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CONTACT

Alzheimer's Disease (AD) and 
Lewy Body Dementia (LBD) are 
two of the most prevalent 
neurodegenerative disorders, yet 
their clinical diagnosis remains 
challenging due to overlapping 
neuropathological and 
symptomatic presentations. While 
numerous predictive approaches 
have demonstrated promise in 
early detection of such disorders, 
they predominantly employ 
discrete classification frameworks 
that fail to capture the continuous 
and gradual nature of disease 
progression. In this work, we 
develop a novel progression 
modeling framework that encodes 
the intrinsic relationships among 
clinical disease stages, yielding a 
Disease Embedding Tree 
(DETree) that hierarchically 
represents disease progression 
through a tree-structured 
trajectory. Individual clinical status 
can then be predicted by 
projecting patient embeddings 
onto this continuous trajectory 
space.

Our study utilized structural T1-
weighted MRI (sMRI) from 375 
subjects (77 CN, 100 MCI, 98 
AD, 100 LBD). Images 
underwent standard 
preprocessing: DICOM-to-NIfTI 
conversion, N4 bias field 
correction, resampling to 1×1×1 
mm³ isotropic voxels, MNI 
registration, and skull stripping, 
before feature extraction using 
a brain foundation model. We 
then project the extracted 
features into an embedding 
space through a prototype-
based head containing four 
learnable prototypes (CN, MCI, 
AD, LBD) that construct the 
DETree. Training combines 
classification objectives with 
progression-aware constraints 
that enforce stage-specific 
clustering and hierarchical 
ordering. The overall 
framework is illustrated in 
Figure1.

The proposed framework 

achieved superior performance 

in dementia identification task. 

We performed 5-fold cross-

validation, and the results are 

reported in Table 1. Figure 

illustrates how subjects across 

disease stages are projected 

onto the DETree using learned 

representations in the 

embedding space.

The proposed disease 

progression modeling 

framework effectively learned 

the continuous relationships 

between disease stages. By 

leveraging prototype-based 

deep learning with multi-

objective progression 

constraints, our framework 

constructs a hierarchical 

embedding space that 

captures disease progression 

trajectories. Our approach 

not only offers a promising 

direction for modelling 

continuous disease evolution, 

but also facilitates early 

intervention through patient-

specific trajectory 

localization.
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METHODS & RESULTS

This work introduces an interpretable prototype-based continuous disease progression framework that moves beyond conventional 

discrete dementia classification by modeling hierarchical disease trajectories, enabling both accurate diagnosis and patient -specific 

progression localization.
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