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Description of the Project (max 3,000 characters including spaces)

Background/gap of knowledge

Lung cancer remains the leading cause of cancer-related mortality worldwide, making early 
detection essential for improving survival. Low-dose CT screening has increased the detection 
of pulmonary nodules, but many lesions are indeterminate at baseline and require longitudinal 
surveillance to evaluate their evolution (7). Current computer-aided diagnosis methods based 
on deep learning mainly analyze single time-point images and therefore ignore the temporal 
dynamics of tumor growth. However, tumor progression is inherently heterogeneous, and 
clinically relevant decisions often depend on how a lesion evolves over time rather than on its 
baseline appearance. Although recent generative modeling approaches have shown strong 
potential in medical imaging (9,11), their application to modeling disease progression from 
longitudinal data remains limited. There is currently a lack of computational frameworks 
capable of learning temporal patterns of nodule evolution while explicitly modeling uncertainty 
in tumor growth.

Rationale and hypothesis

Modeling the longitudinal evolution of pulmonary nodules using probabilistic generative models 
could provide a more realistic representation of tumor progression than static image analysis
(9,10,11). By learning distributions of plausible short-term nodule evolution conditioned on 
baseline imaging, such models may capture both the variability and uncertainty inherent in 
tumor growth. The hypothesis is that integrating uncertainty-aware synthetic longitudinal 
representations into malignancy prediction pipelines will improve early risk stratification 
compared with models relying solely on baseline CT scans.
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Objectives and specific aims

The overall objective is to develop computational methods that model the temporal evolution 
of lung nodules from longitudinal CT data. The project will first construct and preprocess a 
curated longitudinal CT dataset with consistent nodule tracking while establishing baseline 
generative modeling benchmarks (4,5,6). It will then develop probabilistic generative 
architectures, including diffusion-based approaches adapted to 3D CT data, capable of 
producing plausible future representations of nodules while incorporating domain-informed 
constraints that preserve radiological realism (10,11). Finally, the work will evaluate the clinical 
utility of these generated longitudinal representations by integrating them into malignancy 
classification pipelines and measuring performance on previously unseen patient data.

Expected outcomes

The project is expected to produce a validated longitudinal imaging dataset, a novel 
uncertainty-aware generative framework for modeling nodule progression, and a systematic 
evaluation of its clinical relevance for lung cancer risk stratification. The results may 
demonstrate that incorporating generative temporal modeling improves predictive 
performance and supports earlier, more informed decision-making in lung cancer screening.

Skills that the student should acquire (max. 600 characters including spaces):

The student will acquire advanced skills in medical image analysis and machine learning, with 
a focus on generative and probabilistic modeling for longitudinal imaging data. Training will 
include 3D deep learning architectures, uncertainty modeling, and diffusion-based generative 
methods. The student will also develop expertise in curating and processing large-scale CT 
datasets, rigorous experimental design, and model validation in clinical contexts, while gaining 
experience in interdisciplinary collaboration with radiologists and scientific dissemination of 
research results.
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