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ABSTRACT: Background: Tau pathology is
observed during autopsy in many patients with
Parkinson’s disease dementia (PDD). Positron emis-
sion tomography (PET) imaging using the tracer
18F-florzolotau has the potential to capture tau accu-
mulation in the living brain.
Objective: The aim was to describe the results of 18F-
florzolotau PET/CT (computed tomography) imaging
in patients with PDD.

Methods: Ten patients with PDD, 9 with Parkinson’s
disease with normal cognition (PD-NC), and 9 age-
matched healthy controls (HCs) were enrolled. Clinical
assessments and 18F-florzolotau PET/CT imaging
were performed.
Results: 18F-Florzolotau uptake was significantly
higher in the cortical regions of patients with PDD
compared with both PD-NC and HCs, especially in
the temporal lobe. Notably, 18F-florzolotau uptake in
the occipital lobe of patients with PDD showed a sig-
nificant correlation with cognitive impairment as
reflected by Mini-Mental State Examination (MMSE)
scores.
Conclusions: 18F-Florzolotau PET imaging can effec-
tively capture the occurrence of tau pathology in
patients with PDD, which was also linked to MMSE
scores. © 2022 International Parkinson and Move-
ment Disorder Society.

Key Words: Parkinson’s disease dementia; 18F-flor-
zolotau; tau PET imaging

The long-term clinical course of Parkinson’s disease
(PD) is complicated by the onset of dementia in 80% of
patients.1 However, the pathogenesis of PD dementia
(PDD) is complex and has not been fully elucidated.
Although α-synuclein deposition is traditionally consid-
ered as the key pathological hallmark of PD,2-4 several
autopsy studies found evidence of tau pathology in
PDD brains.5-7 Nonetheless, the proportion of patients
showing moderate-to-severe tau accumulation varied
markedly (from 30% to 97%) in previous postmortem
studies.8-10

In recent years, there has been growing interest in
tracking tau pathology using PET. Previous studies
reported an increased uptake of the first-generation tau
tracer 18F-AV-1451 in the temporal and parietal cortex
of patients with PD with cognitive impairment.11,12

Unfortunately, traditional tau PET tracers are limited by
off-target binding13,14 and/or the inability to capture the
distribution patterns of tau pathology in non-Alzheimer’s
disease (AD) tauopathies.15,16 Recently, several studies
have described the clinical utility of the second-generation
tau tracer 18F-florzolotau (previously known as 18F-APN-
1607 or 18F-PM-PBB3) for the detection of tau pathology
in the living brain of patients with AD17-19 and other neu-
rodegenerative diseases, including progressive supranuclear
palsy,20 multiple system atrophy-parkinsonian subtype,21

and frontotemporal lobar degeneration with tauopathy
due to MAPT mutations.22 Different from first-generation
tau PET tracers, 18F-florzolotau is characterized by an
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elevated signal-to-noise ratio and limited off-target bind-
ing.17 However, the question whether 18F-florzolotau
PET/CT (computed tomography) might have value in
patients with PDD remains unanswered. This cross-
sectional study was therefore designed to address this
issue. Based on previous neuropathological observations,
we hypothesized that 18F-florzolotau uptake would be
higher in patients with PDD compared with both patients
with PD with normal cognition (PD-NC) and cognitively
healthy controls (HCs). A significant heterogeneity in
terms of tau deposition was also expected in patients
with PDD.

Patients and Methods
Participants

All visits and procedures occurred at the Movement
Disorders Clinic, Department of Neurology, Huashan
Hospital, Fudan University. Enrollment started in
November 2019 and concluded in April 2021. The
study sample consisted of 10 patients with PDD, 9 with
PD-NC, and 9 age-matched cognitively HCs with no
history of neurological or psychiatric disorders. PD was
diagnosed according to the Movement Disorder Society
Clinical Criteria.23 The study was conducted in accor-
dance with the Declaration of Helsinki, and the proto-
col was approved by the Institutional Review Board of
the Huashan Hospital (approval number: 2019-433).
All participants or legal guardians provided written
informed consent.

Clinical and Neuropsychological Evaluation
A detailed description of the clinical and neuropsy-

chological evaluation is provided in the Supplementary
Materials in Appendix S1.

Image Acquisition
A detailed description of the image acquisition is pro-

vided in the Supplementary Materials in Appendix S1.

Image Processing
Individual PET and corresponding T1-weighted MRI

images were coregistered using the SPM12 software
(http://www.fil.ion.ucl.ac.uk/spm/software/spm12/)
implemented in MATLAB 9.5 (MathWorks, Natick,
MA, USA). The transformation matrices of segmented
T1-weighted magnetic resonance imaging (MRI) were
applied to matched PET images into the Montreal Neu-
rological Institute standard space. We applied a partial
volume correction using a segmented gray matter mask
and the Muller-Gartner method.23 MRI-coregistered
PET scans were spatially normalized using subject-
specific transformation matrixes obtained from MRI.
Images were subsequently smoothed using a Gaussian

kernel (full-width at half-maximum: 6 mm). The cere-
bellar gray matter (with the exclusion of the deep
nucleus) was chosen as the reference region to obtain
standardized uptake value ratio (SUVR) maps.17,24

Mean regional SUVR values were extracted from the
following regions of interest (ROIs): frontal cortex,
parietal cortex, occipital cortex, temporal cortex, hip-
pocampus, insula, caudate, and putamen. All regions
were identified from the automated anatomical atlas
three template and the Wake Forest University
PickAtlas (version 3.0). Values extracted from bilateral
ROIs were used in subsequent analyses. 18F-Florzolotau
SUVR maps obtained in three study groups were com-
pared in a voxel-wise fashion using 2-tailed Student’s
t tests. The voxel-level threshold was set to an
uncorrected P-value <0.001. All procedures were car-
ried out using Statistical Parametric Mapping (SPM).

Data Analysis
The statistical methods are described in the Supple-

mentary Materials in Appendix S1.

Results
General Characteristics

Table 1 and Table S1 in Appendix S1 present the
general characteristics of the three study groups (PDD,
PD-NC, and HCs).

Regional 18F-Florzolotau Uptake
Quantitative measures of 18F-florzolotau uptake in

the three study groups are presented in Table 1. Com-
pared with both patients with PD-NC and HCs, those
with PDD showed a significantly higher 18F-florzolotau
binding in the following regions: frontal, parietal,
occipital, temporal, and insula lobes and putamen. 18F-
Florzolotau uptake in patients with PD-NC did not dif-
fer significantly from that observed in HCs. Quantita-
tive measures of 18F-florzolotau uptake in the three
study groups as well as a group of previously collected
patients with AD19 are described in in Appendix S1.
Regions showing significant intergroup differences

are summarized in Figure 1 and Table S1 in
Appendix S1. The results of SPM analysis revealed that
patients with PDD had a higher cortical 18F-florzolotau
uptake compared with both patients with PD-NC and
HCs; this was especially evident for the temporal lobe
(uncorrected P-value <0.001). Individual 18F-
florzolotau binding data are shown in Figure S1 in
Appendix S1, whereas Figure 1D shows a heat map of
regional 18F-florzolotau uptake. On visual inspection,
more than 50% of patients with PDD showed an
increased tau accumulation in the cortical regions; how-
ever, very mild or absent 18F-florzolotau uptake was
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observed in 3 patients with PDD (patient numbers 1, 7,
and 10).

Correlations between 18F-Florzolotau Uptake
and Cognitive Functioning

18F-Florzolotau uptake in the occipital lobe of
patients with PDD showed a significant negative corre-
lation with Mini-Mental State Examination (MMSE)
scores (R = �0.635, P = 0.0486; Fig. S3 in
Appendix S1). However, no association was observed
for patients with PD-NC (Fig. S4 in Appendix S1).

Discussion

Our study addresses an evidence gap regarding the
potential usefulness of 18F-florzolotau as a PET imaging
biomarker of tau pathology in patients with PDD.

There are two principal findings from our investigation.
First, we found that 18F-florzolotau binding in the corti-
cal areas and putamen was significantly higher in
patients with PDD compared with those with PD-NC
and HCs. Second, 18F-florzolotau retention in the
occipital lobe of patients with PDD was significantly
associated with the severity of cognitive impairment as
reflected by MMSE scores.
The occurrence of tau pathology in PDD brains has

been previously reported on postmortem examina-
tions.25,26 Early work with 18F-AV-1451 found an
increased tracer uptake in the inferior temporal gyrus
and precuneus of PD patients with cognitive impair-
ment compared with HCs.11 In another study focusing
on PDD, Smith and colleagues12 reported an elevated
18F-AV-1451 retention in the medial areas of the parie-
tal lobe and the inferior temporal lobes. On examining
the occurrence of tau pathology in the living PDD brain

TABLE 1 Clinical characteristics of the study participants and quantitative results of 18F-florzolotau binding at the group level

PDD PD-NC HCs
PDD vs.
PD-NC

PDD
vs. HCs

PD-NC
vs. HCs

Number of subjects 10 9 9

Age (y)a 69.3 � 5.4 69.2 � 6.8 63.8 � 3.6 1.000 0.109 0.131

Sex (men/women)b 8/2 6/3 4/5 0.510 0.109 0.343

Education (y)c 10.4 � 3.8 10.6 � 4.6 – 0.942 – –

Disease duration (mo)c 34.9 � 16.7 24.2 � 17.5 – 0.192 – –

MDS-UPDRS-III scorec 45.1 � 18.6 40.8 � 17.6 – 0.685 – –

Hoehn and Yahr stagec 2.4 � 0.6 2.4 � 0.5 – 0.914 – –

LEDD (mg/d)c 378.4 � 227.3 303.6 � 293.1 – 0.603 – –

GDS scorec 9.8 � 2.3 11.0 � 10.0 – 0.786 – –

MMSE scorea 16.1 � 5.7 26.5 � 2.4 26.4 � 3.0 <0.001 <0.001 1.000

MoCA scorec 11.1 � 6.2 25.7 � 1.9 – <0.001 – –

SUVRa

Frontal cortex 1.13 � 0.39 0.73 � 0.18 0.66 � 0.08 0.007 0.002 1.000

Parietal cortex 1.14 � 0.37 0.72 � 0.16 0.67 � 0.08 0.003 0.001 1.000

Occipital cortex 1.37 � 0.44 0.93 � 0.18 0.89 � 0.11 0.008 0.004 1.000

Temporal cortex 1.46 � 0.39 1.01 � 0.22 0.94 � 0.12 0.004 0.001 1.000

Hippocampus 1.48 � 0.70 1.48 � 0.71 1.54 � 0.51 1.000 1.000 1.000

Insula 1.28 � 0.42 0.85 � 0.18 0.85 � 0.13 0.010 0.009 1.000

Caudate 0.90 � 0.40 0.73 � 0.17 0.63 � 0.08 0.505 0.106 1.000

Putamen 1.66 � 0.51 1.15 � 0.30 1.01 � 0.18 0.015 0.002 1.000

Note: Data are expressed as means � standard deviations.
Abbreviations: GDS, Geriatric Depression Scale; HCs, healthy controls; LEDD, levodopa equivalent daily dose; MDS-UPDRS, Movement Disorders Society Unified
Parkinson’s Disease Rating Scale; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; PDD, Parkinson’s disease dementia; PD-NC, Parkinson’s
disease and normal cognition; SUVR, standardized uptake value ratio.
aOne-way ANOVA followed by Bonferroni’s post hoc correction for multiple comparisons.
bχ2 test.
cStudent’s t test.
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using 18F-florzolotau, we found that the patterns of
tracer uptake were more widespread than that previ-
ously reported for first-generation tau PET probes;
accordingly, an involvement of the frontal, parietal,
temporal, and occipital regions was observed in our
study. This apparent discrepancy may be partially
explained by the intrinsic properties of 18F-florzolotau,
including a high affinity for 4-repeat tau isoforms and
an elevated signal-to-noise ratio.17 The relatively severe
cognitive impairment observed in our patients with
PDD may also account for the more widespread tracer

retention, a plausible explanation for the negative cor-
relation between MMSE scores and 18F-florzolotau
uptake in the occipital lobe. Therefore, larger impair-
ments were observed in MMSE among our patients
with PDD (mean score: 16.1 � 5.7) compared with pre-
vious studies conducted with 18F-AV-1451 (mean
scores: 24.9 � 1.511 and 22.0 � 4.0).12 Although more
than 50% of our patients with PDD showed an
increased tau accumulation in cortical regions, very
mild or no 18F-florzolotau uptake was observed in three
patients. This may be due to a limited burden of

FIG. 1. Intergroup comparison of 18F-florzolotau uptake values. The analysis was carried out using voxel-based statistical parametric mapping, with
age and sex entered as covariates. 18F-Florzolotau uptake is displayed on a single-subject MRI brain template using an uncorrected P-value of 0.001
as threshold. (A) PDD versus PD-NC; (B) PDD versus HCs; (C) PD-NC versus HCs; (D) patient-level heat map of regional z scores (individual 18F-
florzolotau PET imaging findings). HCs, healthy controls; MRI, magnetic resonance imaging; PDD, Parkinson’s disease dementia; PD-NC, Parkinson’s
disease with normal cognition; PET, positron emission tomography. [Color figure can be viewed at wileyonlinelibrary.com]
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cortical tau deposition that was below the detection
threshold during 18F-florzolotau PET imaging. This
should not come as a surprise, as PDD is a pathologi-
cally heterogeneous disorder and an increased tau bur-
den is not invariably present.3,27,28 Although positive
18F-florzolotau findings may be useful to confirm the
presence of an underlying tau pathology, negative
results when strict clinical diagnostic criteria are applied
should prompt a thorough follow-up schedule. Our
study also adds to the literature by describing an
inverse association between 18F-florzolotau uptake in
the occipital lobe of patients with PDD and MMSE
scores. Whether tau PET imaging findings can be
related to the severity of cognitive impairment in
patients with PD remains unclear. Prior work with 18F-
AV-1451 yielded inconsistent findings, with some,11,12

but not all,29 studies reporting a positive association
with the extent of tracer retention and the degree of
cognitive deterioration. Although statistically signifi-
cant, the correlation between 18F-florzolotau uptake
and MMSE scores observed in our study was modest. It
can be expected that the heterogeneity of PDD will con-
tinue to challenge the development of robust imaging
biomarkers to reflect disease severity. Additional pro-
spective studies are required to identify optimal
approaches to characterizing disease severity with tau
PET imaging, particularly with respect to the associa-
tion between 18F-florzolotau uptake and longitudinal
trajectories of cognitive deterioration.
Several limitations to this study are worth noting. First,

tau hyperphosphorylation is a common feature between
AD and PDD.3,25 Unfortunately, the limited availability
of plasma samples in our study precluded an evaluation
of both AD-related tau biochemical markers (ie, elevated
levels of total tau and tau hyperphosphorylated tau at
threonine 181 [p-tau181]) and amyloid β-related proteins.
As we had no data concerning biomarkers, we were
unable to stratify the study participants for the concomi-
tant presence of AD pathology.8 In addition, in an effort
to reduce radiation exposure, we did not track AD-
related pathology using amyloid-specific PET tracers.
However, the diagnosis of PDD was confirmed by apply-
ing both strict clinical diagnostic criteria (2007 MDS)
and dopaminergic PET imaging (Fig. S5 in Appendix S1).
Second, the sample size may not have been sufficiently
large to identify other potential differences in the three
groups, and larger cohorts are required to confirm our
findings. Third, because of the cross-sectional design, the
observed association between 18F-florzolotau uptake and
MMSE scores should not be interpreted as a causal effect.
Fourth, regional SUVR values utilized in the analysis
might not accurately reflect the burden of tau accumula-
tion within each ROI. Finally, it would have been inter-
esting to use a dynamic PET acquisition protocol to
minimize the effect of blood flow; however, as we were
unable to implement this approach, we addressed this

potential confounder by applying the technique described
by Tagai and colleagues.17

Conclusions
18F-Florzolotau PET imaging can effectively capture

the occurrence of tau pathology in patients with PDD,
which was also linked to MMSE scores.
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