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The regional relationships between tau positron emission tomography (PET) imaging and cognitive
impairment in Alzheimer’s disease (AD) remain uncertain. We examined cross-sectional associations
between cognitive performance, cerebral uptake of the novel tau PET tracer ['®F]GTP1, and other neu-
roimaging indices (['8F]florbetapir amyloid PET, magnetic resonance imaging) in 71 participants with
normal cognition, prodromal AD, or AD dementia. Greater ['®F|GTP1 uptake was seen with increasing
clinical severity and correlated with poorer cognition. ['®F]GTP1 uptake and cortical volume (but not [8F]
Keywords: florbetapir uptake) were independently associated with cognitive performance, particularly within the
Tau pir up p y g p , P y
PET temporal lobe. Delayed memory was more specifically associated with temporal ['®F]GTP1 uptake; other
domains correlated with a broader range of regional ['®F]GTP1 uptake. These data confirm that ['®F]GTP1

Cognition
Alzheimer’s disease tau PET uptake significantly correlates with cognitive performance in AD, but regional correlations be-
Clinical trial tween performance in non-memory cognitive domains were less specific than reported by tau PET

imaging studies that included participants with atypical focal cortical AD syndromes. Tau PET imaging
may have utility as a surrogate biomarker for clinical AD progression in therapeutic trials of disease-
modifying interventions.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

Over the past two decades, novel techniques for brain imaging in
Alzheimer’s disease (AD) have expanded our ability to identify
specific forms of neuropathology in living individuals. In particular,
PET imaging agents that bind amyloid-§ (AB) plaques can identify
significant cortical Ap plaque deposition in symptomatic and pre-
symptomatic individuals with underlying AD pathology
(Villemagne et al., 2018). AB PET can be used in clinical settings, for
clarifying differential diagnosis, and in clinical trials, as an inclusion
criterion (to identify significant cerebral Ap deposition) and as an
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outcome measure (for interventions targeting AP) (Villemagne
et al., 2018).

AP plaques are one key pathological feature of AD; neurofibril-
lary tangles (NFTs) comprising hyperphosphorylated tau aggregates
are another (Querfurth and LaFerla, 2010). Postmortem studies have
shown that NFT density correlates more closely with neuro-
degeneration and cognitive impairment than AP plaque density
(Nelson et al., 2012). Thus, tau PET imaging agents that bind to NFTs
represent potential AD biomarkers that may correlate more closely
with disease progression than Ap PET.

The most widely studied tau PET tracer is ['®F]flortaucipir (also
known as [®F]AV-1451 or ['®F|JT807) (Johnson et al., 2016;
Pontecorvo et al., 2017; Scholl et al., 2016). AD-associated aggre-
gated tau deposits identified by ['®F]flortaucipir demonstrate
regional patterns that are consistent with postmortem neuro-
pathological studies (Braak and Braak, 1991). Although significant
correlations have been reported between ['®F]flortaucipir PET
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signal and cognition across different cohorts (Bejanin et al., 2017;
Brier et al., 2016; Cho et al., 2016; Johnson et al., 2016; La Joie
et al, 2018; Maass et al, 2018; Mattsson et al, 2017;
Ossenkoppele et al., 2016; Pontecorvo et al., 2017; Schéll et al,,
2016; Schwarz et al., 2016), there have been some inconsistencies
across studies. Cognitive performance has been shown to correlate
with ['®F]flortaucipir PET signal: (1) across the entire cortex
(Mattsson et al., 2017; Pontecorvo et al., 2017), (2) either across the
entire cortex or with specific cortical regions in an assessment-
depending fashion (Brier et al., 2016; Cho et al., 2016), (3) only in
specific cortical regions (Bejanin et al., 2017; Johnson et al., 2016;
Ossenkoppele et al.,, 2016), or (4) not at all (Koychev et al., 2017).
Therefore, additional explorations of the correlations between tau
PET signal and cognition in AD with other tau PET ligands could
provide further evidence supporting the utility of tau PET for
assessing AD severity.

['®F]GTP1 (also known as ['®F]G02941054, ['8F]MNI-798, and
['®F]RO6880276) is a novel radiopharmaceutical under develop-
ment for imaging tau aggregates in vivo. ['®F|GTP1 selectively binds
to tau pathology in AD. It demonstrates significant uptake (sug-
gesting substantial tau deposition) in AD subjects but no uptake in
cognitively normal (CN) controls. The preclinical and clinical char-
acterization of ['®F]GTP1 has been described in detail elsewhere
and supports its utility as a tau PET tracer in AD (Sanabria-
Bohorquez et al., 2019).

In this study, we tested the hypothesis that regional patterns of
tau deposition are closely related to cognitive deficits in individual
cognitive domains, which has primarily been supported by tau PET
studies in cohorts that include participants with atypical focal
cortical variants of AD who may have clinical presentations that are
less representative of typical late-onset amnestic AD (Bejanin et al.,
2017; Ossenkoppele et al., 2016). We examined relationships be-
tween performance on global and domain-specific cognitive in-
struments with global and regional [ ®F]GTP1 signal in a cohort that
mirrors the inclusion criteria for current clinical trials in AD (i.e.,
amnestic deficits, Ap positive by PET). We also sought to confirm
and extend prior work examining cross-sectional relationships
between tau PET signal, AB PET signal, cerebral atrophy, and
cognitive performance (Bejanin et al., 2017) across a spectrum of
clinical AD severity.

2. Methods
2.1. Study design

We analyzed baseline data from an observational study
designed to evaluate longitudinal change in tau burden using ['®F]
GTP1 PET imaging in CN controls and participants with AD
(GN30009; NCT02640092). These data included cognitive
assessments, ['®F|GTP1 PET, AP PET using ['®F]florbetapir, and
structural MRI. Baseline data from different subsets of this cohort
have also been included in other analyses (Blennow et al,
submitted; Sanabria-Bohorquez et al., 2019; Wildsmith et al., in
preparation).

2.2. Participants

Participants age 50—85 years were enrolled from 11 research
centers, which independently developed strategies for recruiting
participants with normal cognition or amnestic AD (per local reg-
ulatory guidelines) that fulfilled all applicable inclusion and
exclusion criteria outlined in the study protocol. Inclusion criteria
for the CN group included absence of subjective cognitive com-
plaints, absence of concerns for cognitive dysfunction from the
study partner and investigator, global Clinical Dementia Rating

(CDR) (Morris, 1997) of 0, and Mini—Mental State Examination
(MMSE) (Folstein and McHugh, 1975) scores of 28—30. All partici-
pants in AD subgroups were required to have ['8F]florbetapir Ap
PET scans adjudicated as positive via visual read (Joshi et al., 2012)
by two central raters and brain MRI scans that were consistent with
AD and did not show significant non-AD neurological disease that
might contribute to cognitive impairment.

Participants with prodromal AD met National Institute on Aging-
Alzheimer’s Association core clinical criteria for mild cognitive
impairment (Albert et al.,, 2011) and had a global CDR of 0.5 and
MMSE scores of 24—30. Participants with mild or moderate AD de-
mentia met National Institute on Aging-Alzheimer’s Association core
clinical criteria for probable AD dementia, with an amnestic pre-
sentation (McKhann et al., 2011). Mild AD participants had a global
CDR of 0.5 or 1 and MMSE scores of 22—30. Moderate AD partici-
pants had a global CDR of 0.5, 1, or 2 and MMSE scores of 16—21.

This study was approved by each research center’s Institutional
Review Board and was conducted in accordance with International
Conference on Harmonization E6 Guidelines for Good Clinical
Practice. Written informed consent was obtained for all participants
and/or their legally authorized representatives in accordance with
federal and institutional guidelines.

2.3. Neuropsychological testing

Baseline cognitive assessments included the MMSE, CDR, 13-
item version of the Alzheimer’s Disease Assessment
Scale—Cognitive Subscale (ADAS-Cog13) (Mohs et al., 1997) and
Repeatable Battery for the Assessment of Neuropsychological Status
(RBANS) (Randolph et al., 1998). The CDR was analyzed using the
Sum of Boxes (CDR-SB; range 0—18, higher scores indicate greater
impairment). Total scores were used to analyze the MMSE (range
0—30, lower scores indicate greater impairment) and ADAS-Cog13
(range 0—85, higher scores indicate greater impairment). The
RBANS was analyzed using total index scores (range 40—160, lower
scores indicate greater impairment), which are adjusted for age.
Raw scores from individual RBANS subtests were also analyzed.

24. ["FJGTP1 PET imaging

['8F]GTP1 was prepared at Invicro (New Haven, CT) as previously
described (Sanabria-Bohorquez et al., 2019). ['®®F]JGTP1 PET scans
were performed at a central imaging center (Invicro; New Haven,
CT). ['®F]GTP1 images were acquired over a 30-minute window
60 minutes after injection after a mean (SD) bolus injection of 343 +
31 MBq on Siemens HR+ PET or Biograph 6 PET-CT cameras. Images
were reconstructed with an iterative reconstruction algorithm
(OSEM 4 iterations, 16 subsets) and a post hoc 5 mm Gaussian filter
to insure consistent image quality and data quantification between
scanners as demonstrated from Hoffman phantom studies. Indi-
vidual PET frames were motion-corrected and an average ['®F|GTP1
image was created, which was coregistered to MRI using attenua-
tion correction CT when images were acquired in the PET-CT
scanner. MRI was then spatially normalized to standard Montreal
Neurological Institute space using SPM12 (www.fil.ion.ucl.ac.uk/
spm/software/spm12), and normalization parameters were
applied to the corresponding average ['®F]GTP1 image.

Composite regions of interest (ROIs) included the whole cortical
gray matter (WCG) and an AD-signature temporal meta-ROI (voxel-
number—weighted average of the average uptake in the entorhinal,
amygdala, parahippocampal, fusiform, inferior temporal, and mid-
dle temporal ROIs; Jack et al., 2017). MRI tissue segmentation was
performed to define cortical gray matter, and the Hammers atlas
(Hammers et al., 2003) was used to define the temporal meta-ROL.
Individual Hammers atlas ROIs were also used to examine for
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correlations between specific brain regions and RBANS subtests.
Separate analyses were performed for each ROI using [®F]GTP1
signal from the left and right hemispheres, as well as ['®F]GTP1
signal averaged across both hemispheres. All ['8F]GTP1 standard-
ized uptake value ratios (SUVRs) were calculated using inferior
cerebellar gray as reference (Morris, 1997) and did not undergo
partial volume correction.

['®F]GTP1 has a high affinity and selectivity for tau pathology; in
ex vivo studies, no measurable binding to AB plaques, MAO-B, or
other tested proteins was seen (Sanabria-Bohorquez et al., 2019). In
a subset of CN and AD participants, SUVR images in the
60—90 minute interval showed a slightly elevated signal in the
putamen and globus pallidus that did not affect analyses of [18F]
GTP1-specific binding in cortical ROIs.

2.5. ["®F]florbetapir PET imaging

['8F]florbetapir was prepared at commercial facilities, and Ap
PET imaging was performed on different scanners at different im-
aging centers associated with individual sites per manufacturer’s
instructions (Eli Lilly; Indianapolis, IA). Briefly, each participant
underwent 20 minutes (4 frames, 5-minute duration) of serial PET
imaging starting 50 minutes (+5 minutes) after injection. ['®F]
florbetapir SUVR was calculated using the whole cerebellum as
reference in both the WCG and temporal meta-ROI. Image recon-
struction harmonization between scanners was performed using
Hoffman phantom studies.

2.6. Magnetic resonance imaging

MRI was performed at individual research centers on different
1.5 T (27% of MRI images) or 3T (73% of MRI images) scanners for
participant eligibility, and 3D sagittal T1-weighted magnetization-
prepared rapid gradient-echo sequences were collected using the
manufacturer recommended acquisition parameters for volumetric
analyses and ['®F]GTP1 and ['®F|florbetapir PET image processing.
Images were collected with 1 mm? in-plane resolution, 1.0—1.2 mm
slice thickness, 256 mm x 256 mm matrix, and a 240 mm FOV. MRI/
PET image processing was performed using SPM12. Cortical seg-
mentation was performed using FreeSurfer version 6.0 (http://
freesurfer.net) to measure cortical volumes in the WCG and tem-
poral meta-ROI.

2.7. Statistical methods

Statistical analyses were performed using the R software pack-
age (v.3.3.2) (R Core Team, 2016). Baseline demographic, cognitive,

and neuroimaging indices were compared between diagnostic
groups using one-way analyses of variance for continuous measures
and chi-squared tests for categorical variables. Post hoc analyses
were performed using Tukey’s test. Cross-sectional associations
were evaluated between indices of tau burden (mean ['®F]GTP1
SUVR across the WCG or temporal meta-ROI), indices of Ap burden
(mean ['®F]florbetapir SUVR across the WCG or temporal meta-
ROI), and cognitive performance at screening/baseline using
Spearman correlations. Spearman partial correlations were used to
assess relationships of cognitive performance with tau PET signal
while adjusting for AR PET signal and with AB PET signal while
adjusting for tau PET signal. Multiple linear regression models were
used to assess the relative and combined variance in cognition
explained by ['8F]GTP1 SUVR, ['®F]florbetapir SUVR, MRI cortical
volumes, and age. Cross-sectional associations were also evaluated
between ['®F]GTP1 SUVR in individual Hammers atlas ROIs and
performance on individual RBANS subtests. These exploratory
correlational analyses were adjusted for multiple comparisons us-
ing Benjamini-Hochberg correction for a false discovery rate of 0.05.

3. Results
3.1. Patient characteristics

Seventy-one participants who enrolled in the study from March
2016 to November 2017 had imaging and cognitive data available
for analysis (Table 1). The diagnostic groups were similar in age,
racial/ethnic background, and gender distribution (all p > 0.1). With
increasing disease severity, progressively lower MMSE and RBANS
scores and progressively higher CDR-SB and ADAS-Cogl3 scores
were seen (all p < 0.001). Likewise, progressively higher [®F]GTP1
WCG SUVRs and progressively lower cortical volumes were seen
(both p < 0.001). Greater ['®F]florbetapir WCG SUVR values were
seen in AD groups than in the CN group, but mean ['®F]florbetapir
WCG SUVR values did not differ across the three AD groups. Within
the CN group, 3/10 participants were A positive per visual read of
AP PET scans. These participants were included in the study to allow
for the analysis of ['®F]GTP1 signal across a broad spectrum of AD
severity. The most common reason for screen failure in the AD
groups was a [ ®F]florbetapir PET scan adjudicated as AB negative.

3.2. ['"8FJGTP1 PET imaging

Our previous work demonstrates that ['®F]JGTP1 PET signal re-
flects the expected spatial distribution of tau pathology in AD for
each corresponding disease stage (Sanabria-Bohorquez et al., 2019).
Fig. 1A shows representative axial ['®F]GTP1 images for participants

Table 1
Baseline demographic, cognitive, and neuroimaging characteristics of study cohort
CN (n=10) Prodromal AD (n = 27) Mild AD (n = 19) Moderate AD (n = 15) p

Age 67.2 (6.2) 69.1 (7.5) 70.3 (6.1) 70.3 (7.0) 0.65
Sex (% male) 40% 48% 42% 60% 0.71
Race/ethnicity (% non-Hispanic white) 90% 96% 84% 88% 0.56
MMSE 29.2 (0.8)* 28.1 (1.4)° 26.0 (2.6)° 17.3 (3.0)° <0.001
CDR-SB 0.0 (0.2)? 1.6 (0.8)° 3.3(1.6) 6.6 (2.1)¢ <0.001
ADAS-Cog13 9.3 (5.0 14.7 (5.5) 21.7 (6.8)° 39.2 (6.8)° <0.001
Total RBANS 93.0 (10.8)° 86.2 (11.1) 71.8 (14.0)° 55.3 (9.0) <0.001
WCG ['®F]GTP1 SUVR 1.18 (0.18)? 1.37 (0.15) 1.40 (0.14)° 1.43 (0.16)° <0.001
WCG ['®F]florbetapir SUVR 1.19 (0.18)* 1.20 (0.14)° 1.39 (0.14)° 1.41 (0.16)° 0.002
WCG volume (cm3)® 418.9 (23.9)° 421.0 (32.4)° 397.8 (33.1) 366.5 (28.8)" <0.001

Data are expressed as means (SD). p-values refer to overall one-way ANOVA or chi-square tests.
adFor indices with significant overall group effects, groups denoted by different letters differ by p < 0.05 by Tukey’s test; groups denoted by the same letter are not significantly
different from each other after correction for multiple comparisons. *Volumetric MRI data for 9 participants (8 prodromal, 1 mild AD) were not available for analysis.

Key: ADAS-Cog13 =

13-item version of the Alzheimer’s Disease Assessment Scale-Cognitive Subscale; ANOVA = analysis of variance; CN = cognitively normal; CDR-SB =

Clinical Dementia Rating Sum of Boxes; MMSE = Mini—Mental State Examination; RBANS = Repeatable Battery for the Assessment of Neuropsychological Status; SUVR =

standardized uptake value ratios; WCG = whole cortical gray matter.
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WCG ROI

GTP1 SUVR

CN Prodromal Mild Moderate

Moderate

TMP ROI

dN Prodromal Mild Moderate

Fig. 1. Average baseline ['®F]GTP1 SUVR for cognitively normal (CN) participants and those with prodromal, mild, and moderate AD (A). Boxplots of ['®F]GTP1 SUVR data across
diagnostic groups from the whole cortical gray matter (WCG) ROI (B) and temporal (TMP) meta-ROI (C). Abbreviations: AD = Alzheimer’s disease; SUVR = standardized uptake

value ratio; ROI = region of interest.

in each group. Progressively greater SUVRs in the WCG (Fig. 1B) and
temporal meta-ROI (Fig. 1C) were seen with advancing disease
severity. Similar to prior imaging studies with ['®F]flortaucipir
(Pontecorvo et al,, 2017; Schdéll et al., 2016), there was some het-
erogeneity in the tau PET signal across diagnostic groups, including
in the moderate AD group. The two moderate AD participants with
the lowest ['®F]GTP1 SUVRs in the temporal meta-ROI had the
highest MMSE scores (both 21/30) in that diagnostic group.

3.3. Correlations between WCG ['8FJGTP1 SUVR, WCG ['®F]
florbetapir SUVR, and cognition

We initially examined correlations between cognitive perfor-
mance across the entire study cohort with WCG ['8F]GTP1 or ['®F]
florbetapir SUVR (Table 2). Although both tau (['®F]GTP1) and AB
(['8F]florbetapir) PET signal significantly correlated with poorer

performance on the MMSE, CDR-SB, ADAS-Cog13, and RBANS (all
p < 0.01), Spearman’s correlation coefficients were numerically
larger with ['®F]GTP1 than ['®F]florbetapir, particularly when ana-
lyses were restricted to the temporal meta-ROIl. We subsequently
performed partial correlation analyses, adjusting ['®F]GTP1 WCG
SUVR correlations for ['®F]florbetapir WCG SUVR (Supplemental
Fig. 1A) and adjusting ['®F]florbetapir WCG SUVR correlations for
['8F]GTP1 WCG SUVR (Supplemental Fig. 1B). Although correlations
between tau PET signal and cognition remained significant after
adjusting for AB PET signal, none of the cognitive correlations with
AR PET signal survived adjustments for tau PET signal.

Because all CN participants had normal cognition (per inclusion
criteria) and most (7/10) had negative ['®F]florbetapir PET scans,
and all AD participants had both impaired cognition and positive
['8F]florbetapir PET scans (also per inclusion criteria), the partici-
pant selection process may have biased our analyses toward
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Table 2
Spearman correlations between global cognitive indices and ['®F]GTP1 or ['®F]florbetapir SUVR across the entire study population
Tracer MMSE CDR-SB ADAS-Cog13 Total RBANS
Is p Is p I's p Is p
['8F]GTP1
WCG -0.49 <0.001 0.53 <0.001 0.59 <0.001 —-0.63 <0.001
Temporal meta-ROI —0.58 <0.001 0.60 <0.001 0.70 <0.001 -0.72 <0.001
['8F]florbetapir
WCG -0.33 0.006 0.39 0.001 0.35 0.003 -041 0.001
Temporal meta-ROI -0.22 0.073 0.23 0.055 0.22 0.077 -0.35 0.005

Key: AD = Alzheimer’s Disease; ADAS-Cog13 = 13-item version of the Alzheimer’s Disease Assessment Scale—Cognitive Subscale; CDR-SB = Clinical Dementia Rating Sum of
Boxes; MMSE = Mini—Mental State Examination; RBANS = Repeatable Battery for the Assessment of Neuropsychological Status; ROI = region of interest; SUVR = standardized

uptake value ratio; WCG = whole cortical gray matter.

demonstrating a significant overall relationship between ['8F]flor-
betapir SUVR and cognition. Therefore, we repeated the analyses
using only the AD participants (Supplemental Table 1). All of the
correlations between ['F]GTP1 SUVR and the global cognitive
indices remained significant (all p < 0.005). However, for [®F]
florbetapir SUVR, only the correlation with total RBANS score
remained significant (p = 0.031). Likewise, partial correlation ana-
lyses demonstrated that all of the ['®F]GTP1 SUVR/cognition cor-
relations survived adjustment for Ap signal, but the ['®F]florbetapir
SUVR/total RBANS correlation did not survive adjustment for tau
signal (Supplementary Fig. 2).

34. Correlations between AD meta-ROI [*F]GTP1 SUVR and
cognition

Prior work with ['8F]flortaucipir tau PET suggests that SUVRs
calculated from a temporal meta-ROI efficiently distinguish AD
participants from CN controls (Jack et al., 2017) because of prefer-
ential deposition of tau pathology in temporal lobe regions,
particularly at earlier stages of AD. When we investigated associa-
tions between cognition and ['®F]GTP1 SUVR in this more AD-
specific region, our analyses demonstrated numerically larger cor-
relation coefficients with the temporal meta-ROI relative to the
WCG ROI (Table 2). Notably, when associations between cognition
and ['®F|florbetapir SUVR were examined, an opposite trend to-
ward numerically smaller correlation coefficients was seen with the
temporal meta-ROI relative to the WCG ROI (Table 2).

3.5. Multiple linear regression of cognition and ['8FJGTP1 SUVR,
[*8F]florbetapir SUVR, cortical volume, and age

Because tau pathology, AP pathology, brain atrophy, and age
may each contribute to cognitive performance in an independent
and/or interrelated fashion (Bejanin et al., 2017), we performed
further multiple linear regression analyses to determine the relative
associations between each global cognitive measure, imaging
indices (['®F]GTP1 SUVR, [ '®F]florbetapir SUVR, and cortical volume

measured by MRI, each using the temporal meta-ROI), and age
(Table 3). These analyses indicated that while ['®F]GTP1 SUVR and
cortical volumes were consistently significantly correlated with
baseline cognitive performance in an independent fashion, age and
['8F]florbetapir SUVR were not. A similar (although less robust)
overall pattern of results emerged when these analyses were per-
formed using WCG imaging indices (Supplemental Table 2).

3.6. Correlations between individual RBANS subtests and [*®F]GTP1
SUVR in individual ROIs

Recent work with ['®F]flortaucipir PET imaging in cohorts that
included significant proportions of patients with atypical focal
cortical AD variants indicated that different patterns of regional tau
deposition in AD correlate with deficits in different cognitive do-
mains (Bejanin et al., 2017; Ossenkoppele et al., 2016). However, in
such focal cortical AD variants, tau pathology (Mesulam et al., 2008,
2014; Tang-Wai et al., 2004) and cortical atrophy (Josephs et al.,
2013; Lehmann et al., 2011; Madhavan et al., 2013; Peng et al.,
2016; Whitwell et al.,, 2007) exhibit topographic patterns that
diverge from those seen in more typical amnestic-onset AD. These
more focal patterns of pathology may contribute to stronger cor-
relations between regional tau PET signal and specific domains of
cognitive performance relative to the broader AD population.

To determine whether similar correlations might emerge with
[*8F]GTP1 PET imaging in our cohort, which was not enriched with
participants with atypical focal cortical AD syndromes, we exam-
ined associations between performance on individual RBANS sub-
tests and ['®F]GTP1 SUVR in individual Hammers atlas ROIs
averaged across the left and right hemispheres. Fig. 2 illustrates
Spearman correlations between individual ROIs and subtests using
a heat map representation. More detailed statistical results from
these exploratory analyses are shown in Supplementary Fig. 3 and
Supplementary Table 3.

Across most items, larger correlation coefficients were most
consistently observed in the temporal lobe, reflecting the early and
hierarchical deposition of tau pathology in sporadic late-onset AD

Table 3

Results of multiple linear regression analyses regressing cognitive indices against demographic and imaging variables (using the temporal meta-ROI)
Covariate MMSE r? = 0.51 CDR-SB r* = 0.50 ADAS-Cog13 r* = 0.55 RBANS r? = 0.56

B (SE) t B (SE) t B (SE) t B (SE) t

Age (10y) 0.09 (0.71) 0.13 0.40 (0.39) 1.03 1.21 (1.67) 0.72 1.84 (2.19) 0.84
['8F]GTP1 (0.1 SUVR) —0.65 (0.20) -3.35% 0.27 (0.11) 2.48* 1.66 (0.46) 3.60° —2.02 (0.63) -3.19°
Volumetric MRI (cm?®) 0.23 (0.07) 3.34% —0.14 (0.04) —-3.65% —-0.53 (0.16) -3.28% 0.98 (0.23) 4.35°
['®F]florbetapir (0.1 SUVR) 0.17 (0.37) 0.45 —0.18 (0.20) -0.87 —0.56 (0.86) -0.65 -1.33(1.15) -1.16

Partial regression coefficients (B), standard errors (SE), and t statistics are reported for each predictor; r? values are reported for each multiple regression model.
Key: ADAS-Cog13 = 13-item versions of the Alzheimer’s Disease Assessment Scale-Cognitive Subscale; CDR-SB = Clinical Dementia Rating Sum of Boxes; MRI = magnetic
resonance imaging; MMSE = Mini—Mental State Examination; RBANS = Repeatable Battery for the Assessment of Neuropsychological Status; SUVR = standardized uptake

value ratio.
2 p < 0.05.
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in this region (Braak and Braak, 1991). Poorer performance on
delayed memory subtests showed more specific associations with
['®F]GTP1 SUVR in temporal lobe ROIs, whereas poorer perfor-
mance on other RBANS subtests also showed a broader range of
larger correlation coefficients with ['®F]GTP1 SUVR with ROIs in
other areas. Analyses performed using only left or right hemisphere
ROIs yielded similar overall patterns of results (Supplemental
Fig. 4). However, there was a suggestion of asymmetry in the
magnitude of correlation coefficients for associations between ['8F]
GTP1 SUVR and performance on language (left > right) and vi-
suospatial (right > left) subtests, which is consistent with prior
work on brain-behavior relationships focused on hemispheric
specialization (Lezak et al., 2004).

4. Discussion

Our results demonstrate that ['®F]GTP1 PET signal in a cohort of
participants with normal cognition through moderate AD dementia
significantly correlates with cognitive performance across multiple
measures. In particular, tau pathology and cortical volume (but not
AP pathology) were independently associated with performance on
global cognitive indices. These findings reinforce prior ['®F]flor-
taucipir data suggesting that cognitive deficits in AD could arise

both directly from tau pathology and from subsequent downstream
cortical atrophy (Bejanin et al., 2017).

Although these correlations are apparent when ['®F]GTP1 PET
signal is averaged across the WCG, previous work has shown that
tau PET signal, particularly at earlier stages of AD progression, is
concentrated in the temporal lobes (Cho et al.,, 2016; Jack et al.,
2017; Mattsson et al.,, 2017; Pontecorvo et al., 2017; Sanabria-
Bohorquez et al., 2019; Schwarz et al., 2016). Correspondingly, the
magnitude of the correlations between cognitive indices and ['8F]
GTP1 PET signal became numerically larger when a temporal lobe
meta-ROI was used. Although these findings arise in part from the
hierarchical topography of tau deposition in AD in less-advanced
disease (Braak and Braak, 1991), they also likely reflect the pre-
dominance of memory-related items in commonly used cognitive
assessments for AD. Indeed, 45/85 possible points on the ADAS-
Cog13, 16/30 possible points on the MMSE, and 6/18 possible
points on the CDR-SB are explicitly related to immediate or delayed
memory and orientation. Likewise, 6/12 RBANS subtests assess
learning, recall, or recognition of verbal or visuospatial information.
Furthermore, the emphasis on amnestic AD in the inclusion criteria
for this study may have also contributed to the strength of these
associations.

The relative strength of the relationship between temporal lobe
tau PET signal and memory function, particularly verbal memory,
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can be seen in the heat map of correlations between individual
subtests of the RBANS and individual Hammers atlas ROIs (Fig. 2).
Overall, our results are consistent with prior analyses of correla-
tions between temporal lobe [®F]flortaucipir PET signal and
memory function in both CN older controls (Maass et al., 2018;
Scholl et al., 2016) and participants with mild cognitive impair-
ment or AD dementia (Bejanin et al., 2017; Cho et al., 2016; Schwarz
et al., 2016). Taken together, these results suggest that temporal
lobe uptake of either ['®F]GTP1 or ['®F]flortaucipir accurately rep-
resents the in vivo tau burden that contributes to memory deficits
in AD.

However, our results do not fully recapitulate prior ['®F]flor-
taucipir PET results from two overlapping cohorts that suggested
distinctly different patterns of correlation between regional local-
ization of tau deposition and performance on language and visuo-
spatial assessments (Bejanin et al., 2017; Ossenkoppele et al., 2016).
In particular, regional correlations between ['®F]GTP1 SUVR and
performance on language and visuospatial RBANS subtests in the
present cohort were less well circumscribed (Fig. 2 and
Supplemental Fig. 3). There are a number of potential explanations
for these discordant results. The previously reported cohorts
included more participants with atypical focal cortical AD variants
(e.g., logogenic progressive aphasia, posterior cortical atrophy) who
may exhibit more circumscribed and distinct distributions of tau
pathology relative to more common amnestic presentations
(Mesulam et al., 2008, 2014; Tang-Wai et al., 2004). While RBANS
subtests (Randolph et al., 1998) are designed to assess neuropsy-
chological constructs similar to those assessed by the longer neu-
ropsychological battery used in previous studies (Bejanin et al.,
2017; Ossenkoppele et al, 2016), domain-specific composite
scores derived from the previous battery may be more sensitive to
deficits resulting from regional deposition of tau neuropathology.
Conversely, the focus on amnestic AD in the present study may have
contributed to our finding of stronger regional correlations be-
tween memory function and ['®F]GTP1 signal relative to other
cognitive domains. Because the primary aim of the study through
which the cognitive data included in our analyses were obtained
was to characterize longitudinal changes in ['®F]GTP1 imaging
indices, data collection for participants’ level of education was not
included in the study protocol, which precludes adjustments for
this potential proxy of cognitive reserve. Finally, while these data
represent the largest analysis of the relationships between ['8F]
GTP1 imaging and cognitive indices to date, the relatively homog-
enous racial/ethnic background of our participants and the rela-
tively smaller sample sizes within individual diagnostic groups may
limit the interpretation of our results.

Although our work further establishes the cross-sectional rela-
tionship between tau PET signal and cognitive function in AD, as-
sociations between baseline levels and longitudinal increases in tau
PET signal versus longitudinal declines in cognitive function have
yet to be explored in detail. Recent work suggests tau PET may have
utility as a prognostic biomarker, as higher baseline SUVRs are
associated with greater subsequent cognitive decline (Koychev
et al.,, 2017; Mintun et al., 2017; Teng et al., 2018). In addition,
longitudinal data from cognitively impaired AB-positive partici-
pants enrolled in the Mayo Clinic Study of Aging show that ['8F]
flortaucipir signal significantly increases over 12—15 months (Jack
et al, 2018). Because tau PET has now been integrated into
several other ongoing longitudinal observational studies that
include participants with AD, such as ADNI3, BioFINDER, and AIBL
(Brown et al., 2018; Hansson et al., 2017), further elucidation of the
associations between changes in longitudinal tau PET and cognition
should be shortly forthcoming. Furthermore, because tau PET im-
aging has also been incorporated into several therapeutic studies in
AD that use anti-Ap (solanezumab [NCT02008357], crenezumab

[NCT02670083, NCT03114657], and gantenerumab [NCT03443973,
NCT03444870]) or anti-tau (RO7105705 [NCT03289143], ABBV-
8E12 [NCT02880956], and BIIB092/BMS-986168 [NCT03352557])
interventions, the potential of this tau biomarker modality as a
predictive, prognostic, and/or surrogate biomarker for clinical AD
progression should be further clarified in the near future.
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