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Text: 

 With the recent approval of 18F-flortaucipir (previously called T807/AV-1451, trade name 

TauvidTM) for clinical use by the United States Food and Drug Administration, there is 

increasing excitement around tau imaging. 18F-flortaucipir PET is now approved to estimate the 

density and distribution of aggregated tau neurofibrillary tangles in adults with cognitive 

impairment undergoing evaluation for Alzheimer’s disease (AD) (1). The Food and Drug 

Administration approval was based on evidence that visual interpretations of 18F-flortaucipir 

PET showed high sensitivity and specificity for advanced stage tau pathology as determined at 

autopsy (2). In addition to its diagnostic use, tau PET can image the spatiotemporal progression 

of tau pathology in longitudinal studies, shining a light on the central role of tau in driving 

neurodegeneration and cognitive decline throughout the insidious evolution of AD. 

 Tau is a microtubule binding protein that plays an important physiologic role in axonal 

transport, cytoskeletal architecture and membrane-based signaling pathways (3). In humans, tau 

undergoes alternative splicing to form six isoforms, each of which contains either 3 or 4 repeat 

microtubule binding motifs (3R or 4R isoforms). In neurodegenerative diseases, tau undergoes 

abnormal phosphorylation and acetylation, causing it to disassemble from microtubules and form 

fibrillar insoluble aggregates which propagate through the brain. In AD, aggregated forms of tau 

are found in dystrophic neurites around amyloid-β plaques, and in neurofibrillary tangles which 

consist of mixed 3R/4R tau isoforms that form paired helical filaments. 18F-flortaucipir, the first 

and most widely studied tau-specific radiotracer, is specific to the tau aggregates of AD and 

shows absent-to-low binding in non-AD tauopathies. Autopsy studies have shown that 

neurofibrillary tangles follow a stereotypical progression from transentorhinal (Braak Stages I/II) 

to limbic (Braak III/IV) and finally neocortical (Braak V/VI) regions. Tau PET patterns reported 
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with 18F-flortaucipir and other tau radiotracers generally reproduce the expected topography of 

neuropathological Braak staging (4). 

AD Neuropathological Changes (ADNC) are measured based on the distribution of both 

amyloid and tau pathology. The relationship between ADNC and clinical state is complex. It is 

now widely recognized that AD has a prolonged preclinical phase, characterized by the presence 

of plaques and tangles without clinically significant cognitive changes. Over time, many 

individuals with preclinical AD develop mild cognitive impairment (MCI, defined by objectively 

confirmed cognitive deficits) and ultimately dementia (defined by functional impairment). 

Clinicopathological studies have revealed that cognition and clinical state are much more closely 

related to the distribution and burden of neurofibrillary tangles than to the topography or degree 

of amyloid plaques (5). The relationship between ADNC and cognition is further modified by 

patient-specific factors including age, sex, education, genetics and additional brain co-

pathologies. 

As would be expected from neuropathology, worsening disease stage in AD is associated 

with increased intensity and spread of tau PET ligand retention. In cognitively normal older 

adults, increased age is associated with increased tau PET uptake in the medial temporal lobes 

independent of amyloid status, as observed in autopsy studies in Braak I/II regions (4). In 

amyloid-positive preclinical AD (defined based on PET or other biomarker evidence of both 

amyloid and tau), tau PET retention increases in the medial temporal lobe and spreads further 

into the inferior-lateral temporal cortex (4). With progression to MCI, tau signal extends further 

into lateral temporal and posterior cingulate cortices (6). Progression to the dementia stage is 

characterized by increased intensity and spread of binding to the parietal and dorsolateral 

prefrontal cortices, with relative preservation of primary unimodal cortices (6).  
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Throughout the course of disease, both the distribution and burden of tau PET binding 

correlate with cognitive symptoms. In preclinical AD and MCI, increased medial and inferior 

temporal tau is associated with decreased performance on episodic memory tests (7–9). Figure 1 

illustrates that in patients with AD, the topography of 18F-flortaucipir binding correlates with 

performance in specific cognitive domains according to established brain-behavior relationships 

(i.e., language in the left perisylvian region, episodic memory in the medial temporal lobe, 

semantic memory in the left anterior temporal lobe, executive function in the bilateral 

frontoparietal cortex, and visuospatial in the occipital and posterior parietal cortex) (10). 

Relatedly, patients with logopenic-variant primary progressive aphasia (a language-predominant 

variant of AD) show asymmetric left hemisphere tau PET binding, while patients with posterior 

cortical atrophy (a visuospatial-predominant variant) show increased occipital binding (11). 

Notably, amyloid PET patterns show absent-to-weak correlations with cognitive deficits and 

clinical AD phenotype. 

Multiple factors affect the relationship between tau, brain structure and cognition in AD.  

Younger age at disease onset is associated with increased tau burden but also greater cognitive 

and brain resilience, where early-onset AD patients (age ≤65) have greater tau burden relative to 

their disease stage compared to patients with late-onset AD (9,11,12). Females have greater tau 

burden but also greater preservation of cognition and brain structure relative to tau compared to 

males (12). Patients who carry the apolipoprotein E ε4 risk allele have greater tau accumulation 

in the medial temporal lobe compared to patients with other apolipoprotein E genotypes (9,11). 

Higher educational level is associated with greater cognitive resilience relative to tau burden 

(12).  
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Multimodal imaging analyses have provided insights into the relationship between 

amyloid, tau, neurodegeneration and cognition. Growing evidence suggests that amyloid PET 

positivity is critical for tau spread from the medial temporal lobe to the neocortex (4,9). Tau 

imaging is strongly correlated with neurodegeneration (i.e., gray matter atrophy on MRI or 

hypometabolism on fluorodeoxyglucose-PET), which partially mediates the localized effect of 

tau PET on cognition (10). Vascular dysfunction also affects the relationship between tau and 

cognition, and provides an additional target for clinical intervention (13). Studies combining tau 

PET with MRI structural or functional connectivity measures support the notion that tau 

aggregates propagate through trans-neuronal connections (14), supporting therapeutic 

interventions such as tau-targeting monoclonal antibodies designed to slow or prevent tau spread. 

Recently, longitudinal studies have revealed that tau PET predicts both future 

neurodegeneration and clinical decline. Baseline tau PET predicts the rate and topography of 

future gray matter atrophy at the single patient level, independent of baseline atrophy and 

amyloid (15). Tau PET is associated with future cognitive decline across the AD clinical 

spectrum (9), and spread aligns with conversion from preclinical AD to mild cognitive 

impairment (8), and from mild cognitive impairment to dementia (16). As a biomarker of both 

neuropathology and disease progression, tau PET has many roles in AD clinical trials including 

subject selection, group stratification (e.g., higher baseline tau PET predictive of more rapid 

progression), measurement of target engagement (for tau-directed therapies), and measurement 

of downstream disease modification (e.g., for amyloid-directed therapies).  

In summary, tau imaging enables in vivo visualization of AD molecular pathology that 

localizes with cognitive symptoms and aligns with clinical severity. Therefore, tau PET is likely 

to enhance precision medicine approaches to AD diagnosis, prognostication, drug development 
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and future clinical care. Ultimately, the close association between tau imaging and cognition has 

strengthened hope that future anti-tau therapeutics will slow cognitive decline in AD.  
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Figures: 

 

FIGURE 1: Vowel-wise analysis showing correlation between increased 18F-flortaucipir SUVR 

and decreased domain-specific cognitive performance in a clinically heterogenous sample of 93 

patients with Alzheimer’s disease. Voxels are significant at a peak-level threshold of p<0.001 

uncorrected, cluster-level Family-wise error corrected p<0.05.  

 


