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Abstract

The aim of this study was to investigate the test—retest (TRT) repeatability of various parametric quantification methods
for ['®F]Flortaucipir positron emission tomography (PET). We included eight subjects with dementia or mild cognitive
impairment due to Alzheimer’s disease and six cognitively normal subjects. All underwent two |30-min dynamic
['®F]Flortaucipir PET scans within 3 = | weeks. Data were analyzed using reference region models receptor parametric
mapping (RPM), simplified reference tissue method 2 (SRTM2) and reference logan (RLogan), as well as standardized
uptake value ratios (SUVr, time intervals 40—60, 80—100 and |10—130 min post-injection) with cerebellar gray matter as
reference region. We obtained distribution volume ratio or SUVF, first for all brain regions and then in three tau-specific
regions-of-interest (ROls). TRT repeatability (%) was defined as |retest—test|/(average (test+ retest)) x 100. For all
methods and across ROls, TRT repeatability ranged from (median (IQR)) 0.84% (0.68-2.15) to 6.84% (2.99—11.50).
TRT repeatability was good for all reference methods used, although semi-quantitative models (i.e. SUVr) performed
marginally worse than quantitative models, for instance TRT repeatability of RPM: 1.98% (0.78-3.58) vs. SUVrgo_;o0:
3.05% (1.28-5.52), p <0.001. Furthermore, for SUVrgg_ 00 and SUVr | o_;30, With higher average SUVr, more variation
was observed. In conclusion, while TRT repeatability was good for all models used, quantitative methods performed
slightly better than semi-quantitative methods.
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Introduction

Abnormal accumulation of tau proteins in the brain iS  'Azheimer Center Amsterdam, Department of Neurology, Amsterdam
one of the characteristics of Alzheimer’s disease  Neuroscience, Vrije Universiteit Amsterdam, Amsterdam UMC,
(AD)."? Tt recently became possible to visualize and Amsterdam, The Netherlands
quantify tau pathology in vivo using positron emission ~ Department of Radiology & Nuclear Medicine, Amsterdam
t h (PET) 34 To date. the most widel sed Neuroscience, Vrije Universiteit Amsterdam, Amsterdam UMC,
omograpny : s w . y u Amsterdam, The Netherlands
PET tracer for tau pathology is [ “F]Flortaucipir (for-  3cjiical Memory Research Unit, Lund University, Lund, Sweden
merly known as [ISF]AV1451 or [ISF]T807). *Department of Epidemiology and Biostatistics, Vrije Universiteit
[18F]Flortaucipir PET scans have predominantly Amsterdam, Amsterdam UMC, Amsterdam, The Netherlands

been evaluated with standardized uptake value ratios c gi o

. o ) orresponding author:
(SUVrs). Although this mthOd has certain dqvantdges’ Tessa Timmers, Amsterdam UMC, location VUmc, PO. Box 7057, 1007
such as a short scan duration and computational sim- Mg Amsterdam, The Netherlands.
plicity, some important disadvantages should be taken  Email: t.timmers@vumc.nl
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into account.”® Because SUVr shows the normalized
uptake over a specified time interval, it is dependent on
regional tracer delivery (which in turn is dependent on
blood flow), retention, and clearance rates.’ In contrast,
kinetic models, derived from dynamic scans with arter-
ial sampling, allow computation of these factors and
allow to disentangle the specific binding of the tracer
to the target under investigation. Since arterial cannu-
lation is an invasive procedure and arterial plasma
derived input functions are susceptible to noise, meth-
ods using reference regions’ are practically more feas-
ible. Among these, quantitative reference region
methods are the basis function approaches and para-
metric implementations of SRTM'® receptor paramet-
ric mapping (RPM)'! and simplified reference tissue
model 2 (SRTM2'%), and the linearization approach
reference logan (RLogan)."?

To assess the reliability of in vivo kinetics of a PET
tracer and quantification of (specific) tracer binding,
test-retest (TRT) studies must be performed.
Repeatability is especially of importance for longitu-
dinal studies and when assessing treatment effects in
clinical trials.® One previous study investigated repeat-
ability of ['®F]Flortaucipir, and reported a mean
change ranging from 1.8% to 3.3% between test and
retest SUVrgg 190 In a cortical composite region-of-
interest (ROI) using a white matter-based reference
region.'* This study performed analyses using semi-
quantitative measures only, thus the repeatability of
quantitative parametric methods remains to be eluci-
dated. The aim of the present study was therefore to
investigate the TRT repeatability of various parametric
reference region tissue methods for ['*F]Flortaucipir
PET in patients with AD and controls. We
hypothesized that methods using dynamic scan data
(e.g. RPM, SRTM2 and RLogan) would have better
TRT repeatability than methods using static scan
data (e.g. SUVr).

Materials and methods
Participants

We included 14 participants; 8 patients with mild cog-
nitive impairment (MCI) or dementia due to AD and 6
cognitively normal subjects. MCI/AD patients were
recruited from the Amsterdam Dementia Cohort."
All patients visited the memory clinic of the
Amsterdam Alzheimer Center for a standardized
dementia screening, including brain imaging and an
extensive neuropsychological assessment. Diagnoses
were established in a multidisciplinary meeting. MCI/
AD participants were eligible if they met criteria for
MCI due to AD'® or AD dementia,'” had positive amy-
loid-B biomarkers (cerebrospinal fluid AB4 <813 pg/

mL'® and/or abnormal amyloid PET ('C-PiB n=2,
F_florbetaben n=1) on visual read'”) and had a
Mini Mental State Examination (MMSE) score of 18
or higher. Cognitively normal subjects were recruited
through local advertisements. Cognitively unimpaired
participants were screened using MMSE and MRI
They were eligible for the study when MMSE score
was >27/30 and no extensive atrophy was seen on
MRI. Exclusion criteria for all participants were struc-
tural masses on MRI that were likely to interfere with
segmentation, a history of severe traumatic brain injury
and participation in a drug trial. The study protocol
was approved by the Medical Ethics Committee of
the Amsterdam University Medical Center, location
VUmg, according to the Dutch law on medical scientific
research on humans (Wet medisch-wetenschappelijk
onderzoek met mensen). All participants signed an
informed consent form.

Image acquisition

All participants underwent one structural whole brain
MRI and two ["*F]Flortaucipir PET scans. The time
interval between two ['*F]Flortaucipir scans had a min-
imum of one week, and a maximum of four weeks. The
maximum time interval between MRI and first
['"®F]Flortaucipir scan was six months. MRI scans
were acquired on a 3.0T Philips Ingenuity Time-of-
Flight PET/MR scanner. We obtained isotropic struc-
tural 3D T1-weighted images using a sagittal turbo field
echo sequence (1.00mm® isotropic voxels, repetition
time = 7.9 ms, echo time =4.5ms, flip angle =8°). Test
and retest ['®F]Flortaucipir PET scans were acquired
on a Philips Ingenuity TF PET/CT scanner with iden-
tical procedures. Individual doses of ['*F]Flortaucipir
PET were prepared on site according to Avid
Radiopharmaceuticals quality control criteria. Scan
procedures started with a low-dose CT for attenuation
correction. Subsequently, ["*F]Flortaucipir
(237 15MBq at test and 245+ 18 MBq at retest):
was injected simultaneously with the start of the first
60-min dynamic emission scan (specific activity 919 4+
283 MBq/pg at test and 789 +310 MBq/ug at retest).
After a 20-min break, the low-dose CT was repeated
and a second PET scan was acquired from 80 to
130 min post-injection. During these scans, head move-
ments were restricted with the use of head bands.
Movement was checked regularly using laser beams,
and head position was corrected if necessary. All
scans underwent quality control for substantial move-
ment artefacts. The second scan session was co-regis-
tered to the first using Vinci software (Max Plank
Institute, Cologne, Germany), and combined into a
dataset of 29 frames, with a matrix size of 128 x
128 x 90 and a final voxel size of 2 x 2 x 2mm?.
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Image analysis

T1 weighted MR images were co-registered to PET
using Vinci software. We used the Hammers tem-
plate,?® incorporated in PVElab software,?! to delin-
eate gray matter ROIs on the co-registered MR
images. Next, we generated parametric images using
in-house built software (PPET)** and the cerebellar
gray matter as reference region. We created paramet-
ric images using the linearization approach RLogan,'?
the basis function approaches RPM'' and STRM?2.'?
For RLogan, the time interval 40—130 min post-injec-
tion was used to generate distribution volume ratio
(DVR) images. For RPM and SRTM2, 0-130 min
data were used, with 30 basis functions with a range
from 0.01 to 0.1 ** to generate non-displaceable bind-
ing potential (BPnyp) images. Finally, we generated
SUVr images for different time intervals (i.e. 40-60,
80—-100, 110—130 min post-injection). For analyses on
a whole-brain level, we used all volume-weighted
bilateral regions extracted from the Hammers tem-
plate, with the exception of cerebellum, brainstem,
corpus callosum, and ventricles. In addition,
Hammers template ROIs were combined to obtain
tau-specific ROlIs, reflecting early, intermediate and
late stages of tau deposition:** medial temporal lobe
(MTL; hippocampus, amygdala, and parahippocam-
pus), lateral temporal lobe (LTL; anterior lateral tem-
poral lobe, superior temporal lobe, middle &
inferior temporal lobe and posterior temporal lobe),
and a global measure (hippocampus, amygdala,
parahippocampal and ambient gyri, anterior tem-
poral lobe lateral part, superior temporal gyrus,
middle and inferior temporal gyri, posterior temporal
lobe, gyrus cingula posterior part, superior parietal
gyrus, inferolateral remainder of parietal lobe, gyrus
cinguli anterior part, middle frontal gyrus, orbito-
frontal gyri, inferior frontal gyrus, superior frontal
gyrus, lateral remainder of occipital lobe, lingual
gyrus and cuneus).

In addition, to test whether our results would trans-
late to models with another reference region, we used a
white matter reference region to create parametric
images. To this end, we used the T1 weighted scans
which were transformed to PET space. With the use
of the Hammers template, we extracted a white
matter reference region. This region was eroded, to
minimize the spill-in from adjacent gray matter regions.
We used PPET software and eroded white matter as a
reference region to create parametric images using
RLogan, RPM, SRTM2, SUVry4y_¢9, SUVrgp_100, and
SUVry10-130- Similar to the GM reference region ana-
lysis, we combined Hammers ROIs to create tau-
specific ROIs.

Statistical analysis

TRT repeatability (%) was defined as |retest—test|/
(average (test+ retest)) x 100. For RPM and STRM?2,
TRT repeatability was assessed using BPyp + 1, corres-
ponding to DVR, in order to directly compare values to
RLogan and SUVr methods. To compare TRT repeat-
ability per reference region method (RLogan, RPM,
SRTM?2, SUVr for 3 time intervals) and to compare
TRT repeatability per tau-specific region (MTL, LTL
and global ROI), we used Kruskal-Wallis tests and
post-hoc Mann—Whitney U testing with Bonferroni
correction. To compare TRT repeatability between
AD and cognitively normal subjects and between cor-
tical and subcortical regions, we used Mann—Whitney
U tests to account for non-normally distributed data.
To compare the TRT repeatability between ROIs based
on cerebellar gray versus white matter as reference
region, we used Mann—Whitney U testing. We con-
sidered a p value <0.05 as significant.

For exploratory analyses, we calculated sample sizes
using GPower v3.1. For these analyses, we used differ-
ent values for expected change over time (ranging from
0.5% to 3%), to inform on longitudinal study designs.
We determined sample sizes for the two most widely
used quantitative (RPM) and semi-quantitative
(SUVrgp_100) methods. We calculated the differences
between two dependent means (matched pairs), with
an « (error probability) of 0.05 and a power
(1-B error probability) of 0.80. We used the SD of
the relative percentage change ((retest—test)/(average
(test + retest)) x 100).

Results
Demographics

Demographics according to diagnostic group are pro-
vided in Table 1. Participants were relatively young,
with a mean age of 65+ 11 years in MCI/AD and

Table |. Demographics.

Cognitively normal

subjects n=16 MCI/AD n=8
Age 64.91+9.4 65.54+10.5
Sex (M/F) 4/4 3/3
MMSE 285+0.6 24.0+3.0
Amyloid-f status 2 AP negative, All AB positive
4 unknown
Time lag between 235+74 19.3£6.2

PET scans (days)
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64 £9 years in cognitively normal subjects. By study
design, all MCI/AD participants were amyloid-f posi-
tive. Two cognitively normal subjects were amyloid-[3
negative, whereas for the other cognitively normal sub-
jects amyloid-f status was unknown. Time between
consecutive PET scans was 21 47 days.

TRT repeatability across all Hammers ROIls

TRT repeatability ranged from (median (IQR)) 0.85%
(0.15-2.22) to 3.88% (1.44-5.35) for RPM, 0.84%
(0.68-2.15) to 3.95% (2.03-5.81) for SRTM2,
0.61% (0.23-2.63) to 3.61% (1.88-7.19) for RLogan,
1.36% (0.57-3.93) to 6.70% (1.38-9.20) for
SUVr40 60, 0.97% (0.29-5.07) to 6.29% (3.16-10.23)
for SUVrgg 190 and to 1.09% (0.33-2.51) to 6.84%
(2.99-11.50) for SUVry19_130 (Supplementary Table 1).
TRT repeatability differed significantly between meth-
ods (H(5)=286.3, p <0.0001). Post-hoc analyses showed
that the quantitative methods RPM, SRTM2, and
RLogan performed better than semi-quantitative
SUVr (for instance RPM: 1.98% (0.78-3.58) wvs.
SUVrgg_100: 3.05% (1.28-5.52), p<0.001;
Figure 1(a)). Moreover, for SUVr, more variation was
observed than for quantitative methods. We observed
no differences in TRT repeatability between RPM,
SRTM2 and RLogan, nor in the TRT repeatability of
SUVr between different time intervals. MCI/AD
patients had worse TRT repeatability than cognitively

normal subjects when using SUVrg, 199 (3.76% (1.33—
629) vs. 2.48% (121—421), P <0001) or SUVF1107130
(4.10% (2.19-6.28) vs. 2.62% (1.12-5.01), p <0.001),
but not when using other reference region methods.

Figure 2 displays Bland Altman plots for cognitively
normal subjects and AD participants, for the different
reference region methods under investigation. For all
methods, most data points fell within the 5% range,
suggesting good repeatability. However, for SUVr at
all three time intervals, more variation was observed
than for RPM and SRTM2. For SUVrgy ;190 and
SUVri10-130, higher SUVr values were associated with
greater variance. TRT repeatability was worse for ROIs
with volumes in the lowest quartile (<2.82cc;
Supplementary Figure 1). TRT repeatability was
worse in subcortical regions (e.g. nucleus caudatus,
nucleus accumbens, putamen, thalamus and pallidum)
compared to cortical regions (3.41% (1.48-5.91) vs.
2.36% (0.99-4.23), p <0.001).

TRT repeatability in tau-specific ROls

Supplementary Table 2 shows the parameter values of
the total sample for the various parametric reference
region methods for three ROIs reflecting early, inter-
mediate, and late tau deposition. Parameter values for
all parametric reference region methods at test and
retest in the global region are displayed in Figure 3.
Across all methods, differences between test and
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Figure |. Box and whiskers representing TRT repeatability for different reference region methods using cerebellar gray matter
(a) and white matter (b) as reference. Displayed are box and whisker plots (median, IQR, lowest and highest value) representing
TRT repeatability (100 x |retest—test|/(0.5 x (test+ retest)), y-axis) for different reference region methods (x-axis) for all bilateral
Hammers regions (excluding cerebellum, brainstem, corpus callosum and ventricles).Statistical significant differences between
reference region methods are denoted with * (p < 0.001 (Mann—Whitney U, Bonferoni corrected)). Box (a) represents data obtained
with cerebellar gray matter as a reference region. Box (b) represents data obtained with white matter as a reference region.



2468 Journal of Cerebral Blood Flow & Metabolism 40(12)

50+ RPM 46 SRTM2 i RLogan
£ 2] £ 20 & 20
E 104 E 10+ E
FRN. 3 3
= 0 0 1
| ﬁ ﬂ
] -104 @ -104 @ -
& 201 & -20- & 20
= = =

-304 Average (DVR) -30 Average (DVR) -304 Average (DVR)

565 SUVryo.60 56 SUVrgs.100 5 SUVry10-130
= 20 £ 20- & 20/
g 104 TR g 104 £ o,
a AR ..*K....‘...............‘..A...‘ o . g .
£ 0 -8 - . § 0 y g o0
% 10 REERET & -10 @ 104
£ 204 & -20- & 201
- = . = .

30 Average (SUVr) 304 Average (SUVr) -30. Average (SUVr)

MCI/AD
= cognitively normal

Figure 2. Bland Altman plots for all Hammers regions, using different reference region methods. Displayed are results for cognitively
unimpaired subjects (blue) and MCI/AD participants (red) for bilateral Hammers ROls, excluding cerebellum, brainstem, corpus
callosum, and ventricles. TRT repeatability (y-axis) is represented as 100 x (retest—test)/(0.5 x (test + retest)). The dotted lines
represent an artificial boundary of 5%, which is considered as low variation and therefore good repeatability.

(a) controls
254
_ 204
s
jom )
®
-
P
>
O 45
[ ]
.
a o . 8
rEEEI N
RPM SRTM2  RLogan  SUVrgey SUMMpise SUMiigise
global cortical

(b) MCI/AD
L ]
.54
2 . ®
T .
e o
L ®
.
L ]
52.0- . ° - L] - .
7] *—— o o $—*
- 4 'Y
g .-
L ] o &
ﬂ15_ 3 ™  § : . . Y
e ® ] o
L o L ® 3 - b
. e L *
L J
e ]
=8¢ =2 =2 = .
RPM SRTM2 RLogan  SUVryosy SUVrgg g SUVIrp.930
global cortical

Figure 3. Test and retest values for various parametric methods the global ROI. Represented are individual DVR/SUVr values at test
(left dot) and retest (right dot) in the global ROI for cognitively normal subjects (a) and MCI/AD (b). Test and retest values for each
individual subject are connected by a line. For RPM, SRTM2, and RLogan, DVR values are presented.

retest values were small. SUVr values showed more
variation between test and retest than the quantitative
measures.

Table 2 displays the absolute TRT repeatability (%)
in three tau specific ROIs in the total sample. Overall,
TRT repeatability analysis yielded low values, ranging
from (median (IQR)) 0.7% (0.4-5.2) to 4.3% (0.7-5.5).
TRT repeatability did not differ by ROI (for instance:

for RPM H(2)=2.2, p=0.20). Again, differences were
observed between reference region methods (H(5)=
14.02, p < 0.05). However, when we post-hoc compared
the different reference region methods separately
using Mann—Whitney U tests, differences did not sur-
vive correction for multiple testing. When we stratified
for diagnosis, TRT repeatability in three AD-specific
regions ranged from (median (IQR)) 0.9% (0.4-2.0)
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Table 2. Median (IQR) TRT repeatability (%).
RLogan RPM SRTM2 SUVr40_60 sUVrgo_mo SUVI"| 10-130
Total sample
Medial temporal lobe 2.7 3.0 2.8 3.1 3.5 4.3
(1.7-4.1) (1.3-3.9) (1.2-4.0) (1.4-6.8) (2.4-6.0) (0.7-5.5)
Lateral temporal lobe 2.1 1.1 1.2 35 0.7 22
(0.4-3.2) (0.3-3.3) (0.3-3.4) (0.9-3.9) (0.4-5.2) (1.3-5.2)
Global 1.7 1.4 1.2 2.7 1.6 2.8
(0.5-2.7) (0.7-2.3) 0.1-2.1) (1.2-4.0) (0.94.7) (1.3-4.6)
MCI/AD
Medial temporal lobe 3.0 32 3.0 5.9 43 53
(2.44.3) (2.14.5) (1.64.8) (2.3-7.5) (2.3-8.1) (0.9-7.8)
Lateral temporal lobe 2.4 1.1 1.2 35 2.6 5.1
(0.3-3.4) (0.54.2) (0.34.3) (1.5-5.3) (0.5-6.9) (1.6-6.7)
Global 0.8 1.2 1.0 29 0.9 4.1
(0.2-2.9) (0.4-2.9) (0.1-2.7) (1.14.2) (0.6-6.0) (2.0-5.6)
Cognitively normal
Medial temporal lobe 1.9 1.8 24 1.8 3.1 35
(1.3-3.4) (0.4-3.8) (0.9-3.8) (1.2-3.4) (2.04.4) (0.64.5)
Lateral temporal lobe 1.6 1.1 0.9 2.4 0.4 1.6
(0.7-2.7) (0.3-2.3) (0.4-2.0) (0.6-3.9) (0.1-3.0) (0.4-2.6)
Global 1.9 1.9 1.6 1.9 1.9 1.5
(1.4-2.5) (0.9-2.3) (0.3-2.1) (1.34.0) (1.4-2.7) (1.2-3.2)

TRT: test—retest; IQR: interquartile range; RLogan: reference logan; RPM: receptor parametric mapping; SRTM2: simplified reference tissue method 2;
MCI: mild cognitive impairment; AD: Alzheimer’s disease. TRT repeatability is defined as |retest—test|/(average (test + retest)) x 100.

to 3.5% (0.64.5) in cognitively normal subjects
and 0.8% (0.2-2.9) to 5.9% (2.3-7.5) in AD. For
SUVry9_130, differences in TRT repeatability between
AD and cognitively normal subjects were observed
(5.06% (1.80-5.84) vs. 1.80%(1.05-3.56), p<0.01).
This can also be denoted from Figure 4, which shows
Bland Altman plots for three tau-specific ROIs for all
reference region methods.

White matter reference region

We performed additional analyses to assess whether
TRT repeatability was consistent when using a different,
i.e. white matter reference region. Parameter values for
test and retest values for all six parametric reference
methods when using white matter as a reference region
are shown in Supplementary Table 3. Supplementary
Table 4 displays the TRT repeatability for all parametric
reference methods with white matter as reference region
and Supplementary Figure 2 shows the corresponding
Bland Altman plots. When using a white matter refer-
ence region, TRT repeatability yielded similarly low
values as obtained when using cerebellar gray matter
reference region. Figure 1(a) shows TRT repeatability
using a cerebellar gray matter reference region, and
Figure 1(b) shows TRT repeatability using a white
matter reference region. When comparing TRT

repeatability between cerebellar gray matter and white
matter for three tau-specific ROIs for all subjects, no
differences in TRT repeatability for different reference
methods were observed. There was one exception;
TRT repeatability for MTL SUVryy o using white
matter reference region was lower than TRT repeatabil-
ity using cerebellar gray matter (MTL SUVryg ¢ cere-
bellar gray matter reference: 3.12 (1.41-6.77) vs. MTL
SUVry0 60 white matter reference: 1.59 (0.55-3.12),
p < 0.05). When stratifying for diagnosis, this difference
was only present for MCI/AD (MTL SUVry4 ¢ cerebel-
lar gray matter: 5.86 (2.32-7.54) vs. MTL SUVryg g0
white matter reference: 1.41 (0.66-2.68), p <0.05) and
not for controls. Similar to TRT repeatability for cere-
bellar gray matter, TRT repeatability with white matter
as reference region differed significantly between meth-
ods (H(5)=44.4, p <0.0001). Post-hoc analyses showed
that the quantitative methods RPM, SRTM2, and
RLogan performed better than semi-quantitative
SUVrgp 100 and SUVry9.139 (for instance SRTM2:
2.26% (1.05-4.00) vs. SUVrgy 190 2.71% (1.24-5.08),
p<0.01; Figure 1(b)).

Sample size calculation

We performed sample size calculations to explore if the
required sample size would differ between methods
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when minor changes (i.e. 0.5-3%) over time are
expected. Figure 5 shows that with small changes in
effect size, large differences in required sample sizes
were observed. For instance, with an expected change
over time of 0.5%, a sample size of 417 was needed
when using SUVrgg_100, as opposed to 157 when using
RPM (Figure 4). However, for greater expected
changes over time the sample size calculations con-
verged between methods.

Discussion

This study evaluated TRT repeatability of
['8F|Flortaucipir for various parametric reference
region methods. We observed a good repeatability
between test and retest for all reference region methods.
Test-retest repeatability was comparable between tau-
specific regions and all brain regions. However, small
differences between quantitative methods, using
dynamic scan data, and semi-quantitative methods
obtained using static scan data were observed. For
semi-quantitative methods, increased variation was
seen with higher underlying tau load.

Based on these results one could argue that SUVTr is
a suitable method to quantify tau pathology with
["®F]Flortaucipir due to its high correlation with quan-
titative measures obtained from full kinetic model-
ing,”>*>?% and good test-retest properties. Taken into
account its practical feasibility, SUVr might be accept-
able for analyzing cross-sectional data. However, our
data revealed two drawbacks of this method. First, for
SUVr, worse TRT repeatability was seen with higher
underlying tau load, which could have implications for
the validity of the tracer, especially in AD patients.
This is underscored by the finding that when using
SUVrgp_100 and SUVryj9_130, TRT repeatability was
worse for AD patients than for cognitively normal
subjects. Second, it should be noted that SUVr
values in the present study are obtained from dynamic
scans, allowing us to precisely set the SUVr uptake
time interval. This is not a realistic scenario in clinical
practice. A recent multi-center oncology study showed
that the uptake time using a static imaging protocol
varied significantly, with only ~30% of scans starting
within 5min of the intended time after injection.?’
Therefore, it is likely that the observed differences
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Figure 5. Sample size calculations. Displayed are sample size
calculations for RPM and SUVrgg_ o (y-axis) for different effect
sizes (i.e. expected difference between groups or change over
time, Xx-axis).

between test and retest for SUVr in the present study
are less pronounced than they will be in a
situation where only static scans are used. This is
specifically the case for [I8F]Flortaucipir, as this
tracer does not reach steady state at 130 min post-
injection,” meaning that small variations in SUVr
time frames may result in large bias and poor

repeatability.
For longitudinal data, semi-quantitative methods
are not the most optimal reference region

method.®*?* As opposed to methods using dynamic
scan data and quantitative approaches, SUVr does
not take into account between-subject differences in
tracer wash-in and wash-out.” The slightly higher vari-
ation in terms of test-retest repeatability for SUVr
could partly be caused by day-to-day differences in
flow?® and thus in tracer delivery. In patients with
AD, flow changes can occur with disecase progres-
sion,’* 3 and these changes in flow may affect target
and reference areas differently, thereby impacting
SUVr.2%333 Furthermore, flow changes might also
occur as a result of therapeutic agents which may
cause neuro-inflammation and disrupt blood—brain
barrier integrity.

It could be argued that quantitative methods are not
feasible for clinical trials with large sample sizes, since
these methods require long and expensive dynamic
scanning protocols. However, although differences in
standard deviation between quantitative and semi-
quantitative methods are small, we showed that these
small differences had large implications on required
sample sizes, when the expected difference between
groups or change over time (i.e. the effect size) was
small (for instance 0.5%, comparable to values

observed in amyloid-positive cognitively normal indi-
viduals in Jack et al.*®), i.e. when the effect size has
the same order of magnitude as the repeatability.
However, with larger expected changes over time, this
difference between quantitative and semi-quantitative
methods was diminished. To date, only two studies
evaluated tau progression over time using
["®F]Flortaucipir PET. In cognitively unimpaired sub-
jects, increases of 2-3%°3¢ or 0.5% (amyloid-P positives
only*®) in SUVr per year were observed. In AD
patients, greater increases were observed, ranging
from 3% to 3-6% SUVr per year.*® Although the
differences in yearly change between cognitively
normal subjects and AD patients are convincing, espe-
cially in cognitively normal subjects, yearly change
rates may not exceed TRT repeatability and should
be interpreted with caution.

Only one other study describes the TRT repeatabil-
ity of ["®F]Flortaucipir."* In this study, 16 patients
with MCI or AD dementia and 5 controls were
included, who only underwent static test and retest
['®F]Flortaucipir PET scans. Data were analyzed
using two different reference regions: the cerebellar
crus and the parametric estimate of reference signal
intensity (PERSI) reference region, which was derived
for each subject separately and based on the peak fre-
quency of voxel intensity within a pre-defined white
matter region.’’ Relative percentage change for
SUVrgy_100 Was comparable to our results, with values
ranging from 0.07+2.3% (frontal lobe) to
—1.15+£4.4% (posterior hippocampus) for PERSI ref-
erence region and 0.00+4.5% (frontal lobe) to
—0.56+5.04% (parietal lobe) for cerebellar crus. For
['®F]-labeled amyloid tracers, percentage test—retest
variability between 1.5% and 7.5% has been reported
for SUVr.*® In line with our results, for [''CJPiB, TRT
repeatability was worse for semi-quantitative methods
(~7% for SUVr) than for quantitative methods (~3%
for SRTM2).* However, observed differences between
quantitative and semi-quantitative methods were less
pronounced in the current study. We observed no dif-
ferences in TRT repeatability when using a white
matter reference region. This is not in line with
Southekal et al.,’” who report that test-retest repeat-
ability was better when using PERSI than when using
cerebellar gray matter as reference region.

Our findings build upon previous reports, further
validating the use of ['®*F]Flortaucipir PET for the
assessment of underlying tau load. ['*F]Flortaucipir’s
kinetics are best described by a two tissue reversible
model®® with blood volume parameter (2T4k_Vy).20%°
When  comparing  parameters  derived  from
['8F]Flortaucipir’s full kinetic model with various ref-
erence tissue models against that estimated using a
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RPM correlated best.> With quantitative methods per-
forming better than semi-quantitative methods in terms
of test—retest repeatability, taken together, RPM might
be the most optimal reference region method to quan-
tify tau load using ['*F]Flortaucipir PET. The main
drawback of ['®F]Flortaucipir is its known off-target
binding in the choroid plexus, which could affect
tracer quantification in nearby structures such as the
entorhinal cortex and hippocampus.*'**> The worse
TRT repeatability we observed in subcortical struc-
tures, could possibly partly reflect different off-target
binding at test and retest scans. However, another
explanation could be the small volumes of subcortical
structures, which could have resulted in worse TRT
repeatability. Furthermore, TRT repeatability in
hippocampus  yielded no  exceptional values
(Supplementary Table 1).

Among the strengths of this study are the use of
dynamic ["®F]Flortaucipir PET scans, which allowed
us to compare tau load as measured with quantitative
versus semi-quantitative approaches. The present study
is limited by the small sample size. As we did not have
arterial input data available, the TRT repeatability of
full kinetic models is not known.

In conclusion, test-retest repeatability for
['8F]Flortaucipir was good for all reference methods
used. In terms of repeatability between test and retest,
quantitative methods performed slightly better than
semi-quantitative methods and should be preferred
when small (<3%) changes over time are expected.
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