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Topics

• The evolution of the concept of Alzheimer 
disease

• The neuropathological fingerprints of 
Alzheimer Disease across stages

• The relationship between neuropathology
and clinical outcomes

• The impact of neuropathological changes on
• therapeutic strategies

What did go wrong? 
Where to go?
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Neuropathological Criteria

A diagnosis of AD is made when the criteria
for intermediate or high likelihood of AD are 
met and the patient had a clinical history of 
dementia (NIA-RI Consensus 1997). 

Neuropathological Criteria
• Current pathological criteria for AD were defined in 1997 by a workshop of the National 

Institute of Aging and the Reagan Institute. 

• The NIA-RI consensus recommendations combine the CERAD semiquantitative score of 
neuritic plaques and the Braak and Braak staging of NFTs to distinguish three probabilistic
diagnostic categories: 

(1) high likelihood, if there are frequent neuritic pla ques (CERAD definite) and 
abundant isocortical NFTs (Braak stage V/VI); 

(2) intermediate likelihood, if there are moderate neuriti c plaques (CERAD probable) 
and NFTs are restricted to limbic regions (Braak III/IV) , and 

(3) low likelihood, if there are infrequent neuritic plaques (CERAD possible) and NFTs are 
restricted to the entorhinal cortex and/or hippocampus (Braak I/II). 
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What is Alzheimer disease?

• Biomarkers and neuropathological
studies tell us that Alzheimer’s starts 
many years prior the appearance of 
symptoms

• Patients neuropathologically defined 
AD are genetically and clinically 
heterogeneous

• The presence of pathology defines 
different baseline scores and 
trajectories for cognitive and 
functional decline in Ab+ and Ab-
subjects.

Bateman B et al NEJM 2012;367(9):795–804, Liu E et al Neurology 2015;85(8):692–700; Salloway S et al. Alzheimers Dement 2013;9(4):P888–P889

TDP43

• Alzheimer Disease is the major risk factor for cognitiv e decline in addition to age;
• Neuritic plaques and NFTs are the neuropathological hal lmark of Alzheimer Disease; 
• Amyloid deposition and fibrillogenesis is the main risk f actor for the neuropathological

hallmarks of Alzheimer Disease although TAU and TDP43 play also a major role in the 
developoment of the disease
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JAMA Neurology October 2019 Volume 76, Number 10

JAMA Neurology October 2019 Volume 76, Number 10
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ANN NEUROL 2018;83:74–83

The unsolved question: what comes first, the egg or the chicken?
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Clinically silent

Incipient AD

Fully-developed AD

Braak and Braak, Neurobiol Aging, 1995

Giaccone, Bugiani, Tagliavini

The pattern and the distribution of amyloid 
plaques correlates very poorly with which 
brain regions appear to be sick and to 
clinical severity.
In contrast the amount and distribution of 
neurofibrillary tangles tracks fairly well with 
how the disease moves cognitively in a 
particular patient

MRI and tau/aẞ PET
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CONVERGENT EVIDENCES ARGUE STRONGLY FOR 

AMYLOID AS THE MAIN FACTOR DRIVING THE 

PATHOLOGICAL PROCESS

WHAT HAVE WE LEARNT IN THE LAST YEARS ABOUT ALZHEIM ER 
DISEASE?

AMA. 2017;317(22):2305-2316. doi:10.1001/jama.2017.6669 

Elevated amyloid at baseline was defined by 
florbetapir SUVR greater than 1.1 (a threshold
derived from discrimination of probable
Alzheimer cases from younger healthy control 
participants in an independent data set) or CSF 
Aβ42 less than 192 pg/mL (a threshold derived
from discrimination of autopsy- confirmed
Alzheimer cases in an independent data set). 

Participants were classified as having elevated
amyloid if they met either threshold. Otherwise, 
they were classified as having normal amyloid. 
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JAMA Neurol. 2019;76(8):915-924

Our results indicate a sequence of observable phenomena in 
preclinical AD:

1. Amyloid- β increase was the initial event observed , including in 
those with low-Aβ levels. In the first observation period, Aβ increased
but cognition did not decline until the second period. Tau measures
were not available in the first period, but Aβ measures were associated
with subsequent tau changes (model 1) and final tau levels (models 3-
5). 

2. Tau increase in inferior temporal neocortex, while m easurable
in low-A β individuals, was faster in those who were increasing
Aβ. Our data indicate that tau changes are more closely associated
with the rate of Aβ change than by Aβ levels (model 1). A short delay 
between Aβ and tau increases is likely to occur in some individuals

3. Cognitive decline was most closely associated with ta u 

change, beyond baseline A β and tau. 

Cell 2019 179, 312-339DOI: (10.1016/j.cell.2019.09.001) Cell 2019 179, 312-339DOI: (10.1016/j.cell.2019.09.001) 

The evolution of Alzheimer Disease
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THE CLINICAL CONSEQUENCES

1) Different therapies and strategies across stages of disease
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Slide adapted from AAIC 2017 Biogen symposium

2) The development of diagnostic criteria
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Progression of AD pathology and symptomsProgression of AD pathology and symptoms

MCI due to 
AD

1. Morris JC et al. J Intern Med 2014; 275:204–213; 2. Jack Jr CR et al. Neurology 2016;87:539–547
Aβ, amyloid-beta; AD, Alzheimer’s Disease; CSF, cerebrospinal fluid; FDG, fluorodeoxyglucose; IWG, International Working Group; MCI, mild cognitive impairment; 
MRI, magnetic resonance imaging;
NIA-AA, National Institute on Aging–Alzheimer’s Association; PET, positron emission tomography; p-Tau, phosphorylated-Tau; t-Tau, total-Tau

AD BMs GROUPs – AT(N) classification

A: BMs of Amyloid plaques

N: BMs of neurodegeneration

T: BMs of fibrillar Tau
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3) A useful framework for therapeutic testing
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THE CASE OF ANTIAMYLOIDS
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DO THEY IMPACT ON AMYLOID?
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DO THEY IMPACT ON TAU?
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Those treated with aducanumab
had statistically significant 
reductions in CSF phospho-Tau 
lvels compared with those 
treated with placebo, although 
sample sizes for these measures 
were small. 

This suggests that clearing 
amyloid with aducanumab, a 
monoclonal antibody to ß-
amyloid aggregates, removes 
amyloid as shown in earlier trials 
and may also have a downstream 
effect of lowering tau levels.

DO THEY IMPACT ON CLINICAL

MEASURES?
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ADUCANUMAB BIOLOGICAL AND CLINICAL EFFECTS

FUTURE SCENARIOS
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Antiamyloids are not a Magic Bullet

THE RIGHT TARGET FOR THE RIGHT 

DRUGS AT THE RIGHT STAGE FOR THE 

RIGHT TIME INTERVAL
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Circulation. 2016;133:1073-1080.

Cumulative events over the 20-year follow-up period. Cumulative incidence functions are provided for the outcomes of death resulting

from (A) all causes, (B) cardiovascular disease, (C) coronary heart disease, and (D) noncardiovascular disease. P values were determined

by Cox proportional hazards model.

Lonn EM et al. N Engl J Med 2016;374:2009-2020.

Cumulative Incidence of Major Cardiovascular Events, According to Trial Group.
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COMBINATION THERAPIES

Given the complex nature of the Alzheimer process, it is unlikely that the 

most effective disease modifying therapy could be achieved by a single 

compound with a single target. 

Rapamycin, trametinib, and lithium promoted longevity beyond that of the double 

combinations, extending median lifespan by 48%
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Cell Research (2019) 29:787–803;

"GV-971 is a novel, marine-derived oligosaccharide, which has multi targeting mechanisms 

including inhibition of amyloid-β fibril formation, neuroinflammation, and recondition of 

dysbiosis of gut microbiota”

Emerging evidence from both animal and 

human studies supports the association

between dysbiosis of the gut microbiota and 

the microglia activation during AD 

development
This study aims to investigate the 

mechanistic linkage between gut

microbiota and AD progression, and to 

explore the potential intervention

strategies.

Credit: Stephanie Grella, Ramirez Group, Boston University

Experimental and preliminary clinical studies indicate that targeting amyloid and tau 
are the KEY STRATEGY to prevent and treat AD since the earliest stages

The mechanisms by which the accumulation of amyloid develops are still little
known, as are the mechanisms by which amyloid has a variable influence on the 
metabolism of tau but IMMUNITY and INFIAMMATION seem to play an important
role in Alzheimer's disease

Data derived from different studies support the need to stratify subjects based on 
disease stage and neuropathological characteristics

STRATEGIES BY COMBINING DIFFERENT DRUGS IN DIFFERENT PHASES 
acting on distinct neuropathological targets should be part of a effective therapeutic
approach aimed at treating AD progression

Conclusions


