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Alzheimer’s Disease

• Defined by post mortem histopathology

• Clinical syndrome: memory etc.

• Looooong pre-symptomatic period: decades of pathology

• Heterogeneity in syndrome, onset, progression, and pathology!



Treatments for Alzheimer’s?

• Amyloid cascade hypothesis (Hardy/Higgins 1992; Selkoe/Hardy 2016)
+ Plenty of supporting evidence
– Anti-amyloid therapies not proving efficacious in large clinical trials

• Why are clinical trials “failing”? (hundreds since 2003)
ØWrong time? (too late: prevention vs cure)
ØWrong people? (subgroups)
Ø Insufficient duration?
Ø Insensitive end-points? (biology/biomarkers vs clinical benefit)
ØAmyloid hypothesis “wrong”? (wrong biology / comorbidities / multitarget strategies)

(Salloway, CTAD 2019; Aisen, CTAD 2019; + many at CTAD 2021/22)
O’Connor et al. Alz Res Ther 2020

Oxtoby et al. medRxiv 2021; Frontiers 2022



M. ten Kate et al., Alz. Res. Therapy (2018)

See also:  D. Cash et al., Alz. Res. Therapy (2014)

What have clinical trials done?
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Data-driven Disease Progression Modelling

Lorenzi et al, 
NeuroImage 2017



Data-driven Disease Progression Modelling

Lorenzi et al, 
NeuroImage 2017



Data-driven Disease Progression Modelling

Lorenzi et al, 
NeuroImage 2017



Data-driven Disease Progression Modelling

Lorenzi et al, 
NeuroImage 2017



Data-driven Disease Progression Modelling
Disease/Subtype 1

B
i
o
m
a
r
k
e
r

Disease/Subtype 2

B
i
o
m
a
r
k
e
r

Disease 
stage

Disease 
stage



Data-driven Disease Progression Modelling
Disease/Subtype 1

B
i
o
m
a
r
k
e
r

Disease/Subtype 2

B
i
o
m
a
r
k
e
r

Disease 
stage

Disease 
stage

P
a
t
i
e
n
t
 
d
a
t
a
 
t
o
 
m
a
t
c
h



Data-driven Disease Progression Modelling
Disease/Subtype 1

B
i
o
m
a
r
k
e
r

Disease/Subtype 2

B
i
o
m
a
r
k
e
r

Disease 
stage

Disease 
stage

P
a
t
i
e
n
t
 
d
a
t
a
 
t
o
 
m
a
t
c
h



Data-driven Disease Progression Modelling

L
i
k
e
l
i
h
o
o
d

L
i
k
e
l
i
h
o
o
d

Disease/Subtype 1

B
i
o
m
a
r
k
e
r

Disease/Subtype 2

B
i
o
m
a
r
k
e
r

Disease 
stage

Disease 
stage

P
a
t
i
e
n
t
 
d
a
t
a
 
t
o
 
m
a
t
c
h



Data-driven Disease Progression Modelling

Lorenzi et al, 
NeuroImage 2017



Disease Progression Modelling + Clustering

• Discrete: Subtype and Stage Inference

Young at al., Nature Communications 2018

• Continuous: LT-NLME + GMM

Poulet & Durrleman, IPMI 2019



Event-based model
• Estimates the order of disease “events” from a cross-sectional (or short-term 

longitudinal) data set

Data-driven: no prior knowledge of disease stage



Event based model
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Event based model of Alzheimer’s 
disease progression

Young et al, 
Brain 2014
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Event based model in Alzheimer’s 
disease progression: CSF vs PET

Janelidze et al, 
JAMA Neurol 2021



Event based model in Alzheimer’s 
disease progression: CSF vs PET

Janelidze et al, 
JAMA Neurol 2021



Subtype and Stage Inference
(DPM + clustering)

Young et al, 
Nat Commun 2018



Subtype and Stage Inference – Genetic FTD

Young et al, 
Nat Commun 2018
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Subtype and Stage Inference
– further reading

github.com/ucl-pond/pySuStaIn



Applications of DPM in 
Clinical trials in Alzheimer’s disease
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SHOW ME 
THE DATA!

Jerry Maguire, 
Sony Pictures 1996



Applications of DPM in 
Clinical trials in Alzheimer’s disease
• Event-based model

Oxtoby et al., Frontiers 2022

• Subtype and Stage Inference

Shand et al., AD/PD 2022



MCI clinical trial of Donepezil (& vitamin E)

Experiments:
1. Build model (ADNI data)
2. Stage trial data (BL/SC)
3. Stratify
4. Analyse subgroups

Event Based Model
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MCI clinical trial of Donepezil (& vitamin E)

Experiments:

3. Stratify

N=362 N=222 N=85

Event Based Model Oxtoby et al., Frontiers 2022



MCI clinical trial of Donepezil (& vitamin E)

4. Analyse subgroups

N=362

N=222

N=85

Event Based Model Oxtoby et al., Frontiers 2022



FYN trial of ADZ0530

SuStaIn

Figure 1: Positional variance diagrams showing disease progression 
event sequence (intensity indicates sequence positional density)

Experiments:
1. Build model (ADNI data)
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Figure 1: Positional variance diagrams showing disease progression 
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Experiments:
1. Build model (ADNI data)

Figure 2: Disease stage histogram in ADNI (top) 
and FYN (bottom)

Shand et al., AD/PD 2022



FYN trial of ADZ0530

SuStaIn

Figure 1: Positional variance diagrams showing disease progression 
event sequence (intensity indicates sequence positional density)

Experiments:

2. Subtype & Stage trial data (BL/SC)

Figure 2: Disease stage histogram in ADNI (top) 
and FYN (bottom)

Sub-cortical: N=65
Cortical: N=62

Shand et al., AD/PD 2022



FYN trial of ADZ0530

SuStaIn

Experiments:

4. Analyse subgroups

Figure 3: Change in ADAS-Cog 12 scores across 52-week 
period for whole cohort and two subtypes, separated by trial 
arm (greater point increase = greater cognitive decline)

Figure 4: Change in FDG-PET sROI across 52-week period 
for whole cohort and two subtypes, separated by trial arm 
(greater sROI decrease = greater neurodegeneration)

Shand et al., AD/PD 2022



FYN trial of ADZ0530

SuStaIn

Experiments:

4. Analyse subgroups

Figure 5: Percentage change in 
regional volumes across 52-week 
period for whole cohort and two 
subtypes, separated by trial arm

Shand et al., AD/PD 2022



Take home messages

• Alzheimer’s disease is a heterogeneous mystery

• Disease Progression Modelling can help to unravel the mystery

• DPM produces quantitative templates of AD progression that can 
enrich clinical trials to find the right patients at the right time



Healthcare?

• Local memory clinic in England

• T2w MRI used for routine care

• T1w MRI cropped!
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