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Abstract

The two neuropathological hallmarks of Alzheimer’s disease (AD) are amyloid-β plaques and 

neurofibrillary tangles of tau protein. Fifteen years ago, Positron Emission Tomography (PET) 

with Pittsburgh Compound B (11C-PiB) enabled selective in-vivo visualization of amyloid-β 
plaque deposits and has since provided valuable information about the role of amyloid-β 
deposition in AD. The progression of tau deposition has been shown to be highly associated with 

neuronal loss, neurodegeneration, and cognitive decline. Until recently it was not possible to 

visualize tau deposition in-vivo, but several tau PET tracers are now available in different stages of 

clinical development. To date, no tau tracer has been approved by the Food and Drug 

Administration for use in the evaluation of AD or other tauopathies, despite very active research 

efforts. In this paper we review the recent developments in tau PET imaging with a focus on in-
vivo findings in AD and discuss the challenges associated with tau tracer development, the status 

of development and validation of different tau tracers, and the clinical information these provide.
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1. Introduction

Alzheimer’s disease (AD) affected an estimated 5.4 million Americans in 2016 (Alzheimer’s 

Association 2016) and, due to increased lifespan, may affect 13.5 million by 2050 

(Alzheimer’s Association 2015). The two hallmark pathologies of AD are the progressive 

accumulation of amyloid-β plaques and the abnormal aggregation of tau protein into paired 
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helical filaments and neurofibrillary tangles. These deposits are eventually accompanied by 

neuroinflammation, neuronal/neuritic dysfunction, and cellular death (Heneka et al. 2015).

The initial cause of late-onset sporadic AD is still unknown. One long-standing hypothesis 

has driven many efforts in the search for disease-modifying therapies. The ‘amyloid-cascade 

hypothesis’ proposes that AD is primarily driven by amyloid-β and the disease process, 

including tau deposition, is the result of an imbalance between the production and clearance 

of amyloid-β (Hardy 2002). Support for this hypothesis includes: 1) inherited mutations in 

APP and presenilin (the precursor protein and the protease for amyloid-β generation, 

respectively) yield early-onset amyloid-β deposition and AD (Goate et al. 1991); 2) Down’s 

syndrome individuals have an extra copy of chromosome 21, which codes for APP, and 

present elevated amyloid-β deposition and risk of AD (Olson and Shaw 1969); 3) an APP 

gene mutation was recently reported to protect against AD and cognitive decline in elders 

(Jonsson et al. 2012). It is also known that amyloid-β deposition can lead to progressive tau 

deposition, but the converse has not been demonstrated in humans (Selkoe and Hardy 2016). 

However, the amyloid hypothesis is still controversial and is challenged by data showing 

inconsistencies with the proposed linear structure (Herrup 2015; Fessel 2017) and the failure 

of phase III trials of anti-amyloid-β therapies (Drachman 2014; Harrison and Owen 2016).

Postmortem studies indicate that both amyloid-β plaques and tau accumulate following 

distinct stereotypic spatial and temporal patterns. Amyloid-β accumulation is mainly in the 

neocortex and begins as early as 30 years before symptoms occur. In contrast, tau 

accumulation begins much earlier in deep gray matter structures, prominently in brainstem, 

entorhinal cortex, medial temporal lobe, and increases gradually with age (Braak el al. 

2011). In AD, PET imaging indicates that tau spreads dramatically across the neocortex, 

apparently accelerated by amyloid-β burden (Hanseeuw et al. 2017; Sperling et al. 2014; 

Yanai et al. 2016; Okamura and Yanai 2017). The progression of AD is described at autopsy 

using a staging system of the progression of tau neurofibrillary tangles, threads and 

dystrophic neurites (Braak and Braak 1991, 1999). A number of studies have explored 

quantification of tau PET and have allowed comparison to and recapitulation of key features 

of the autopsy staging framework (e.g., Johnson et al. 2016; Schwarz et al. 2016; Scholl et 

al. 2016; Cho et al. 2016).

The development of 11C-Pittsburgh Compound B (11C-PiB) enabled the selective in-vivo 
visualization and quantification of amyloid-β deposits (Klunk et al. 2004; Mathis et al. 2005; 

Price et al., 2005; Lopresti et al., 2005). The subsequent development of selective 18F-

labeled amyloid-imaging agents, with a 5-fold longer half-life, facilitated distribution and 

widespread use of amyloid-β PET. These developments profoundly impacted the 

understanding of the spatial and temporal evolution of amyloid-β pathology. For example, 

amyloid-β deposits are found in-vivo in 25–40% of elders with normal cognition and 

associated with cognitive decline over the following 3–5 years (Mintun et al., 2006; 

Donohue et al. 2017). This suggests amyloid-β may be an early and necessary, but not 

sufficient, cause for cognitive decline in AD, pointing to other downstream mechanisms 

such as tau deposition (Villemagne et al. 2012).
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Tau deposition is highly associated with neuronal loss, neurodegeneration, and cognitive 

decline (Braak and Braak 1991; Delacourte et al. 1999; Arriagada et al. 1992; Bierer et al. 

1995; Hyman et al. 2012; Johnson et al. 2016; Ossenkoppele et al. 2016) which, together 

with the recent failure of anti-amyloid drug trials (Expedition 3), has fueled the interest in 

tau as a therapeutic target (Giacobini and Gold 2013). Selective tau PET tracers have been 

developed in recent years, enabling in-vivo visualization of tau deposition. Tau tracers are in 

different stages of clinical development (Wood 2013; Okamura et al. 2013, 2014; 

Villemagne et al. 2014; Jovalekic et al. 2016; Harada et al. 2016), as recently reviewed by 

Saint-Aubert et al. (2017), although none has yet been FDA-approved for clinical use in the 

evaluation of AD or other tauopathies. Tau PET imaging has the potential to facilitate 

accurate tauopathy diagnosis, precise assessment of disease severity, disease progression, 

efficacy of potential disease-modifying anti-tau treatments, and inform patient enrollment 

for trials (Harada et al. 2016). Thus, PET imaging now enables tracking of both tau and 

amyloid-β deposition over time, offering a unique opportunity to elucidate how the 

relationship between these misfolded proteins impacts the development of cognitive decline.

This paper provides an overview of tau PET imaging from a PET methodology perspective. 

This includes discussion of important in-vivo observations in AD, tracer validation efforts, 

limitations and challenges of early tau tracers, and remaining methodological considerations.

2. Rapid emergence of tau PET imaging and progress

Tau PET imaging is rapidly evolving, as illustrated by the burst in publications in this topic 

in 2016, which doubled the total number in the preceding years (Saint-Aubert et al. 2017).

2.1 Challenges of in-vivo tau imaging

An ideal tau tracer must fulfill the general requirements for any brain PET tracer, including 

ample blood-brain barrier penetration, low toxicity, low non-specific binding, rapid uptake 

and clearance from the brain, and no radiolabeled metabolites in the brain. Furthermore, the 

use of 18F instead of 11C is preferred due to the longer half-life (Villemagne et al. 2012; 

Dani et al. 2016).

Tau imaging presents additional challenges. As recently summarized (Harada et al. 2016), 

tau proteins present different isoform composition, different ultrastructure (paired helical or 

straight filaments), and different patterns of deposition in various taoupathies. There are six 

isoforms of tau protein that are produced by alternative splicing of the tau MAPT gene. 

These isoforms are categorized into two functionally different groups based on the number 

of microtubule-binding domains transcribed in the tau protein: 3 repeats (3R) or 4 repeats 

(4R). Normal adult brains contain approximately equal ratio of 3R and 4R tau isoforms, 

while abnormal tau deposits in various tauopathies contain different isoform compositions: 

both 3R and 4R tau is present in AD, tangle predominant senile dementia, and chronic 

traumatic encephalopathy; 3R tau is dominant in Pick’s disease, and 4R tau is dominant in 

corticobasal degeneration, progressive supranuclear palsy (PSP) and argyrophilic grain 

disease (Liu et al. 2008). Due to these differences, a single tau PET tracer may not bind to 

all these heterogeneous tau deposits, or may bind them with different affinities. Additionally, 

tau is largely an intracellular protein, so the tau tracer must cross the cell membrane, as well 
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as the blood–brain barrier, which confers requirements about its molecular size and 

lipophilicity. Also, since current tau PET tracers share β-sheet binding properties, they need 

to achieve selectivity for tau aggregates over amyloid-β and other misfolded proteins with 

similar structural motifs. This is particularly critical in AD, as tau deposits are co-localized 

with amyloid-β plaques but at much lower concentrations (Villemagne et al. 2012; Dani et 

al. 2016).

2.2 Tau PET radiotracers

Several tau PET tracers are now available in different stages of clinical development. The 

first tau tracer used in patients with AD, 18F-FDDNP, suffered from a lack of selectivity as it 

binds to both amyloid-β and tau (Shoghi-Jadid et al. 2002). More-selective tracers that 

mainly aim to detect paired helical filament tau have since been developed. 11C-PBB3 has 

been used to image AD and non-AD taoupathies but exhibited low specific binding, off-

target binding, and a radiometabolite entering the brain (Kimura et al. 2015). New 18F-

derivatives are being developed, including [18F]AM-PBB3 and [18F]PM-PBB3, both 

recently evaluated in-humans. Initial results show improved performance in terms of broader 

dynamic range and less off-target binding around basal ganglia and thalamus (Ono et al. 

2017a).

A series of tau tracers were developed at Tohoku University in Japan: 18F-THK523, 18F-

THK5105, 18F-THK5117, 18F-THK5351 (Fodero-Tavoletti et al. 2010; Villemagne et al. 

2014; Okamura et al. 2013; Stepanov et al. 2017; Betthauser et al. 2017). The first three of 

those tracers showed in human studies increased tracer uptake in AD patients compared to 

age-matched healthy controls in areas of the brain known to contain AD tauopathy, but also 

demonstrated high retention in white matter that precluded interpretation of the images 

through visual evaluation. The newest derivative in this family, 18F-THK5351, shows faster 

kinetics, lower white matter retention and higher signal-to-noise ratio (Harada et al. 2015) 

(see Fig. 1). However, 18F-THK5351 presents high levels of off-target binding to 

monoamine oxidase B (MAO-B) and therefore cannot be used to selectively detect tau 

pathology (Harada et al., 2017).

Pharmaceutical companies are developing tracers to support the advancement of novel 

therapies targeting tau. 18F-AV-680 (formerly 18F-T808) and 18F-AV-1451 (Flortaucipir, 

formerly 18F-T807) were developed by Siemens and are now owned by Eli Lilly. Both show 

good pharmacokinetic properties, high binding affinity and good selectivity for tau over 

amyloid-β, but 18F-AV-680 also shows moderate bone uptake (indicative of in-vivo 
defluorination) (Chien et al. 2013, 2014). 18F-AV-1451 is the most widely used tau tracer to 

date. It has shown patterns of cortical retention comparable to known distributions of tau in 

AD, low retention in white matter, and a strong association with disease severity in AD (see 

Fig. 1). Despite the success of initial studies (Chien et al. 2013; Johnson et al. 2016; Schöll 

et al. 2016), 18F-AV-1451 presents some drawbacks. First, reliable quantification is 

challenging, as the specific signal continues to increase through the duration of the PET scan 

in high-binding AD patients (see section 2.5) and, second, it presents off-target binding (i.e., 

binds to substances in the brain other than tau such as melanin and hemorrhage metabolites 
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(Marquié et al. 2015)). These issues cloud the interpretation of longitudinal changes, as 

explained in more detail below.

These drawbacks prompted continued development of tau tracers with improved 

characteristics and several are now available and under investigation. The preclinical 

evaluations of these newer tracers report high affinity, selectivity and specificity. However, it 

is important to note that the methods vary across studies and, at this time, some results have 

been published only as preliminary conference abstracts (see Table 1). Preliminary clinical 

evaluations are also promising. 18F-RO6958948, developed by Roche, has shown 

significantly higher uptake in AD patients compared to controls, lack of radiometabolites 

entering brain and no defluorination; clinical studies are ongoing (Wong et al. 2015). 18F-

GTP1, developed by Genentech, is under evaluation in a longitudinal natural history study. 

Preliminary cross-sectional results show an association between 18F-GTP1 uptake and 

cognitive deficits in AD, but also notable off-target binding in basal ganglia (Sanabria-

Bohorquez et al. 2016, 2017). Preliminary human results for a third tracer, 18F-PI-2620, 

developed by Piramal Imaging, show robust uptake and fast wash-out in AD subjects, and 

focal asymmetric uptake in AD tau-bearing areas. Importantly, the preclinical 

characterization of 18F-PI-2620 has shown evidence of strong binding in two non-AD 

tauopathies: Pick’s (3R) and PSP (4R); a clinical study including PSP subjects is ongoing 

(Barret et al. 2017; Alzforum 2017). Finally, preliminary human studies for 18F-MK-6240, 

developed by Merck, show desirable in-vivo kinetics, a large dynamic SUVR range, 

significant binding in areas known to contain AD tauopathy, and correlation between uptake 

and clinical endpoints (Sur et al. 2017; Salinas et al. 2017) (see Fig. 2). Human 18F-

MK-6240 studies are underway at several centers across the world.

Despite the encouraging results, more cross-sectional and longitudinal data are needed to 

fully evaluate the potential of each of these tracers to accurately characterize the 

pathological burden of low- and high-tau expressing brain regions and as AD biomarkers.

2.3 Status of “validation” of individual radiotracers

Generally, when a PET tracer is developed, an extensive validation that includes the precise 

determination of performance criteria such as binding selectivity and in-vivo 
pharmacokinetics (see 2.5) is performed before its widespread use in human studies (Gunn 

et al. 2015). However, tau PET tracers are entering clinical trials whilst their validation is 

still ongoing, mainly motivated by the increasing disease burden and the pressuring need of 

finding effective treatments.

The binding selectivity of tau PET tracers can be characterized in-vitro through the 

comparison of immmunostained binding assays and autoradiography of postmortem brain 

slices of individuals diagnosed with AD. Autoradiographic evaluations of 18F-AV-1451 have 

been strongly and consistently associated with classic tau deposition as confirmed both with 

immunohistochemistry cytoarchitecture and microscopy, and have not shown binding in 

neocortex from normal subjects, nor in cerebellar tissue from any source. Moreover, 18F-

AV-1451 studies have provided a conceptual basis for understanding how different tau 

tracers may detect different tauopathies, as its binding is more indicative of paired helical 

filament tau and not straight filament tau. In-vitro studies have been instrumental in the 
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identification of 18F-AV-1451 off-target binding to various substances such as melanin-

containing cells, brain hemorrhagic lesions, iron-associated regions, substantia nigra, and 

calcifications in the choroid plexus (Marquié et al. 2015; Lowe et al. 2016; Ikonomovic et al. 

2016; Lee et al. 2017). 18F-AV-1451 has also been shown to bind with low affinity to 

monoamine oxidase A (MAO-A) (Vermeiren et al. 2015; Hostetler et al. 2016). Studies of 
18F-THK5351 have shown high levels of binding to MAO-B, suggesting limited utility for 

selective detection of tau pathology (Harada et al. 2017).

The in-vivo binding selectivity of tau PET tracers has to be characterized indirectly because 

competition and displacement studies, generally used in the development of radiotracers for 

receptors and other proteins, are not feasible as the high concentration of tau would require 

micromolar concentrations of the non-radioactive compound, most likely with toxic effects. 

Binding selectivity is determined in clinical studies by evaluating whether the tracer 

distribution differs in AD patients with respect to controls, follows the expected distribution 

of tau in AD based on postmortem studies, differs from that of other β-pleated sheet tracers, 

such as 11C-PiB, and the extent to which tracer uptake measures relate to clinical variables, 

such as cognitive decline or neurodegeneration (Villemagne et al. 2015).

The gold standard validation of a PET tau tracer requires the comparison of in-vivo tracer 

uptake measured by PET and post-mortem measurements of tau concentration for the same 

individual. Although data collection for these studies is difficult and slow, some have been 

reported. 18F-THK5351 binding was evaluated in brain samples from an autopsy-confirmed 

AD case who underwent 18F-THK5351 PET months before death. In this study, Harada et 

al. (2017) confirmed that neocortical 18F-THK5351 signal correlates with tau pathology but 

also with MAO-B levels in the brain, concluding that in-vivo 18F-THK5351 signal likely 

reflects the combination of tau pathology and reactive astrocytes, and therefore has limited 

utility for selective detection of tau pathology. Following similar approaches, 18F-AV-1451 

was evaluated by two groups. Marquié et al. (2017) evaluated autopsy-confirmed non-AD 

tauopathy cases characterized by tau inclusions mainly composed of straight filaments (two 

PSP cases and a MAPT P301L mutation carrier), showing that 18F-AV-1451 did not 

significantly correlate with tau deposits present in non-AD tauopathies and confirming off-

target binding in neuromelanin-containing neurons in the substantia nigra. In another study, 

Smith et al. (2016) performed a neuropathological examination of a patient carrying the 

MAPT R406W mutation (produces the accumulation of tau tangles similar to those in AD) 

providing results that strongly support the notion that in-vivo 18F-AV-1451 PET reflects the 

intensity of AD-type regional tau neuropathology.

2.4 Status of comparative evaluation across radiotracers

Existing tau PET tracers belong to different chemotype classes and present different binding 

properties. Direct comparisons across tracers in the same individual facilitate the evaluation 

of relative tracer performance, including differences that may affect the accuracy of visual 

interpretation and the sensitivity to subtle changes in tau loads over time.

Recent studies have reported preliminary comparisons of the in-vitro binding properties 

across different tau tracers. Lemoine et al. (2017) compared 18F-THK5117 and 18F-

THK5351 to 11C-PBB3 and to 18F-AV-1451 in autopsy brains of AD patients, concluding 
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that the three different families show different binding properties that likely reflect different 

binding sites on tau. Ono et al. 2017b compared 11C-PBB3 and 18F-AV-1451 using 

tauopathy brain samples, showing distinct selectivity of 11C-PBB3 for diverse tau fibril 

strains, and concluding that 11C-PBB3 has a superior ability to capture wide-range 

tauopathies. Lowe et al. (2017) compared 18F-THK5351 to 18F-AV-1451 in a wide range of 

pathologies, observing reduced binding of 18F-THK5351 compared to 18F-AV-1451 in some 

AD cases, and concluding that 18F-THK5351 may yield lower signal in AD clinical 

imaging. Lowe et al. (2017) also observed off-target sites common for both tracers, but noted 

additional 18F-THK5351 off-target binding, which may increase the likelihood of falsely 

mimicking tau pathology.

Preliminary results on in-vivo head-to-head tracer comparisons have recently been 

presented. Chiotis et al. (2017) compared 18F-THK5351 and 11C-PBB3 in a group of 

patients with AD. Both tracers showed binding in the temporal lobes and other isocortical 

areas, although 18F-THK5351 presented greater grey matter binding. Distinct off-target 

binding areas were identified for each tracer. Similarly, Jang et al. (2017) compared 18F-

AV-1451 and 18F-THK5351 in various neurodegenerative diseases, concluding that 18F-

AV-1451 is more specific to AD and less likely to present off-target binding, while 18F-

THK5351 is more likely to reflect non-specific neurodegeneration. These findings generally 

agree with the in-vitro observations described above.

2.5 Pharmacokinetic Modeling

The characterization of a novel tau PET tracer requires evaluation of its in-vivo kinetic 

properties, such as: metabolism of the radiotracer in plasma and evaluation of radiolabeled 

metabolites; sensitivity of radiotracer binding measure to variations in blood flow; accuracy, 

precision and temporal stability of non-specific and specific binding outcomes, including 

test/retest variability; and capacity of binding measure to distinguish subject groups. 

Quantification is needed to understand nonspecific and off-target tracer uptake, to identify 

reference regions offering robust quantification of target uptake and ranking of uptake 

values, and to understand the impact of varying levels of cerebral atrophy and 

neurodegeneration on data interpretation.

Full kinetic modeling evaluations (with arterial blood sampling) entail, however, significant 

subject burden. It is therefore common to use simplified methods, such as ratios of the 

uptake in the target region to that in a nonspecific reference region (standardized-uptake-

value ratio, SUVR). The SUVR is a simple and feasible index that has proven useful for 

assessment of amyloid-β and tau PET load, as it is generally associated with low 

measurement variability and power for discriminating high- from low-signal. Although the 

SUVR is practical to apply, it provides a biased estimate of amyloid-β or tau load relative to 

quantitative outcomes (Slifstein 2008; Carson et al. 1993). While this bias may be 

acceptable, it remains a relevant issue for longitudinal imaging, early detection, and 

assessment of post-therapy change.

Most of the recent reports on kinetic evaluations of tau tracers focus on 18F-AV-1451 

(Shcherbinin et al. 2016; Barret et al. 2016; Baker et al. 2016; Wooten et al. 2016; Hahn et 

al. 2017). The quantitative results support late SUVR measures (80–100 or 75–105 min), 
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with a few significant observations. First, 18F-AV-1451 SUVR time-activity curves can 

exhibit steady accumulation for high-binders (e.g., SUVR > 1.5) as late as 150–210 min 

post-injection. In contrast, an earlier plateau (80–100 min) is observed for low binders, who 

are most relevant for early disease detection. Second, different kinetics are observed in off-

target areas that may confound quantification in adjacent target regions. Third, distribution 

volume (VT) measures successively decrease from AD to older controls to young controls 

for all regions, including nonspecific cerebellar retention (Barret et al. 2016). Fourth, age-

related dependence in VT suggests importance of age-matching between controls and 

patients (Barret et al. 2016). The impact of the latter two factors is somewhat mitigated by 

the use of SUVR or BPND. However, the lack of SUVR plateau for high binding areas 

requires precise SUVR acquisition time across longitudinal assessments to minimize this 

source of unwanted bias.

As the stability and accuracy of the SUVR depends on the extent to which underlying 

assumptions are violated, and that may vary over time (e.g., radiotracer delivery or clearance 

in target and reference regions (Slifstein 2008)), in-vivo kinetic modeling evaluations should 

be performed in enough subjects (~20) to represent the dynamic PET signal range an to 

study nonspecific binding, in order to understand SUVR changes across cross-sectional 

cohorts or longitudinally for a given individual.

2.6 Additional methodological considerations

The anatomic distribution of retention of tau tracers, particularly in early stages of age- and 

AD-related tauopathy, is variable within vulnerable areas and often bilaterally asymmetric. 

These characteristics pose a challenge for standardization of measures that capture both tau 

deposit burden and locale. The relative superiority of global, i.e., pancerebral, measures 

versus regional, i.e., anatomic ROI measurements, has not been rigorously established for 

tau.

The spatial extent of pathologically verified AD tauopathy is substantially greater (due to its 

neocortical involvement) than the more benign tauopathy of aging (confined to the more 

primitive cortex of the medial temporal lobe). These processes may largely share a 

pathogenesis (Duyckaerts et al. 2015; Crary et al. 2014), but AD includes markedly elevated 

amyloid-β deposition as well as neocortical tau deposition. PET thus may be useful for 

distinguishing these tauopathies on the basis of anatomic burden. However, Braak Stage 0 

(absence of tauopathy) will not be reliably distinguished from Stage I (age-related, early 

tauopathy in medial temporal lobe) with current PET sensitivity.

Different approaches are being pursued to improve tau PET utility for detecting early 

pathology, for example, the use of individualized “pathological volumes” defined in 

comparison to normal controls or weighted neocortical ROIs selected to show maximal 

diagnostic group separation (Abdi et al. 2012). A recent study evaluated multiple whole-

brain and region-specific approaches to detect clinically relevant tau PET signal, suggesting 

that whole-brain tau PET measures might be adequate biomarkers to detect AD-related tau 

pathology, although regional measures in AD-vulnerable regions may increase sensitivity to 

early tau PET signal, atrophy, and memory decline (Maass et al. 2017). The definition of 

ROIs in longitudinal studies includes yet another layer of complexity, as it is still under 
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debate what is most relevant to follow progression over time (i.e., intensity of tau tracer 

signal, extent of tracer distribution, or both) (Devous et al. 2015). An initial investigation on 

the rate of change of tau binding uses a surface-based cluster approach (Becker et al. 2017).

Amyloid-β load is often evaluated as a dichotomous variable and used for classification of 

subjects with respect to a pre-defined positivity threshold. More recently, intermediate rather 

than high levels of amyloid-β burden have been used as inclusion criteria for observational 

and clinical AD prevention studies (Landau 2016). Recent tau studies have followed this 

approach, using thresholds for the classification of subjects with abnormal tau tracer 

retention in selected ROIs (e.g., studies with 18F-AV-1451 aimed at recapitulating Braak 

histopathological stages (Schwarz et al. 2016)). However, the treatment of tau load as a 

continuous variable may provide crucial information, particularly given the close association 

of regional tau load with cognitive decline (Hanseeuw et al. 2017; Mormino et al. 2017).

Although PET may provide a unique tool for the evaluation of potential disease-modifying 

treatments, results should be interpreted with caution, as much of the actual toxic effect of 

tau and amyloid-β fragments may occur at levels not detectable with PET. Thus, the 

deposited forms of AD pathology may represent a sequestration of toxic species that is 

temporally removed from the toxic event and may be asynchronous with a therapeutic drug 

effect.

3. Conclusion

We have witnessed a tremendous advance in the development of selective tau PET tracers in 

recent years, which provide a unique opportunity to advance our understanding of AD and to 

follow the relationship between tau and amyloid-β over time. Tau load is a promising 

potential candidate as biomarker of disease progression, given the close association with 

cognitive decline. In this paper we reviewed the recent developments in tau PET imaging 

from a methodological perspective. Tau tracers are entering clinical trials and providing 

interesting results, whilst their validation is being performed in parallel. Despite some 

encouraging results, more data is needed to fully determine the usefulness of tau tracers for 

characterizing the pathological burden of low and high tau-expressing brain regions and as 

biomarkers for AD and other tauopathies.
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Fig. 1. 
Typical patterns of uptake observed with 18F-AV-1451 and 18F-THK5351. 1) (Adapted from 

Johnson et al. 2016) Coronal PET images of 18F-AV-1451 80–100 min standardized-uptake-

value-ratios (SUVR, with cerebellar reference) from 3 clinically normal (A-C), 2 mild 

cognitive impairment (D,E) and 2 mild Alzheimer dementia (F,G) participants. Cognitively 

impaired participants show elevated levels of cortical binding successively involving 

temporal, parietal, frontal, and occipital cortices. 2) (Adapted from Lockhart et al. 2016) 

Representative 18F-THK5351 SUVR 40–60 min PET images of 4 participants (2 controls 

and 2 AD). These cases present different levels of binding that illustrate the dynamic range 

of SUVR across participants.
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Fig. 2. 
Patterns of uptake observed with 18F-MK6240 in a healthy volunteer (HV) and three 

subjects with AD at different disease stages. 18F-MK6240 uptake levels and extent increase 

with disease severity. Courtesy of Cristian Salinas, Biogen.
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