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Biased toward biomarkers!



Atypical AD: initial dominant difficulties

• Impaired single-word retrieval, 

sentence repetition, phonologic errors

• Spared single-word comprehension, 

motor speech

• Deterioration of behaviour ~bvFTD

• Executive deficits with relative sparing 

of memory and visuospatial functions

• Predominant decline in core executive 

cognitive function

Graff-Radford et al Lancet Neurol 2021

Typical AD

• Parkinsonism, Myoclonus, Apraxia…

• Executive, visuospatial, and language 

dysfunction

• Space and/or object perception 

difficulties, simultanagnosia, face 

perception and reading difficulties….

Early onset
< 65 yo



Atypical AD: clinical diagnosis

Logopenic Variant Primary 

Progressive Aphasia 

Behavioural variant AD

Dysexecutive AD 

Graff-Radford et al Lancet Neurol 2021

Amnestic AD

Corticobasal syndrome

Posterior cortical atrophy

Early onset
< 65 yo



Atypical AD: clinical (mis)diagnosis

Logopenic Variant Primary 

Progressive Aphasia 

Behavioural variant AD

Dysexecutive AD 

Graff-Radford et al Lancet Neurol 2021

Amnestic AD

Corticobasal syndrome

Posterior cortical atrophy

CBS due to CBD, 
PD…

bvFTD, 
psychiatric 
diagnoses…

Vascular 
dementia, 
psychiatric 
diagnoses…

Other PPA, 
stroke…

Dementia with 
Lewy Body, or 
ocular 
conditions…



Atypical AD: localised brain changes

Graff-Radford et al Lancet Neurol 2021

Similar 
patterns with 
Tau PET and 
FDG PET



What’s new?

PATHOLOGYGENETICSBIOMARKERS

Diagnosis
Prognosis

Tau spreading

Influencing factors
Risk factors

Regional vulnerability
Clinico-path correlations

APOLOGIES: too many good discoveries and results in 2022 to be discussed in 30 minutes!
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Biomarkers: what’s new?



Biomarkers: what’s new?

Atrophy

Tau

Hypometabolism + CSF



Biomarkers: clinical outcomes vs atrophy

Whitwell et al Neurology 2022

Clinical decline in atypical AD: 
heterogeneity in patterns of change and relationships to

concurrent brain atrophy?



Biomarkers: clinical outcomes vs atrophy

Whitwell et al Neurology 2022

Rates of change in 13 clinical measures in 
patients with PCA and LPA

Principal component analysis

Component 1 = 
overall severity



Biomarkers: clinical outcomes vs atrophy

Whitwell et al Neurology 2022

Rates of change in 13 clinical measures in 
patients with PCA and LPA

Principal component analysis

Component 1 = 
overall severity

Associated with faster rates of atrophy in temporal lobe 

and supramarginal gyrus, and faster rates of ventricular 

expansion



Biomarkers: tau progression

Phillips et al Alzh & Dem 2022

Tau progression over time in atypical AD: 
regional specific rate of change and influencing factors?



Biomarkers: tau progression

Phillips et al Alzh & Dem 2022

Models of neocortical disease progression in atypical AD, 

based on frequency of gray matter atrophy in an independent 

sample of patients. 

Stage 1 = earliest areas of disease

Stage 5 = latest areas of disease



Biomarkers: tau progression

Areas of early disease higher tau at baseline 

and reduced changes over time relative to 

late‐stage disease regions.

A
n

n
u

al
iz

ed
 S

U
V

R
 c

h
an

ge
 

Younger and less impaired patients had 

greater SUVR increases.

Phillips et al Alzh & Dem 2022



Biomarkers: connectivity and tau propagation

AD phenotypes are associated with distinct network-specific patterns of tau aggregation and longitudinal progression

Functional networks Structural connectivity

Therriault et al Sci Transl Med 2022



Biomarkers: FDG PET vs CSF

Quispialaya, Therriault et al Neurology 2022

Complementary biomarkers in atypical AD: 
concordance between CSF and FDG PET in atypical and early-onset AD?



Biomarkers: FDG PET vs CSF

Quispialaya, Therriault et al Neurology 2022

Graff-Radford et al Lancet Neurol 2021

Aβ42to T-tau ratio <1.0
P-tau181 > 61 pg/mL

INCLUSION:
- Patients with early onset dementia OR 

late onset atypical AD
- FDG PET AND CSF



Biomarkers: FDG PET vs CSF

Graff-Radford et al Lancet Neurol 2021

Aβ42to T-tau ratio <1.0
P-tau181 > 61 pg/mL

[18F]FDG-PET and CSF biomarkers were discordant in nearly 20% of cases:

extreme atypical presentations of AD or mixed pathologies.

Quispialaya, Therriault et al Neurology 2022
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Genetics: 2021

Atypical AD
Typical AD

PCA
lvPPA

APOE ε4 frequency increases 

with age at onset in atypical AD

Global Aβ standard uptake value 

ratios does not differ according 

to APOE e4 status

The presence of APOE4 is 

associated with focal medial temporal 

flortaucipir-SUVR increases

La Joie et al Neurology 2021, Whitwell et al Neurobio Aging 2021



Genetics: what’s new?

Link to Pathology

Link to 
Biomarkers



Genetics: APOE and brain changes

Singh et al Alzh & Dem 2022

APOE ε4 effects on brain changes in atypical AD: 
regional association of APOE ε4 with gray matter volume loss and tau?



Genetics: APOE and brain changes

Grey matter loss Tau pathology

Singh et al Alzh & Dem 2022



Genetics: APOE and brain changes

Grey matter loss Tau pathology

Positive values = ε4 carriers with more uptakeNegative values = ε4 carriers with more loss

Singh et al Alzh & Dem 2022

APOE ε4 was associated with more medial temporal involvement at baseline, 
while over time non-carriers show faster progression



Polsinelli et al Alzh & Dem 2022

Genetics: APOE and cognitive changes

APOE ε4 and sex effects in early onset AD: 
different effects on cognitive decline in early- vs late-onset AD?



Polsinelli et al Alzh & Dem 2022

Genetics: APOE and cognitive changes

Global measure of cognition:

APOE ε4 affected the rate of 

decline in LOAD (sex no effect)



Polsinelli et al Alzh & Dem 2022

Genetics: APOE and cognitive changes

In the EOAD group, the presence of APOE ε4 and female sex accelerated cognitive decline.

The effect of APOE ε4 was greater in EOAD for

executive functioning and greater in LOAD for language.



Kim et al Acta Neuropath 2022

Genetics: TREM2 and atypical AD

TREM2 and increased risk in atypical AD: 
TREM2 variants associated with atypical clinical and pathology AD?



Kim et al Acta Neuropath 2022

Genetics: TREM2 and atypical AD

Clinical variants Pathology

TREM2 more frequently associated with 

non-amnestic clinical syndromes TREM2 associated with an atypical 

distribution of neurofibrillary tangle density 



Kim et al Acta Neuropath 2022

Genetics: TREM2 and atypical AD

TREM2 variant cases were not associated with an increased 

prevalence, extent, or severity of co-pathologies.

Co-pathologies



Kim et al Acta Neuropath 2022

Genetics: TREM2 and atypical AD

TREM2 variant cases were not associated with an increased 

prevalence, extent, or severity of co-pathologies.

Co-pathologies
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Pathology: 2021

Uretsky et al A&D Transl Res Clin Interv 2021, Spina, La Joie et al Brain 2021 

Hippocampal Sparing AD cases but not Limbic predominant 

cases performed worse and declined faster

Non-AD pathological diagnoses play 

an important role in the clinical 

phenotype of early onset AD



Pathology: what’s new?

Link to Biomarkers



Arezoumandan et al Acta Neuropath 2022

Pathology: tau distribution & maturation

Regional tau pathology in atypical AD: 
differences in regional distribution and burden of tau?



Arezoumandan et al Acta Neuropath 2022

Pathology: tau distribution & maturation

Subcortical and cortical regions: QuPath for percentage of staining-positive pixels 

phosphorylated

-tau

mature tangles

ghost tangles



Arezoumandan et al Acta Neuropath 2022

Pathology: tau distribution & maturation



Arezoumandan et al Acta Neuropath 2022

Pathology: tau distribution & maturation

Typical AD = phosphorylated-tau pathology within the hippocampus 
reflecting traditional Braak staging

Non-amnestic AD = mature tangle pathology in the neocortex compared 
to patients with clinical amnestic AD



Tremblay et al  J Neuropathol Exp Neurol 2022

Pathology: topographical progression

Tau spreading in atypical AD: 
interhemispheric tau differences and atypical spreading patterns?



Tremblay et al  J Neuropathol Exp Neurol 2022

Pathology: topographical progression

Asymmetry and atypical tau topographical progression patterns 
may be associated with atypical AD clinical presentations

Frequent mild (82% of cases) and 
occasional moderate (32%) 

interhemispheric density discrepancies 
were observed



Mohanty et al Neurology 2022

Pathology: antemortem-to-postmortem

MRI-to-postmortem correlations in atypical AD: 
MRI-based atrophy subtypes differ in neuropathologic features?



Mohanty et al Neurology 2022

Pathology: antemortem-to-postmortem

MRI-Based Heterogeneity
Severity vs. Typicality

TYPICAL AD

MINIMAL ATROPHY

HIPPOCAMPAL SPARINGLIMBIC PREDOMINANT



Mohanty et al Neurology 2022

Pathology: antemortem-to-postmortem

Antemortem typicality = negatively associated with 

neuropathology severity and concomitance of pathologies

Antemortem severity = negatively associated with 

pathologies concomitance

Postmortem: Amyloid, 
Tau, Alpha syn, TDP-43
Concomitance



Mohanty et al Neurology 2022

Pathology: antemortem-to-postmortem

Limbic-predominant AD and typical AD subtypes with similar 

pathways, more vulnerable than hippocampal-sparing patterns

Postmortem: Amyloid, 
Tau, Alpha syn, TDP-43
Concomitance



2022 Summary

PATHOLOGYGENETICSBIOMARKERS

• Regional-specific 
vulnerability

• Differential tau 
spreading 

• Postmortem validation 
of in vivo patterns

• Identification of 
neurodegeneration-specific 
clinical outcome

• In vivo tracking of tau 
progression

• Complementary diagnostic 
biomarkers

• APOE effects on brain 
changes and clinical 
outcome

• Interaction effects with sex
• TREM2 associated with 

different clinical variants 
and pathology 



Next challenges…

1. Fluid markers in atypical AD

2. Differential regional vulnerability (i.e. networks, inflammation) 

3. Under-investigated influencing factors (i.e. brain development)

4. Clinical trials involving atypical AD: stratification and outcomes



The challenge Thank you!
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The challenge Ask the experts!

Baayla Boon Jennifer Whitwell Rosaleena Mohanti Keir Yong


