
CONCLUSIONS

Incorporating an explicit outlier class into the SuStaIn model improves the stability of disease subtyping and enhances the prognostic 
value of disease staging in heterogeneous datasets.
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CONTACT

Context: Data-driven 
models like SuStaIn [1] 
characterise the temporal 
evolution of Alzheimer’s 
disease progression using 
cross-sectional data. 
The Problem: 
Clinical datasets are 
inherently "noisy" because 
they include misdiagnosed 
subjects [2], cases of mixed 
pathology [3] and atypical 
presentations of disease.  
The Goal: We developed an 
enhanced SuStaIn algorithm 
with explicit outlier handling 
to enable robust subtyping 
and staging despite noise.

Model Innovation: Extended 
the SuStaIn mixture model with 
a uniform distribution outlier 
class to capture subjects who 
do not fit existing clusters. 

Validation: 
• Synthetic Data: Used 

Kendall’s tau to quantify 
sequence recovery 
performance against ground 
truth as noise increased.  

• Clinical Data: Applied to 
lobular cortical thickness in 
672 Aβ+ subjects (ADNI 
cohort [4]).  
 
Compared against standard 
SuStaIn using subtype 
stability (Cohen’s kappa), 
cognitive score correlations, 
and MCI-to-dementia 
conversion (Cox proportional 
hazards). 

• In ADNI data, it identified 23 
subjects (3.4%) as outliers 
exhibiting atypical atrophy 
without disrupting disease 
sequences

• The method improves 
longitudinal stability (K=0.81 vs 
0.74), maintains/strengthens 
cognitive correlations and 
improves MCI-AD prognostic fit 
(C-index 0.625 vs 0.623). 
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Robust Disease Progression Modelling With Explicit 
Outlier Handling

• Outlier-aware SuStaIn 
improves sequence recovery 
in noisy synthetic data

Conclusions: 
Explicit outlier modeling 
produces cleaner, more stable 
subtypes in heterogeneous 
datasets.
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