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Project background 

Lung cancer is the commonest cause of cancer deaths worldwide. Lung screening with low dose CT imaging gives 
early-stage cancer diagnosis and 20-25% reduction in lung cancer mortality1. Similarly, increasing attention is paid 
to how routine thoracic CT can be used to surveil incidentally detected suspicious lung lesions termed 'pulmonary 
nodules', with only 3-11% being cancerous. Because of the technical difficulty and hazards of tissue sampling 
(biopsy), automatic approaches to classification of such lesions into cancer vs benign are at the forefront of imaging 
biomarker research2. Our group recently demonstrated how “radiomics features” extracted from CT scans can 
classify benign from malignant lesions (76% accuracy), thus informing clinical decision-making3. 

 

Radiomics analysis is based on the hypothesis that the appearance of tumours, as defined by their shape and 
texture, can be used to develop computer-aided diagnostic (CAD) tools that make clinical decisions4. These 
approaches would reduce the costs and time pressures of manually reviewing large numbers of images within the 
NHS. Conventional radiomics uses “hand-crafted” features, which extract tumour texture and shape using pre-
defined mathematical operations. A drawback of such approaches is that there is no guarantee these features are 
optimal for CAD systems; they are not tailored to the clinical situation or imaging type. Furthermore, they do not 
account for tumour location or incorporate non-tumoral information within the image, and interpreting why a 
particular combination of features is successful within a particular clinical setting is difficult. 

 

Working with the Computational Imaging, Early Diagnosis and Statistics/Health Informatics teams, this studentship 
will develop deep-learning for data-driven feature extraction from medical images, improving the shortcomings of 
radiomics and increasing the accuracy of nodule classification. Features will be combined with patient demographics 
and natural language processing of radiological reports to develop an integrated diagnostics pipeline for use in 
clinical imaging studies of lung cancer. 



 
 
 
 

 

Project aims 

• Explore and validate a deep variational autoencoder (dVAE) for semi-supervised extraction of deep-learned 
features from medical images. 
 

• Compare the accuracy and precision of dVAE-derived features, pre-trained deep-learning features, and 
hand-crafted radiomics features for detecting malignant versus non-malignant lung nodules using a pre-
existing, well-curated dataset. 
 

• Determine whether combining image-based features with other patient information including patient 
demographics and radiological reports through natural language processing can further improve diagnostic 
accuracy of lung nodule classifiers. 
 

• Implement tools for visualization and explainability of deep-learned feature spaces. Develop partnerships 
with clinicians at the Royal Marsden to understand how different approaches to explainability align with 
clinical interpretation of images.     
 

• Implement all algorithms and tools within a well curated and open-source toolbox that may be used by other 
researchers within the ICR, Royal Marsden and beyond e.g. for early diagnosis of other cancers. 
 

Research proposal 

Deep learning (DL) has revolutionized the landscape of computer-aided systems. Its ability to learn complex 
patterns within data (potentially beyond the capabilities of human vision) has provided unparalleled accuracies in 
face recognition, speech generation and automated image classification. However, these improvements have come 
at the cost of an ever-increasing demand for large datasets to train more complex, data-hungry DL algorithms. 
Ethical regulation of AI systems is an evolving field with a focus on ensuring that algorithms are explainable and fair 
(for example are not biased toward a particular ethnic group). Although some DL algorithms have been adopted into 
CAD systems, their use within oncology is still relatively rare as such systems must meet the regulatory 
requirements of a medical device. Moreover, medical imaging datasets are small compared to non-medical fields 
(approximately 100-1000 patient datasets versus tens/hundreds of thousands of training examples).   

 

The student will evaluate the hypothesis that state-of-the-art DL can generate data-driven image features that 
improve accuracies for lung nodule classification over conventional radiomics. They will build a representation 
learning pipeline5 for deriving features that maximally represent the information within images, whilst ensuring that 
features can be used to train accurate classification models on smaller datasets. 

 

Five key properties of the derived features are that they must be:  

 

1. Data-driven.  The features should be optimised for the data type in which they will eventually be used 
(thoracic CT in this case), using existing examples to derive them. 

2. Accurate. The features should be able to significantly improve the classification of nodules when compared 
conventional radiomics analysis. 

3. Precise. It is important that any features derived from medical images are neither subject to large sources of 
error nor sensitive to the imaging setup. 

4. Explainable. The symbiosis between radiologists and AI systems is becoming ever more important and so 
DL algorithms must be able to explain why they have made a particular decision. This is a core principle of 
the drafted EU AI act, which will likely soon permeate the regulation of AI-based medical devices. 

5. Fair. Features must demonstrate no bias between different patient demographic groups and should be 
robust to changes in scanner model. This is another key principle within the AI act and would lead to a more 
readily adopted feature set within clinical applications. 

 



 
 
 
 

Datasets 

The project will capitalise on the unique LIBRA lung nodule imaging bank, which has 1000 high quality, ready-
delineated and annotated lung nodule imaging files (split between cancer and non-cancer, and large and small 
nodules, from multiple clinical sites). Recruitment to this study has just completed and has not been developed 
widely3. In addition to this, we have recently annotated more than 500 nodules within the open-source national lung 
screening trial6, which represents scanners from across North America and provides an excellent external validation 
dataset. A prospective, real-world combined blood biomarker/CT imaging data set (NIMBLE study n~100 of 500 
recruited) could serve as a further validation cohort. 

 

Research Timeline 

Year 1 (2023-24): 

• The student will collate all available lung nodule data, perform data cleaning, and decide on appropriate 
ways to split the data according to patient demographic and CT scanner characteristics. 

• Using existing tools within the group, they will extract (i) radiomic features, and (ii) features derived from a 
collection of pre-trained DL models (for example VGG16 and DenseNet1217 models). 

• They will develop classification systems for benign versus malignant nodule classification, comparing the 
accuracy of methods such as LASSO logistic regression, fully connected neural networks, and uniform 
manifold approximation and projection (UMAP)8.  

• A methodology will be built for testing the sensitivity of best classifiers to patient demographic features and 
CT scanner model, observing for any disparity in classification accuracy amongst the different groups. 

• Results will be written into an abstract for submission to international AI and cancer conferences and 
submitted as a paper if found promising. 

 

Year 2 (2024-25): 

• The student will implement a data-driven feature extraction pipeline. The design of this system will ultimately 
be left to the student, but a starting technology would be a deep variational autoencoder (dVAE - see Figure 
1 for an example)9. 

• The developed feature extraction pipeline will be combined with the classification methods for comparing 
lung nodule diagnosis accuracy against the radiomics and pre-trained DL features. 

• Improvements in diagnostic accuracy by combining these features with patient demographics and 
radiological report findings through natural language processing will be assessed. 

• The sensitivity of the dVAE approach to scanner model and patient demographic group will be established. 

• The technique will be submitted to a methodological journal. 

 

Year 3 (2025-2026): 

• The precision of the dVAE, pretrained deep-learning, and radiomics features will be established by using 
healthy screening CT scans from the NLST dataset. A repeatability analysis will be performed on all 
features, and repeatability coefficient will be extracted. The student would have access to approximately 
14000 scans for this purpose and would be able to contrast the repeatability across scanner models and 
patient groups. 

• The student will perform an adversarial attack analysis10 to test the robustness of derived features, where 
carefully placed but imperceptible differences will be synthesized within input images to try and trick the final 
classification algorithm.  

 

Year 4 (2026-2027): 

• The student will perform a final clinical evaluation on the hold-out test dataset of the full pipeline and write a 
full paper to a high-impact journal describing their analysis results and pipeline. 

• They will develop a well-curated and maintainable code repository such that other users may implement the 
pipeline in other cancer imaging settings. 

• The thesis will be written in the last 9 months of the project. 
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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 or equivalent in Computer Science, Maths  

or Physics 

Intended learning outcomes: • Medical imaging processing and data curation 

• Deep-learning and statistical learning 

• Data visualisation 

• Regulatory approved software/AI development 

• Biomarker discovery 

Advertising details 

Project suitable for a student with a background in: • Physics or Engineering 

• Maths, Statistics or Epidemiology 

• Computer Science 

 


