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Practical utility of amyloid and FDG-PET
in an academic dementia center

ABSTRACT

Objective: To evaluate the effect of amyloid imaging on clinical decision making.

Methods: We conducted a retrospective analysis of 140 cognitively impaired patients (mean age
65.0 years, 46% primary b-amyloid (Ab) diagnosis, mean Mini-Mental State Examination 22.3)
who underwent amyloid (Pittsburgh compound B [PiB]) PET as part of observational research studies
and were evaluated clinically before and after the scan. One hundred thirty-four concurrently under-
went fluorodeoxyglucose (FDG)-PET. We assessed for changes between the pre- and post-PET
clinical diagnosis (from Ab to non-Ab diagnosis or vice versa) and Alzheimer disease treatment plan.
The association between PiB/FDG results and changes in management was evaluated using x2 and
multivariate logistic regression. Postmortem diagnosis was available for 24 patients (17%).

Results: Concordance between scan results and baseline diagnosis was high (PiB 84%, FDG
82%). The primary diagnosis changed after PET in 13/140 patients (9%) overall but in 5/13
(38%) patients considered pre-PET diagnostic dilemmas. When examined independently, discor-
dant PiB and discordant FDG were both associated with diagnostic change (unadjusted p ,

0.0001). However, when examined together in a multivariate logistic regression, only discordant
PiB remained significant (adjusted p 5 0.00013). Changes in treatment were associated with
discordant PiB in patients with non-Ab diagnoses (adjusted p 5 0.028), while FDG had no effect
on therapy. Both PiB (96%) and FDG (91%) showed high agreement with autopsy diagnosis.

Conclusions: PET had a moderate effect on clinical outcomes. Discordant PiB had a greater effect
than discordant FDG, and influence on diagnosis was greater than on treatment. Prospective studies
are needed to better characterize the clinical role of amyloid PET. Neurology® 2014;82:230–238

GLOSSARY
Ab 5 b-amyloid; AD 5 Alzheimer disease; AUC 5 appropriate use criteria; CBS 5 corticobasal syndrome; CDR 5 Clinical
Dementia Rating; Che-I 5 cholinesterase inhibitor; CMS 5 Centers for Medicare & Medicaid Services; DLB 5 dementia with
Lewy bodies; FDG 5 fluorodeoxyglucose; FTD 5 frontotemporal dementia; MCI 5 mild cognitive impairment; PiB 5 Pitts-
burgh compound B; UCSF 5 University of California, San Francisco.

PET ligands that bind to fibrillar b-amyloid (Ab) enable the in vivo detection of amyloid
plaques, a core feature of Alzheimer disease (AD) pathology.1 Use of the first Ab-specific tracer,
Pittsburgh compound B (PiB), has been limited to research centers because of the short half-life
of the carbon-11 radiolabel (20 minutes). Ab tracers labeled with fluorine-18 (18F, t1/2 5
110 minutes) have subsequently been developed for clinical use, with one recently approved
by the US Food and Drug Administration.2 Few studies have evaluated the effect of amyloid
PET on patient diagnosis and treatment.3–6 In a recent decision, the US Centers for Medicare &
Medicaid Services (CMS) concluded that there are insufficient data that amyloid imaging affects
clinical outcomes to justify reimbursing scans.7

Our center has conducted research studies applying PiB and 18F-fluorodeoxyglucose (FDG)-
PET to evaluate the utility of PET in differential diagnosis8 and to study mechanisms of AD.9–12
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Although these studies were not designed to
assess clinical decision making, scan results
were provided to clinicians and could be taken
into account in patient management. Here we
report a retrospective analysis of the associa-
tion between PET results and subsequent
changes in diagnosis and AD drug treatment.
We hypothesized that PiB-PET would have a
greater effect than FDG on diagnosis and
treatment, given its biochemical specificity
for amyloid neuropathology. While we cannot
control for additional variables that may
have affected these outcomes (e.g., evolution
of symptoms, availability of additional test
results), this analysis provides a preliminary
view into the influence of PiB and FDG on
clinical decision making at an academic
dementia center.

METHODS Subject selection and baseline clinical
evaluation. We searched the University of California, San Fran-

cisco (UCSF) Memory and Aging Center database and identified

140 patients who had undergone amyloid (PiB) PET and been

assessed clinically before and after the scan, out of a total of

174 cognitively impaired patients studied with PiB between

2005 and 2011. Scans were performed under research protocols

evaluating the utility of PiB in the differential diagnosis of AD

and frontotemporal dementia (FTD) spectrum disorders and

studies assessing the relationship between amyloid deposition

and clinical phenotype in AD.8–12 Patients with unstable medical

comorbidities, brain mass lesions, and significant cerebrovascular

disease were not eligible. The pre-PET clinical evaluation

included an assessment by a behavioral neurologist, a caregiver

interview, cognitive testing, and structural neuroimaging. CSF

AD biomarkers were not available. Clinical diagnosis was made

by consensus at a multidisciplinary conference. Up to 3 items

could be listed on the “differential diagnosis,” ranked in order of

likelihood. Diagnosis was made based on best clinical judgment,

although 89% of patients met published research criteria for their

primary clinical diagnosis.13–19 A detailed description of the

diagnostic process is provided in appendix e-1 on the

Neurology® Web site at www.neurology.org.

PET interpretation. Patients underwent PiB-PET (100%) and

FDG-PET (96%) at Lawrence Berkeley National Laboratory.8

PET scans were visually interpreted by an experienced rater

(W.J.J. or G.D.R.) as positive/negative for cortical tracer uptake

(PiB1/PiB2), as previously described and validated compared to

quantitative classification.8 FDG scans were rated as consistent with

“AD” or its variants (including dementia with Lewy bodies [DLB])

if hypometabolism primarily involved the temporoparietal cortex,

posterior cingulate/precuneus, or occipital cortex. Scans were rated

as “non-AD” if hypometabolism primarily involved the frontal or

anterior temporal cortex (FTD pattern)8 or appeared within normal

limits. Beyond these guidelines, raters were allowed to exercise

clinical judgment in classifying scans. PiB and FDG ratings were

performed blinded to clinical data and at separate sessions, with PiB

reads blinded to FDG results and vice versa. When both reads were

complete, the responsible clinician was provided a report that

included the dichotomous classification of each scan and a

written description of each tracer’s spatial binding pattern.

Post-PET clinical assessment. The post-PET visit included a

clinical evaluation and review of PET results. Repeat cognitive

testing was performed in 54% of patients and repeat MRI was

available in 49%. Diagnosis was made by consensus.

Ascertainment of AD drug treatment. Patient charts were
reviewed retrospectively by a research associate (P.M.G.) to deter-

mine the use of AD symptomatic medications (donepezil, galant-

amine, rivastigmine, and memantine) at the pre- and post-PET

visits.

Neuropathologic studies. Autopsies followed standard proce-

dures for the evaluation of dementia.20 Consensus neuropatho-

logic criteria were used for AD21 and frontotemporal lobar

degeneration spectrum disorders.22 Autopsies were performed at

UCSF (n 5 22), University of Pennsylvania (n 5 1), and Uni-

versity of California, Los Angeles (n 5 1).

Standard protocol approvals, registrations, and patient
consents. Written informed consent was obtained from all pa-

tients or surrogates. The study was approved by the University

of California (San Francisco and Berkeley) and Lawrence Berke-

ley National Laboratory institutional review boards for human

research.

Data analysis. Pre-PET clinical diagnoses were divided into

“Ab” or “non-Ab” categories based on the association of the

clinical syndrome with amyloid pathology (table 1). Ab diagnoses

consisted primarily of “typical” (memory-predominant) and atyp-

ical presentations of AD.23,24 The non-Ab category consisted pri-

marily of clinical variants of FTD. Patients with corticobasal

syndrome (CBS) were split into suspected AD (CBS-AD) or

non-AD (CBS-non-AD) pathology (see appendix e-1).20

Amnestic mild cognitive impairment (MCI) was included in

the Ab category, and nonamnestic MCI was considered a non-

Ab diagnosis.18 In cases with multiple items listed on the

differential diagnosis, the first diagnosis listed was considered

“primary.” Patients in whom both an Ab and a non-Ab

diagnosis were listed on the differential diagnosis were

considered “diagnostic dilemmas.”

The primary predictor of interest was concordance between

PET reads and clinical diagnosis. PiB1/FDG-AD scans were con-

sidered concordant with an Ab diagnosis, while PiB2/FDG-non-

AD scans were considered concordant with a non-Ab diagnosis.

The primary outcomes were defined as changes in 1) primary diag-

nosis, and 2) AD drug treatment between the pre- and post-PET

visits. Change in primary diagnosis was defined as a change in the

first-listed diagnosis from Ab to non-Ab or vice versa. Change in

AD drug treatment was defined as initiating or discontinuing cho-

linesterase inhibitors (ChE-Is) or memantine.

We first assessed the relationship between PET results and

clinical outcomes separately for PiB and FDG using x2 or Fisher

exact tests. Next, we assessed the impact of discordant PiB and

discordant FDG together on each outcome by including both in

the same logistic regression model. Finally, we performed logistic

regression predicting each outcome when accounting for all of the

following predictors: discordant PiB, discordant FDG, diagnostic

dilemma pre-PET, sex, age at PET , 65 years, baseline Ab

diagnosis, “new patient” (followed at our center for less than

1 year), and Clinical Dementia Rating (CDR) , 1.

RESULTS PET concordance with clinical diagnosis.

The cohort was relatively young, mildly impaired,
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and most were new patients (table 1). Overall con-
cordance between scan results and pre-PET diagnosis
was 84% for PiB and 82% for FDG. PiB
concordance was higher than FDG concordance in
typical AD, and PiB concordance was higher in AD
than in CBS (figure, A). PiB concordance was higher
in more-impaired patients (figure, B) but was not
affected by age at onset (figure, C). Overall, PiB
and FDG agreed in classifying 83% of patients.
Two PiB scans were considered “borderline”
positive based on focal cortical uptake. These scans
were rated PiB1, but the focal distribution of tracer
binding was described in the report.

Diagnostic changes. The primary diagnosis changed
after PET in 13/140 patients (9%). The independent
associations between each predictor and change in
diagnosis are shown in table 2 (unadjusted p). Tested
separately, discordant PiB and discordant FDG
results were both strongly associated with diagnostic
change. There was a trend for changes to be more
common in patients who presented as pre-PET
diagnostic dilemmas (table 2).

When including both PET scans as predictors in a
single logistic regression model, diagnostic changes
were associated with discordant PiB (p , 0.0001)
but not discordant FDG (p 5 0.27). This is further
demonstrated in table 3, which relates diagnostic
changes to combinations of PiB and FDG results.
Diagnostic changes were most likely when both scans
were discordant (8/11), whereas no changes were
made when FDG was discordant but PiB agreed
with the clinical diagnosis (0/12). Results of the full
logistic regression model are presented in table 2
(adjusted p). Changes in diagnosis were associated
with discordant PiB and “new patient” status. Dis-
cordant FDG was not significant in the full model.

Clinical uncertainty. The number of diagnostic dilem-
mas decreased from 19% pre-PET to 11% post-PET
(p 5 0.09), with resolution of 14 pre-PET dilemmas
but creation of 4 new dilemmas (table e-1).

Treatment changes. Changes in AD drug treatment and
their relation to PET results are shown in table e-2.
Neither discordant PiB nor discordant FDG was asso-
ciated with treatment changes when assessed separately
(PiB unadjusted p5 0.33, FDG unadjusted p5 0.48)
or in the same model (PiB p5 0.36, FDG p5 0.72).
In the full logistic regression model, there was a trend
for an association with discordant PiB (adjusted p 5

0.07). This finding was significant in the subset of
patients with a non-Ab syndrome (unadjusted p 5

0.054, adjusted p 5 0.028). In a post hoc analysis
we found that this effect was driven by changes in
ChE-Is (unadjusted p 5 0.02, adjusted p 5 0.015).

Neuropathology-confirmed cases. Autopsies were avail-
able for 24 patients (17%, mean time between PET
and death 36.76 4.3 months, table 4). PiB results were
consistent with the presence or absence of pathologically
confirmed AD (threshold of National Institute on
Aging–Reagan intermediate likelihood)21 in 23/24 of
cases, while FDG correctly classified 21/23 patients. In
one patient, clinical diagnosis was correctly changed
from CBS-AD to CBS-non-AD after PET scans
showed PiB2/FDG-non-AD—postmortem diagnosis
was corticobasal degeneration. Clinical diagnosis was
appropriately left unchanged (from primary progressive
aphasia, nonfluent variant) in a patient with a discordant
PiB1 scan but FDG-non-AD who was subsequently

Table 1 Clinical and demographic
characteristics of patients

Age at PET, y 65.0 6 8.2

Sex (female), % 41

New patients (followed <1 year), % 55

MMSE 22.7 6 9.0

Diagnostic dilemmas, % 19

Months pre- to post-PET visit 9.6 6 5.8

Primary clinical diagnosis (Ab/non-Ab), % 46/54

Baseline AD treatment (ChE-I/memantine), % 47/39

CDR < 1, % 42a

Pre-PET clinical diagnosis, n (% total)

Ab

AD 25 (17)

PPA: logopenic variant 11 (8)

AD: frontal variant 6 (4)

Posterior cortical atrophy 14 (10)

Amnestic MCI 1 (1)

CBS-AD 6 (4)

Non-Ab

Nonamnestic MCI 9 (6)

bvFTD 27 (19)

PPA: nonfluent variant 10 (7)

PPA: semantic variant 15 (11)

CBS-non-AD 12 (9)

Otherb 4 (3)

Abbreviations: Ab 5 b-amyloid; AD 5 Alzheimer disease;
bvFTD 5 behavioral variant frontotemporal dementia;
CBS-AD 5 corticobasal syndrome with expected AD
pathology; CBS-non-AD 5 corticobasal syndrome with
expected non-AD pathology; CDR 5 Clinical Dementia Rat-
ing; ChE-I 5 cholinesterase inhibitor; MCI 5 mild cognitive
impairment; MMSE 5 Mini-Mental State Examination;
PPA 5 primary progressive aphasia.
Continuous variables displayed as mean 6 SD.
aData missing for 5 patients.
b Prion disease, paraneoplastic syndrome, traumatic brain
injury, psychiatric.
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found to have primary Pick disease with AD
copathology.25 One patient with low-likelihood AD
had a borderline PiB1 scan, possibly due to the
presence of frequent diffuse Ab plaques, which are also
known to bind PiB.26 The PiB result did not lead to
a change in the primary non-Ab diagnosis. Four
diagnostic dilemmas were correctly resolved after PET,
and ChE-Is were appropriately stopped in 2 patients.

DISCUSSION We report on the relationship between
amyloid and FDG-PET results and changes in clinical

management in a large and heterogeneous sample of
cognitively impaired patients seen at an academic
dementia center. Overall, we found a high
concordance between the initial clinical diagnosis and
both PiB and FDG results, suggesting a confirmatory
role for the scans in most patients. Changes in the
primary diagnosis occurred in a small percentage of
cases (9%). When changes were made they were
strongly associated with discordant PiB, whereas the
effect of discordant FDG was not significant on
multivariate analysis. The influence of PET on AD

Figure Concordance between pre-PET clinical diagnosis and PET results

Numbers refer to number of subjects. (A) Concordance between specific clinical diagnoses and PET. (B) Concordance vs level of impairment, stratified by
CDR. (C) Concordance vs age at onset. Significant differences in concordance are indicated with respective p values. AD 5 Alzheimer disease; bvFTD 5

behavioral variant frontotemporal dementia; CBS 5 corticobasal syndrome; CDR 5 Clinical Dementia Rating; FDG 5 fluorodeoxyglucose; MCI 5 mild
cognitive impairment; PiB 5 Pittsburgh compound B; PPA 5 primary progressive aphasia.
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therapy was more modest, although again PiB had a
stronger effect than FDG. Overall, our data support
a limited clinical role for amyloid imaging.

The high concordance between amyloid PET and
clinical diagnosis in our study (84%) explains the low
rate of diagnostic changes. Concordance rates in pre-
vious studies have varied between 58% and 82%, de-
pending on the complexity of included patients.3–6

While our overall rate of post-PET diagnostic changes
was lower than previously reported (23%–55%),4–6

diagnosis changed in 38% of patients who presented
as pre-PET diagnostic dilemmas, in line with results
from the other studies that included clinically uncer-
tain cases.4–6 Differences in patient selection, demo-
graphic variables, and study design may explain
variation in the observed effect of amyloid PET on
clinical diagnosis across studies.

An Amyloid Imaging Task Force recently recom-
mended appropriate use criteria (AUC) for clinical
amyloid imaging.27 The AUC state that amyloid
PET should be considered only in patients with objec-
tive cognitive deficits in whom there is significant diag-
nostic uncertainty after a comprehensive evaluation by
a dementia expert and in whom scan results are
expected to increase diagnostic certainty and alter man-
agement. Nineteen percent of patients in this study
met the “diagnostic dilemma” criterion, and the rate
of diagnostic change was higher in these cases, demon-
strating that clinicians can identify a subset of patients
in whom amyloid PET will be most clinically useful.
The AUC further highlight 3 clinical scenarios in
which amyloid imaging may have immediate utility:
1) MCI, 2) atypical dementia, and 3) early-onset
dementia (,65 years). Our study provides preliminary
validation for 2 of these indications. Although only 7%
of patients were diagnosed with MCI, 42% had CDR
, 1, indicating that a specific degenerative diagnosis
was made at a clinically mild stage. Concordance
between amyloid PET and clinical diagnosis was lower
in these patients, demonstrating the added value of
amyloid PET in mildly impaired patients. Similarly,
concordance rates were lower in patients with certain
atypical syndromes (CBS, frontal variant AD), suggest-
ing that clinical scans are more likely to change man-
agement in these patients. While our study included a

Table 2 Factors associated with diagnostic changes

Predictors
No diagnostic
change (n 5 127), %

Diagnostic
change (n 5 13), % Unadjusteda p Adjusteda p

Age < 65 54 54 0.98 0.39

Female 41 45 0.72 0.23

Ab pre-PET clinical diagnosis 46 46 0.97 0.87

Dilemma pre-PET 17 38 0.053 0.62

PiB discordant with
pre-PET clinical diagnosis

8 92 ,0.0001 0.00013

FDG discordant with
pre-PET clinical diagnosis

13 62 ,0.0001 0.087

CDR < 1b 41 46 0.72 0.26

New patient (followed <1 year) 55 69 0.32 0.04

Abbreviations: Ab5 b-amyloid; CDR5 Clinical Dementia Rating; FDG5 fluorodeoxyglucose; PiB5 Pittsburgh compound B.
aUnadjusted p values were derived from univariate comparisons. Adjusted p values were derived from a logistic regression
that includes all predictors in the model.
bData missing for 5 patients.

Table 3 Combined PiB/FDG results and diagnostic changes

Pre-PET clinical
diagnosis PET results

No. diagnostic
changes after
PET/total Specific diagnostic changes

Non-Ab PiB2/FDG-non-AD 0/54

PiB1/FDG-non-AD 2/6 bvFTD to fvAD/vascular; PPA-
SV to fvAD

PiB2/FDG-AD 0/4

PiB1/FDG-AD 5/8 bvFTD to fvAD; naMCI to aMCI;
bvFTD to fvAD/vascular; CBS-
non-AD to CBS-AD; CBS-non-
AD to AD/DLB

PiB2/FDG n/a 0/4

Ab PiB2/FDG-non-AD 3/4 AD to CBS-non-AD; AD/DLB to
naMCI; PPA-LV to CBS-non-AD

PiB1/FDG-non-AD 0/8

PiB2/FDG-AD 2/4 PPA-LV to CBS-non-AD; naMCI
to CBS-non-AD

PiB1/FDG-AD 1/46 fvAD to bvFTDa

PiB1/FDG n/a 0/2

Abbreviations: Ab 5 b-amyloid; AD 5 Alzheimer disease; aMCI 5 amnestic MCI; bvFTD 5

behavioral variant frontotemporal dementia; CBS-AD 5 corticobasal syndrome with
expected AD pathology; CBS-non-AD 5 corticobasal syndrome with expected non-AD
pathology; DLB 5 dementia with Lewy bodies; FDG 5 fluorodeoxyglucose; fvAD 5 frontal
variant AD; MCI 5 mild cognitive impairment; n/a 5 not available; naMCI 5 nonamnestic
MCI; PiB 5 Pittsburgh compound B; PPA-LV 5 primary progressive aphasia-logopenic var-
iant; PPA-SV 5 primary progressive aphasia-semantic variant.
a Pathogenic frontotemporal lobar degeneration mutation found between pre- and post-PET
visit.
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large number of early-onset patients, we did not find
an age effect on PET concordance or on clinical out-
comes. These results should be interpreted with cau-
tion, but they preliminarily suggest a confirmatory role
for amyloid imaging in early-onset patients with
straightforward clinical phenotypes.

Our data strongly suggest that amyloid imaging
has a greater effect on clinical diagnosis than FDG-
PET in distinguishing disorders that do and do not
have amyloid pathology. Discordant PiB was highly
associated with diagnostic change on multivariate
analysis, whereas discordant FDG did not affect

diagnosis when controlling for amyloid PET results.
The reliance of clinicians on PiB over FDG was clear
when the 2 scans disagreed in classifying patients
(table 3). PiB also had a greater effect on AD therapy
and was slightly more accurate when compared to
postmortem diagnosis. While the USCMS currently
reimburses FDG but not amyloid PET for the differ-
ential diagnosis of AD and FTD, this policy is not
consistent with data demonstrating that amyloid PET
is more biochemically specific, accurate, and repro-
ducible than FDG8 and has a greater effect on clinical
outcomes in this diagnostic scenario.

Table 4 PET results and clinical effects in patients with neuropathologic confirmation

PET results
Pre-PET clinical
diagnosis

Primary pathologic
diagnosis

Contributing pathologic
diagnoses

AD pathology
CERAD (0–3)

AD pathology
Braak (0–6) Clinical effects

PiB2/FDG-non-
AD

PPA-NF FTLD-Tau (PSP) 0 2

FTD-ALS FTLD-TDP-43 (type B) Hemorrhagic infarct 0 2

PPA-SV FTLD-TDP-43 (type C) PSP 0 1 Tx (stop memantine)

CBS-AD FTLD-Tau (CBD) 0 0 Dx

bvFTD FTLD-TDP-43 (type NA) 0 3

PPA-SV FTLD-Tau (Pick) 2 1

CBS-non-AD FTLD-TDP-43 (type A) Unspecified tauopathy 1 0 DL1

PPA-NF FTLD-Tau (CBD) Vascular changes 1 1

PPA-SV FTLD-TDP-43 (type B) AD 2 4 DL2, tx (start memantine; stop
ChE-I)

FTD-ALS FTLD-TDP-43 (type B) 0 2

FTD-ALS FTLD-TDP-43 (type B) 3 1

PiB1/FDG-AD AD AD 3 6

AD AD 3 6

AD AD 3 6

AD AD 3 6

AD1DLB AD DLB, vascular changes 3 6

AD1DLB AD1DLB 3 6

AD AD1DLB NA NA DL2

CBS-AD AD FTLD-Tau (CBD), vascular
changes

3 6 DL2

PiB1/FDG-non-
AD

PPA-NF FTLD-Tau (Pick) AD 3 5 Tx (stop memantine)

FTDa Argyrophilic grain
disease

1 2 DL2

PiB2/FDG-AD FTD FTLD-Tau (Pick) 0 0 Tx (start memantine)

CBS-non-AD CBDb NA NA

PiB2/FDG NA FTD TDP-43 type B Unspecified tauopathy 0 2 Tx (stop ChE-I)

Abbreviations: Ab 5 b-amyloid; AD 5 Alzheimer disease; bvFTD 5 behavioral variant frontotemporal dementia; CBD 5 corticobasal degeneration;
CBS-AD 5 corticobasal syndrome with expected AD pathology; CBS-non-AD 5 corticobasal syndrome with expected non-AD pathology; CERAD 5

Consortium to Establish a Registry for Alzheimer’s Disease; ChE-I 5 cholinesterase inhibitor; DL2 5 solved diagnostic dilemma; DL1 5 created diagnostic
dilemma; DLB5 dementia with Lewy bodies; Dx5 diagnostic change; FDG5 fluorodeoxyglucose; FTD5 frontotemporal dementia; FTD-ALS5 frontotemporal
dementia-amyotrophic lateral sclerosis; FTLD 5 frontotemporal lobar degeneration; NA 5 not available; PiB 5 Pittsburgh compound B; PPA-NF 5 primary
progressive aphasia-nonfluent variant; PPA-SV 5 primary progressive aphasia-semantic variant; PSP 5 progressive supranuclear palsy; TDP-43 5 TAR DNA-
binding protein 43; Tx 5 treatment change (action).
Cases in which PET results are discordant with pre-PET clinical diagnosis are emphasized in bold.
a Focal PiB uptake in parietal and occipital cortex only; frequent diffuse Ab plaques found at autopsy.
bBrain biopsy.

Neurology 82 January 21, 2014 235

4



We found a modest effect of amyloid PET on AD
drug therapy, driven largely by the initiation of ChE-
Is in patients with a non-Ab diagnosis who were
unexpectedly PiB1. Perhaps this finding represents
a “bias to treat” given the current state of AD therapy
(symptomatic rather than disease modifying, gener-
ally well tolerated, and in practice often used off-label
in non-AD dementia28). A previous study reported a
slightly greater effect on treatment (18% increase in
AD drugs in florbetapir PET1 patients and 23%
decrease in negative cases).5 One explanation for this
discrepancy may be the true observed clinician behav-
ior in our study vs “intention to treat” in the florbe-
tapir study, in which clinicians were asked not to use
scan results to guide patient management. Addition-
ally, the high rate of memantine use in FTD in our
study may have decreased the effect of scan results on
treatment. The study was conducted at a time when
memantine was being evaluated in clinical trials for
FTD,29 possibly encouraging “off-label” use. It now
appears that both ChE-Is and memantine are associ-
ated with worse outcomes in FTD,29,30 underscoring
the importance of accurate diagnosis.

Due to our retrospective design we were not able
to assess the effect of PET on diagnostic confidence,
whereas previous studies have found that amyloid
PET leads to an increase in clinician certainty.4–6 As
a proxy, we assessed diagnostic dilemmas before and
after PET and found a trend for a decrease in the
number of uncertain cases. Increased diagnostic con-
fidence can provide patients and families with greater
clarity about prognosis and limit utilization of med-
ical resources.

Twenty-four patients had neuropathologic studies
that confirmed a strong correlation between amyloid
PET and Ab pathology.31,32 The pathology-proven
cases verified the utility of amyloid PET in identifying
AD in atypical patients, resolving diagnostic dilem-
mas, and guiding AD drug therapy. Two patients also
highlight the pitfall of overinterpreting a positive
amyloid scan: both patients were found to have pri-
mary FTD at autopsy, along with AD copathology.
The florbetapir clinical impact study reported a sub-
stantial decrease in the use of “standard of care”meas-
ures such as cognitive testing (33%) and structural
imaging (24%) in patients who have undergone amy-
loid PET.33 Our data suggest that more caution is
required in interpreting the significance of amyloid
scans given the prevalence of copathology and
the complexity of patients seen at dementia referral
centers.

Our study has limitations. The design was retro-
spective, and we cannot completely separate the influ-
ence of PiB and FDG or control for the evolution of
clinical symptoms or the availability of additional data
at the post-PET visit. The single site design limits the

generalizability of our findings, particularly to less-
specialized practice settings. Patients were referred
for amyloid PET as part of research studies that
focused on specific patient populations and were
not designed to measure influence on clinical man-
agement. Common diagnoses encountered in practice
such as DLB, vascular dementia, and amnestic MCI34

were not represented in large numbers. The added
value of amyloid PET in challenging cases may be
underestimated, since patients were evaluated by
clinicians who are highly experienced in assessing atyp-
ical dementia syndromes and diagnosis was made by
consensus. Patients with significant comorbidities were
excluded, while in practice the presence of confound-
ing clinical issues may be an indication for amyloid
PET.27,35 Amyloid imaging was performed with [11C]
PiB rather than the [18F] tracers that will be more
prevalent in clinical practice. However, preliminary
studies suggest comparable performance between
[18F] amyloid ligands and [11C]PiB.36–39

Ultimately, studies such as this reflect clinician
bias in interpreting the clinical significance of scan
results, although the autopsy diagnoses provide a pre-
liminary measure by which to judge clinical decision
making. Future prospective studies are needed to bet-
ter characterize the clinical role of amyloid imaging in
different care settings and relative to other bio-
markers. Further studies are also needed to estimate
effects on critical outcomes that could not be assessed
in our retrospective design, including nonpharmaco-
logic patient management, caregiver outcomes, and
resource utilization.

AUTHOR CONTRIBUTIONS
Dr. Gil D. Rabinovici: study concept and design. Dr. Pascual Sánchez-

Juan and Dr. Gil D. Rabinovici: data analysis and drafting the manu-

script. Pia M. Ghosh, Dr. Jayne Hagen, Dr. Benno Gesierich, Dr. Maya

Henry, Dr. Lea T. Grinberg, Dr. James P. O’Neil, Dr. Mustafa Janabi,

Dr. Eric J. Huang, Dr. John Q. Trojanowski, Dr. Harry V. Vinters, Dr.

Marilu Gorno-Tempini, Dr. William W. Seeley, Dr. Adam L. Boxer, Dr.

Howard J. Rosen, Dr. Joel H. Kramer, Dr. Bruce L. Miller, Dr. William

J. Jagust, Dr. Gil D. Rabinovici: acquisition of data. Pia M. Ghosh,

Dr. Jayne Hagen, Dr. Benno Gesierich, Dr. Maya Henry, Dr. Lea T.

Grinberg, Dr. James P. O’Neil, Dr. Mustafa Janabi, Dr. Eric J. Huang,

Dr. John Q. Trojanowski, Dr. Harry V. Vinters, Dr. Marilu Gorno-

Tempini, Dr. William W. Seeley, Dr. Adam L. Boxer, Dr. Howard J.

Rosen, Dr. Joel H. Kramer, Dr. Bruce L. Miller, Dr. William J. Jagust:

critical revision of the manuscript.

ACKNOWLEDGMENT
The authors would like to thank the patients and their families for their

participation and dedication to research; Suzanne Baker, Matthew Grow-

don, Jung Jang, Baber Khan, Andrea Long, Cindee Madison, Teresa Wu,

and Irene Yen for administrative and technical support; and Nick Vande-

hey for radiochemistry.

STUDY FUNDING
This work was supported by grants from: Institute for Formation

and Research of the Foundation “Marqués de Valdecilla,” Instituto de

Salud Carlos III (PI12/02288); European Union Joint Programme—

Neurodegenerative Disease Research (DEMTEST PI11/03028);

236 Neurology 82 January 21, 2014

4



United States NIH K23-AG031861, R01-AG027859, R01-AG032306,

R01-AG038791, P50-AG16570, P01-AG12435, P01-AG1972403,

and P50-AG023501; State of California Department of Health

Services Alzheimer’s Disease Research Center of California grant 04-

33516; Alzheimer’s Association grant NIRG-07-59422; John Douglas

French Alzheimer’s Foundation; Hellman Family Foundation; and Tau

Consortium.

DISCLOSURE
P. Sánchez-Juan, P. Ghosh, J. Hagen, B. Gesierich, M. Henry, L. Grin-

berg, J. O’Neil, M. Janabi, and E. Huang report no disclosures. J. Tro-

janowski may accrue revenue in the future on patents submitted by the

University of Pennsylvania wherein he is co-inventor, and he received

revenue from the sale of Avid to Eli Lily as co-inventor on imaging-

related patents submitted by the University of Pennsylvania. H. Vinters

has stock holdings and has received dividends from 3M Corporation

(medical supplies and equipment), GE (medical and imaging equipment),

Teva Pharma, Pfizer, and GlaxoSmithKline Beecham. M. Gorno-

Tempini reports no disclosures. W. Seeley has been a consultant for

Bristol-Myers Squibb and Summer Street Research Partners. A. Boxer

has been a consultant for Bristol-Myers Squibb, Genentech, Plexikkon,

Phloronol, Registrat-Mapi, Accera, Archer, Envivo, Acetylon, Iperion,

TauRx, Grifols, Neurophage, and Novartis. He has received research

support from Allon Therapeutics, Bristol-Myers Squibb, Janssen, Forest,

Pfizer, Medivation, and Genentech, and is funded by NIH grants

R01AG038791 and R01AG031278, the John Douglas French Founda-

tion, Alzheimer’s Drug Discovery Foundation, the Association for Fronto-

temporal Degeneration, the Silicon Valley Foundation, the Agouron

Institute, the Tau Research Consortium, and the Hellman Family Founda-

tion. H. Rosen and J. Kramer report no disclosures. B. Miller is a board

member of the Larry L. Hillblom Foundation, the John Douglas French

Foundation, the Tau Consortium, Sagol School of Neuroscience, and Tel

Aviv University; has consulted for Tau Rx, LTD, Allon, Bristol-Myers

Squibb, Siemens Molecular Imaging, Eli Lilly US, and Shire Human

Genetic Therapies, Inc; has received grants from Novartis; receives royalties

from Cambridge University Press and Guilford Publications, Inc.; and serves

as the editor of Neurocase. W. Jagust has been a consultant to Genentech,

F. Hoffman LaRoche, Janssen Alzheimer Immunotherapy, and Sanofi, and

is currently a consultant to Synarc. G. Rabinovici has been a consultant to

Eli Lilly and GE Healthcare, and receives research support from Avid Radio-

pharmaceuticals/Eli Lilly. Go to Neurology.org for full disclosures.

Received May 8, 2013. Accepted in final form October 3, 2013.

REFERENCES
1. Klunk WE, Engler H, Nordberg A, et al. Imaging brain

amyloid in Alzheimer’s disease with Pittsburgh Com-

pound-B. Ann Neurol 2004;55:306–319.

2. Yang L, Rieves D, Ganley C. Brain amyloid imaging–FDA

approval of florbetapir F18 injection. N Engl J Med 2012;

367:885–887.

3. Schipke CG, Peters O, Heuser I, et al. Impact of beta-

amyloid-specific florbetaben PET imaging on confidence

in early diagnosis of Alzheimer’s disease. Dement Geriatr

Cogn Disord 2012;33:416–422.

4. Ossenkoppele R, Prins ND, Pijnenburg YA, et al. Impact

of molecular imaging on the diagnostic process in a mem-

ory clinic. Alzheimers Dement 2013;9:414–421.

5. Grundman M, Pontecorvo MJ, Salloway SP, et al. Poten-

tial impact of amyloid imaging on diagnosis and intended

management in patients with progressive cognitive decline.

Alzheimer Dis Assoc Disord 2013;27:4–15.

6. Frederiksen KS, Hasselbalch SG, Hejl AM, et al. Added

diagnostic value of (11)C-PiB-PET in memory clinic

patients with uncertain diagnosis. Dement Geriatr Cogn

Dis Extra 2012;2:610–621.

7. Centers for Medicare & Medicaid Services. Decision Memo

for Beta Amyloid Positron Emission Tomography in Dementia

and Neurodegenerative Disease (CAG-00431N). Published

September 27, 2013. Available at: http://www.cms.gov/

medicare-coverage-database/details/nca-decision-memo.

aspx?NCAId=265. Accessed December 5, 2013.

8. Rabinovici GD, Rosen HJ, Alkalay A, et al. Amyloid vs

FDG-PET in the differential diagnosis of AD and FTLD.

Neurology 2011;77:2034–2042.

9. Rosenbloom MH, Alkalay A, Agarwal N, et al. Distinct

clinical and metabolic deficits in PCA and AD are not related

to amyloid distribution. Neurology 2011;76:1789–1796.

10. Rabinovici GD, Jagust WJ, Furst AJ, et al. Abeta amyloid

and glucose metabolism in three variants of primary pro-

gressive aphasia. Ann Neurol 2008;64:388–401.

11. Rabinovici GD, Furst AJ, Alkalay A, et al. Increased

metabolic vulnerability in early-onset Alzheimer’s

disease is not related to amyloid burden. Brain 2010;

133:512–528.

12. Lehmann M, Ghosh PM, Madison C, et al. Diverging

patterns of amyloid deposition and hypometabolism in

clinical variants of probable Alzheimer’s disease. Brain

2013;136:844–858.

13. McKhann G, Drachman DA, Folstein M, et al. Clinical

diagnosis of Alzheimer’s disease: report of the NINCDS-

ADRDA Work Group under the auspices of Department

of Health and Human Services Task Force on Alzheimer’s

Disease. Neurology 1984;34:939–944.

14. Neary D, Snowden JS, Gustafson L, et al. Frontotemporal

lobar degeneration: a consensus on clinical diagnostic cri-

teria. Neurology 1998;51:1546–1554.

15. Gorno-Tempini ML, Hillis AE, Weintraub S, et al. Clas-

sification of primary progressive aphasia and its variants.

Neurology 2011;76:1006–1014.

16. Boxer AL, Geschwind MD, Belfor N, et al. Patterns of

brain atrophy that differentiate corticobasal degeneration

syndrome from progressive supranuclear palsy. Arch Neu-

rol 2006;63:81–86.

17. McKeith IG, Dickson DW, Lowe J, et al. Diagnosis

and management of dementia with Lewy bodies: third

report of the DLB Consortium. Neurology 2005;65:

1863–1872.

18. Petersen RC. Mild cognitive impairment as a diagnostic

entity. J Intern Med 2004;256:183–194.

19. McMonagle P, Deering F, Berliner Y, Kertesz A. The

cognitive profile of posterior cortical atrophy. Neurology

2006;66:331–338.

20. Lee SE, Rabinovici GD, Mayo MC, et al. Clinicopatho-

logical correlations in corticobasal degeneration. Ann Neu-

rol 2011;70:327–340.

21. Consensus recommendations for the postmortem

diagnosis of Alzheimer’s disease. The National

Institute on Aging, and Reagan Institute Working

Group on diagnostic criteria for the neuropathological

assessment of Alzheimer’s disease. Neurobiol Aging

1997;18:S1–S2.

22. Mackenzie IR, Neumann M, Bigio EH, et al. Nomencla-

ture and nosology for neuropathologic subtypes of fronto-

temporal lobar degeneration: an update. Acta Neuropathol

2010;119:1–4.

23. McKhann GM, Knopman DS, Chertkow H, et al.

The diagnosis of dementia due to Alzheimer’s disease:

Recommendations from the National Institute on

Aging-Alzheimer’s Association workgroups on diagnostic

guidelines for Alzheimer’s disease. Alzheimers Dement

2011;7:263–269.

Neurology 82 January 21, 2014 237

4

http://neurology.org/
http://www.cms.gov/medicare-coverage-database/details/nca-decision-memo.aspx?NCAId=265
http://www.cms.gov/medicare-coverage-database/details/nca-decision-memo.aspx?NCAId=265
http://www.cms.gov/medicare-coverage-database/details/nca-decision-memo.aspx?NCAId=265


24. Dubois B, Feldman HH, Jacova C, et al. Revising the

definition of Alzheimer’s disease: a new lexicon. Lancet

Neurol 2010;9:1118–1127.

25. Caso F, Gesierich B, Henry M, et al. Nonfluent/agram-

matic PPA with in-vivo cortical amyloidosis and Pick’s

disease pathology. Behav Neurol 2013;26:95–106.

26. Lockhart A, Lamb JR, Osredkar T, et al. PIB is a non-

specific imaging marker of amyloid-beta (Abeta) peptide-

related cerebral amyloidosis. Brain 2007;130:2607–2615.

27. Johnson KA, Minoshima S, Bohnen NI, et al; Alzheimer’s

Association, Society of Nuclear Medicine and Molecular

Imaging, Amyloid Imaging Taskforce. Appropriate use cri-

teria for amyloid PET: a report of the Amyloid Imaging

Task Force, the Society of Nuclear Medicine and Molec-

ular Imaging, and the Alzheimer’s Association. Alzheimers

Dement 2013;9(1):e1–e16.

28. Bei H, Ross L, Neuhaus J, et al. Off-label medication use

in frontotemporal dementia. Am J Alzheimers Dis Other

Demen 2010;25:128–133.

29. Boxer AL, Knopman DS, Kaufer DI, et al. Memantine in

patients with frontotemporal lobar degeneration: a multi-

centre, randomised, double-blind, placebo-controlled trial.

Lancet Neurol 2013;12:149–156.

30. Mendez MF, Lee AS, Joshi A, Shapira JS. Nonamnestic

presentations of early-onset Alzheimer’s disease. Am J Alz-

heimers Dis Other Demen 2012;27:413–420.

31. Clark CM, Pontecorvo MJ, Beach TG, et al. Cerebral

PET with florbetapir compared with neuropathology at

autopsy for detection of neuritic amyloid-beta plaques:

a prospective cohort study. Lancet Neurol 2012;11:

669–678.

32. Ikonomovic MD, Klunk WE, Abrahamson EE, et al. Post-

mortem correlates of in vivo PiB-PET amyloid imaging in

a typical case of Alzheimer’s disease. Brain 2008;131:

1630–1645.

33. Knopman DS, DeKosky ST, Cummings JL, et al. Practice

parameter: diagnosis of dementia (an evidence-based review).

Report of the Quality Standards Subcommittee of the Amer-

ican Academy of Neurology. Neurology 2001;56:1143–1153.

34. Schneider JA, Aggarwal NT, Barnes L, et al. The neuro-

pathology of older persons with and without dementia

from community versus clinic cohorts. J Alzheimers Dis

2009;18:691–701.

35. Laforce R Jr, Rabinovici GD. Amyloid imaging in the

differential diagnosis of dementia: review and potential

clinical applications. Alzheimers Res Ther 2011;3:31.

36. Landau SM, Breault C, Joshi AD, et al. Amyloid-beta

imaging with Pittsburgh compound B and florbetapir:

comparing radiotracers and quantification methods.

J Nucl Med 2013;54:70–77.

37. Vandenberghe R, Van Laere K, Ivanoiu A, et al. 18F-

flutemetamol amyloid imaging in Alzheimer disease and

mild cognitive impairment: a phase 2 trial. Ann Neurol

2010;68:319–329.

38. Rowe CC, Pejoska S, Mulligan RS, et al. Head-to-head

comparison of 11C-PiB and 18F-AZD4694 (NAV4694)

for beta-amyloid imaging in aging and dementia. J Nucl

Med 2013;54:880–886.

39. Villemagne VL, Mulligan RS, Pejoska S, et al. Comparison

of 11C-PiB and 18F-florbetaben for Abeta imaging in

ageing and Alzheimer’s disease. Eur J Nucl Med Mol

Imaging 2012;39:983–989.

It’s Time to Plan for ICD-10, and the AAN Can Help
All health care providers are required to transition to ICD-10 on October 1, 2014. Claims for
services performed on or after this date with an ICD-9 code will not be processed and payments
will be delayed. The AAN provides information and resources to help you make this a smooth
transition, and has partnered with Complete Practice Resources to provide you with an affordable
online project management tool to help walk you through each phase of the necessary preparation
to ensure you’re ready. Learn more at AAN.com/view/ICD10 and start your transition today!

Get Connected. Stay Connected.
Connect with the American Academy of Neurology’s popular social media channels to stay up-to-
date on the latest news and breakthroughs in neurology, and network with peers and neurology
thought leaders. Visit AAN.com/Connect.
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