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	Project technical background:
Liver cancer is a major global health challenge, ranking as one of the leading causes of cancer-related deaths worldwide, with over 800,000 new cases diagnosed annually. The most common form, hepatocellular carcinoma (HCC), is often detected at an advanced stage, dramatically reducing survival rates. Early detection and precise risk stratification remain the absolute cornerstones for improving patient prognosis and clinical outcomes.
In recent years, the integration of artificial intelligence and deep neural networks into abdominal imaging (CT and MRI scans) has opened new horizons for liver oncology. State-of-the-art Deep Learning models have demonstrated significant success in automating tumor segmentation, characterizing lesions, and predicting patient survival trajectories. For instance, recent multi-centric studies utilizing convolutional neural networks (CNNs) and vision transformers (ViTs) on large-scale datasets—such as the Liver Tumor Segmentation Benchmark (LiTS)—have shown remarkable accuracy in distinguishing benign nodules from malignant HCC, thereby reducing human inter-observer variability and diagnostic delays. Despite these breakthroughs, current clinical adoption is severely hindered by the "black-box" nature of these deep models. To ensure clinical trust, there is a critical and urgent need to integrate Explainable Artificial Intelligence (XAI) frameworks that offer transparent visual and quantitative justifications for the AI's risk predictions.
Our project intends to begin with a thorough, updated literature review focusing on XAI applications in digital liver oncology. A major gap identified in recent literature is the lack of standardized benchmarking: existing models are typically trained on highly heterogeneous, localized datasets with varying imaging protocols, making direct performance comparison difficult. This project will address this limitation by evaluating XAI-driven architectures across open-source, multi-modal reference datasets (such as TCGA-LIHC and TCIA).
Additionally, this project will focus on the integration and evaluation of Gradient-weighted Class Activation Mapping (Grad-CAM) and its recent advanced variants. As a powerful visual explanation technique, Grad-CAM uses the gradients of any target concept flowing into the final convolutional layer to produce a coarse localization map, highlighting the crucial regions in the CT/MRI image that localise the liver lesions. While Grad-CAM has already demonstrated outstanding performance in enhancing clinical interpretability within various complex biomedical imaging fields—such as chest X-rays and neuroimaging—its systematic optimization and benchmarking for joint multi-phase abdominal image analysis remain a highly promising area to explore.
The project aims to involve European Project Semester (EPS) students within a highly multidisciplinary environment. The team will benefit directly from close collaboration with the medical community, leveraging the established clinical network of Prof. Bernard Kamsu Foguem. Active medical input will be essential at every stage, guiding the students through dataset selection, bounding clinical objectives for data processing, and clinically validating the generated XAI explanations.
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Fig. 1: liver observations using machine learning




The purpose of the current project is to provide a structured overview of the current state of Machine Learning-based liver cancer detection and outline future directions for research and clinical adoption. An emphasis would be placed on explainable machine learning—specifically through visual attention mapping like Grad-CAM—ensuring that clinicians can capture relevant knowledge from a model concerning tumor characteristics, either contained in multi-phase data or learned by the network. In concert with clinical trials, abdominal radiologists and hepatologists need to agree on a single comprehensive interpretation standard in terms of lesion assessment (such as the LI-RADS classification), terminology, reporting, and follow-up monitoring. Improving Explainability for Radiologists remains a critical challenge:
· Identification of the suspected location of liver tumors, nodules, and their vascularization features across multi-phase CT/MRI scans to help the radiologist correctly interpret and stage the disease.
· Translating these visual explanation maps into semantic clinical concepts (e.g., hyperenhancement, washout, threshold growth) and developing interpretability frameworks that are more intuitive for the radiologist needs further research."
· .
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	Studied topics:
· Literature review of machine learning and deep learning algorithms applied to liver cancer detection and segmentation.
· Summarization of how AI algorithms help differentiate malignant hepatocellular carcinoma (HCC) from benign liver nodules (e.g., hemangiomas, focal nodular hyperplasia) in abdominal imaging.
· Exploration of various deep learning architectures (such as CNNs and Vision Transformers) and explainable AI frameworks (specifically Grad-CAM) for multi-phase liver tumor classification.
· Evaluation of clinical class imbalance, model interpretability (visual saliency mapping), and generalizability across heterogeneous multi-centric datasets (e.g., LiTS, TCGA-LIHC).
· Development of a typical use-case and experimental testing to enhance the clinical applicability, trustworthiness, and integration of XAI-based diagnostic systems for abdominal radiologists
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