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RESEARCH SUMMARY:

Histopathology is the foundation of cancer diagnostics and histopathologists are tasked with
diagnosing various histological tumour subtypes by examining haematoxylin & eosin (H&E)
stained tissue sections, relying on morphology to accurately classify cells within the tumour
microenvironment (TME). In clear cell renal cell carcinoma (ccRCC), the most common and
aggressive form of kidney cancer, the histological features are profoundly varied between and
within tumours. Despite this complexity, clinical decision-making in ccRCC is based on limited
features including tumour grade and the presence of necrosis, neglecting numerous other
features where prognostic significance has been suggested. One such prognostic histological
feature is the composition of cell types within the TME which to date can only be achieved by
using costly technigues such as multiplexed fluorescence microscopy which can cost more
than £1000 per slice. Coupled with the advances in deep learning we hope to leverage
foundational computer vision models to automate this process by analysing morphological and
textural features of individual cells to determine their phenotype.

SPECIFIC AIMS:

1. Create a computational pipeline that can accurately phenotype cells in ccRCC tissue
sections at single-cell resolution using both textural and morphological features
extracted from H&E whole slide images (WSIs).

2. Define a set of descriptors that encapsulate the unique characteristics of each cell type
by combining textural and morphological features, enabling more accurate cell
classification and phenotyping.

3. Deploy this pipeline in the TRACERX Renal cohort to understand the morphological
features and TME composition associated with ccRCC aggressive disease behaviour
and acquisition of metastatic competence.

The major aim of the PhD will be to develop a pipeline to accurately phenotype cells in situ at
single-cell resolution using only H&E biopsy slides. To achieve this a foundational computer
vision model will be used to extract the textural features of each cell whilst a morphometric
algorithm will be used for the extraction of morphological features. By concatenating textural
and morphological features a set of descriptors will be defined that encapsulate the unique
characteristics of each cell type. A machine learning model will subsequently be trained to
phenotype each cell based on the concatenated textural and morphological features. This
model will then be applied to the TRACERX Renal cohort, comprising of 1600 tumour regions
from 100 ex-vivo sampled ccRCC tumours with H&E WSIs demonstrating the largest spatially
resolved single-cell analysis of any cancer type to date. With each H&E WSI we have paired
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specially resolved histopathological annotations including tumour grade, architecture and
cytology, understanding the morphological and textural features associated with each of these
categories would facilitate interpretability of the pipeline whilst also creating a description of
features associated with tumour grade thus forming the basis of an automated grading system.
The timeline of the project will be as follows:

- Year 1. Refinement of morphometric algorithm and cell texture foundation model for
extraction of cell features.

- Year 2: Creation of an algorithm for the accurate classification of cells based on
morphological and textural cell features of each cell.

- Year 3: Translation of collective morphological and textural features with coupled single-cell
classifications to whole slide image biomarkers to correlate with disease progression.

Year 4: Creation of user interface which takes as input a H&E WSI and outputs statistics on
disease progression and thesis writeup.
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PERSON SPECIFICATION:

This project is suitable for a talented graduate or undergraduate student with Mathematics,
Statistics, Epidemiology, Computer Science or a related background. The standard minimum
entry requirement is a relevant undergraduate honours degree (First or 2:1). We particularly
welcome British applicants from Black and ethnic minority backgrounds, as they are
underrepresented at PhD level within Imperial College and The Institute of Cancer Research.

The studentship will be registered at the Institute of Cancer Research with affiliate status at
Imperial College London. The student will have access to both institutions and benefit from
the world class research infrastructure and expertise across the two institutions. The student
will become a member of the CRUK Convergence Science Centre PhD cohort which is a
unique group of students working across distinct disciplines to tackle the big problems in
cancer. A unique convergence science training programme will provide the skills and language
to navigate different disciplines.
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FUNDING AND DURATION:

Studentships will be for four years commencing in October 2024. Successful candidates will
undertake a four-year research training programme under the guidance of the supervisory
team. Students will receive an annual stipend, currently £23,000 per annum and project costs
paid for the four-year duration. Convergence Science PhDs cover tuition fees for UK students
only. Funding for overseas fees is not provided, international students are invited to apply
subject to outlining how they will meet the difference in tuition fees.



