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Abstract

Introduction: Longitudinal positron emission tomography (PET) studies of tau accumu-
lation in Alzheimer’s disease (AD) have noted reduced increases or frank decreases in
tau signal. We investigated how such reductions related to analytical confounds and
disease progression markers in atypical AD.

Methods: We assessed regional and interindividual variation in longitudinal change on
18F-flortaucipir PET imaging in 24 amyloid beta (AB)+ patients with atypical, early-
onset amnestic or non-amnestic AD plus 62 AS- and 132 AB+ Alzheimer's Disease
Neuroimaging Initiative (ADNI) participants.

Results: In atypical AD, 8F-flortaucipir uptake slowed or declined over time in areas
with high baseline signal and older, more impaired individuals. ADNI participants had
reduced longitudinal change in early Braak stage regions relative to late-stage areas.
Discussion: Results suggested radioligand uptake plateaus or declines in advanced
neurodegeneration. Further research should investigate whether results generalize to
other radioligands and whether they relate to changes of the radioligand binding site

structure or accessibility.
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1 | INTRODUCTION

Tau imaging with positron emission tomography (PET) is an impor-
tant biomarker of Alzheimer’s disease (AD) neuropathologic change!
and clinical trial endpoints.? Straightforward interpretation of tau PET
results may assume that tracer uptake increases linearly with disease
progression. However, extant studies provide an incomplete picture
of tau PET signal change over time. Multiple studies have attributed
regional slowing® of or decreases*° in tracer retention to measure-
ment error or processing artifacts. While skepticism regarding appar-
ent tau reductions is appropriate, radioligand uptake could behave non-
linearly over the disease course due to valid biologic changes, as illus-
trated by sigmoidal models of AD biomarker trajectories.®’ First, tau
pathology burden may plateau or decrease in advanced disease due
to limiting factors like the tissue’s capacity for retaining pathologic
aggregates.® Alternatively, biologic changes may affect tracer binding
to tau aggregates. Indeed 18F-flortaucipir binds differentially to imma-
ture versus mature tau’ and to different tau species isolated from cere-
brospinal fluid (CSF).1° Changes in both tissue burden and tracer bind-
ing could cause the tau PET signal to vary between individuals and
regionally within individuals based on the progression of AD pathology.

Atypical AD, which encompasses both non-amnestic and early-
onset amnestic variants, provides a unique context for investigat-
ing longitudinal change in tau PET imaging. Because atypical AD
patients have greater neocortical tau burden and less hippocampal
tau in histopathological examinations,!* tau PET quantification may
be less confounded by artifacts related to region segmentation or
choroid plexus off-target binding,” which affect measurement accu-
racy in early-stage regions for typical AD, including the hippocampus.'?
Magnetic resonance imaging (MRI) and PET studies have consistently
demonstrated differing patterns of disease spread between atypical
and typical, amnestic patients,’3-1¢ with distinct neocortical disease
foci in logopenic-variant primary progressive aphasia (IvPPA), pos-
terior cortical atrophy (PCA), corticobasal syndrome (CBS), behav-
ioral/dysexecutive AD (bvAD; note mixed findings regarding atrophy
in bvAD,”) and early-onset amnestic AD® (aAD). Few longitudinal
studies?>1¢ have investigated atypical or non-amnestic syndromes
(which are prevalent in early-onset AD?20) in a manner that clearly
links radioligand uptake to patient phenotype. Compared to typical
AD, atypical cases also exhibit cognitive and functional impairment at
an earlier age.2! These features facilitate imaging of tau accumulation
across a greater volume of the brain and a larger temporal window than
in typical, later-onset amnestic cases, in which neocortical disease is
limited to Braak stages IV-V1.22

In the present study, we investigated apparent slowing of or
decreases in longitudinal 18F-flortaucipir signal in atypical AD patients
from the University of Pennsylvania’s Frontotemporal Degeneration
Center (FTDC). We aimed to ascertain whether such changes were
more likely attributable to measurement error, including processing
artifacts and random statistical noise, or were consistent with expected
biologic change in atypical AD. We hypothesized that regions of early
disease would display high baseline 18F-flortaucipir signal but longi-

tudinal slowing or reductions of tracer binding, while late-stage dis-

HIGHLIGHTS

* We assessed tau positron emission tomography (PET)
change over time in atypical, early-onset, and non-
amnestic Alzheimer’s disease.

* Areas of early atrophy showed reduced change, including
net decreases.

* Older and more impaired patients were more likely to
exhibit PET decreases over time.

* Regression to the mean and atrophy could not explain
observed PET decreases.

* Results suggest that tau PET signal may plateau or decline

in advanced disease.

RESEARCH IN CONTEXT

1. Systematic review: We used PubMed to review longi-
tudinal tau positron emission tomography (PET) imaging
studies of Alzheimer’s disease (AD) spectrum patients for
reports or discussion of plateauing of or decreases in lon-
gitudinal tracer uptake. High-profile studies to date have
acknowledged longitudinal decreases in a subset of par-
ticipants or brain areas but have not systematically inves-
tigated whether such effects are the result of techni-
cal and random statistical error versus correlates of AD
pathologic change.

2. Interpretation: We found that longitudinal decreases in
tau PET signal did not occur randomly but rather in brain
areas and individuals with advanced disease. Our find-
ings in atypical AD patients are consistent with prior work
showing reduced tau in the cerebrospinal fluid of such
patients and challenge the assumption that tau biomark-
ers will increase linearly across the disease course.

3. Future directions: Further research should investigate
factors that may influence PET signal change, including
changes in tau conformation and aggregation state from

early to late disease.

ease regions would display lower baseline tau and greater subsequent
increases. Furthermore, we predicted that tau signal changes would
vary between patients according to disease severity and age, with
more advanced cases exhibiting reduced longitudinal change relative
to milder cases. We also assessed the generalizability of these analy-
ses to typical AD by analyzing longitudinal 18F-flortaucipir data in a
larger sample of Alzheimer’s Disease Neuroimaging Initiative (ADNI)

participants.
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2 | METHODS

2.1 | Participant selection and diagnosis

Atypical AD patients were recruited through the Cognitive Neu-
rology Clinic at the Hospital of the University of Pennsylvania.
Participants or caregivers gave informed consent according to the
Declaration of Helsinki. Inclusion criteria included amyloid positivity
according to CSF assay or PET imaging, two 18F-flortaucipir PET scans,
two isotropic T1-weighted 3-Tesla MRI scans, and a non-amnestic or
early-onset amnestic syndrome. Exclusion criteria included significant
vascular disease, other psychiatric or neurological disease, traumatic
brain injury, or substance abuse. CSF samples were processed accord-
ing to published methods,2® and amyloid positivity was based on an
autopsy-validated amyloid beta (AB)1.4, concentration < 168 pg/mL.24
This conservative threshold minimized the risk of including patients
with primary frontotemporal lobar degeneration (FTLD) and secondary
AD neuropathologic change. In participants with 18F-florbetaben PET,
a visual read by a trained radiologist (IMN) determined AB positiv-
ity. Two participants were excluded for excessive motion. All patients
were clinically diagnosed by consensus of board-certified neurologists
(DI and MG). Phenotypic syndrome was diagnosed using accepted
criteria for IVPPA,2526 PCA 27 bvAD,2® CBS,27732 and aAD.3% One
patient with impairments in executive and visuospatial function but
preserved memory was diagnosed with non-amnestic mild cognitive
impairment (naMCl).3%34 Baseline data for eight participants were pre-
viously reported.3>3¢ Cognition was evaluated by total score on the
Mini-Mental State Examination (MMSE)%” and Clinical Dementia Rat-
ing (CDR) scale modified for FTLD, hereafter FTLD-CDR;® the latter
measure includes the CDR sum of boxes plus assessments of behavior
and language relevant for assessment of non-amnestic AD.

Data obtained from the ADNI database (adni.loni.usc.edu) were
used to investigate atypical AD findings in a larger sample with more
typical, amnestic presentations. We selected ADNI participants with
two 18F-flortaucipir PET scans either a CSF ABy_4, concentration < 192
pg/mL or a positive amyloid PET scan. For individuals with more than
two tau scans, we selected the first and last available. The ADNI sample
comprised 69 amyloid-positive cognitively normal (CN) participants,
42 with MCI, and 21 with dementia at first PET scan (Table 1). As a
control group, we included 62 amyloid-negative CN participants. Cog-
nitive function was assessed by MMSE total score and CDR sum of

boxes.3?

2.2 | Neuroimaging methods

18F-flortaucipir data for atypical AD patients were acquired on a
Philips Ingenuity TF PET/CT scanner between February 2015 and
January 2020. Participants were injected intravenously with 10 mCi
(370 MBq) + 20% 18F-flortaucipir; two sub-threshold doses (5.9 and
7.7 mCi) were approved by the injecting radiologist. Participants were

imaged in 5-minute frames 75 to 105 minutes post-injection; images
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were reconstructed with 2 mm isotropic voxels and a 256 mm field of
view. PET data were corrected for scatter, signal attenuation, and head
motion, then averaged across frames. T1-weighted MRI data were
acquired on a Siemens 3-Tesla scanner with 1 mm isotropic voxels.
Using the Advanced Normalization Tools (ANTs) longitudinal MRI
pipeline, previously described in detail,*® we segmented each MRI
image based on priors for CSF, deep and cortical gray matter, white
matter, brainstem, and cerebellum; and created a temporally unbiased
reference image for each participant as an intermediate registration
target. This procedure reduces variability in tissue segmentation and
structural metrics.*? The mean PET image was aligned with each
T1-weighted MRI timepoint using a rigid-body registration, and stan-
dardized uptake value ratio (SUVR) maps (Figure 1) were created by
dividing each voxel by mean intensity in a cerebellar reference region
that excluded deep gray nuclei and core white matter (Figure A.8 in
supporting information).*243 Longitudinal change was quantified by
subtracting SUVRs for the baseline scan (SUVRp,se) from follow-up
values and dividing by inter-scan interval to estimate annualized
change (ASUVR). Outlier correction of SUVRp,se and ASUVR censored
observations that were >3 SD from the grand mean, excluding 19 of
5256 regional observations for SUVRp,ee (0.4%) and 44 (0.8%) for
ASUVR. We report results with and without partial volume correction
(PVC) using the iterative Yang method from the PETPVC toolbox.** In
supplementary analyses, we computed SUVRs relative to an eroded
white matter region (Figure A.1 in supporting information). Gray
matter volume and mean 8F-flortaucipir SUVR were computed for
219 anatomical labels in Hagmann et al.’s cortical parcellation.*>*¢ The
average interval between MRI and PET was 30.1 days (standard devia-
tion [SD]: 63.5; range: —151 to 168); the interval between baseline and
follow-up 8F-flortaucipir scans was 1.64 years (SD: 0.85; range: 0.9
to 3.6).

To characterize regions of interest (ROIls) as areas of earlier ver-
sus later disease in the atypical AD sample, we computed phenotype-
specific models of regional atrophy progression (Figure 2) in a separate
cross-sectional sample of 3-Tesla, T1-weighted MRI scans (Table A.2 in
supporting information) using an approach based on Phillips et al.13 We
assumed that sites of early neurodegeneration would be atrophied in
all or most participants, and areas of later disease in a smaller subset.
Atrophy was quantified by computing W-scores correcting for age and
intracranial volume.*” The resulting models distinguished five stages
of cortical disease in each phenotype (1 = earliest ROIs involved; 5 =
latest ROls; details are in the supporting information). These values
represent a hypothetical sequence of cortical disease spread and are
not equivalent to Braak staging.

For ADNI participants, we analyzed *8F-flortaucipir SUVR data pub-
lished in the ADNI repository by researchers at the University of
California, Berkeley (UCBERKELEYAV1451_01_14_21 and UCBERKE-
LEYAV1451_PVC_01_15_21 tables, downloaded May 23, 2021). We
analyzed data both with and without PVC using the approach imple-
mented by Baker et al.}2 For each participant, all PET images were
registered to the baseline MRI and resampled to uniform resolution.

SUVRs were computed for cortical and deep gray matter ROIs using
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Atypical Alzheimer’s, baseline SUVR
0 B 3.0

IvPPA (n=8)

Z=60

PCA (n=8)

Z=60

bvAD (n=1)

Z=60

naMCI (n=1)

FIGURE 1 Maps of uncorrected baseline 18F-flortaucipir standardized uptake value ratio (SUVR) for the atypical Alzheimer’s disease (AD)
sample, averaged by initial clinical presentation. All maps are displayed in Montreal Neurological Institute (MNI) template space. Image left is

anatomical left

FreeSurfer 7.1.1. SUVRs were re-normalized to inferior cerebellar gray
matter; volume-weighted averages were computed for global signal
plus Braak stage I, l1I/1V, and V/VI meta-ROls. Landau et al.’s analysis
omits the hippocampus (Braak II) due to signal contamination from the

choroid plexus.*®

2.3 | Statistical analysis

Table 1 reports mean cortical SUVRp,c and ASUVR for atypical
AD patients; and global mean SUVRp;. and mean SUVR, .. in a

meta-temporal ROl in the ADNI sample. We used linear regression
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ROI stage

~

(N \'\,“
EN |

3

FIGURE 2 Models of neocortical disease progression in atypical Alzheimer’s disease, based on frequency of gray matter atrophy in an
independent sample of patients. Stage 1 = earliest areas of disease; stage 5 = latest areas of disease

models adjusting for age and sex to assess between-group differences
inthe ADNI data. Next, we analyzed regional SUVRs using linear mixed
effects (LME) models with a random intercept per person. To quantify
agreement between observed and expected regional disease burdenin
atypical AD, Model 1 related baseline SUVR (hereafter, SUVR,,s.) to
regional disease stages estimated from MRI-based models of atrophy
progression (Figure 2), where stage 1 indicated regions of early dis-
ease and stage 5 indicated the latest involvement. We hypothesized
early-stage ROIs would show higher tau burden than late-stage ROls.
Model 2 similarly related ASUVR to ROI stage; we hypothesized ROls
involved in early disease would show reduced longitudinal change rela-
tive to ROls involved in later disease. Model 3 used polynomial regres-
sion to assess apparent quadratic trends in the relationship between
ASUVR and SUVRp,se. From visual inspection of regional SUVR change
data, we hypothesized an inverted U-shaped relationship, according to

which longitudinal SUVR increases would be low for regions with low

SUVR,se, high for regions with moderate SUVR,se, and again reduced
for regions with high SUVR,se. The supporting information addition-
ally reports cubic b-spline models assessing the relationship between
ASUVR and SUVR,s.. Model 4 predicted ASUVR on the basis of a lin-
ear effect of SUVRy,s alone; we hypothesized that Model 3 would
provide a better fit to the observed ASUVR data than this simpler
model. Finally, to assess whether non-linear associations between
ASUVR and SUVRy.s could be explained by gray matter atrophy,
Model 5 predicted ASUVR from W-score measures of baseline and lon-
gitudinal gray matter atrophy. We hypothesized that this model would
not explain observed ASUVR as well as Model 3. In the ADNI sample,
we repeated these five models, adding a fixed factor of amyloid pos-
itivity and interaction terms between amyloid status and each other
fixed factor (supporting information, Section 3). A significance thresh-
old of P < .05 was applied to all group-level models. The supporting

information reports single-subject implementations of these models
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incorporating only fixed effects to assess the consistency of results on
the individual level (Section 5), using a threshold of P < .05 after false
discovery rate (FDR) correction for the number of participants in each
sample.

We also addressed the possibility that longitudinal signal decreases
in regions with high SUVR,se could result from regression to the mean
(RTM),*? an often-overlooked statistical phenomenon that can cre-
ate spurious signal changes in longitudinal designs. Hypothetical RTM
effects could occur if certain brain areas exhibited a high SUVR} e
due to random error; follow-up measurements of the same brain
areas would likely fall closer to the mean of the distribution, creating
an apparent signal decrease. Lower correlation between two sets of
observations leads to larger RTM effects.’® We estimated RTM using
a bootstrapping method to create simulated baseline and follow-up
SUVR distributions with the same means, standard deviations, skew-
ness, and mutual correlation as the original data; see supporting infor-

mation, Section 9 for details.

3 | RESULTS

3.1 | Participant characteristics

The atypical AD sample (Table 1, top) included eight IvPPA, eight PCA,
three CBS, one bvAD, one naMCI, and three aAD participants; for
succinctness, the naMCI patient is included in references to atypical
or non-amnestic AD. In the ADNI sample (Table 1, bottom), educa-
tion, MMSE score, and CDR sum of boxes differed across CN, MCI,
and dementia groups (all P < .05). Atypical AD patients were younger
than ADNI participants in the CN amyloid-negative (T[38] = —8.0,
P < .0001), CN amyloid-positive (T[44] = —9.3, P < .0001), MCI
(T[55] = —8.2, P < .0001), and dementia (T[33] = —6.2, P < .0001)
groups. MMSE scores in the atypical AD sample were significantly
lower than those of the ADNI CN amyloid-negative (T[24] = —6.4,
P < .0001), CN amyloid-positive (T[25] = —5.8, P < .0001), and
MCI (T[32] = —3.8, P = .0006) groups but not the dementia group
(T[42] = 1.8, P = .0820). Atypical AD participants did not differ from
any of the ADNI groups in either education (all T<1.8, P > .08) or sex
ratio (all y2 < 1.9,P> .29).

3.2 | Global tau burden

In atypical AD, mean cortical SUVRy, ranged from 1.17 to 2.24 and
did not differ by phenotype (Table 1). Mean cortical ASUVR exceeded
zero (mean: 0.05; SD: 0.07; T[23] = 3.7, P < .0001) and did not dif-
fer by phenotype (P = .63). In the ADNI sample, global SUVR, ..
was significantly higher than amyloid-negative controls for the MCI
(T[178] = 3.90, P < .0001) and dementia (T[178] = 7.19, P < .0001)
groups but not for amyloid-positive controls (Table A.3 in supporting
information). Similar results were observed for meta-temporal SUVR
(Table A.4 in supporting information) and for ADNI data processed
using the atypical AD data pipeline (Section 10 in supporting informa-
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tion). Global ASUVR (Table A.5 in supporting information) was not sig-
nificantly different from zero in any of the ADNI groups (all P > .15)
and did not differ between ADNI groups (F[3,188] = 0.21, P = .89). In
the meta-temporal ROI, ASUVR (Table A.6 in supporting information)
exceeded zero for all groups except the dementia group (Table A.7 in
supporting information). All ADNI groups had significantly lower global
SUVRp,se (all P <.002) and ASUVR (all P < .03) than the atypical AD
sample.

3.3 | Phenotypic variability in tau accumulation

Baseline 18F-flortaucipir results (Figure 1) varied according to phe-

notypic disease patterns,'¢:5°

including left-lateralized tracer uptake
in IvPPA, posterior parietal and occipito-temporal uptake in PCA, and
bilateral accumulation in CBS that extended into sensorimotor and
prefrontal cortices. These results echoed atrophy analyses indicat-
ing lower W-scores for early versus late-stage regions (Figure A.9,
Table A.34 in supporting information). According to Model 1, ROl stage
was inversely associated with SUVR .. (8= —0.1977, T[95] = —20.50,
P < .0001), confirming that early-stage ROls for each phenotype had
higher SUVR, ... than later-stage ROls (Figure 3). This negative asso-
ciation was similarly significant in analysis of PVC data (3 = —0.2941,
T[95] = —20.44, P < .0001). In contrast, the association between ROI
stage and ASUVR (Model 2) was less robust (8 = 0.0072, T[95] = 3.64,
P =.0004) and did not survive PVC (8 = —0.00005, T[95] = —0.01,
P =.9881). The weakness of this group effect appeared to reflect inter-
individual heterogeneity: in PVC analyses, 7 of 24 patients exhibited
a positive association between ROI stage and ASUVR, while 10 of 24
individuals exhibited a negative association (Tables A.2-A.3 in support-
ing information).

In the ADNI sample, Braak stage was negatively associated with
uncorrected SUVRp,se (B = -0.0396, T[372] = —5.01, P < .0001; Fig-
ure 3E). Amyloid-positive participants had higher SUVR,,s. values than
amyloid-negative controls (3 = 0.1452, T[192] = 4.47, P < .0001)
and a more negative slope of association between Braak stage and
SUVRp.se (B=—-0.0208, T[372] = —2.17, P = .0308). In model 2, amy-
loid positivity was associated with lower ASUVR values relative to
amyloid-negative controls for uncorrected SUVR data (3 = 0.0072,
T[377] = 2.72, P = .0068). The main effect of ROl stage was non-
significant (P > .12), but an interaction of amyloid status with Braak
stage indicated that amyloid-positive individuals had reduced ASUVR
for early Braak-stage regions relative to areas of later involvement
(B = 0.0189, T[374] = 2.60, P = .0096). PVC results for Models 1
and 2 were consistent with uncorrected SUVRs (Figure 3F and H;

Tables A.14-A.15 in supporting information).
3.4 | Association between regional baseline SUVR
and subsequent change

We next investigated how regional SUVR, .. predicted ASUVR (Fig-
ure 4). Among atypical AD patients, higher SUVRy,,s. predicted higher
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ASUVR (B = 0.3243, T[5168] = 30.12, P < .0001). At the same
time, SUVRp,s2 Was negatively associated with subsequent change
(B = —0.0907, T[5168] = —33.58, P < .0001); this quadratic term
accounted for observed ASUVR reductions by applying an exponen-
tially larger decrement to brain areas with the highest SUVR} .
Similar effects were observed in PVC data and in individual mod-
els (Tables A4, A5, and A.11 in supporting information). Higher
SUVRyp.se thus predicted further increase in most regions and indi-
viduals; however, change was slowed or reversed in areas of high-
est baseline uptake. A paired t test on squared residuals indicated
Model 3 was more accurate than Model 4 (mean difference = 0.0012,
T[5193] = 13.3, P <.0001). A cubic spline model provided comparable
performance to Model 3 (Table A.25 in supporting information).

In the ADNI sample, Model 3 indicated lower ASUVR values for
amyloid-positive participants (8 = —0.126, T[192] = —3.72, P = .0003).
As in atypical AD, a positive linear effect of SUVRp,e (8= 0.218,
T[12958] = 3.55, P =.0004) and a negative quadratic effect (3= —0.096,
T[12958] = —3.41, P = .0007) were observed for amyloid-positive
participants, while the opposite pattern was indicated for amyloid-
negative controls (Table A.16 in supporting information). However,
these effects did not survive PVC, and Model 3 results were not
more accurate than the simpler Model 4 (mean difference = 0.0000,
T[13155] = 1.4, P = .161). In Model 4, amyloid-positive participants
exhibited a positive slope of association between SUVR,,,s. and ASUVR
(8 =0.0190, T[12961] = 3.29, P = .0010), indicating greater longitu-
dinal increases for regions with higher SUVR, ... (Table A.17 in sup-
porting information). On the individual level, 45 of 194 participants

exhibited the same trend as on the group level; however, nearly as

many (n = 40) exhibited a negative association between ASUVR and

SUVRpse (Table A.35 in supporting information).

4 | INTER-INDIVIDUAL DIFFERENCES IN
LONGITUDINAL SUVR CHANGE

We hypothesized that ASUVR would vary according to individuals’ dis-
ease severity and age, factors potentially associated with tau aggregate
burden and maturity. We correlated patient-specific random inter-
cepts from Model 3 with global cognitive impairment and age at time
of first scan (Figure 5). Atypical AD patients with higher FTLD-CDR
scores, indicating greater impairment, had reduced ASUVR relative to
less impaired patients; similarly, older patients had reduced longitudi-
nal change relative to younger patients. MMSE was not correlated with
model intercepts, although the apparent trend was consistent with
FTLD-CDR results. In the ADNI sample, Model 3 random intercepts
were correlated with age (P < .03; Figure 5, lower right) but not MMSE
(P> .22) or CDR sum of boxes (P > .36).

4.1 | Secondary analysis of potential confound
effects on longitudinal SUVR change

All regions exhibiting longitudinal decreases in the atypical AD analy-
sis exceeded estimated regression to the mean (Section 9 in support-
ing information). Including atrophy covariates in Models 1-3 did not

affect associations with ROl stage or associations between ASUVR and
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versus random intercepts from Model 4

SUVRp,se (Tables A.16-A.21 in supporting information), and squared
residuals for Model 3 (mean: 0.0055; SD = 0.0098) were lower than
for Model 5 (mean: 0.0068; SD = 0.0121; mean difference = 0.0013,
T[5193] = 12.1, P < .0001). For ADNI participants, accuracy did not
differ between Model 3 and Model 5. The non-linear relationship
between SUVR,,. and subsequent change persisted using an alter-
native, eroded white matter reference region (Figure A.1 in support-
ing information). Head motion was also uncorrelated with ASUVR (Fig-
ure A.2 in supporting information). These results further suggested
plateauing or decreasing of the 18F-flortaucipir signal was not an arti-

fact of atrophy, sampling, or imaging artifacts.

5 | DISCUSSION

To effectively use tau PET as a biomarker and clinical trial endpoint, we
must understand how the tau PET signal behaves across clinical vari-
ants of AD and over the disease course. The current study investigates
potential plateauing or decreases in 18F-flortaucipir signal change and

adds to a scarce literature on longitudinal tau accumulation in atypical

AD.1>16 Areas of early disease identified by phenotype-specific models
of atrophy progression exhibited reduced change relative to late-stage
disease regions, afinding that generalized between the atypical AD and
ADNI samples. Furthermore, in atypical AD, older and more impaired
patients exhibited smaller SUVR increases or frank decreases in SUVR,
while younger and less impaired patients had greater SUVR increases.
A similar age-related reduction in ASUVR was observed among ADNI
participants.

Additionally, we observed a non-linear relationship between base-
line 18F-flortaucipir uptake and its subsequent change, consistent with
the hypothesis that 18F-flortaucipir has a non-monotonic trajectory
in atypical AD. Prior analyses of the association between baseline
tau burden and subsequent change have yielded mixed results;>1>>1
this variability may indicate a complex relationship between past and
future tau accumulation that depends on disease severity, clinical char-
acteristics, and brain region. While previous studies attributed 18F-
flortaucipir reductions to measurement error,* such error should occur
randomly. In contrast, decreases in the current study were predicted
by phenotypic disease anatomy, high baseline SUVR, and clinical and

demographic factors. Regression to the mean effects were negligible,
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and potential confounds such as atrophy, partial-volume effects, and
reference region choice could not explain SUVR decreases. We mini-
mized registration error with a longitudinal MRI pipeline using a tem-
porally unbiased template image for each participant.*® Furthermore,
atypical AD patients had predominantly neocortical uptake, which is
easier to quantify than Braak stage |-l regions.?”'2 However, even if
slowing or decreases in 18F-flortaucipir uptake relate in part to mea-
surement error, the magnitude and prevalence of such effects may
present a challenge to analysis approaches that assume monotonically
increasing SUVRs over the disease course.

Rather, observed trajectories of 18F-flortaucipir signal change in our
study may reflect biologically relevant, competing aspects of disease
progression. As neurodegeneration accelerates, tau production and
aggregation accelerates, but likely will decelerate as neurons dwindle
in number. Similar to antibodies used for tau immunohistochemistry,
18F-flortaucipir binding is also influenced by aggregate maturity? and
accompanying conformational changes resulting from phosphorylation
and truncation events.’? Tau evolution from pre-tangles into mature
tangles could thus result in increasing 18F-flortaucipir uptake, followed
by decreasing uptake with the transition to ghost tangles. Addition-
ally, neurovascular coupling could compound the atrophy effect in
advanced disease, as declining regional blood flow could reduce tracer
delivery. Thus, the in vivo 18F-flortaucipir signal may be influenced by
overall tau burden and other factors that vary between individuals and
over anindividual’s disease course.

MCI and dementia groups in ADNI demonstrated low levels of base-
line tau and longitudinal change. While SUVR thresholds for tau pos-
itivity have yet to be established, thresholds of 1.22 to 1.36 in single
and composite ROIs have optimally discriminated AD patients from
controls.>3=>> Mean cortical SUVR,,.. exceeded this range in atypi-
cal AD but not in ADNI; based on recent imaging-pathology correla-
tion studies,”®~8 these results may indicate that most ADNI partici-
pants were Braak stage IV or less. Interestingly, in the meta-temporal
ROI, the control and MCI groups exhibited modest SUVR increases,
but the dementia group did not. Furthermore, longitudinal SUVR
change was also reduced in early Braak stage regions for amyloid-
positive participants. These results are consistent with the hypothe-
sis of reduced ASUVR in advanced tau accumulation. ADNI data did
not display the robust non-linear relationship between SUVRy 5. and
ASUVR observed in atypical AD. This null result is likely related to the
generally low SUVR levels, particularly in Braak V-Vl regions, and sug-
gests non-linear relationships may be less evident in early-stage typi-
cal AD samples like ADNI. However, in single-subject analysis ~20% of
ADNI participants exhibited significant negative associations between
SUVRp,se and ASUVR (Table A.35 in supporting information), indicat-
ing that plateauing or reduction of tracer uptake occurs in this dataset
as well.

Interpretation of our results is constrained by several limitations,
including the small atypical AD sample size and that participants only
had two 18F-flortaucipir timepoints. Although single-subject analysis
indicated a consistent quadratic association between SUVR.s. and
ASUVR in atypical AD, we could not directly test the hypothesis of a
non-linear (i.e., first rising, then falling) SUVR trajectory within indi-

viduals. The time frame required to observe plateauing or reversal of
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18F-flortaucipir signal change within individuals is unclear and is likely
to span several years; future data accrual in longitudinal cohort stud-
ies may allow direct evaluation of this hypothesis within individuals.
Additionally, the data presented here are based on a single radioligand.
However, as other currently available ligands share the same binding
sites,”? comparable results are likely. ADNI had few advanced demen-
tia cases, limiting ability to evaluate late-stage tau dynamics in typical
AD. Caution is advised comparing SUVR values from the atypical AD
and ADNI samples due to analytic differences; however, we obtained
similar results with ADNI data processed using methods applied in the
atypical AD sample (Section 10 in supporting information).

In vivo imaging of tauopathy is a promising tool for diagnosis and
monitoring of AD neuropathologic change. However, it is important
to examine assumptions underlying the analysis and interpretation of
tau PET imaging data. The present study discounts several analytic
explanations for reductions in 18F-flortaucipir signal change. Correla-
tions with phenotypic disease anatomy support the hypothesis that the
18F-flortaucipir signal plateaus or decreases in individuals and brain
areas with advanced disease; such changes may complicate paramet-
ric interpretation of PET data or its use as a trial endpoint. Instead,
the observed changes may result either from decreases in tau accu-
mulation or by biologic changes that affect tracer binding. Further
research on how neuropathologic changes and molecular characteris-
tics of tau pathology affect tau PET imaging is warranted to differen-
tiate these possibilities and resolve discrepancies between fluid- and

imaging-based measurements of tau pathology.
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