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IMPORTANCE Previous postmortem studies have long demonstrated that neurofibrillary
tangles made of hyperphosphorylated tau proteins are closely associated with Alzheimer
disease clinical phenotype and neurodegeneration pattern. Validating these associations in
vivo will lead to new diagnostic tools for Alzheimer disease and better understanding of its
neurobiology.

OBJECTIVE To examine whether topographical distribution and severity of hyperphosphory-
lated tau pathologic findings measured by fluorine 18-labeled AV-1451 (['®F]AV-1451) positron
emission tomographic (PET) imaging are linked with clinical phenotype and cortical atrophy
in patients with Alzheimer disease.

DESIGN, SETTING, AND PARTICIPANTS This observational case series, conducted from July 1,
2012, to July 30, 2015, in an outpatient referral center for patients with neurodegenerative
diseases, included 6 patients: 3 with typical amnesic Alzheimer disease and 3 with atypical
variants (posterior cortical atrophy, logopenic variant primary progressive aphasia, and
corticobasal syndrome). Patients underwent ['F]AV-1451 PET imaging to measure tau
burden, carbon 11-labeled Pittsburgh Compound B ([''C]PiB) PET imaging to measure amyloid
burden, and structural magnetic resonance imaging to measure cortical thickness.
Seventy-seven age-matched controls with normal cognitive function also underwent
structural magnetic resonance imaging but not tau or amyloid PET imaging.

MAIN OUTCOMES AND MEASURES Tau burden, amyloid burden, and cortical thickness.

RESULTS In all 6 patients (3 women and 3 men; mean age 61.8 years), the underlying clinical
phenotype was associated with the regional distribution of the ['®F]AV-1451 signal.
Furthermore, within 68 cortical regions of interest measured from each patient, the
magnitude of cortical atrophy was strongly correlated with the magnitude of ['®F]AV-1451
binding (3 patients with amnesic Alzheimer disease, r = -0.82; P < .001; r = -0.70; P < .00T;
r=-0.58; P < .001; and 3 patients with nonamnesic Alzheimer disease, r = -0.51; P < .00T;
r=-0.63; P < .001; r = -0.70; P < .001), but not of ["'C]PiB binding.

CONCLUSIONS AND RELEVANCE These findings provide further in vivo evidence that
distribution of the ['®F]AV-1451 signal as seen on results of PET imaging is a valid marker of
clinical symptoms and neurodegeneration. By localizing and quantifying hyperphosphory-
lated tau in vivo, results of tau PET imaging will likely serve as a key biomarker that links a
specific type of molecular Alzheimer disease neuropathologic condition with clinically
significant neurodegeneration, which will likely catalyze additional efforts to develop
disease-modifying therapeutics.
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Izheimer disease (AD), with amyloid-f neuritic plaques

and tau neurofibrillary tangles as hallmark pathologic

changes, has diverse clinical manifestations, from typi-
cal amnesic disease to atypical variants including a behav-
ioral and dysexecutive variant, posterior cortical atrophy (PCA),
logopenic variant primary progressive aphasia (IvPPA), and cor-
ticobasal syndrome (CBS).! Although fibrillar amyloid plaques
are necessary for a pathologic diagnosis of AD,? their density
and distribution postmortem are weakly associated with
clinical features and are not associated with markers of
neurodegeneration.®* This finding has been further con-
firmed in vivo using amyloid positron emission tomographic
(PET) imaging.® In contrast, postmortem neurofibrillary tangles
are closely linked to clinical phenotype and regional neuro-
degeneration in both typical®* and atypical AD.®® With the re-
cent development of PET ligands specifically labeling the hy-
perphosphorylated paired helical filament tau pathologic
condition present in AD,° we can now test the hypotheses re-
garding associations of tau localization and density with clini-
cal features of AD in vivo.

We performed a detailed clinical and trimodal imaging
study, using fluorine 18-labeled AV-1451 (['®F]AV-1451) PET
scan, carbon 11-labeled Pittsburgh Compound B ([''C]PiB) PET
scan, and structural magnetic resonance imaging (MRI), of 6
patients with biomarker evidence of AD pathologic condi-
tions, 3 of whom have a typical amnesic AD syndrome, and 3
of whom have atypical clinical syndromes, including PCA,
IvPPA, and CBS. We hypothesized that clinical phenotype of
patients with typical and atypical AD will be associated with
the topography of cortical tau but not amyloid pathologic con-
ditions, as measured by [*®F]AV-1451 and [''C]PiB tracers, re-
spectively. We further hypothesized that the ['®F]AV-1451 sig-
nal will better colocalize with atrophy and the severity of the
['8F]AV-1451 signal will be better associated with the magni-
tude of atrophy compared with the [''C]PiB signal.

Methods

Participants

This study was conducted from July 1, 2012, to July 30, 2015.
Six patients were recruited from the Massachusetts Fronto-
temporal Disorders Unit and Alzheimer Disease Research Cen-
ter Early Onset Dementia Longitudinal Cohort. Each patient’s
diagnosis was made or confirmed by a behavioral neurologist
(B.C.D.) after a comprehensive evaluation, as described
previously.'° Patients 1, 2, and 3 met diagnostic criteria for typi-
cal amnesic multidomain probable AD dementia with execu-
tive dysfunction. Patients 1 and 2 also exhibited mild visual con-
structional impairment. Medial temporal lobe and lateral
temporoparietal atrophy was present on visual inspection of
MRI results for patients 1, 2, and 3.!! Patient 4 met criteria for
PCA, with an initial and progressive cortical visual distur-
bance (Balint syndrome on results of neurologic examina-
tion) in the absence of memory loss, along with alexia, agraphia,
and limb apraxia; right lateralized biparietal atrophy was
present on visual inspection of MRI results.'?!* Patient 5 met
criteria for IvPPA, with variably fluent speech and impair-
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Key Points

Question How are in vivo tau pathologic findings measured by
fluorine 18-labeled AV-1451 (['®F]AV-1451) positron emission
tomographic imaging associated with clinical phenotype and
atrophy pattern in patients with Alzheimer disease?

Findings In this case series, the underlying clinical phenotype in
both patients with typical and atypical Alzheimer disease variants
was associated with the regional distribution of the ['®F]AV-1451
signal. The localization and magnitude of cortical atrophy was also
associated closely with that of ['®F]AV-1451 binding.

Meaning These findings provide further evidence that
distribution of in vivo tau burden as seen on results of the
['®F]AV-1451 positron emission tomographic imaging is a valid
marker of clinical symptoms and neurodegeneration for Alzheimer
disease.

ments in lexical retrieval and phonologic errors in spontane-
ous speech and on confrontation naming, impaired repeti-
tion of phrases, and spared single word comprehension, motor
speech, and grammar, with spared episodic memory and vi-
sual function; left lateralized posterolateral temporal and in-
ferior parietal atrophy was present on visual inspection of MRI
results.'* Patient 6 met criteria for CBS, with mild left limb ri-
gidity, dystonia, and myoclonus, moderate limb apraxia greater
on theleft side than right side, a moderate bilateral cortical sen-
sory deficit greater on the left side than right side, and alien
limb of the left arm, whereby the left arm moved without vol-
untary control; right-lateralized perirolandic atrophy was
present on visual inspection of MRI results.'® The Table sum-
marizes demographic and clinical data of the patients. This
study was approved by the institutional review board of Part-
ners Healthcare, Boston, Massachusetts. All participants gave
written informed consent in accordance with guidelines es-
tablished by the Partners Human Research Committee.

Seventy-seven age-matched controls with normal cogni-
tive function (mean [SD] age, 63.0 [2.7] years; 41 women and
36 men) from the Massachusetts Alzheimer Disease Research
Center Longitudinal Cohort also underwent a structural MRI
(these individuals did not undergo tau or amyloid PET
imaging). Individuals in this cohort were determined to have
normal cognitive function with no significant neurologic or psy-
chiatric history after a detailed clinical evaluation by a neu-
rologist or psychiatrist, neuropsychological testing, and a con-
sensus conference (all individuals have the following
characteristics: Clinical Dementia Rating score, O; Mini-
Mental State Examination score, >28; no neurologic or psy-
chiatric history).

Neuroimaging Data Acquisition and Analysis

Magnetic Resonance Imaging

All participants (patients and controls) underwent a struc-
tural MRI scan (Siemens TIM Trio 3.0T; Siemens Medical Sys-
tems). The MRI analysis methods used have been previously
described in detail, including processing of cortical thickness
and spherical registration to align participants’ cortical sur-
faces (Freesurfer 5.3; http://surfer.nmr.mgh.harvard.edu).!°
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Table. Patient Demographic and Clinical Characteristics

CSF®

MMSE CDR PiB AB1-42, t-tau, p-tau,
Characteristic Age, y/Sex Score Score (FLR DVR)? pg/mL pg/mL pg/mL ATI
Patient 1: amnesic AD 50s/Male 15/30 1 1.6 243.5 560.8 75.0 0.27
dementia
Patient 2: amnesic AD 60s/Male 22/30 1 1.6 306.1 526.5 79.3 0.36
dementia
Patient 3: amnesic AD 60s/Female 25/30 1 1.6 513.4 551.5 86.7 0.58
dementia
Patient 4: PCA 60s/Male @ 0.5 1.8 @ d d d
Patient 5: lvPPA 60s/Female 25/30 0.5 1.9 317.7 608.3 72.6 0.33
Patient 6: CBS 60s/Female 27/30 0.5 1.8 218.8 670.9 82.1 0.21

Abbreviations: AB1-42, B-amyloid 1-42; AD, Alzheimer disease; ATI, AB1-42 tau
index; CBS, corticobasal syndrome; CDR, Clinical Dementia Rating; FLR DVR,
distribution volume ratio of FLR region (ie, frontal, lateral parietal and temporal,
and retrosplenial cortices); CSF, cerebrospinal fluid; IvVPPA, logopenic variant
primary progressive aphasia; MMSE, Mini-Mental State Examination; PCA,
posterior cortical atrophy; PiB, Pittsburgh compound B; p-tau, phosphor-tau;
t-tau, total tau.

2 An FLR DVR greater than 1.2 is consistent with positive fibrillary brain amyloid.

b AB1-42 levels less than 500 pg/mL is consistent with amyloid plaque
pathologic findings; t-tau levels greater than 300 pg/mL and p-tau levels
greater than 61 pg/mL are consistent with neurofibrillary tangle pathologic
findings.

¢ Patient 4 did not undergo MMSE.

9 Patient 4 did not undergo CSF testing.

PET Imaging

All 6 patients also underwent ['®F]AV-1451 and ["'C]PiB PET
imaging. ['®F]AV-1451 was prepared at Massachusetts Gen-
eral Hospital, with a mean (SD) radiochemical yield of 14% (3%)
and mean (SD) specific activity of 216 (60) GBq/pmol (5837
[1621] mCi/pumol) at the end of synthesis (60 minutes), and vali-
dated for human use.'® [''C]PiB was prepared as described
previously,!” with minor modifications. All PET data were ac-
quired using a Siemens/Control Technical Inc ECAT HR+ scan-
ner (3D mode; 63 image planes; 15.2-cm axial field of view;
5.6-mm transaxial resolution and 2.4-mm slice interval).
['8F]AV-1451 PET images were acquired from 80 to 100 min-
utes after a mean (SD) 10.0 (1.0)-mCi bolus injection in 4 x 5-
minute frames (to convert millicuries to megabecquerels,
multiply by 37). [''C]PiB PET images were acquired with an
8.5- to 15-mCi bolus injection followed immediately by a 60-
minute dynamic acquisition in 69 frames (12 x 15 seconds,
57 x 60 seconds). Data from the PET imaging were recon-
structed and attenuation was corrected, and each frame was
evaluated to verify adequate count statistics and absence of
head motion.

To evaluate the anatomy of cortical ['®F]AV-1451 and
[''C]PiB binding, each patient’s PET image data set was rig-
idly coregistered to the patient’s MRI MPRAGE data using SPM8
(Wellcome Department of Cognitive Neurology, Function
Imaging Laboratory). The cortical regions of interest (ROIs) de-
fined by the FreeSurfer (http://surfer.nmr.mgh.harvard.edu)
parcellation were transformed into the PET imaging native
space and PET image data were sampled within each ROI.
Similar to a previous report,'® ['8F]AV-1451 specific binding was
expressed in FreeSurfer ROIs as the standardized uptake value
ratio (SUVR) using the cerebellar gray matter ROI as areference.
[''C]PiB PET data were expressed in FreeSurfer ROIs as the
distribution volume ratio (DVR) with the cerebellar gray ROI
asareference,'® where regional time-activity curves were used
to compute regional DVRs for each ROI using the Logan
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graphical method applied to data from 40 to 60 minutes after
injection.?® Data from the PET imaging were not partial volume
corrected.

Neuroimaging Data Analysis

To visually compare the distribution of cortical thickness
with that of PET imaging tracer uptake, we created indi-
vidual maps for atrophy as well as ['*®F]AV-1451 and [''C]PiB
tracer uptake for each patient. For the atrophy map, we per-
formed a whole-cortex general linear model analysis using
FreeSurfer,?! which compares the thickness of the indi-
vidual patient’s cortex at each vertex point across the entire
cortical mantle with the thickness of the group of 77 healthy
controls. To facilitate within- and between-participant com-
parison, we displayed—as the minimum and maximum
threshold—the 50th and 95th percentile values of the differ-
ence in cortical thickness between the patient and healthy
controls for a given vertex, where higher values indicate
that the patient’s cortex is thinner than that of controls,
with a magnitude in millimeters represented by the color
scale. Similarly, the 50th and 95th percentile ['®*F]AV-1451
SUVR and ['C]PiB DVR values of each patient were also
selected as the minimum and maximum thresholds dis-
played on their own respective reconstructed cortical sur-
faces for each PET imaging modality. We chose to display
values between the 50th and 95th percentile as they enable
comparison of regional differences in atrophy and [*®F]AV-
1451 and [*'C]PiB binding between patients at different
stages of disease.

To quantitatively compare cortical thickness with [*®F]AV-
1451 and ["'C]PiB tracer uptake within each patient, 34 ROIs per
hemisphere were derived from the Desikan atlas automated
cortical parcellation.?? For each ROI in each patient, we ex-
tracted mean ['®F]AV-1451 SUVR, mean [!!C]PiB DVR, and a
standardized z score representing the magnitude of cortical
thickness within the ROI normalized to that of the healthy con-

JAMA Neurology April 2017 Volume 74, Number 4

Copyright 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Harvard University User on 07/29/2020

429


http://surfer.nmr.mgh.harvard.edu
http://www.jamaneurology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2016.5755

430

Research Original Investigation

Association of Cortical Atrophy in AD With ['®F]AV-1451 Imaging

Figure 1. Regional Distributions of Tau, Atrophy, and Amyloid in Patients With Typical Alzheimer Disease (AD)

[18F]AV-1451

Patient 2: Amnesic AD Patient 1: Amnesic AD

Patient 3: Amnesic AD

Cortical thickness

[LicIpiB

The thresholds selected represent the 50th (minimum) and 95th (maximum)
percentile values for each imaging modality for each patient. ['C]PiB indicates
carbon 11-labeled Pittsburgh Compound B; DVR, distribution volume ratio;

['®F]AV-1451, fluorine 18-labeled AV-1451; and SUVR, standardized uptake value
ratio.

trol sample ([patient cortical thickness - I,ge-matched controls]/
Oage-matched controls)- FOT €ach patient, Pearson correlation analy-
ses (IBM SPSS Statistics, version 21; IBM Corp) were performed
for all ROIs to assess the associations between [*®F]AV-1451
SUVR values and cortical thickness (atrophy) z scores, and then
between ["'C]PiB DVR values and atrophy z scores.

.|
Results

In cases of typical amnesic AD dementia, high [*®F]AV-1451
tracer uptake was seen bilaterally in the posterior cingulate,
precuneus, lateral temporoparietal, and occipital cortices
(Figure 1). In all 3 patients, primary visual, auditory (not
shown), and sensorimotor cortices were spared. In patient 1

JAMA Neurology April 2017 Volume 74, Number 4

(with the most advanced disease of all patients, likely Braak
stage VI), the global signal was so high that the thresholds for
visualization were higher than those that would show a me-
dial temporal cortical signal (eTable in the Supplement dis-
plays ['®F]AV-1451 SUVR values of select ROIs for all 6 pa-
tients). Patients 2 and 3 also showed elevated medial temporal
cortical signals. In both patients 2 and 3, high ['®F]AV-1451 tracer
uptake was also seen in the bilateral dorsolateral prefrontal cor-
tex. These distributions are consistent with Braak stage V neu-
rofibrillary pathologic findings.?? Closely paralleling [*®F]AV-
1451 tracer uptake, cortical atrophy was most prominent in the
bilateral medial temporal, posterior cingulate, precuneus, lat-
eral temporoparietal, and occipital cortices in all 3 patients. The
bilateral dorsolateral prefrontal cortex also showed promi-
nent and moderate atrophy in patients 2 and 3, respectively.
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Figure 2. Regional Distributions of Tau, Atrophy, and Amyloid in Patients With Atypical Alzheimer Disease

[18F]AV-1451

Patient 4: PCA

Patient 5: lvPPA

Patient 6: CBS

Cortical thickness

[11cIpiB

The thresholds selected represent the 50th (minimum) and 95th (maximum)
percentile values for each imaging modality for each patient. CBS indicates
corticobasal syndrome; ["'C]PiB, carbon 11-labeled Pittsburgh Compound B;

DVR, distribution volume ratio; ['®F]AV-1451, fluorine 18-labeled AV-1451;
IVPPA, logopenic variant primary progressive aphasia; PCA, posterior cortical
atrophy; and SUVR, standardized uptake value ratio.

In contrast, [''C]PiB tracer uptake was most pronounced in the
bilateral medial prefrontal cortex for all 3 patients, where little
to no cortical atrophy had been observed, and in the postero-
medial cortex, the spatial pattern commonly seen in patients
with AD dementia.?*

In the patients with atypical clinical AD syndromes, high
[®F]AV-1451 tracer uptake was seen in a pattern associated with
the clinical syndrome and distinct from that of typical AD
(Figure 2). In patient 4 (diagnosis of PCA), high ['®F]AV-1451
tracer uptake was seen most prominently in the occipitopari-
etal and occipitotemporal visual association areas laterally and
medially, with an asymmetric signal that was higher in the right
hemisphere, extending into the calcarine fissure and onto the
postcentral gyrus. Cortical atrophy was also present in many
of these same regions, with right lateralization. The ["'C]PiB

jamaneurology.com

tracer uptake pattern was distinct from that of ['5F]AV-1451and
cortical atrophy, being most pronounced in the left parietal and
bilateral medial prefrontal cortices. In patient 5 (diagnosis of
IvPPA), ['8F]AV-1451 uptake was left lateralized in the left pa-
rietal and posterior temporal cortices, and seen in the bilat-
eral posterior dorsolateral prefrontal and precuneus cortices.
Cortical atrophy was present with a similar topography, in-
cluding left lateralized parietal atrophy, albeit with an area of
atrophy in the right anterior temporal cortex. Although ['!C]PiB
uptake was seen in the bilateral medial occipital and parietal
cortices, it was most pronounced and extensive in the bilat-
eral medial prefrontal cortices. Finally, in patient 6 (diagnosis
of CBS), both high [*®F]AV-1451 tracer uptake and prominent
cortical atrophy were seen in the bilateral primary and asso-
ciation sensorimotor (perirolandic) cortices, with the right lat-
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eralization in accordance with the patient’s predominantly left-
sided symptoms. In contrast, no [''C]PiB tracer uptake was seen
in these areas; instead, it was most notable in the right me-
dial prefrontal and bilateral medial occipitoparietal cortices.
These findings support our hypotheses that the [*8F]AV-1451
signal localizes in a manner consistent with clinical pheno-
type and colocalizes with atrophy.

Pearson correlation analyses across the 68 cortical ROIs (34
per hemisphere) support our hypothesis that the intensity of
[*8F]AV-1451 tracer uptake as seen on PET imaging correlates
strongly with the magnitude of atrophy, and support a lack of
correlation between the regional intensity of ['C]PiB tracer up-
take and the magnitude of cortical atrophy. For each of the 3
patients with typical amnesic AD, ['®F]AV-1451 tracer SUVR
within a given ROI correlated strongly with the cortical thick-
ness z score (patient 1, r = -0.82; P < .001; patient 2, r =
-0.70; P < .001; and patient 3, r = -0.58; P < .001), such that
ROIs with the highest ['®F]AV-1451 tracer uptake were also the
ROIs with the most atrophy. In contrast, [''C]PiB uptake was
not associated with cortical thickness (patient 1, r = 0.23;
P =.07; patient 2, r = -0.003; P = .98; and patient 3, r = -0.17;
P = 15). Figure 3 provides scatterplots to illustrate the asso-
ciations between regional values of ['®F]AV-1451, ['!C]PiB, and
cortical thickness for the 3 patients with typical AD.

A similar pattern was seen for the 3 patients with atypical
AD clinical syndromes. For each patient, ['®F]AV-1451 SUVR
within a given ROI was strongly correlated with the cortical
thickness z score (patient 4, r = -0.51; P < .001; patient 5, r =
-0.63; P < .001; and patient 6, r = -0.70; P < .001), whereas
['C]PiB tracer uptake was not associated with cortical thick-
ness (patient 4, r = -0.02; P = .89; patient 5,7 = 0.10; P = .44;
and patient 6, 7 = 0.06; P = .64). These associations are illus-
trated in Figure 4.

.|
Discussion

The first use of the ligand now known as [*®F]AV-1451 in pa-
tients with AD was reported in 2013.2° The selectivity of this
ligand for hyperphosphorylated tau was recently confirmed.?®
In addition, a study was completed in which an elevated
[*8F]AV-1451 signal in mild cognitive impairment likely owing
to AD and AD dementia showed a topography largely consis-
tent with Braak staging and its magnitude correlated with level
of clinical impairment.'® In this study, we provide further evi-
dence that clinical phenotype of individual patients with AD
is associated with the localization of tau pathologic findings
in vivo as measured by [*®F]AV-1451 in a series of patients with
the typical multidomain amnesic dementia form of AD as well
as atypical forms such as PCA, IvPPA, and CBS. Moreover, we
demonstrated that the severity of tau pathologic findings mea-
sured by the intensity of the ['®F]AV-1451 signal within a given
cortical ROI is correlated with the magnitude of atrophy. Fi-
nally, tau pathologic findings measured by [*®F]AV-1451 sur-
pass amyloid pathologic findings measured by [''C]PiB in both
association with localization of a given syndrome and in cor-
relating with the degree of atrophy within regions of neuro-
degeneration.
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Our study demonstrates that in individual patients with
typical or atypical variant AD, clinical phenotype is associ-
ated with the topography of ['®F]AV-1451 tracer uptake. This
finding provides further in vivo evidence for what has been
shown by previous neuropathologic reports demonstrating a
strong association between distribution and severity of tau
pathologic findings and clinical symptoms in patients with typi-
cal and atypical AD,* and is also consistent with several re-
cent case reports and one larger study demonstrating a simi-
lar pattern of findings.?”3° The ability of ['*®F]AV-1451 to localize
tau pathologic findings at the individual patient level in a man-
ner concordant with symptoms supports its clinical validity as
anew in vivo imaging biomarker in AD. Although cerebrospi-
nal fluid tau has been validated as a specific biomarker of clini-
cally diagnosed and autopsy-confirmed AD,*! it cannot pro-
vide information about the localization of tau pathologic
findings. Our ability to test many hypotheses regarding the as-
sociation of tau to neurologic symptoms in vivo requires in-
formation about its localization. Although results of MRI and
[*®F]FDG-PET imaging are informative regarding the localiza-
tion of structural or metabolic abnormalities associated with
AD pathologic findings,?*%** they do not provide information
regarding the molecular nature of the underlying disease pro-
cess offered by ['®F]AV-1451.

For all patients with AD who were examined in our study,
[*8F]AV-1451 tracer uptake tightly paralleled cortical atrophy
in both localization and severity, again supporting observa-
tions from neuropathologic studies indicating a close associa-
tion between tau pathologic findings and neuronal loss, glio-
sis, and other evidence of neurodegeneration.>* Our findings
also extend previous case reports and a study that focused
mainly on the association between [*®F]AV-1451 tracer up-
take and hypometabolism measured via [*®F]JFDG-PET.2?73°
Studies of the pathologic basis of measures of regional atro-
phy in AD as seen on results of MRI have found associations
with neurofibrillary pathologic findings.>*-*> Previous in vivo
biomarker investigations in prodromal and mild AD demen-
tia have demonstrated stronger associations between cere-
brospinal fluid tau and atrophy in selected temporal cortical
regions>® and in widely distributed cortical regions where thin-
ning is associated with AD.3” The data presented in Figures 3
and 4 bring these lines of research together, showing that most
cortical areas with clear evidence of atrophy (thickness >2 SDs
below that of the control group) harbor a substantial burden
of tau pathologic findings ([*®F]AV-1451 tracer SUVR values
>2.0). Conversely, in all the patients, very few cortical re-
gions with [*®F]AV-1451 tracer SUVR values above 2.5 do not
show obvious atrophy. The strength of these associations may
be surprising given that the data from PET imaging were not
adjusted for partial volume effects; atrophied ROIs would be
expected to reduce the potential dynamic range of the PET sig-
nal. As long ago as 1970, Tomlinson et al similarly observed
that “severe generalized neurofibrillary change in the cortex
was not seen in any control; it seems possible that its occur-
rence always indicates dementia.”*8P23% We confirm this
association, with evidence linking cortical tau pathologic find-
ings with the in vivo hallmark measure of neurodegeneration—
measures of regional atrophy as seen on results of MRI.
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Figure 3. Correlations Between Cortical Atrophy and Tau vs Amyloid in Patients With Typical Alzheimer Disease (AD)
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Shapes representing cortical regions of interest: left frontal, amber circles; left
temporal, green circles; left parietal, maroon circles; left occipital, blue circles;
right frontal, amber triangles; right temporal, green triangles; right parietal,
maroon triangles; and right occipital, blue triangles. [''C]PiB indicates carbon

11-labeled Pittsburgh Compound B; ['F]AV-1451, fluorine 18-labeled AV-1451.
2p<.001

In addition to contributing topographic information not ob-
tained from cerebrospinal fluid tau and specifying molecular
pathologic findings not provided by structural MRI or [*®F]FDG-
PET imaging, we showed that tau pathologic findings mea-
sured via ['®F]AV-1451 also complement ["'C]PiB. Amyloid PET
imaging has revolutionized AD clinical research since it was
first introduced more than a decade ago.>° However, again as
seen in pathologic studies, amyloid imaging studies have failed
to show a concordance between the localization and magni-
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tude of the amyloid signal as seen on results of PET imaging
with AD clinical symptoms or atrophy and hypometabolism
markers of neurodegeneration.*® Our findings demonstrate
that, in patients with typical amnesic AD and those with atypi-
cal variant AD, the uptake of ['®F]AV-1451 tracer showed dis-
tinct topographic patterns associated with specific clinical phe-
notypes, whereas [''C]PiB did not. We also found that in vivo
tau pathologic findings measured via ['®F]AV-1451 tracer up-
take are associated more closely with topography and the se-
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Figure 4. Correlations Between Cortical Atrophy and Tau vs Amyloid in Patients With Atypical Alzheimer Disease

[18F]AV-1451 [11c] PiB
3.0 3.0
r=-0.512 r=0.02
[ ] [ ]
2.0 2.0
[ A ) A
8 104 ° S 104 °
s N N A °s e, % o °
a 3 9 2 0 e A @
¥ £ 5 p °
e o S x 7.
8§ £ 10] 2 0] . i, A%t
v . = . ° N ‘A
a TS ’:“ ®e
=] | =] | A o
= -2.0 £ -2.0 A i t
o o A,
-3.0 -3.01 A
A A
-4.0 T T T T T T ) -4.0 T T T T 1
1.0 1.2 1.4 1.6 1.8 2.0 22 2.4 1.0 1.2 1.4 1.6 1.8 2.0
Standardized Uptake Value Ratio Distribution Volume Ratio
3.0 3.0
r=-0.63 r=-0.09
2.0 2.0
e L
S 1.0+ e S 1.0 ®
wv (%]
£ g
a § 0 ﬁ 0 7A. °
oL c ° °
F=e] © o °
2 = .10 £ -1.01 b L
g = = — 1 & | e A
© 2 Aa
£ -2.04 £ -2.04 A o
A® A
S S 4 o a®
-3.0 -3.01 a0 A
-4.0 T T T ) -4.0 T T T T 1
1.0 1.5 2.0 2.5 3.0 1.2 1.4 1.6 1.8 2.0 2.2
Standardized Uptake Value Ratio Distribution Volume Ratio
3.0 3.0
r=-0.70° r=-0.06
2.0 2.0
@ s g °
S 104 o ® S 104 R °
%) N A N a
g = 0 \77 Aa . g A A - .
<3 <
S g AT o9 i e ° i » o A A -
& £ 10l e ®a LS. 2 100® N i
R N o A ° = N ° ° A
e g ° 8 o,
£ 20 o M, £ 2.0 . a o
8 A A 8 A A
-3.0 -3.04
-4.0 T T T | -4.0 T T T |
1.0 1.5 2.0 2.5 3.0 1.2 1.4 1.6 1.8 2.0

Standardized Uptake Value Ratio

Distribution Volume Ratio

Shapes representing cortical regions of interest: left frontal, amber circles; left
temporal, green circles; left parietal, maroon circles; left occipital, blue circles;
right frontal, amber triangles; right temporal, green triangles; right parietal,
maroon triangles; and right occipital, blue triangles. CBS indicates corticobasal
syndrome; ['"C]PiB, carbon 11-labeled Pittsburgh Compound B; ['®F]AV-1451,

fluorine 18-labeled AV-1451; IvPPA, logopenic variant primary progressive
aphasia; and PCA, posterior cortical atrophy.

2P <.001.

verity of cortical atrophy than amyloid pathologic findings mea-
sured via [''C]PiB tracer uptake.

Limitations

One limitation of this study is the small number of patients.
We did not have a large enough sample size to examine the
quantitative association between regional ['®F]AV-1451 tracer
binding and cognitive measures. This outcome is an aim of a
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follow-up study. However, given the robustly consistent as-
sociations between the measures across all 6 patients with di-
verse clinical presentations, we are confident that this set of
results will be readily replicable in larger samples. Further-
more, the consistency of these results with those of neuro-
pathologic studies provides additional assurance that sample
size is not likely a major limitation. Nevertheless, at this point,
[*®F]AV-1451 PET imaging should be considered an adjunc-
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tive tool in the diagnostic evaluation of patients thought to have
atypical subtypes of AD; it should be interpreted within the
broader clinical context and taking into consideration results
from other currently established diagnostic tools.

Original Investigation Research

of AD dementia), along with its colocalization with other
markers of neurodegeneration, ['®F]AV-1451 PET imaging
may eventually play an important role in the diagnostic
evaluation of cases of atypical dementia in clinical practice.

Although further studies are needed on the test-retest reli-
ability and longitudinal change of [*®F]AV-1451 tracer uptake

Conclusions

With this and other emerging evidence of the presence of a
substantial ['®F]AV-1451 signal in early stages of disease
(most patients in this study were in very mild to mild stages
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