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Abstract

Objective

To describe the phenomenon of tau-negative amnestic dementia mimicking Alzheimer disease
(AD) clinically and radiologically and to highlight the importance of biomarkers in AD
research.

Methods

Eight participants with amnestic mild cognitive impairment or AD dementia were evaluated by
a behavioral neurologist and had a standardized neuropsychological battery performed. All
participants completed structural (MRI) and molecular (amyloid and tau PET) imaging. AD-
signature thickness and adjusted hippocampal volume served as structural biomarkers, while
standardized uptake value ratios (SUVRs) from validated regions of interest for amyloid and tau
PET were used to determine molecular biomarker status.

Results

All participants were thought to have AD as the primary driver of their symptoms before any
PET imaging. All participants had hippocampal atrophy, and 2 participants fell below the AD-
signature thickness cutoff for elderly controls (2.57), with a further 3 falling below the more
stringent cutoff based on young controls (2.67). Four participants were amyloid positive
(SUVR >1.42), and all were tau negative (SUVR <1.33).

Conclusions

The participants presented here were clinically impaired, with structural imaging evidence of
neurodegeneration, in the absence of any significant tau accumulation. Therefore, AD is un-
likely as a cause of their clinical presentation and neurodegenerative imaging findings. Several
implications are discussed, including the need to establish amyloid and tau positivity in N+
participants before enrolling them in trials of disease-modifying therapy agents for AD.
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Glossary

AD = Alzheimer disease; AD-sig = Alzheimer disease—signature thickness; aMCI = amnestic mild cognitive impairment; MCI =
mild cognitive impairment; STM = short-term memory; SUVR = standardized uptake value ratio.

The availability first of amyloid PET imaging and now of tau
PET imaging has fundamentally changed our approach to the
antemortem diagnosis of dementia due to Alzheimer disease
(AD)."” While it has long been known from neuropathologic
studies that the clinical diagnosis of what was previously called
probable AD in the 1984 criteria was only about 80% sensitive
and specific at best, the neuropathologic basis of amnestic mild
cognitive impairment (MCI) shows an even weaker relation-
ship to neuropathologic AD.> Recent studies using amyloid
PET imaging revealed similar inaccuracies in the clinical di-
agnoses of MCI or AD dementia.”* With the availability of tau
PET, further experience has been gained in the clinical-
biomarker associations with pathophysiologic AD that will also
lead to more refined diagnoses of what is and is not AD."®

Recently, the A/T/N biomarker classification scheme was pro-
posed,7 allowing independent classification of amyloid, tau, and
neurodegeneration status. Patients who are A+ are thought to be
on the AD pathway, with A— participants either being normal
(A-/T-/N-) or harboring some non-AD pathology (A-/T-/
N+, A—/T+/N+, A-/T+/N-)." Crucially, however, amyloid
positivity does not imply that neurodegeneration is due to AD:
T—/N+ cases likely have another pathology driving their de-
generation regardless of amyloid status." With the recent addition
of tau PET, this group can be identified and studied more readily.2
If A+/T—/N+ participants can mimic AD clinically, this group
may inadvertently be included in AD trials, with serious impli-
cations. Here, we report 8 T—/N+ cases that were clinically di-
agnosed with AD dementia or amnestic MCI (aMCI) due to AD.

Methods

Clinical assessment

All 8 participants were evaluated in the Mayo Clinic Alzheimer’s
Disease Research Center. A consensus diagnosis was given at
a multidisciplinary meeting based on established criteria.® All
participants completed a comprehensive neuropsychological
battery as part of the Uniform Data Set designed by the National
Alzheimer’s Coordinating Center. Test scores were then con-
verted to z scores controlling for age, sex, and education
(https://www.alz.washington.edu/WEB/npsych_means.html).
Because conversion is not available for the Rey-Osteroth
Complex Figure, the raw score was converted to a standard
score based on Mayo’s Older Americans Normative Studies.

Standard protocol approvals, registrations,
and patient consents

The Mayo Clinic Institutional Review Board reviewed and
approved this study. Written informed consent was obtained
from all participants or their guardians.

Neurology.org/N

Imaging protocol

Details of PET imaging and analysis have been described
elsewhere.! Briefly, Pittsburgh compound B was used for
amyloid PET, and flortaucipir (AV-1451) was used for tau
PET. An amyloid standardized uptake value ratio (SUVR)
was derived from the voxel-weighted median uptake in the
prefrontal, orbitofrontal, parietal, temporal, anterior and
posterior cingulate, and precuneus regions of interest.' The
tau SUVR was based on the voxel-weighted median uptake in
the entorhinal, amygdala, parahippocampal, fusiform, inferior
temporal, and middle temporal regions of interest.! MRI
was performed on 1 of 3 compatible 3T GE systems (GE
Healthcare, Chicago, IL), and the AD-signature thickness
(AD-sig) and hippocampal volume adjusted for intracranial
volume were calculated. Previously established cut points
were used.'

Results

Clinical findings

All participants were thought to have AD as the primary
driver of their symptoms before any PET imaging and met
the criteria for AD dementia (patients 1, 2, 5-8) or aMCI
(patients 3 and 4). Neuropsychological results are summa-
rized in the table. Both participants 1 and 2 had experienced
several years of progressive short-term memory (STM) loss
before presenting for evaluation, by which time some lan-
guage impairment was evident in participant 2. Participants 3
and 4 had STM loss, corroborated by informants, but with
minimal impairment of their activities of daily living. Par-
ticipant S had an initial course of =6 years of progressive
STM loss before other cognitive domains became affected.
Participant 6 passed through a phase of aMCI before being
diagnosed with dementia at the last visit. Participant 7 pre-
sented with STM loss for a few years before developing more
general cognitive impairment by the time of initial assess-
ment. Finally, participant 8 presented with STM loss, which
remained the main cause of impairment in activities of daily
living throughout follow-up despite poor test scores for
nonmemory domains.

Imaging findings

Imaging results are shown in the figure. A cognitively normal
and biomarker-negative (A-/T-/N-) control and a partici-
pant with typical AD dementia (A+/T+/N+) are shown for
reference. All participants had hippocampal atrophy (hippo-
campal volume adjusted for intracranial volume <-1.15), and
3 participants fell below the AD-sig cutoft for elderly controls
(2.57). Four participants were amyloid positive (SUVR
>1.42), and all were tau negative (SUVR <1.33).
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Table Demographic and neuropsychological test results

P2
P1 P3 P4
Sex F F F M M
Education, y 12 14 16 19 12
APOE, n 3/3 3/3 3/4 3/3 3/4
Age,y 85 83 85 78 81 82 85 86 87 88 89
Duration, y 4 9 1 1 3 6 9 10 1 12 13
DRS score
Attention (SS) 8 10 12 9 10 14 12 14 10 10 10
Initiation/Perseveration (SS) 22 7 22 8 52 8 42 7 52 7 52
Construction (SS) 10 10 10 10 10 10 10 10 8 10 10
Conceptualization (SS) 1 12 1 12 14 14 8 8 10 9 9
Memory (SS) 3° 22 2° 22 8 4° 22 22 22 22 22
Total (SS) 42 6° 3?2 7 9 9 4?2 52 4?2 52 22
Language
Naming (2) 0.75 -4.607 -2.727 0.25 0.06 -1.07 -2.897 -1.94° 0.86 -3.31¢ -3.307
Category Fluency (z) -1.63 -1.52° -2.04° -1.71° -1.34 -1.26 -1.41 -1.29 -1.64° -1.52° -2.00°
Memory
Immediate (2) -1.93° -2.49° -3.40° -1.03 0.57 -0.72 -1.89° -1.66° -2.66° -3.05° -3.03°
Delayed (2) -2.35 -2.45° -2.89° -1.68° 0.25 -1.10 -2.62° -2.60° -2.57° -2.35° -2.53°
Visual (2) -2.82° NA -3.27° -2.22° -0.76 NA NA NA NA NA NA
Attention/Executive
Digit Span (2) -1.35 -0.74 -1.11 -1.34 0.75 -0.30 -0.26 -0.24 -0.24 -0.61 -0.60
Trials B (2) D/C -1.15 D/C D/C -0.52 0.30 -0.45 -0.92 -0.63 -0.86 -0.65
Visuospatial
Rey-O (SS) 9 8 NA 59 13 9 14 9 1 11 NA
Benson (2) 1.41 NA 1.30 -2.67° 1.02 NA NA NA NA NA -3.06°
P6 Py P8
Sex F F M
Education, y 16 16 16
APOE, n 3/3 NA 3/3
Age,y 74 75 76 77 79 85 85 86 87 88 89 90
Duration, y 5 6 7 8 10 4 2 3 4 5 6 7
DRS score
Attention (SS) 10 13 13 12 9 10 10 8 7 3 12 10
Initiation/Perseveration 12 12 10 8 42 22 13 6% 6% 7 7 8
(SS)
Construction (SS) 10 10 10 10 10 8 10 10 10 10 10 10
Conceptualization (SS) 13 12 12 10 10 49 9 7 8 9 11 13
Continued
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Table Demographic and neuropsychological test results (continued)

P6 Py P8

Memory (SS) 10 3 22 2° 2° 4? 3 22 22 2° 22 2°

Total (SS) 12 10 9 52 3 22 7 52 3 32 6% 7
Language

Naming (z) -0.27 0.673 -0.25 -0.70 -0.21 -4.78%  -6.09° -561° -514°  -6.05° -6.517  -7.43°

Category Fluency (2) -2.19°  -238" -1.79° -223% -234° -232° -1.98° -1.14 -1.84°  -2.055° -1.75°  -1.8557
Memory

Immediate (2) 1.37 0.97 -0.44 -0.418 -2.02° -2.07° -227° -1.63° -223° -2.53° -2.98°  -2.96°

Delayed (2) -0.50 -1.68% -1.65 -3.22° -3.18% -2.84° -242° -255° -2537  -2.57 -2.48%  -2.46°

Visual (2) NA NA NA NA -3.55° -2.36° NA NA NA NA NA -3.39
Attention/Executive

Digit Span (2) -0.21 -1.37 -0.19 -0.96 -1.32 -0.86 0.625 -0.93 -0.135  -0.51 -0.105  -0.485

Trials B (2) -0.43 -0.57 -0.93 -0.94 -1.80° D/C -0.57 -1.49 -0.52 -1.11 -0.94 -1.567
Visuospatial

Rey-O (SS) 11 11 1 1 9 67 7 10 59 8 9 10

Benson (2) NA NA NA NA 1.13 -2.60° NA NA NA NA NA -1.00

Abbreviations: DRS = Dementia Rating Scale; NA = not available; P = participant; Rey-O = Rey-Osteroth Complex Figure; SS = Mayo Older Adults Normative
Studies Standard Score.

Demographic and neuropsychological test results for each participant at each visit are given. SS (mean 10, SD 3) is shown for the DRS and Rey-O. Scores of <6
are generally considered abnormal. The z scores are shown for other test domains, which consist of the z score for the test used in that domain if only 1 test
was used (e.g., naming is represented by either the Boston Naming Task or the Multilingual Naming Test naming task) or by averaging the z scores for the tests
used (e.g., category fluency is made up of animal and vegetable subscores). Memory consists of immediate and delayed recall for the Craft Story; delayed
visual is represented by Benson Figure Delayed Recall; naming refers to either the Boston Naming Task or the Multilingual Naming Test Naming Task.

@z Scores below -1.5 are considered abnormal. If a participant was unable to complete the test or if the test was not administered/available, NA is indicated.

Discussion

The participants presented here were clinically impaired with
structural imaging evidence of neurodegeneration in the ab-
sence of any significant tau accumulation. Therefore, AD is
unlikely to be a cause of their clinical presentation and neu-
rodegenerative imaging findings. This highlights several im-
portant points about AD and the clinical and imaging metrics
used to diagnose it. The lack of specificity of clinical AD
criteria is evident, consistent with the fact that a significant
proportion of cases with clinically suspected AD dementia
lack AD pathology or biomarker evidence for AD, while
a large proportion of clinically normal individuals have AD
pathology or biomarker evidence supporting AD. Our find-
ings plus prior reports have made it highly likely that many
participants enrolled in AD dementia trials over the last few
decades may not have had AD pathophysiology driving their
clinical syndrome.**” In addition, the presence of hippo-
campal atrophy in all participants and volume loss in other
characteristic AD cortical areas in some emphasize the limi-
tations of structural imaging, a problem of etiologic non-
specificity that increases with age as a greater proportion of
cognitively normal participants fall below cutoff values.”

Neurology.org/N

However, the 4 participants who were amyloid positive em-
phasize the need for biomarker models that incorporate both
amyloid and tau.’

With the ATN model, the 8 participants would correctly be
labeled as A—/T—/N+ (participants 1-3 and 6) or A+/T-/
N+ (participants 2, S, 7 and 8), 2 patterns that are inconsistent
with current models of pure AD given the absence of tau in
the setting of neurodegeneration.”” We have previously
postulated that neurodegeneration in the A—/T—/N+ group
is the result of a heterogeneous group of non-AD pathologies
that increase in prevalence with age such as hippocampal
sclerosis, argyrophilic grain disease, and cerebrovascular dis-
ease.’” Similarly, for the group of A+/T—-/N+ participants, we
suspect that a non-AD process is driving the neuro-
degeneration, with amyloidosis representing an early and
asymptomatic phase of AD. Among cognitively normal par-
ticipants, the prevalence of the A-/T—/N+ and A+/T-/N+
groups increases above the age of 75 years and peaks at =18%
to 22% and 17% to 18%, respectively.” From the data pre-
sented here and other data from our center, we estimate that
=27.5% of aMCI or dementia thought to be due to AD in
those >75 years of age might be tau-PET negative, with half of

Neurology | Volume 90, Number 11 | March 13,2018

e943


http://neurology.org/n

e9%44

Figure Results of structural and molecular imaging

Structural Tau PET Amyloid PET

L

Typical DAT

Particpant 1

SUVR =1.14 SUVR =1.34

~
-
c
5
o
2
=
| -
©
o
™
-
c
5
2
o
=
| 9
©
a
<
-
=
©
=
=
S
_
T
o
n
=
c
I}
2
=)
=
1
©
o

SUVR =1.26

SUVR =1.11

Participant 8 Participant 7 Participant 6

SUVR =1.32
1.33

SUVR=1.33

AN\.

i

™

SUVR = 1.40

3
<L)

SUVR =1.24 SUVR = 2.01

Representative images from coronal MRI (left), tau PET im-
aging (middle), and amyloid PET imaging (right) for each
participant, including a control and a typical case with bio-
marker-positive AD dementia. The AD-sig value and SUVRs
for tau and amyloid PET are shown below each participant's
scans. AD-sig and HVa processing for participant 1 were not
available. AD = Alzheimer disease; AD-sig = Alzheimer dis-
ease signature thickness; DAT = dementia of the Alzheimer
type; HVa = hippocampal volume adjusted for intracranial
volume; SUVR = standardized uptake value ratio.

these being amyloid-PET negative (appendix e-1, http://
links.Ilww.com/WNL/A239). This is consistent with prior
reports that =50% of aMCI in the >80-year-old cohort is
caused by non-AD pathologies, most notably hippocampal

Neurology | Volume 90, Number 11 | March 13,2018

sclerosis and argyrophilic grain disease.” The age and the focal
medial temporal and hippocampal atrophy in our participants
would be consistent with hippocampal sclerosis,”'® a suspi-
cion that was recently confirmed in 1 participant (participant
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2) who had TDP-43-positive hippocampal sclerosis at au-
topsy and minimal evidence for AD (appendix e-1).

A notable limitation of our study is the fact that biomarker
status was assessed with PET only, which may lack sensitivity
to low Thal and Braak stages of the disease, so early AD may
have been missed in our biomarker-negative cases. However,
this would not account for their prominent amnesia and
neurodegeneration, which would have to have an additional
non-AD etiology. Similarly, the lack of pathologic confirma-
tion can be seen as a weakness, but the delay between clinical
presentation and pathologic examination complicates clinic-
pathologic correlations. We have compelling in vivo evidence
that our participants lacked significant tau deposition, which
would have been suspected if their degeneration was due to
AD, again implicating non-AD pathologies.

The cases reported here highlight the importance of establishing
amyloid and tau positivity in N+ participants before enrolling
them in trials of disease-modifying therapy agents for AD.
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Study question
What are the clinical and radiologic features of tau-negative
amnestic dementia mimicking Alzheimer disease (AD)?

Summary answer

Patients with tau-negative amnestic dementia mimic AD
closely, both in their pattern of clinical impairment and
neurodegeneration, despite showing no evidence of tau
accumulation.

What is known and what this paper adds
Advances in PET imaging that permit specific evaluations
of amyloid, tau, and neurodegeneration statuses are re-
fining differential diagnoses of AD and non-AD pathol-
ogies. This report characterizes a series of patients with
tau-negative, neurodegeneration-positive (cortical thin-
ning, hippocampal atrophy), non-AD pathologies that
mimic AD.

Participants and setting

This report describes 8 patients who were evaluated at the
Mayo Clinic AD Research Center. They had been initially
diagnosed with AD dementia (n = 6) or amnestic mild cog-
nitive impairment due to AD (n=2).

Design, size, and duration

All patients underwent a comprehensive neuropsychological
assessment. They underwent Pittsburgh Compound B PET
to assess amyloid status and AV-1451 PET to assess tau status.
Amyloid-positivity and tau-positivity were detected by cal-
culating standardized uptake value ratios within AD-related
regions of interest. The patients also underwent MRI to de-
tect AD-related abnormalities in cortical thickness and hip-
pocampal volume.

Main results and the role of chance

One patient was diagnosed with dementia at the initial eval-
uation, and the remaining 7 had experienced short-term
memory loss to varying extents, which had progressed to
amnestic mild cognitive impairment or AD dementia at the

Structural Structural Structural Structural

[’ /\

i
IS
a

Structural
W

Particpant 1
Participant 5

)
HVa = N/A

2]

o~ <
< o = 2
a c S c
— © 2 I
© o Q o
O [v] U ("]
& £ < £
2 © i ©

o o

Participant 8

Vi Ot g
ADsig=2.6
HVa = -4.33

time of imaging. All patients exhibited hippocampal atrophy
in the absence of elevated tau PET signal. Four patients were
amyloid-positive, and 3 had cortical thickness below the AD
cut-off.

Bias, confounding, and other reasons

for caution

This study examined biomarker status in part with flortaucipir
PET, but this tracer lacks sensitivity to non-AD tau, which
may have been missed in the current series. The study also
reported pathologic confirmation in only 1 out of 8 cases.

Generalizability to other populations

This study characterized a heterogeneous family of disorders
with a small sample size, so the generalizability of the results to
other patients is unclear.
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