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Abstract 

Pathological accumulated misfolded tau underlies various neurodegenerative 

diseases and associated clinical syndromes. To diagnose those diseases reliable 

before death or even at early stages, many different tau-specific radiotracers have 

been developed in the last decade to be used with positron-emission-tomography. In 

contrast to β-amyloid imaging, different isoforms of tau exist further complicating 

radiotracer development.  

First-generation radiotracers like [11C]PBB3, [18F]AV1451 and [18F]THK5351 have 

been extensively investigated in vitro and in vivo. In Alzheimer’s disease (AD), high 

specific binding could be detected, and evidence of clinical applicability recently led 

to clinical approval of [18F]flortaucipir ([18F]AV1451) by the FDA. Nevertheless, 

absent or minor binding to non-AD tau isoforms and high off-target binding to non-tau 

brain structures limit the diagnostic applicability especially in non-AD tauopathies 

demanding further tracer development. 

In vitro assays and autoradiography results of next-generation radiotracers [18F]MK-

6240, [18F]RO-948, [18F]PM-PBB3, [18F]GTP-1 and [18F]PI-2620 clearly indicate less 

off-target binding and high specific binding to tau neurofibrils. First in human studies 

have been conducted with promising results for all tracers in AD patients, and also 

some positive experience in non-AD tauopathies. Overall, larger scaled 

autoradiography and human studies are needed to further evaluate the most 

promising candidates and support future clinical approval.  

  



Radiotracers for tau 

Tauopathies form a heterogeneous group of neurodegenerative diseases, ranging 

from Alzheimer’s disease (AD), atypical parkinsonian syndromes like progressive 

supranuclear palsy (PSP) and corticobasal syndrome (CBS) to subtypes of 

frontotemporal dementia and various rare diseases1. Furthermore, in addition to 

primary tauopathies, other illnesses such as chronic traumatic encephalopathy are 

also characterized by aggregation of tau in the human brain2. Imaging of pathological 

accumulated misfolded tau is of special interest as clinical syndromes in tauopathies 

often overlap with other neuropathological entities3. Figure 1 provides an overview of 

potential applications for tau-PET imaging, especially in terms of differential 

diagnosis.  

Tau-specific radiotracers for use with positron emission tomography (PET) have 

been developed for nearly ten years. Compared to β-amyloid (Aβ), detection of tau is 

complicated by the presence of different isoforms and an overall lower quantity of tau 

aggregates in the brain4. Since the beginning, quinoline derivatives were seen as 

promising candidates with [18F]THK5235 as the first compound followed by 

[18F]THK51056-8, [18F]THK5117 ([18F]THK5317)8-12 and [18F]THK535112 13. Of the 

benzimidazole pyrimidines [18F]T807 ([18F]AV1451) and [18F]T808, [18F]AV1451 was 

found to be superior and led to extensive investigation of this compound14. Together 

with [11C]PBB315-17, a benzothiazole derivate, [18F]THK5317, [18F]THK5351 and 

[18F]AV1451 are the first-generation radiotracers that have been most widely 

examined in vitro and in vivo18. Autoradiography evaluation of all radiotracers showed 

specific binding to both intracellular and extracellular neurofibrillary/ ghost tangles9 13 

19 20. Nevertheless, significant off-target binding was reported for all these 

compounds: [18F]THK5351 and [18F]AV1451 were found to bind to the 

monoaminoxidases A and B21 22, [11C]PBB3 and [18F]AV1451 showed binding to 



vascular structures (choroid plexus/ dural venous sinuses) and unspecific binding to 

neuromelanin has been observed for all tau tracers. Furthermore, off-target binding 

to non-tau protein deposits complicated the differentiation to other diseases. β-sheet 

structures do not only appear in misfolded tau, but also in amyloid fibers23 24, α-

synuclein25 or TDP-4326. Also, the myelin basic protein forms β-sheet structures, 

leading to potential off-target sources in the white matter27. 

The main effort in the subsequent development of next-generation tau radiotracers 

was to reduce off-target binding by increasing tracer specificity. While some 

structures of next-generation radiotracers are based on existing scaffolds ([18F]RO-

948, [18F]PI-2620, [18F]GTP1), other were designed by different lead compounds 

([18F]MK-6240, [18F]JNJ067). For chemical structures of selected and most frequently 

investigated first- and next-generation tau radiotracers see Figure 2.  

First autoradiography and in-human studies indicated high specific binding to 

neurofibrillary tangles in AD and no off-target binding to Aβ for the majority of the 

mentioned next-generation tau radiotracers28-31. Additionally, [18F]MK-6240 showed 

no binding to α-synuclein or TDP-43, but also no significant binding to tau aggregates 

in non-AD tauopathies28.  

Compared to first-generation tau radiotracers, significantly lower off-target binding to 

MAO-A/B was observed28-31 with [18F]MK-6240, [18F]JNJ067and [18F]PI-2620 

appearing to have the lowest relative affinity for MAO-B32. In exemplary patient cases 

with clinical suspected tau-negative multi-system-atrophy of the cerebellar 

phenotype, elevated subcortical binding was observed for the first-generation tau-

radiotracer [18F]THK5351, but not for the next-generation tau-radiotracer [18F]PI-2620 

(see Figure 3). Further autoradiography studies are needed to validate binding 

affinities of all next-generation radiotracers in both AD and non-AD tauopathies.  

 



Tau Imaging in Alzheimer’s disease 

In addition to the extracellular amyloid protein, intracellular fibrillar tau forms the 

second neuropathological hallmark of AD33. As the most common form of dementia, 

AD pathology leads to multiple sub-variants with different clinical dominant features34. 

Whereas typical variants of AD are often diagnosed clinically with relatively high 

diagnostic certainty, a lot of overlap with other neurodegenerative or vascular 

diseases is observed especially in atypical forms of AD35 36. Biomarker-based 

diagnostics were propagated for AD37. In the A/T/N classification scheme, 

characterization of amyloid- and tau-status and evidence of existing 

neurodegeneration is demanded for diagnosis of AD38. Amyloid (Aβ) can be 

assessed in the cerebrospinal fluid (Aβ42) or by Aβ-PET-imaging (see section above). 

In analogy to Aβ, tau-status is captured by elevated phosphor-tau in cerebrospinal 

fluid or pathologic tau-PET imaging with tau-specific radiotracers. Neurodegeneration 

can be measured in the cerebrospinal fluid (levels of total-tau), by atrophy in 

structural magnetic resonance imaging or hypometabolism in 18F-

fluorodesoxyglucose (FDG) PET38. It has been shown for multiple amyloid-

radiotracers and first- and next-generation tau-radiotracers, that early-phase 

perfusion images can also be used as a surrogate marker of neuronal injury to 

assess both biomarkers in one procedure39-44. Whereas three different amyloid-

specific radiotracers have already been approved by regulatory authorities and are 

frequently used in the clinical routine, only one tau-PET tracer has been recently 

approved and other tau-PET radiotracers are investigational and still being evaluated 

in clinical trials.  

 

First-generation tau radiotracers 



Of the first-generation tau radiotracers, [18F]AV1451 ([18F]flortaucipir, TAUVID) 

gained the highest attention, ultimately leading to FDA approval this year45. Since the 

first human brain imaging publication of [18F]flortaucipir in 201314, binding affinities 

have been investigated intensively in vitro and in vivo. [18F]AV1451 binding was 

found to be consistent with postmortem neurofibrillary tangle Braak staging46. PET-

to-autopsy comparisons confirmed that advanced Braak tau pathology was reliably 

detectable, but early Braak stages of neurofibrillary tangle pathology did not show 

elevated tracer uptake compared to young, tau-negative controls47. In vivo studies 

also showed a significant correlation with clinical disease stages in AD with 

increasing tracer binding from Aβ+ cognitively normal elderly to mild cognitive 

impairment (MCI) and AD dementia48. Distribution patterns of tracer binding were 

similar to the topology of tau deposition described by Braak49. Tau-PET imaging with 

18F-flortaucipir differentiates very reliably between patients with MCI or AD and 

healthy controls (HC)50-53 with lower off-target binding in the white matter, midbrain, 

thalamus and basal ganglia when compared to [18F]THK535154.  

In autosomal-dominant amyloid-positive AD mutation carriers and patients in 

presymptomatic stages, tracer retention was found in the medial temporal regions up 

to six years before clinical onset of cognitive impairment55 56. The hippocampus is 

known to be affected in early AD stages, but quantification of the hippocampal tau 

load in vivo is complicated by off-target binding to the choroid plexus57 58. 

Nevertheless, in those very early stages of presymptomatic patients and in early 

stages of AD, tracer uptake was in line with CSF measurements56 and appears to be 

superior for accurate diagnosis in the dementia stage59-61.  

 [18F]flortaucipir was able to discriminate AD from various other neurodegenerative 

diseases62, especially in subtypes with overlapping clinical features. In patients with 

posterior cortical atrophy, tau-PET imaging showed significantly higher binding 



compared to patients with similar clinical features arising from dementia with Lewy 

bodies63. Within AD subtypes, different binding patterns matching the clinically 

phenotype and the known function of brain regions were observed64-67. Patients with 

posterior cortical atrophy presented with higher uptake in occipital and parietal brain 

regions, patients with amnestic-predominant presentation showed the highest binding 

in medial temporal and lateral temporoparietal regions whereas patients with a 

logopenic variant of primary progressive aphasia demonstrated asymmetric uptake 

between hemispheres68.  

Tracer uptake of [18F]flortaucipir is limited to brain regions related to clinical 

symptoms that overlap with regions of hypometabolism whereas the Aβ-PET tracer 

signal is found to be located throughout the entire cortex69 70. Therefore, it is not 

surprising and in line with neuropathological studies that 18F-flortaucipir binding 

correlated with clinical symptoms and the degree of cognitive impairment71-76, 

whereas there is only very limited association between Aβ-PET quantification and 

cognition77. In longitudinal studies, tracer accumulation increased over time and in 

correlation with worsening of clinical symptoms78 79. In cases at early disease stages 

elevated [18F]flortaucipir binding was even found in regions without significant atrophy 

at the time of tau-PET imaging80 matching the biomarker-based model of disease 

progression in AD81.  

Based on these promising results, a prospective study (A16 study) was conducted 

with 156 patients with a terminal illness and a life expectancy of less than 6 months 

undergoing [18F]flortaucipir PET imaging45. 73 participants deceased during the 

observation period and autopsy was subsequently performed in 67 cases. PET 

images were assessed visually and compared to neuropathological tau load and this 

approach resulted in a very high sensitivity and moderate specificity for detection of 

AD typical neuropathological changes (Braak stage III). To support the diagnosis of 



AD, the U.S. Food & Drug Administration approved the intravenous use of 

[18F]flortaucipir in May 2020 for adult patients with cognitive impairment and 

suspected AD. 

 

Next-generation tau radiotracers 

For all mentioned next-generation tau radiotracers, first in human studies have 

already been performed in healthy controls and AD patients. [18F]RO-948 binding in 

AD subjects versus HC was significantly elevated in multiple regions known to be 

affected in AD (medial temporal areas, precuneus/ posterior cingulate cortex, lateral 

parietal and occipital lobes, prefrontal cortex)82. The same was true for [18F]MK-6240 

where slower clearance was observed in regions commonly associated with tau 

deposition (neocortical and medial temporal brain regions)83 84. Off-target binding was 

evident in the ethmoid sinus, clivus, meninges and the substantia nigra84. [18F]PI2620 

showed high uptake in target regions (temporal and parietal lobes, precuneus, 

posterior cingulate cortex) accompanied by fast wash-out in non-target regions85. 

Evaluation of dosimetry revealed fast kinetics with a tolerable effective dose and 

good quantification accuracy of tau deposits86. Tracer uptake remained stable over a 

time frame of 30-90 min after injection resulting in different possible time frames for 

acquisition86 87. In a mixed cohort of 26 patients with suspected tauopathies including 

seven AD patients, early-phase [18F]PI2620 perfusion images were found to be a 

surrogate of neuronal injury, adding an additional biomarker information beyond tau 

accumulation39 88. Favorable dosimetry and brain kinetics were also reported for 

[18F]GTP1 with specific binding in affected cortical brain regions and low test-retest 

variability30. In a cross-sectional population, binding increased with AD severity and 

was correlated with cognitive performance30 89. First-in-human data has also been 

published for [18F]JNJ067 indicating increased uptake in AD patients when compared 



to HC90. Exemplary cases of [18F]PI-2620 next-generation tau-PET imaging in AD 

tauopathies are illustrated in Figure 5. 

 
  



Tau imaging in non-Alzheimer’s disease tauopathies 

In addition to AD, different isoforms of accumulated pathological misfolded tau 

proteins are found in various other neurodegenerative diseases summarized as non-

AD tauopathies. Those can be categorized according to different groups of 

underlying tau isoforms into dominant three repeat (3R), dominant four repeat (4R) 

and mixed 3R/4R tauopathies. The differing structure of those isoforms represents, 

besides off-target binding, a further hurdle in tracer development. All radiotracers that 

have been developed and tested in vivo so far indicate sufficient binding to AD as the 

most common 3R/4R tauopathy, but binding affinities to pure 3R or 4R tauopathies 

showed a large heterogeneity.   

 

First-generation tau radiotracers 

Many studies have been conducted with [18F]flortaucipir not only in non-AD 

tauopathies but also in tau-negative neurodegenerative entities. Postmortem 

pathological confirmation is often missing and proven off-target binding calls into 

question that tau aggregates are actually responsible for the majority of tracer 

binding57 91.  Overall, non-Alzheimer tauopathies were not found to be reliably 

detected by [18F]flortaucipir in postmortem comparisons47. 

In clinical PSP patients, bilateral elevated [18F]flortaucipir uptake was found in globus 

pallidus, putamen, subthalamic nucleus, midbrain, and dentate nucleus and 

discriminated those PSP patients from HC and Parkinson’s disease (PD) well92. This 

finding was confirmed by postmortem correlation of one patient with good agreement 

between in vivo tracer uptake and neuropathological findings92. In another study, no 

significant differences were detected between PSP and HC patients93. 

Autoradiography studies suggested binding to recombinant and purified native tau 



fibrils from PSP patients21, but could not be replicated on postmortem brain slices of 

PSP patients94. Therefore some studies concluded that tracer binding was dependent 

on off-target binding, mainly to MAO-B21 and neuromelanin95. Comparable findings 

were obtained for [18F]THK-5351 with detectable subcortical binding96 but also 

significantly reduced in vivo uptake after monoamine oxidase B inhibitor treatment97 

98.  

In corticobasal degeneration (CBD), as another tau-positive parkinsonian syndrome, 

increased [18F]flortaucipir uptake was found in parietal, frontal, precentral and 

postcentral cortices when compared to HC and MCI patients88 99. In vivo binding in 

CBD patients was confirmed in some postmortem cases99-103 for both 18F-flortaucipir 

and [18F]THK-5351. Overall, regional tracer binding was found to be very 

heterogeneous and dependent on the Aβ status104.  

In Parkinson’s disease (PD) with underlying α-synuclein pathology, no significant 

elevation in cortical [18F]flortaucipir binding was observed in non-demented 

patients105 106, but PD patients tended to show lower binding in the substantia nigra 

as an expression of nerve cell loss in this affected area106. In PD patients with 

cognitive impairment and Dementia with Lewy bodies (DLB), tau copathology is 

common and might explain elevated posterior temporoparietal and occipital [18F]AV-

1451 uptake107. 

Patterns observed in parkinsonian syndromes differed from those in AD and between 

tauopathies and α-synucleinopathies108-112 which could lead to clinical applicability in 

those entities after all. A possible explanation is located in the astrogliosis-related 

monoaminoxidase elevation which is a common feature of all parkinsonian 

syndromes and therefore neuroimaging of inflammation itself remains an interesting 

target in neurodegenerative diseases22 113.  



 

Frontotemporal lobar degeneration (FTLD) comprises several clinical syndromes 

caused by different neuropathological verifiable misfolded proteins, mainly tau, TDP-

43 and FUS114. The umbrella term frontotemporal dementia (FTD) is the second most 

common cause of presenile early onset dementia115 116 and includes, together with 

the previously discussed tau-positive motor disorders PSP and CBD, clinical 

subtypes such as behavioral-variant FTD (bvFTD)117 or primary progressive aphasia 

(PPA) variants118.  

Many studies investigating binding capacities of [18F]flortaucipir included patients with 

FTD and increased [18F]flortaucipir binding was found in different subtypes, but 

sensitivity and specificity between predicted tauopathies or TDP-43 pathology was 

limited, and large-scale pathological confirmation of specific binding is missing119 120.  

In patients with mutations of the MAPT gene that encodes tau and causes 

frontotemporal dementia with parkinsonism121, elevated [18F]flortaucipir binding was 

found in temporal and frontal regions and the basal ganglia and correlated with the 

amount of tau in post-mortem analyses122 123.  

In PPA, different clinical subtypes indicate differing proportions of underlying 

neuropathology: logopenic variant PPA (lvPPA) is mostly associated with AD 

pathology, non-fluent/agrammatic variant PPA (nfvFTD) with FTLD-tau and semantic 

variant PPA (svPPA) with TDP pathology124. In line, binding characteristics showed a 

different magnitude and pattern across the PPA variants and were excellent in 

distinguishing between them125. For example, [18F]flortaucipir uptake patterns in 

lvPPA patients were similar to those in AD patients126. Interestingly, binding was also 

observed in svPPA patients with spatial pattern localized to areas of atrophy 



indicating further mentioned off-target binding to non-tau features of 

neurodegeneration127.  

Only faint or no specific binding could be observed in a postmortem case series of 

five patients with chronic traumatic encephalopathy and histopathological confirmed 

tau aggregates128.  

 

Next-generation tau radiotracers  

Whereas both in vitro and first in vivo results of all second-generation tau 

radiotracersshowed high affinity and specificity for tau in AD, only a few compounds 

showed potential for binding in non-AD tauopathies. Postmortem autoradiography 

showed specific [18F]-PI-2620 in vitro binding in PSP patient cases, colocalized with 

AT8 positive tau depositions.124 Suitability of [18F]PI-2620 as biomarker in PSP 

patients was demonstrated in a cross-sectional multicenter-study involving 60 PSP 

patients, ten HC and 20 disease controls (10 PD or multi-system-atrophy and 10 

AD)124. Compared to control groups, in vivo data indicated significant tracer binding 

in all subcortical PSP target regions but no significant correlation with age, disease 

severity and disease duration124. On a subject level, subjects with PSP could be 

clearly identified compared to diseased or non-diseased controls. Exemplary cases 

of [18F]PI-2620 next-generation tau-PET imaging in non-AD tauopathies are 

illustrated in Figure 5. 

A very recent study of [18F]PM-PBB3 also showed tracer binding to 4R tau in vitro 

and autopsy controlled in vivo retention was observed in the motor cortex of few 

corticobasal syndrome patients129. Binding to subcortical structures of PSP patients 

was elevated in contrast to healthy controls and the authors reported a positive 

association of the tracer signal with disease severity. In addition, binding was verified 

in few deceased patients by pathology evaluation129. Whereas [18F]RO948 yielded a 



strong tracer signal in patients with AD no relevantly elevated binding was observed 

in non-AD tauopathies except for MAPT mutation carriers when compared to healthy 

controls130. Autoradiography evaluation of [18F]MK-6240 did not reveal significant 

binding to non-AD tauopathies. As [18F]MK-6240 was primarily optimized for high-

affinity binding to AD131 it can be assumed that this compound has only very limited 

utility for detection of non-AD tauopathies28.  

In summary, recent findings suggest that tau-PET imaging of 4R tauopathies is 

potentially feasible at least by some fluorinated next-generation tracers. Specific 

image acquisition protocols and analyses could be important for imaging non-AD 

tauopathies with next-generation tracers, given the lower target density and 

presumably reduced affinity to 4R tau when compared to 3/4R tau. Interestingly, 

binding to different tau isoforms seems to vary widely between tracers with similar 

structure132. This calls for detailed head-to-head comparisons of next-generation tau-

PET tracers in vivo. Speculations regarding the superiority of one next generation 

tau-PET tracer over the other should be avoided until more detailed and comparable 

investigations with larger sample sizes are available.  

 

Future perspectives of tau-PET imaging 

Many tau-specific radiotracers have been developed so far highlighting the relevance 

of specific diagnostic tools to characterize neurodegenerative diseases reliable in 

vivo. Multiple investigations indicated diagnostic applicability in AD, but specific 

binding also to non-AD tauopathies (i.e. 4R tau) is a remaining challenge. Further 

larger-scaled studies and multi-regional correlations with autopsy are needed to 

validate detailed binding capacities and remaining off-target sources. Cryo-electron 

microscopy studies may facilitate to unravel mechanisms of amyloid formation, 

including different types of tau, of recombinant proteins to those in human brain133. 



Ultimately, such efforts could lead to the successful development of isoform specific 

tau-PET tracers.  

Diagnostics algorithms recommend biomarker-supported diagnosis in 

neurodegenerative diseases. Compared to Aβ-PET imaging, which is mainly used in 

suspected AD patients, the indication spectrum in tau-PET imaging includes a broad 

range of suspected tauopathies and their related differential diagnoses. In AD, Aβ-

PET imaging suffers from “physiological” Aβ deposition in older patients (> 80 years), 

thus limiting the diagnostic validity in aged patients134. Therefore, tau PET imaging 

could be favored in the clinical work-up of older patients with suspected AD. In 

addition to specific binding to tau, early-phase images of tau PET imaging can be 

used as a surrogate of neuronal injury, resulting in two assessable biomarkers with 

one procedure. 

Upcoming anti-tau treatment studies deserve a reliable tau-PET read out as inclusion 

criteria during the screening phase of the trial. This procedure has already 

underpinned its importance in anti-amyloid trials where Aβ-PET served to prove Aβ 

positivity before patient inclusion. The main interest of baseline PET imaging in such 

trials consists in detection of patients that mimic the same amyloid- or tau-positive 

disease but are lacking the targeted protein inside their brain. Earlier anti-amyloid 

trials with bapineuzumab indicated that one third of patients was included without 

showing amyloid-positivity when Aβ-PET was analyzed after completion of the 

studies135. The value of tau-PET in clinical treatment studies of AD could even be 

higher since an assumption of tau-positivity will be challenging in mildly affected 

patients which are predominantly subject to those trials. In addition to potential use of 

tau-PET as an inclusion criterion biomarker, the methodology could also be used to 

monitor treatment efficacy of tau targeting therapies in vivo. Therapies that will focus 

on halting further progression of tau pathology will require imaging agents that are 



sensitive enough to detect changes over time in the placebo group and a 

treatment/imaging period long enough to ensure that at least small changes take 

place in these patients. Noteworthy, preclinical studies already indicated the potential 

of PET imaging to monitor a reversal of metabolic decline during oligomer modulation 

by non-specific FDG136. Thus, specific tau-PET imaging could increase the sensitivity 

to track more subtle changes in such therapies in vivo. Furthermore, therapies that 

could also lead to removal of tau in the brain will might even profit from early imaging 

intervals to predict response to therapy. Taken together, application of tau-PET for 

establishing an earlier and more reliable diagnosis as well as its use in treatment 

trials will be the most promising fields for use of such ligands.     



 

Figures 

 

Fig. 1 Potential applications for tau-PET imaging. Neuropathological overlap between clinical 
syndromes and most common underlying pathology (amyloid-β, tau, α-synuclein, TDP-43). AD, 
Alzheimers disease; CTE, chronic traumatic encephalopathy; PSP, progressive supranuclear palsy; 
CBS, corticobasal syndrome; DLB, dementia with Lewy bodies; MSA, multi-system atrophy; PD, 
parkinsons disease; bvFTD, behavioral-variant frontotemporal dementia; svPPA, semantic-variant 
primary progressive palsy (PPA); lvPPA, logopenic-variant PPA; nfvPPA, non-fluent/ agrammatic PPA.  
 

 

Fig. 2 Chemical structures of selected first- and next-generation tau radiotracers. 
 



 

Fig. 3 Exemplary axial images of two patients with assumed tau-negative multi-system-atrophy of 
the cerebellar phenotype (upper row: male, 65 years, MoCA 25/30; lower row: male, 55 years, MoCA 
26/30) being imaged with either the first-generation tau-radiotracer [18F]THK-5351 or the next-
generation tau-radiotracer [18F]PI-2620. MoCA, Montreal Cognitive Assessment; SUVr, standard-
uptake-value-ratio; DVR, distribution volume ratio. Case compilation of the Ludwig-Maximilians-
Universität (LMU) Munich. 
 

 

Fig. 4 Exemplary axial images of patients of the AD-continuum imaged with the next-generation tau-
radiotracer [18F]PI-2620. All patients had a positive β-amyloid PET scan. The HC was Aβ-negative. 
MMSE, Mini-Mental-State-Examination; SCD, subjective cognitive decline; MCI, mild cognitive 



impairment; ADD, Alzheimer’s disease dementia; HC, healthy control; DVR, distribution volume ratio. 
Case compilation of the Ludwig-Maximilians-Universität (LMU) Munich   
 

 

Fig. 5 Exemplary axial images of patients with suspected non-AD tauopathies imaged with the next-
generation tau-radiotracer [18F]PI-2620. All patients and the HC had a negative β-amyloid PET scan. 
PSP, progressive supranuclear palsy; CBS, corticobasal syndrome; nfPPA, non-fluent variant of 
primary progressive aphasia; HC, healthy control; MoCA, Montreal Cognitive Assessment; DVR, 
distribution volume ratio. Case compilation of the Ludwig-Maximilians-Universität (LMU) Munich.  
 

 

 

 

  



References 

1. Arendt T, Stieler JT, Holzer M. Tau and tauopathies. Brain Res Bull 2016;126(Pt 3):238-92. 
doi: 10.1016/j.brainresbull.2016.08.018 [published Online First: 2016/10/26] 

2. Katsumoto A, Takeuchi H, Tanaka F. Tau Pathology in Chronic Traumatic Encephalopathy 
and Alzheimer's Disease: Similarities and Differences. Front Neurol 2019;10:980. doi: 
10.3389/fneur.2019.00980 [published Online First: 2019/09/26] 

3. Levin J, Kurz A, Arzberger T, et al. The Differential Diagnosis and Treatment of Atypical 
Parkinsonism. Dtsch Arztebl Int 2016;113(5):61-9. doi: 10.3238/arztebl.2016.0061 

4. Mukaetova-Ladinska EB, Harrington CR, Roth M, et al. Biochemical and anatomical 
redistribution of tau protein in Alzheimer's disease. Am J Pathol 1993;143(2):565-78. 
[published Online First: 1993/08/01] 

5. Fodero-Tavoletti MT, Okamura N, Furumoto S, et al. 18F-THK523: a novel in vivo tau 
imaging ligand for Alzheimer's disease. Brain 2011;134(Pt 4):1089-100. doi: 
10.1093/brain/awr038 [published Online First: 2011/03/26] 

6. Tago T, Furumoto S, Okamura N, et al. Preclinical Evaluation of [(18)F]THK-5105 
Enantiomers: Effects of Chirality on Its Effectiveness as a Tau Imaging Radiotracer. 
Mol Imaging Biol 2016;18(2):258-66. doi: 10.1007/s11307-015-0879-8 [published 
Online First: 2015/07/22] 

7. Okamura N, Furumoto S, Fodero-Tavoletti MT, et al. Non-invasive assessment of 
Alzheimer's disease neurofibrillary pathology using 18F-THK5105 PET. Brain 
2014;137(Pt 6):1762-71. doi: 10.1093/brain/awu064 [published Online First: 
2014/04/01] 

8. Okamura N, Furumoto S, Harada R, et al. Novel 18F-labeled arylquinoline derivatives for 
noninvasive imaging of tau pathology in Alzheimer disease. J Nucl Med 
2013;54(8):1420-7. doi: 10.2967/jnumed.112.117341 

9. Harada R, Okamura N, Furumoto S, et al. [(18)F]THK-5117 PET for assessing neurofibrillary 
pathology in Alzheimer's disease. Eur J Nucl Med Mol Imaging 2015;42(7):1052-61. 
doi: 10.1007/s00259-015-3035-4 [published Online First: 2015/03/21] 

10. Lemoine L, Saint-Aubert L, Marutle A, et al. Visualization of regional tau deposits using 
(3)H-THK5117 in Alzheimer brain tissue. Acta Neuropathol Commun 2015;3:40. doi: 
10.1186/s40478-015-0220-4 [published Online First: 2015/07/03] 

11. Jonasson M, Wall A, Chiotis K, et al. Tracer Kinetic Analysis of (S)-¹⁸F-THK5117 as a PET 
Tracer for Assessing Tau Pathology. J Nucl Med 2016;57(4):574-81. doi: 
10.2967/jnumed.115.158519 [published Online First: 2016/01/23] 

12. Betthauser TJ, Lao PJ, Murali D, et al. In Vivo Comparison of Tau Radioligands (18)F-THK-
5351 and (18)F-THK-5317. J Nucl Med 2017;58(6):996-1002. doi: 
10.2967/jnumed.116.182980 [published Online First: 2016/11/20] 

13. Harada R, Okamura N, Furumoto S, et al. 18F-THK5351: A Novel PET Radiotracer for 
Imaging Neurofibrillary Pathology in Alzheimer Disease. J Nucl Med 2016;57(2):208-
14. doi: 10.2967/jnumed.115.164848 

14. Chien DT, Bahri S, Szardenings AK, et al. Early clinical PET imaging results with the novel 
PHF-tau radioligand [F-18]-T807. J Alzheimers Dis 2013;34(2):457-68. doi: 
10.3233/jad-122059 [published Online First: 2012/12/14] 

15. Hashimoto H, Kawamura K, Igarashi N, et al. Radiosynthesis, photoisomerization, 
biodistribution, and metabolite analysis of 11C-PBB3 as a clinically useful PET probe 
for imaging of tau pathology. J Nucl Med 2014;55(9):1532-8. doi: 
10.2967/jnumed.114.139550 [published Online First: 2014/06/26] 



16. Kimura Y, Ichise M, Ito H, et al. PET Quantification of Tau Pathology in Human Brain with 
11C-PBB3. J Nucl Med 2015;56(9):1359-65. doi: 10.2967/jnumed.115.160127 
[published Online First: 2015/07/18] 

17. Wood H. Alzheimer disease: [11C]PBB3--a new PET ligand that identifies tau pathology in 
the brains of patients with AD. Nat Rev Neurol 2013;9(11):599. doi: 
10.1038/nrneurol.2013.216 [published Online First: 2013/10/23] 

18. Lemoine L, Gillberg PG, Svedberg M, et al. Comparative binding properties of the tau PET 
tracers THK5117, THK5351, PBB3, and T807 in postmortem Alzheimer brains. 
Alzheimers Res Ther 2017;9(1):96. doi: 10.1186/s13195-017-0325-z 

19. Marquie M, Normandin MD, Vanderburg CR, et al. Validating novel tau positron emission 
tomography tracer [F-18]-AV-1451 (T807) on postmortem brain tissue. Annals of 
neurology 2015;78(5):787-800. doi: 10.1002/ana.24517 

20. Ono M, Sahara N, Kumata K, et al. Distinct binding of PET ligands PBB3 and AV-1451 to 
tau fibril strains in neurodegenerative tauopathies. Brain 2017;140(3):764-80. doi: 
10.1093/brain/aww339 [published Online First: 2017/01/15] 

21. Vermeiren C, Motte P, Viot D, et al. The tau positron-emission tomography tracer AV-
1451 binds with similar affinities to tau fibrils and monoamine oxidases. Mov Disord 
2018;33(2):273-81. doi: 10.1002/mds.27271 [published Online First: 2017/12/27] 

22. Harada R, Ishiki A, Kai H, et al. Correlations of (18)F-THK5351 PET with Postmortem 
Burden of Tau and Astrogliosis in Alzheimer Disease. J Nucl Med 2018;59(4):671-74. 
doi: 10.2967/jnumed.117.197426 [published Online First: 2017/09/03] 

23. Kirschner DA, Abraham C, Selkoe DJ. X-ray diffraction from intraneuronal paired helical 
filaments and extraneuronal amyloid fibers in Alzheimer disease indicates cross-beta 
conformation. Proceedings of the National Academy of Sciences of the United States 
of America 1986;83(2):503-7. doi: 10.1073/pnas.83.2.503 [published Online First: 
1986/01/01] 

24. Riek R, Eisenberg DS. The activities of amyloids from a structural perspective. Nature 
2016;539(7628):227-35. doi: 10.1038/nature20416 [published Online First: 
2016/11/11] 

25. Roeters SJ, Iyer A, Pletikapić G, et al. Evidence for Intramolecular Antiparallel Beta-Sheet 
Structure in Alpha-Synuclein Fibrils from a Combination of Two-Dimensional Infrared 
Spectroscopy and Atomic Force Microscopy. Sci Rep 2017;7:41051. doi: 
10.1038/srep41051 [published Online First: 2017/01/24] 

26. Guenther EL, Cao Q, Trinh H, et al. Atomic structures of TDP-43 LCD segments and 
insights into reversible or pathogenic aggregation. Nat Struct Mol Biol 
2018;25(6):463-71. doi: 10.1038/s41594-018-0064-2 [published Online First: 
2018/05/23] 

27. Stoner GL. Predicted folding of beta-structure in myelin basic protein. J Neurochem 
1984;43(2):433-47. doi: 10.1111/j.1471-4159.1984.tb00919.x [published Online First: 
1984/08/01] 

28. Aguero C, Dhaynaut M, Normandin MD, et al. Autoradiography validation of novel tau 
PET tracer [F-18]-MK-6240 on human postmortem brain tissue. Acta Neuropathol 
Commun 2019;7(1):37. doi: 10.1186/s40478-019-0686-6 

29. Kroth H, Oden F, Molette J, et al. Discovery and preclinical characterization of [(18)F]PI-
2620, a next-generation tau PET tracer for the assessment of tau pathology in 
Alzheimer's disease and other tauopathies. European journal of nuclear medicine and 
molecular imaging 2019;46(10):2178-89. doi: 10.1007/s00259-019-04397-2 
[published Online First: 2019/07/03] 



30. Sanabria Bohórquez S, Marik J, Ogasawara A, et al. [(18)F]GTP1 (Genentech Tau Probe 1), 
a radioligand for detecting neurofibrillary tangle tau pathology in Alzheimer's 
disease. Eur J Nucl Med Mol Imaging 2019;46(10):2077-89. doi: 10.1007/s00259-019-
04399-0 [published Online First: 2019/06/30] 

31. Honer M, Gobbi L, Knust H, et al. Preclinical Evaluation of (18)F-RO6958948, (11)C-
RO6931643, and (11)C-RO6924963 as Novel PET Radiotracers for Imaging Tau 
Aggregates in Alzheimer Disease. J Nucl Med 2018;59(4):675-81. doi: 
10.2967/jnumed.117.196741 [published Online First: 2017/10/04] 

32. Murugan NA, Chiotis K, Rodriguez-Vieitez E, et al. Cross-interaction of tau PET tracers 
with monoamine oxidase B: evidence from in silico modelling and in vivo imaging. Eur 
J Nucl Med Mol Imaging 2019;46(6):1369-82. doi: 10.1007/s00259-019-04305-8 
[published Online First: 2019/03/29] 

33. Braak H, Braak E. Neuropathological stageing of Alzheimer-related changes. Acta 
neuropathologica 1991;82(4):239-59. doi: 10.1007/bf00308809 [published Online 
First: 1991/01/01] 

34. Vogel JW, Young AL, Oxtoby NP, et al. Characterizing the spatiotemporal variability of 
Alzheimer's disease pathology. medRxiv 2020:2020.08.20.20176883. doi: 
10.1101/2020.08.20.20176883 

35. Foguem C, Manckoundia P. Lewy Body Disease: Clinical and Pathological "Overlap 
Syndrome" Between Synucleinopathies (Parkinson Disease) and Tauopathies 
(Alzheimer Disease). Curr Neurol Neurosci Rep 2018;18(5):24. doi: 10.1007/s11910-
018-0835-5 [published Online First: 2018/04/10] 

36. Attems J, Jellinger KA. The overlap between vascular disease and Alzheimer's disease--
lessons from pathology. BMC Med 2014;12:206. doi: 10.1186/s12916-014-0206-2 
[published Online First: 2014/11/12] 

37. Jack CR, Jr., Bennett DA, Blennow K, et al. NIA-AA Research Framework: Toward a 
biological definition of Alzheimer's disease. Alzheimer's & dementia : the journal of 
the Alzheimer's Association 2018;14(4):535-62. doi: 10.1016/j.jalz.2018.02.018 
[published Online First: 2018/04/15] 

38. Jack CR, Jr., Bennett DA, Blennow K, et al. A/T/N: An unbiased descriptive classification 
scheme for Alzheimer disease biomarkers. Neurology 2016;87(5):539-47. doi: 
10.1212/wnl.0000000000002923 [published Online First: 2016/07/03] 

39. Beyer L, Nitschmann A, Barthel H, et al. Early-phase [(18)F]PI-2620 tau-PET imaging as a 
surrogate marker of neuronal injury. Eur J Nucl Med Mol Imaging 2020 doi: 
10.1007/s00259-020-04788-w [published Online First: 2020/04/23] 

40. Brendel M, Wagner L, Levin J, et al. Perfusion-Phase [(18)F]THK5351 Tau-PET Imaging as 
a Surrogate Marker for Neurodegeneration. Journal of Alzheimer's disease reports 
2017;1(1):109-13. doi: 10.3233/adr-170023 [published Online First: 2017/09/28] 

41. Daerr S, Brendel M, Zach C, et al. Evaluation of early-phase [(18)F]-florbetaben PET 
acquisition in clinical routine cases. Neuroimage Clin 2017;14:77-86. doi: 
10.1016/j.nicl.2016.10.005 

42. Hsiao IT, Huang CC, Hsieh CJ, et al. Correlation of early-phase 18F-florbetapir (AV-
45/Amyvid) PET images to FDG images: preliminary studies. Eur J Nucl Med Mol 
Imaging 2012;39(4):613-20. doi: 10.1007/s00259-011-2051-2 [published Online First: 
2012/01/25] 

43. Rodriguez-Vieitez E, Leuzy A, Chiotis K, et al. Comparability of [(18)F]THK5317 and 
[(11)C]PIB blood flow proxy images with [(18)F]FDG positron emission tomography in 



Alzheimer's disease. J Cereb Blood Flow Metab 2017;37(2):740-49. doi: 
10.1177/0271678x16645593 [published Online First: 2016/04/24] 

44. Rostomian AH, Madison C, Rabinovici GD, et al. Early 11C-PIB frames and 18F-FDG PET 
measures are comparable: a study validated in a cohort of AD and FTLD patients. J 
Nucl Med 2011;52(2):173-9. doi: 10.2967/jnumed.110.082057 [published Online 
First: 2011/01/15] 

45. Fleisher AS, Pontecorvo MJ, Devous MD, Sr., et al. Positron Emission Tomography 
Imaging With [18F]flortaucipir and Postmortem Assessment of Alzheimer Disease 
Neuropathologic Changes. JAMA Neurol 2020;77(7):829-39. doi: 
10.1001/jamaneurol.2020.0528 [published Online First: 2020/04/28] 

46. Marquié M, Siao Tick Chong M, Antón-Fernández A, et al. [F-18]-AV-1451 binding 
correlates with postmortem neurofibrillary tangle Braak staging. Acta 
neuropathologica 2017;134(4):619-28. doi: 10.1007/s00401-017-1740-8 [published 
Online First: 2017/06/15] 

47. Soleimani-Meigooni DN, Iaccarino L, La Joie R, et al. 18F-flortaucipir PET to autopsy 
comparisons in Alzheimer's disease and other neurodegenerative diseases. Brain : a 
journal of neurology 2020 doi: 10.1093/brain/awaa276 [published Online First: 
2020/11/04] 

48. Pontecorvo MJ, Devous MD, Sr., Navitsky M, et al. Relationships between flortaucipir PET 
tau binding and amyloid burden, clinical diagnosis, age and cognition. Brain 
2017;140(3):748-63. doi: 10.1093/brain/aww334 

49. Schwarz AJ, Yu P, Miller BB, et al. Regional profiles of the candidate tau PET ligand 18F-
AV-1451 recapitulate key features of Braak histopathological stages. Brain 
2016;139(Pt 5):1539-50. doi: 10.1093/brain/aww023 [published Online First: 
2016/03/05] 

50. Johnson KA, Schultz A, Betensky RA, et al. Tau positron emission tomographic imaging in 
aging and early Alzheimer disease. Annals of neurology 2016;79(1):110-9. doi: 
10.1002/ana.24546 

51. Maass A, Landau S, Baker SL, et al. Comparison of multiple tau-PET measures as 
biomarkers in aging and Alzheimer's disease. Neuroimage 2017;157:448-63. doi: 
10.1016/j.neuroimage.2017.05.058 [published Online First: 2017/06/08] 

52. Mattsson N, Insel PS, Donohue M, et al. Predicting diagnosis and cognition with (18)F-AV-
1451 tau PET and structural MRI in Alzheimer's disease. Alzheimers Dement 
2019;15(4):570-80. doi: 10.1016/j.jalz.2018.12.001 [published Online First: 
2019/01/15] 

53. Wang L, Benzinger TL, Su Y, et al. Evaluation of Tau Imaging in Staging Alzheimer Disease 
and Revealing Interactions Between β-Amyloid and Tauopathy. JAMA Neurol 
2016;73(9):1070-7. doi: 10.1001/jamaneurol.2016.2078 [published Online First: 
2016/07/28] 

54. Jang YK, Lyoo CH, Park S, et al. Head to head comparison of [(18)F] AV-1451 and [(18)F] 
THK5351 for tau imaging in Alzheimer's disease and frontotemporal dementia. Eur J 
Nucl Med Mol Imaging 2018;45(3):432-42. doi: 10.1007/s00259-017-3876-0 
[published Online First: 2017/11/17] 

55. Quiroz YT, Sperling RA, Norton DJ, et al. Association Between Amyloid and Tau 
Accumulation in Young Adults With Autosomal Dominant Alzheimer Disease. JAMA 
Neurol 2018;75(5):548-56. doi: 10.1001/jamaneurol.2017.4907 [published Online 
First: 2018/02/13] 



56. McSweeney M, Pichet Binette A, Meyer PF, et al. Intermediate flortaucipir uptake is 
associated with Aβ-PET and CSF tau in asymptomatic adults. Neurology 
2020;94(11):e1190-e200. doi: 10.1212/wnl.0000000000008905 [published Online 
First: 2020/02/06] 

57. Lowe VJ, Curran G, Fang P, et al. An autoradiographic evaluation of AV-1451 Tau PET in 
dementia. Acta neuropathologica communications 2016;4(1):58. doi: 
10.1186/s40478-016-0315-6 [published Online First: 2016/06/15] 

58. Ikonomovic MD, Abrahamson EE, Price JC, et al. [F-18]AV-1451 positron emission 
tomography retention in choroid plexus: More than "off-target" binding. Annals of 
neurology 2016;80(2):307-8. doi: 10.1002/ana.24706 [published Online First: 
2016/06/18] 

59. Mattsson N, Smith R, Strandberg O, et al. Comparing (18)F-AV-1451 with CSF t-tau and p-
tau for diagnosis of Alzheimer disease. Neurology 2018;90(5):e388-e95. doi: 
10.1212/wnl.0000000000004887 [published Online First: 2018/01/13] 

60. Gordon BA, Friedrichsen K, Brier M, et al. The relationship between cerebrospinal fluid 
markers of Alzheimer pathology and positron emission tomography tau imaging. 
Brain 2016;139(Pt 8):2249-60. doi: 10.1093/brain/aww139 [published Online First: 
2016/06/12] 

61. La Joie R, Bejanin A, Fagan AM, et al. Associations between [(18)F]AV1451 tau PET and 
CSF measures of tau pathology in a clinical sample. Neurology 2018;90(4):e282-e90. 
doi: 10.1212/wnl.0000000000004860 [published Online First: 2017/12/29] 

62. Ossenkoppele R, Rabinovici GD, Smith R, et al. Discriminative Accuracy of 
[18F]flortaucipir Positron Emission Tomography for Alzheimer Disease vs Other 
Neurodegenerative Disorders. Jama 2018;320(11):1151-62. doi: 
10.1001/jama.2018.12917 [published Online First: 2018/10/17] 

63. Nedelska Z, Josephs KA, Graff-Radford J, et al. (18) F-AV-1451 uptake differs between 
dementia with lewy bodies and posterior cortical atrophy. Mov Disord 
2019;34(3):344-52. doi: 10.1002/mds.27603 [published Online First: 2019/01/08] 

64. Nasrallah IM, Chen YJ, Hsieh MK, et al. (18)F-Flortaucipir PET/MRI Correlations in 
Nonamnestic and Amnestic Variants of Alzheimer Disease. J Nucl Med 
2018;59(2):299-306. doi: 10.2967/jnumed.117.194282 [published Online First: 
2017/07/28] 

65. Xia C, Makaretz SJ, Caso C, et al. Association of In Vivo [18F]AV-1451 Tau PET Imaging 
Results With Cortical Atrophy and Symptoms in Typical and Atypical Alzheimer 
Disease. JAMA Neurol 2017;74(4):427-36. doi: 10.1001/jamaneurol.2016.5755 
[published Online First: 2017/02/28] 

66. Schöll M, Ossenkoppele R, Strandberg O, et al. Distinct 18F-AV-1451 tau PET retention 
patterns in early- and late-onset Alzheimer's disease. Brain 2017;140(9):2286-94. doi: 
10.1093/brain/awx171 [published Online First: 2017/10/21] 

67. Tetzloff KA, Graff-Radford J, Martin PR, et al. Regional Distribution, Asymmetry, and 
Clinical Correlates of Tau Uptake on [18F]AV-1451 PET in Atypical Alzheimer's 
Disease. J Alzheimers Dis 2018;62(4):1713-24. doi: 10.3233/JAD-170740 [published 
Online First: 2018/04/05] 

68. Ossenkoppele R, Schonhaut DR, Schöll M, et al. Tau PET patterns mirror clinical and 
neuroanatomical variability in Alzheimer's disease. Brain 2016;139(Pt 5):1551-67. 
doi: 10.1093/brain/aww027 [published Online First: 2016/03/11] 

69. Dronse J, Fliessbach K, Bischof GN, et al. In vivo Patterns of Tau Pathology, Amyloid-β 
Burden, and Neuronal Dysfunction in Clinical Variants of Alzheimer's Disease. J 



Alzheimers Dis 2017;55(2):465-71. doi: 10.3233/jad-160316 [published Online First: 
2016/11/02] 

70. Ossenkoppele R, Smith R, Ohlsson T, et al. Associations between tau, Aβ, and cortical 
thickness with cognition in Alzheimer disease. Neurology 2019;92(6):e601-e12. doi: 
10.1212/wnl.0000000000006875 [published Online First: 2019/01/11] 

71. Tosun D, Landau S, Aisen PS, et al. Association between tau deposition and antecedent 
amyloid-β accumulation rates in normal and early symptomatic individuals. Brain 
2017;140(5):1499-512. doi: 10.1093/brain/awx046 [published Online First: 
2017/03/24] 

72. Bejanin A, Schonhaut DR, La Joie R, et al. Tau pathology and neurodegeneration 
contribute to cognitive impairment in Alzheimer's disease. Brain 2017;140(12):3286-
300. doi: 10.1093/brain/awx243 

73. Buckley RF, Hanseeuw B, Schultz AP, et al. Region-Specific Association of Subjective 
Cognitive Decline With Tauopathy Independent of Global β-Amyloid Burden. JAMA 
Neurol 2017;74(12):1455-63. doi: 10.1001/jamaneurol.2017.2216 [published Online 
First: 2017/10/04] 

74. Phillips JS, Das SR, McMillan CT, et al. Tau PET imaging predicts cognition in atypical 
variants of Alzheimer's disease. Hum Brain Mapp 2018;39(2):691-708. doi: 
10.1002/hbm.23874 [published Online First: 2017/11/07] 

75. Malpetti M, Kievit RA, Passamonti L, et al. Microglial activation and tau burden predict 
cognitive decline in Alzheimer's disease. Brain 2020;143(5):1588-602. doi: 
10.1093/brain/awaa088 [published Online First: 2020/05/08] 

76. Digma LA, Madsen JR, Reas ET, et al. Tau and atrophy: domain-specific relationships with 
cognition. Alzheimers Res Ther 2019;11(1):65. doi: 10.1186/s13195-019-0518-8 
[published Online First: 2019/07/29] 

77. Villemagne VL, Burnham S, Bourgeat P, et al. Amyloid beta deposition, 
neurodegeneration, and cognitive decline in sporadic Alzheimer's disease: a 
prospective cohort study. The Lancet Neurology 2013;12(4):357-67. doi: 
10.1016/S1474-4422(13)70044-9 

78. Pontecorvo MJ, Devous MD, Kennedy I, et al. A multicentre longitudinal study of 
flortaucipir (18F) in normal ageing, mild cognitive impairment and Alzheimer's 
disease dementia. Brain 2019;142(6):1723-35. doi: 10.1093/brain/awz090 [published 
Online First: 2019/04/23] 

79. Cho H, Choi JY, Lee HS, et al. Progressive Tau Accumulation in Alzheimer Disease: 2-Year 
Follow-up Study. J Nucl Med 2019;60(11):1611-21. doi: 10.2967/jnumed.118.221697 
[published Online First: 2019/03/31] 

80. Harrison TM, La Joie R, Maass A, et al. Longitudinal tau accumulation and atrophy in 
aging and alzheimer disease. Annals of neurology 2019;85(2):229-40. doi: 
10.1002/ana.25406 [published Online First: 2019/01/01] 

81. Jack CR, Jr., Knopman DS, Jagust WJ, et al. Tracking pathophysiological processes in 
Alzheimer's disease: an updated hypothetical model of dynamic biomarkers. The 
Lancet Neurology 2013;12(2):207-16. doi: 10.1016/S1474-4422(12)70291-0 

82. Wong DF, Comley RA, Kuwabara H, et al. Characterization of 3 Novel Tau 
Radiopharmaceuticals, (11)C-RO-963, (11)C-RO-643, and (18)F-RO-948, in Healthy 
Controls and in Alzheimer Subjects. J Nucl Med 2018;59(12):1869-76. doi: 
10.2967/jnumed.118.209916 [published Online First: 2018/05/08] 

83. Lohith TG, Bennacef I, Vandenberghe R, et al. Brain Imaging of Alzheimer Dementia 
Patients and Elderly Controls with (18)F-MK-6240, a PET Tracer Targeting 



Neurofibrillary Tangles. J Nucl Med 2019;60(1):107-14. doi: 
10.2967/jnumed.118.208215 [published Online First: 2018/06/09] 

84. Betthauser TJ, Cody KA, Zammit MD, et al. In Vivo Characterization and Quantification of 
Neurofibrillary Tau PET Radioligand (18)F-MK-6240 in Humans from Alzheimer 
Disease Dementia to Young Controls. J Nucl Med 2019;60(1):93-99. doi: 
10.2967/jnumed.118.209650 [published Online First: 2018/05/20] 

85. Mueller A, Bullich S, Barret O, et al. Tau PET imaging with (18)F-PI-2620 in Patients with 
Alzheimer Disease and Healthy Controls: A First-in-Humans Study. J Nucl Med 
2020;61(6):911-19. doi: 10.2967/jnumed.119.236224 [published Online First: 
2019/11/13] 

86. Bullich S, Barret O, Constantinescu C, et al. Evaluation of Dosimetry, Quantitative 
Methods, and Test-Retest Variability of (18)F-PI-2620 PET for the Assessment of Tau 
Deposits in the Human Brain. J Nucl Med 2020;61(6):920-27. doi: 
10.2967/jnumed.119.236240 [published Online First: 2019/11/13] 

87. Chotipanich C, Nivorn M, Kunawudhi A, et al. Evaluation of Imaging Windows for Tau PET 
Imaging Using (18)F-PI2620 in Cognitively Normal Individuals, Mild Cognitive 
Impairment, and Alzheimer's Disease Patients. Mol Imaging 
2020;19:1536012120947582. doi: 10.1177/1536012120947582 [published Online 
First: 2020/08/31] 

88. Mormino EC, Toueg TN, Azevedo C, et al. Tau PET imaging with (18)F-PI-2620 in aging 
and neurodegenerative diseases. European journal of nuclear medicine and 
molecular imaging 2020 doi: 10.1007/s00259-020-04923-7 [published Online First: 
2020/06/24] 

89. Teng E, Ward M, Manser PT, et al. Cross-sectional associations between [(18)F]GTP1 tau 
PET and cognition in Alzheimer's disease. Neurobiol Aging 2019;81:138-45. doi: 
10.1016/j.neurobiolaging.2019.05.026 [published Online First: 2019/07/08] 

90. Schmidt ME, Janssens L, Moechars D, et al. Clinical evaluation of [(18)F] JNJ-64326067, a 
novel candidate PET tracer for the detection of tau pathology in Alzheimer's disease. 
European journal of nuclear medicine and molecular imaging 2020;47(13):3176-85. 
doi: 10.1007/s00259-020-04880-1 [published Online First: 2020/06/15] 

91. Sander K, Lashley T, Gami P, et al. Characterization of tau positron emission tomography 
tracer [(18)F]AV-1451 binding to postmortem tissue in Alzheimer's disease, primary 
tauopathies, and other dementias. Alzheimers Dement 2016;12(11):1116-24. doi: 
10.1016/j.jalz.2016.01.003 [published Online First: 2016/02/20] 

92. Schonhaut DR, McMillan CT, Spina S, et al. (18) F-flortaucipir tau positron emission 
tomography distinguishes established progressive supranuclear palsy from controls 
and Parkinson disease: A multicenter study. Annals of neurology 2017;82(4):622-34. 
doi: 10.1002/ana.25060 [published Online First: 2017/10/06] 

93. Coakeley S, Cho SS, Koshimori Y, et al. Positron emission tomography imaging of tau 
pathology in progressive supranuclear palsy. J Cereb Blood Flow Metab 
2017;37(9):3150-60. doi: 10.1177/0271678X16683695 

94. Marquie M, Normandin MD, Meltzer AC, et al. Pathological correlations of [F-18]-AV-
1451 imaging in non-alzheimer tauopathies. Annals of neurology 2017;81(1):117-28. 
doi: 10.1002/ana.24844 

95. Coakeley S, Cho SS, Koshimori Y, et al. [(18)F]AV-1451 binding to neuromelanin in the 
substantia nigra in PD and PSP. Brain Struct Funct 2018;223(2):589-95. doi: 
10.1007/s00429-017-1507-y [published Online First: 2017/09/09] 



96. Brendel M, Schönecker S, Höglinger G, et al. [(18)F]-THK5351 PET Correlates with 
Topology and Symptom Severity in Progressive Supranuclear Palsy. Front Aging 
Neurosci 2017;9:440. doi: 10.3389/fnagi.2017.00440 [published Online First: 
2018/02/02] 

97. Ng KP, Pascoal TA, Mathotaarachchi S, et al. Monoamine oxidase B inhibitor, selegiline, 
reduces (18)F-THK5351 uptake in the human brain. Alzheimers Res Ther 2017;9(1):25. 
doi: 10.1186/s13195-017-0253-y 

98. Ng KP, Therriault J, Kang MS, et al. Rasagiline, a monoamine oxidase B inhibitor, reduces 
in vivo [(18)F]THK5351 uptake in progressive supranuclear palsy. Neuroimage Clin 
2019;24:102091. doi: 10.1016/j.nicl.2019.102091 [published Online First: 
2019/12/05] 

99. Kikuchi A, Okamura N, Hasegawa T, et al. In vivo visualization of tau deposits in 
corticobasal syndrome by 18F-THK5351 PET. Neurology 2016;87(22):2309-16. doi: 
10.1212/WNL.0000000000003375 

100. Niccolini F, Wilson H, Hirschbichler S, et al. Disease-related patterns of in vivo pathology 
in Corticobasal syndrome. Eur J Nucl Med Mol Imaging 2018;45(13):2413-25. doi: 
10.1007/s00259-018-4104-2 [published Online First: 2018/08/10] 

101. Smith R, Schöll M, Widner H, et al. In vivo retention of (18)F-AV-1451 in corticobasal 
syndrome. Neurology 2017;89(8):845-53. doi: 10.1212/wnl.0000000000004264 
[published Online First: 2017/07/30] 

102. Josephs KA, Whitwell JL, Tacik P, et al. [18F]AV-1451 tau-PET uptake does correlate with 
quantitatively measured 4R-tau burden in autopsy-confirmed corticobasal 
degeneration. Acta neuropathologica 2016;132(6):931-33. doi: 10.1007/s00401-016-
1618-1 

103. McMillan CT, Irwin DJ, Nasrallah I, et al. Multimodal evaluation demonstrates in vivo 
(18)F-AV-1451 uptake in autopsy-confirmed corticobasal degeneration. Acta 
neuropathologica 2016;132(6):935-37. doi: 10.1007/s00401-016-1640-3 [published 
Online First: 2016/11/07] 

104. Ali F, Whitwell JL, Martin PR, et al. [(18)F] AV-1451 uptake in corticobasal syndrome: 
the influence of beta-amyloid and clinical presentation. J Neurol 2018;265(5):1079-
88. doi: 10.1007/s00415-018-8815-x [published Online First: 2018/03/03] 

105. Hansen AK, Damholdt MF, Fedorova TD, et al. In Vivo cortical tau in Parkinson's disease 
using 18F-AV-1451 positron emission tomography. Mov Disord 2017;32(6):922-27. 
doi: 10.1002/mds.26961 [published Online First: 2017/03/04] 

106. Smith R, Schöll M, Londos E, et al. (18)F-AV-1451 in Parkinson's Disease with and 
without dementia and in Dementia with Lewy Bodies. Sci Rep 2018;8(1):4717. doi: 
10.1038/s41598-018-23041-x [published Online First: 2018/03/20] 

107. Kantarci K, Lowe VJ, Boeve BF, et al. AV-1451 tau and β-amyloid positron emission 
tomography imaging in dementia with Lewy bodies. Annals of neurology 
2017;81(1):58-67. doi: 10.1002/ana.24825 [published Online First: 2016/11/20] 

108. Whitwell JL, Lowe VJ, Tosakulwong N, et al. [(18) F]AV-1451 tau positron emission 
tomography in progressive supranuclear palsy. Movement disorders : official journal 
of the Movement Disorder Society 2017;32(1):124-33. doi: 10.1002/mds.26834 
[published Online First: 2016/10/28] 

109. Passamonti L, Vázquez Rodríguez P, Hong YT, et al. 18F-AV-1451 positron emission 
tomography in Alzheimer's disease and progressive supranuclear palsy. Brain 
2017;140(3):781-91. doi: 10.1093/brain/aww340 [published Online First: 
2017/01/27] 



110. Schonecker S, Brendel M, Palleis C, et al. PET Imaging of Astrogliosis and Tau Facilitates 
Diagnosis of Parkinsonian Syndromes. Front Aging Neurosci 2019;11:249. doi: 
10.3389/fnagi.2019.00249 

111. Gomperts SN, Locascio JJ, Makaretz SJ, et al. Tau Positron Emission Tomographic 
Imaging in the Lewy Body Diseases. JAMA Neurol 2016;73(11):1334-41. doi: 
10.1001/jamaneurol.2016.3338 [published Online First: 2016/09/23] 

112. Lee SH, Cho H, Choi JY, et al. Distinct patterns of amyloid-dependent tau accumulation 
in Lewy body diseases. Mov Disord 2018;33(2):262-72. doi: 10.1002/mds.27252 
[published Online First: 2017/11/24] 

113. Rodriguez-Vieitez E, Nordberg A. Imaging Neuroinflammation: Quantification of 
Astrocytosis in a Multitracer PET Approach. Methods Mol Biol 2018;1750:231-51. doi: 
10.1007/978-1-4939-7704-8_16 [published Online First: 2018/03/08] 

114. Irwin DJ, Cairns NJ, Grossman M, et al. Frontotemporal lobar degeneration: defining 
phenotypic diversity through personalized medicine. Acta neuropathologica 
2015;129(4):469-91. doi: 10.1007/s00401-014-1380-1 [published Online First: 
2015/01/01] 

115. Vieira RT, Caixeta L, Machado S, et al. Epidemiology of early-onset dementia: a review 
of the literature. Clin Pract Epidemiol Ment Health 2013;9:88-95. doi: 
10.2174/1745017901309010088 [published Online First: 2013/07/24] 

116. Lambert MA, Bickel H, Prince M, et al. Estimating the burden of early onset dementia; 
systematic review of disease prevalence. Eur J Neurol 2014;21(4):563-9. doi: 
10.1111/ene.12325 [published Online First: 2014/01/15] 

117. Rascovsky K, Hodges JR, Knopman D, et al. Sensitivity of revised diagnostic criteria for 
the behavioural variant of frontotemporal dementia. Brain 2011;134(Pt 9):2456-77. 
doi: 10.1093/brain/awr179 [published Online First: 2011/08/04] 

118. Gorno-Tempini ML, Hillis AE, Weintraub S, et al. Classification of primary progressive 
aphasia and its variants. Neurology 2011;76(11):1006-14. doi: 
10.1212/WNL.0b013e31821103e6 [published Online First: 2011/02/18] 

119. Cho H, Seo SW, Choi JY, et al. Predominant subcortical accumulation of (18)F-
flortaucipir binding in behavioral variant frontotemporal dementia. Neurobiol Aging 
2018;66:112-21. doi: 10.1016/j.neurobiolaging.2018.02.015 [published Online First: 
2018/03/20] 

120. Tsai RM, Bejanin A, Lesman-Segev O, et al. (18)F-flortaucipir (AV-1451) tau PET in 
frontotemporal dementia syndromes. Alzheimers Res Ther 2019;11(1):13. doi: 
10.1186/s13195-019-0470-7 [published Online First: 2019/02/02] 

121. Strang KH, Golde TE, Giasson BI. MAPT mutations, tauopathy, and mechanisms of 
neurodegeneration. Lab Invest 2019;99(7):912-28. doi: 10.1038/s41374-019-0197-x 
[published Online First: 2019/02/12] 

122. Smith R, Puschmann A, Schöll M, et al. 18F-AV-1451 tau PET imaging correlates strongly 
with tau neuropathology in MAPT mutation carriers. Brain 2016;139(Pt 9):2372-9. 
doi: 10.1093/brain/aww163 [published Online First: 2016/07/01] 

123. Spina S, Schonhaut DR, Boeve BF, et al. Frontotemporal dementia with the V337M 
MAPT mutation: Tau-PET and pathology correlations. Neurology 2017;88(8):758-66. 
doi: 10.1212/wnl.0000000000003636 [published Online First: 2017/01/29] 

124. Spinelli EG, Mandelli ML, Miller ZA, et al. Typical and atypical pathology in primary 
progressive aphasia variants. Annals of neurology 2017;81(3):430-43. doi: 
10.1002/ana.24885 [published Online First: 2017/01/31] 



125. Josephs KA, Martin PR, Botha H, et al. [(18) F]AV-1451 tau-PET and primary progressive 
aphasia. Annals of neurology 2018;83(3):599-611. doi: 10.1002/ana.25183 [published 
Online First: 2018/02/17] 

126. Cho H, Kim HJ, Choi JY, et al. (18)F-flortaucipir uptake patterns in clinical subtypes of 
primary progressive aphasia. Neurobiol Aging 2019;75:187-97. doi: 
10.1016/j.neurobiolaging.2018.11.017 [published Online First: 2018/12/30] 

127. Makaretz SJ, Quimby M, Collins J, et al. Flortaucipir tau PET imaging in semantic variant 
primary progressive aphasia. J Neurol Neurosurg Psychiatry 2018;89(10):1024-31. 
doi: 10.1136/jnnp-2017-316409 [published Online First: 2017/10/08] 

128. Marquié M, Agüero C, Amaral AC, et al. [(18)F]-AV-1451 binding profile in chronic 
traumatic encephalopathy: a postmortem case series. Acta Neuropathol Commun 
2019;7(1):164. doi: 10.1186/s40478-019-0808-1 [published Online First: 2019/10/30] 

129. Tagai K, Ono M, Kubota M, et al. High-contrast in-vivo imaging of tau pathologies in 
Alzheimer's and non-Alzheimer's disease tauopathies. medRxiv 
2020:2020.03.05.20028407. doi: 10.1101/2020.03.05.20028407 

130. Leuzy A, Smith R, Ossenkoppele R, et al. Diagnostic Performance of RO948 F 18 Tau 
Positron Emission Tomography in the Differentiation of Alzheimer Disease From 
Other Neurodegenerative Disorders. JAMA Neurol 2020;77(8):955-65. doi: 
10.1001/jamaneurol.2020.0989 

131. Hostetler ED, Walji AM, Zeng Z, et al. Preclinical Characterization of 18F-MK-6240, a 
Promising PET Tracer for In Vivo Quantification of Human Neurofibrillary Tangles. 
Journal of nuclear medicine : official publication, Society of Nuclear Medicine 
2016;57(10):1599-606. doi: 10.2967/jnumed.115.171678 [published Online First: 
2016/05/28] 

132. Preclinical comparison of the first generation Tau PET tracer AV1451 and two next-
generation Tau PET tracers, MK-6240 and PI-2620. EUROPEAN JOURNAL OF NUCLEAR 
MEDICINE AND MOLECULAR IMAGING; 2019. SPRINGER 233 SPRING ST, NEW YORK, 
NY 10013 USA. 

133. Goedert M, Yamaguchi Y, Mishra SK, et al. Tau Filaments and the Development of 
Positron Emission Tomography Tracers. Front Neurol 2018;9:70. doi: 
10.3389/fneur.2018.00070 [published Online First: 2018/03/03] 

134. Ossenkoppele R, Jansen WJ, Rabinovici GD, et al. Prevalence of amyloid PET positivity in 
dementia syndromes: a meta-analysis. Jama 2015;313(19):1939-49. doi: 
10.1001/jama.2015.4669 [published Online First: 2015/05/20] 

135. Salloway S, Sperling R, Fox NC, et al. Two phase 3 trials of bapineuzumab in mild-to-
moderate Alzheimer's disease. N Engl J Med 2014;370(4):322-33. doi: 
10.1056/NEJMoa1304839 [published Online First: 2014/01/24] 

136. Brendel M, Deussing M, Blume T, et al. Late-stage Anle138b treatment ameliorates tau 
pathology and metabolic decline in a mouse model of human Alzheimer's disease 
tau. Alzheimers Res Ther 2019;11(1):67. doi: 10.1186/s13195-019-0522-z [published 
Online First: 2019/08/03] 

 

 


