

analysis pipeline that is essential to the development of new diagnostic and prognostic tools at the 

ICR and RMH.  

 

 

Aim 2: Develop deep learning based methods for digital pathology. 

 

● Generate and train deep learning models to identify specific regions of attention (ROA) in whole 

slide tumour images that provide diagnostic information – at the cell and tissue levels; 

 

● Take the first step in developing AI based tools for clinical use in digital pathology at the ICR/RMH. 

 

Aim 3: Develop new AI based tools to integrate histopathology and omic data. 

 

● Link the mutation/expression/activity of specific genes to specific morphological features 

(genotype-phenotype connections); 

 

● Develop new AI tools to integrate image-based histology data with biological priors such as 

mutation, gene/protein expression, and metabolic data towards developing mutlimodal 

diagnostics. i.e. “Biomarkers” comprised of image based data and other multimodal attributes.  



 
 
 
 

 

 

Research proposal 

Aim 1: Establish a multimodal database of histopathology images, patient data, and omics 

descriptors.  

 

To develop multimodal AI approaches for cancer diagnosis, it is essential the student has access to large 

dataset of digital histopathology images (whole slide images of sections from tumour biopsies), associated 

anonymized descriptors (sub-type, grade, positivity for biomarkers, pathologist notes), and omics profiles 

(sequence, mRNA/protein expression, metabolism) acquired on the same sample. 

 

The BRC funded PhD student will work with an established network of clinicians and database experts to 

assemble datasets on which to train diagnostic multimodal AI models. In particular, the student will work as 

part of the IDD (Integrated Discovery & Diagnostics) initiative (led by Adrian Cottrell). The IDD is a joint 

strategy between the ICR and the Royal Marsden Hospital (RMH) aimed at accelerating oncology discovery 

and patient diagnostics through advanced data analytics.  

 

In the first phase of the project, the student will work with Ciaran Hutchinson (Consultant Paediatric & 

Perinatal Pathologist, Great Ormand Street Hospital), Lou Chesler (Clinical Senior Lecturer, Pediatric Solid 

Tumor Biology and Therapeutics Team Leader) to generate a digital database of histopathology images. 

This will involve data collection from relapsed solid tumours of children including non-brain - primarily 

sarcomas, neuroblastomas - but also including less common childhood solid tumours. Currently the 

Chesler/Hutchison groups have assembled 580 cases, and will accrue 150 additional cases per year going 

forward. This dataset has undergone extensive quality control and is tumours in this cohort are being 

analysed for fusions, copy number alterations, RNA fusion, and methylation profiles (Chesler). In the future 

whole genome sequence (WGS), and mRNA sequence profiles will be generated for these samples. In 

collaboration with the Cancer Research UK ‘Rosetta Stone’ project, a subset of tumour will be profiled by 

spatial metabolomics and proteomics.  

 

In addition, the first version dataset will also initially include a collection of over 1,000 histopathology images 

from adult soft tissues sarcomas (STS) collected from patients diagnosed by Khin Thway (Consultant 

Histopathologist to Sarcoma Unit) at the Royal Marsden Hospital in Chelsea.  Dr. Thway will supervise the 

PhD student in the assembly of this database, and train the student in basic aspects of pathology workflows 

in order to ensure no errors (i.e. mislabeling, introduction of poor quality images) are made during assembly 

of the dataset.  

 

If this first phase of this project is successful the student will expand the database to include data from 

medulloblastoma, ependymomas and glioma patients (w/ Chesler and Hutchinson). 

 

 

Aim 2: Develop deep learning based methods for digital pathology 

 

2.1. Transformer based model to identify cancer regions in histopathology images.  

 

The first analytical goal for the student will be to develop deep learning based models capable of detecting 

cancerous regions in tumour sections, and based on the morphology of cells/tissues in these regions 



 
 
 
 

provide a diagnostic outcome assign a labels to the entire section i.e. cancer – yes/no? The type of cancer? 

Sub-type of cancer? To train the AI model for digital morphology the student will use histopathology images 

brought on the database in Aim 1. These models will only be trained on images, and not other data sources.  

 

The outcome of this work will be an AI based technology that mimics the ability of pathologists to diagnose 

cancer types visually. Importantly, these models also provide quantitative measurements, or signatures, of 

cancerous regions that can be used to integrate with other datasets (Aim 3).  

 

The Bakal laboratory has already had success in the development of transformer-based deep learning 

architectures to identify regions of attention (ROA) in tumour sections. Transformer based models are 

currently frequently used in the field of natural language processing and computer vision. For example,  

ChatGPT is transformer based. 

 

2.2. Pathologist feedback and model refinement.  

To validate and improve the performance of our models the student will work with pathologists (recruited 

by Salto-Tellez) and established tumour boards (facilitated by Chelser) to perform human annotation of 

ROAs selected by our transformer model. Briefly, the PhD student will develop a system to present human 

expert pathologists with ROAs selected by the deep learning model, and ask them to quickly score the 

ROA. For example, scoring an ROA if they consider the ROA to be cancer (yes/no), what type of cancer, 

and when possible – what features are they using for this decision? This validation will require a highly 

interactive platform where images can be rapidly scored. The PhD student will work with engineers of the 

Palantir Foundry system to create such a system. 

Incorporating pathologist feedback into AI models will be guided by Professor Bakal and N Siddarth (Reader 

in Explainable AI, University of Edinburgh). The Bakal and Siddarth groups have an existing collaboration 

to use pathologist feedback to interpret and explain AI models.  

 

2.3. Model deployment on clinical samples 

Following model development (2.1) and extensive refinement (2.2) the PhD student will deploy AI based 

models on histopathology images not seen by the model in order to test their performance.  

 

Aim 3: Develop new AI based tools to integrate histopathology and omic data. 

3.1. Fused classifiers to improve AI digital pathology models. 

To combine image and molecular data (i.e. omics data), the student first develop an early fusion strategy 

model able to capture and visualize cross-modality interactions using co-attention and self-attention 

transformer layers. The first aim of these fused models is to improve the predictive power of digital pathology 

i.e. Is the deep learning model better able to recognize/diagnose cancer in histopathology sections if it 

‘knows’ other aspects of the tumors such as mutational status, mRNA/protein expression levels? 

3.2 Generation of gene-guided attention maps  

Next the student will leverage fused models to generate gene-guided attention maps capable of capturing 

multimodal interactions that relate histology-based visual concepts to the gene embeddings. For example, 

are specific ROA and/or morphological features correlated with the mutation/expression of particular 

genes?  

 



 
 
 
 

3.3. Model deployment on clinical samples 

As in Aim 2, multimodal models will be deployed on datasets unseen during training to assess their 

performance in a situation which will mimic their implementation in clinical practice. The results of these 

tests will be discussed with Consultant Pathologists (Thway, Hutchinson) and Professor Salto-Tellez, 

leading to cycles of model refinement and improvement.  
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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:   BSc in Computer Science. Candidates with BScs in 
Electrical Engineering or Mathematics that have extensive 
programming experience will also be considered. 
Experience with AI is preferred. 

Intended learning outcomes:  Skills in using deep learning and other 
artificial intelligence (AI) methods for image 
processing 

 Experience in digital pathology 

 Skills in assembly and integration of 
multimodal datasets; 

 Experience in managing a project involving 
clinicians, computational scientists, and 
cancer biologists; 

 Outstanding presentation, science 
communication, and engagement skills; 

 



 
 
 
 

Advertising details 

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

Physics or Engineering 

 Chemistry 

 Maths, Statistics or Epidemiology 

 Computer Science 

 


