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Abstract
Objective
β-Amyloid (Aβ) pathology is common in patients with probable dementia with Lewy bodies
(DLB). However, the pathologic basis and the differential diagnostic performance of Aβ PET
are not established in DLB. Our objective was to investigate the pathologic correlates of 11C-
Pittsburgh compound B(PiB) uptake on PET in cases with antemortem diagnosis of probable
DLB or Lewy body disease (LBD) at autopsy.

Methods
Autopsied cases who underwent antemortem PiB-PET and were assigned a clinical diagnosis of
probable DLB or LBD at autopsy were included (n = 39). The primary endpoint was pathologic
diagnosis of LBD, Alzheimer disease (AD), or mixed (LBD and AD) pathology; the secondary
endpoints included Thal Aβ phase and diffuse and neuritic Aβ plaques.

Results
Lower global cortical PiB standardized uptake value ratio (SUVr) distinguished cases with LBD
from cases with AD or mixed pathology with an accuracy of 93%. Greater global cortical PiB
SUVr correlated with higher Thal Aβ phase (r = 0.75, p ≤ 0.001). Voxel–based analysis
demonstrated that Aβ pathology relatively spared the occipital lobes in cases with mixed
pathology and LBD compared to cases with AD without LBD, in whom the entire cerebral
cortex was involved. Global cortical PiB SUVr was associated primarily with the abundance of
diffuse Aβ plaques in cases with LBD in a multivariable regression model.

Conclusion
Lower PiB uptake accurately distinguishes cases with LBD from cases with AD or mixed
pathology, correlating with the Thal Aβ phase. The severity of diffuse Aβ pathology is the
primary contributor to elevated PiB uptake in LBD.

Classification of evidence
This study provides Class III evidence that lower PiB uptake accurately distinguishes patients
with LBD from those with AD or mixed pathology.
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Alzheimer disease (AD) pathology, particularly β-amyloid
(Aβ) pathology, is common in patients with Lewy body dis-
ease (LBD) at autopsy.1–3 In keeping with that, more than half
of the patients with probable dementia with Lewy bodies
(pDLB) have elevated Aβ on PET scan.4 Investigation of the
neuropathologic basis of Aβ PET findings in patients with
pDLB or autopsy-confirmed LBD without AD is limited to
single case studies or case series.5–8

Neuritic plaques (NPs) comprised primarily of Aβ40 are
a pathologic feature of AD and serve as the primary contrib-
utor to positive Aβ PET scans in cohorts with AD
dementia.9–15 Diffuse plaques (DPs) comprised primarily of
Aβ42 are common in normal aging, often occurring in the
absence of neurofibrillary tangle (NFT)–tau pathology. DPs
are typically abundant in patients with LBD.16 A subset of
patients with LBD also have NPs with tau in the NP core,
which are not readily distinguishable from DPs with Aβ PET
and may lead to some inconsistencies in the determination of
AD-related pathology in patients with pDLB.5,6,17,18 Un-
derstanding the pathologic basis of Aβ PET findings in LBD is
critical for using Aβ PET as a biomarker of AD pathology in
patients with pDLB and has particular relevance for the pa-
tient selection for clinical trials designed to target AD-related
Aβ deposition.

One of the most widely investigated Aβ PET ligands is 11C-
Pittsburgh compound B (PiB). PiB-PET and autopsy correla-
tion studies consistently indicate that PiB exclusively binds to
the β-pleated sheet of the amyloid protein present in NP and
DP in the cortical gray matter and the Aβ deposits in the vessel
walls.10,17–19 Because the Aβ content varies across plaques and
vascular deposits, PiB binding to DP and vascular deposits may
be less prominent than to NP.17 Similar variations in ligand
binding have also been observed with 18F-labeled Aβ PET
ligands.9,13,15 Thus, there may be disagreement between the Aβ
PET findings and neuropathologic diagnosis of AD in some
patients with pDLB who have differential levels of DP and NP
pathology.6,8

In the current study, we investigated the pathologic basis of
PiB-PET findings in clinically diagnosed patients with pDLB
or cases who were found to have LBD at autopsy. Our
objectives were (1) to determine the distribution of Aβ pa-
thology and the optimal cutoff value to differentiate cases with
AD or mixed AD and LBD pathology from cases with LBD
with low or no AD pathology,20 (2) to determine the

correlation of antemortem PiB-PETwith the Thal Aβ phase at
autopsy, and (3) to determine the contribution of NP and DP
to PiB-PET findings in cases with LBD.

Methods
Participants
Participants of this study were from 2 longitudinal cohorts: the
Mayo Clinic Alzheimer’s Disease Research Center and Mayo
Clinic Study of Aging, which is a population-based cohort from
Olmstead County, Minnesota.21 From these 2 cohorts, we
studied participants who underwent antemortem PiB-PET
imaging along with an MRI examination and autopsy at the
Alzheimer’s Disease Research Center Neuropathology Core
from 2006 to 2018 (n = 189), and we included participants
diagnosed with pDLB according to 3rd Consortium Criteria22

at any time during their longitudinal clinical evaluation or who
were diagnosed as having LBD at autopsy (n = 39). We used
the 3rd rather than 4th Consortium Criteria for the clinical
diagnosis of pDLB because all clinical evaluations occurred
before the publication of the 4th Consortium Criteria.20 Cases
with additional AD or vascular disease pathology were not
excluded. Clinical assessments were detailed in previous reports
from these cohorts.21,23 Briefly, the presence of parkinsonism
was determined from a Unified Parkinson’s Disease Rating
Scale Part III score >4. Visual hallucinations were characterized
by being fully formed, were not restricted to a single episode,
and were not related to another medical issue, treatment, or
advanced dementia. Fluctuationswere considered to be present
if the patient scored 3 to 4 on the 4-item Mayo Fluctuations
Scale.24 Probable REM sleep behavior disorder (pRBD) met
the International Classification of Sleep Disorders-II diagnostic
criteria B for pRBD.25 The clinical assessments were performed
without any access to PiB-PET results.

Pathologic examination
Standardized methods were used for the neuropathologic as-
sessment by expert neuropathologists (M.E.M., D.W.D., and
J.E.P.) blinded to PiB-PET results. Sampling was done
according to the Consortium to Establish a Registry for Alz-
heimer’s Disease protocol26 and the 4th Report of the DLB
Consortium.20 Lewy body pathology was immunohis-
tochemically evaluated with the NACP antibody (1:3000,
rabbit polyclonal; Mayo Clinic’s antibody) using a protocol
(formic acid pretreatment and DAKO [Agilent Technologies,
Santa Clara, CA] DAB polymer signal detection) that has been
shown to be comparable to or better than other methods.27

GLOSSARY
Aβ = β-amyloid;AD =Alzheimer disease;CAA = cerebral amyloid angiopathy;DLB = dementia with Lewy bodies;DP = diffuse
plaque; LBD = Lewy body disease; MCALT = Mayo Clinic Adult Lifespan Template; MMSE = Mini-Mental State
Examination; NFT = neurofibrillary tangle; NIA-AA = National Institute on Aging–Alzheimer’s Association; NP = neuritic
plaque; pDLB = probable DLB; PiB = 11C-Pittsburgh compound B; pRBD = probable REM sleep behavior disorder; SUVr =
standardized uptake value ratio.
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The presence, density, semiquantitative scores, and distribution
of Lewy body–related pathology followed recommendations of
the 4th Report of the DLB Consortium.20 Aβ plaques and
NFTs were evaluated with a modified Bielschowsky silver stain
or thioflavin-S, as recommended by National Institute on
Aging–Alzheimer’s Association (NIA-AA) criteria.28,29 As
previously described,14 thioflavin-S microscopy was used to
assign Thal amyloid phase.30 The NP score was determine by
a 4-point semiquantitative assessment: 0 = none, 1 = sparse, 2 =
moderate, and 3 = frequent. Aβ immunohistochemistry in the
neocortex, hippocampus, basal ganglia, and cerebellum was
used to assign Thal amyloid phase as follows: phase 1 = neo-
cortex, phase 2 = CA1/subiculum, phase 3 = basal ganglia or
dentate fascia of the hippocampus, phase 4 = midbrain or CA4
of the hippocampus, and phase 5 = cerebellum. DPs were
scored as 0 = none, 1 = sparse, 2 = moderate, or 3 = frequent,
according to National Alzheimer Coordinating Center neuro-
pathology guidelines.31 The distribution of NFT-tau pathology
was used to assign a Braak NFT stage.32We applied the label of
AD only to cases who met the intermediate or high AD des-
ignations in the NIA-AA criteria.28,29

Cases with intermediate- or high-likelihood DLB (according to
the 4th Report of the DLB Consortium Criteria) who had low
AD pathology (according to the NIA-AA criteria) were clas-
sified as LBD; cases with intermediate- or high-likelihood DLB
and intermediate or high AD pathology were classified as
having mixed LBD-AD pathology; and cases with intermediate
or high AD and no LBD pathology or low-likelihoodDLBwere
classified as having AD.

MRI and PiB-PET imaging
MRI examinations were performed at 3T (GE Healthcare,
Chicago, IL). A 3D high-resolution magnetization-prepared
rapid gradient echo acquisition with ≈1-mm cubic resolution
was obtained for anatomic segmentation and labeling. PET/
CT scanners (GE Healthcare) operating in 3D mode were
used to acquire PET images. Patients were injected with an
average of 596 MBq (range 292–729 MBq) 11C-PiB. After
a 40-minute 11C-PiB uptake period, a 20-minute PiB scan
consisting of four 5-minute dynamic frames was obtained.

PiB-PET image analysis
PiB-PET image analysis was performed with an automated
image processing pipeline, which included rigid registration of
the PET image volumes to each subject’s own 3D T1-weighted
MRI using SPM12. MRIs were segmented with Unified Seg-
mentation in SPM12 with population-optimized priors and
settings from the Mayo Clinic Adult Lifespan Template
(MCALT). Regional cortical uptake of PiB was determined
with the MCALT_ADIR122 atlas.33 The global cortical PiB
retention standardized uptake value ratio (SUVr) was obtained
from the bilateral parietal (including posterior cingulate and
precuneus), temporal, prefrontal, orbitofrontal, and anterior
cingulate regions referenced to the cerebellar crus region as
previously described.34 PiB SUVr in each voxel was referenced
to the median value of the right and left cerebellar crus uptake.

A voxel-based analysis was conducted in the MCALT space
using SPM12 comparing PiB SUVr in the LBD group to those
of both the mixed LBD-AD and AD groups. Maps of these
comparisons were displayed at the p < 0.05 level. Correction for
multiple comparisons was applied with false discovery rate
error correction.

Statistical analysis
Characteristics of the subjects were described bymeans and SDs
for continuous variables and counts and percentages for cate-
gorical variables. Differences in characteristics of the 3 groups
were evaluated with 1-way analysis of variance or χ2 tests.
Contrasts were used with the analyses of variance to compare
Mini-Mental State Examination (MMSE) scores for AD vs LBD
and LBD-AD and for LBD-AD vs LBD. To compare global
cortical PiB SUVr for LBD vs LBD-AD and AD, we calculated
the area under the receiver operating curve, sensitivity, speci-
ficity, and accuracy. A Pearson correlation adjusted for time
from MRI to death was used to describe and test for an asso-
ciation of Thal Aβ phase with global cortical PiB SUVr.We used
a multiple linear regression model to examine whether NP, DP,
or their interaction contributed to the global cortical PiB SUVr
after adjusting for time from MRI to death.

Classification of evidence
The primary research question was to determine the distri-
bution of Aβ pathology and the optimal cutoff value to dif-
ferentiate cases with AD or mixed AD and LBD pathology
from cases with LBDwith low or no AD pathology. This study
provides Class III evidence for distinguishing patients with
LBD from those AD or mixed pathology using PiB SUVr.

Data availability
Anonymized data not published within this article will be
made available by request from any qualified investigator.

Results
Clinical and pathologic characteristics of
the cohort
Characteristics of the cohort classified by the pathologic group
are listed in the table. The pathologic groups did not differ in
age at imaging or death, time from imaging to death, APOE e4
status, or the Clinical Dementia Rating Sum of Boxes score at
the time of imaging, but the frequency of women was higher in
the LBD-AD (47%) group than in either the LBD (0%) or the
AD (17%) group. Furthermore, the AD group on average had
lower MMSE scores than the LBD or LBD-AD groups (p <
0.01). Whereas all cases in the LBD and AD groups had par-
kinsonism at the time of imaging, the frequency was lower in
the LBD-AD (56%) group. Similarly, all cases in the LBD
group had pRBD at the time of imaging, but frequencies were
lower in the LBD-AD (69%) and AD (17%) groups. Visual
hallucinations were observed more frequently in the LBD
(77%) and LBD-AD (62%) groups than the AD (17%) group,
but there were no differences in the frequency of fluctuations.
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Table Demographic, clinical, and pathologic characteristics of the cohorta

LBD (n = 14) LBD-AD (n = 19) AD (n = 6) Overall p valueb

Age, y 73.8 (7.7) 72.6 (6.9) 69.3 (11.8) 0.53

Male, n (%) 14 (100) 10 (53) 5 (83) 0.008

APOE «4, n (%) 6 (42.9) 13 (68.4) 5 (83.3) 0.16

Age at death, y 75.9 (8.0) 75.3 (6.9) 71.7 (13.1) 0.57

Time from imaging to death, y 2.0 (1.2) 2.8 (1.6) 2.5 (1.4) 0.37

MMSE score 21.1 (5.8) 16.9 (6.8) 7.0 (6.0) <0.001

CDR Sum of Boxes score 6.8 (5.0) 8.3 (4.8) 9.8 (3.1) 0.41

Visual hallucinations, n (%) 10 (77) 10 (62) 1 (17) 0.043

Fluctuations, n (%) 10 (77) 10 (62) 3 (50) 0.48

Parkinsonism, n (%) 13 (100) 9 (56) 6 (100) 0.006

RBD, n (%) 13 (100) 11 (69) 1 (17) <0.001

Clinical diagnosis, n (%)

CN 1 (8) 1 (5) 0 (0) <0.001

MCI 1 (8) 1 (5) 0 (0)

pDLB 10 (77) 9 (47) 0 (0)

pDLB and AD 1 (8) 1 (5) 6 (100)

AD 0 (0) 7 (37) 0 (0)

LBD pathology, n (%)

None 0 (0) 0 (0) 4 (67) <0.001

Amygdala only 0 (0) 0 (0) 2 (33)

Transitional LBD 6 (43) 2 (11) 0 (0)

Diffuse LBD 8 (57) 17 (89) 0 (0)

NIA-AA level of AD pathology, n (%)

Low 14 (100) 0 (0) 0 (0) <0.001

Intermediate 0 (0) 12 (63) 0 (0)

High 0 (0) 7 (37) 6 (100)

Consortium pathologic
diagnosis of DLB, n (%)

Low likelihood DLB 0 (0) 0 (0) 6 (100) <0.001

Intermediate-likelihood DLB 1 (7) 9 (47) 0 (0)

High-likelihood DLB 13 (93) 10 (53) 0 (0)

Braak NFT stage 2.0 (0.8) 4.4 (1.0) 5.7 (0.5) <0.001

Thal Aβ phase 2.1 (1.6) 4.3 (0.9) 4.8 (0.4) <0.001

Neuritic Aβ plaques, n (%)

None 4 (29) 0 (0) 0 (0) 0.004

Sparse 7 (50) 5 (26) 0 (0)

Moderate 3 (21) 5 (26) 2 (33)

Frequent 0 (0) 9 (47) 4 (67)

Continued

Neurology.org/N Neurology | Volume 94, Number 3 | January 21, 2020 e285

http://neurology.org/n


According to the clinical evaluation, there were cases with mild
cognitive impairment (n = 2) and cognitively unimpaired cases
both in the LBD group (n = 2) and in the LBD-AD group (n =
2). One of the cases with mild cognitive impairment had par-
kinsonism. All patients with a clinical diagnosis of pDLB had
either LBD (10 of 19, 53%) or mixed LBD and AD pathology
at autopsy (9 of 19, 47%). On the other hand, a majority of
patients with a clinical diagnosis of AD dementia who also
fulfilled the clinical criteria for pDLBhadADpathologywith no
LBD (6 of 8, 75%). Thus, the accuracy of identifying LBD
significantly decreased in the setting of AD dementia diagnosis.
There were cases in the LBD-AD group (n = 7) who were
diagnosed with probable AD dementia and did not fulfill the
clinical criteria for pDLB antemortem, even though they had
intermediate- or high-likelihood LBD pathologically.

Pathologically, the LBD and LBD-AD groups were composed of
cases with transitional or diffuse LBD, and the AD group had 4
cases without Lewy body pathology and 2 cases with amygdala-
only Lewy body pathology, who were classified in the AD group
because they had low-likelihood LBD with high AD pathology
according to the 4th Consortium Criteria. As expected, the av-
erage Braak NFT stage and the Thal Aβ phase increased from
the LBD to the LBD-AD and AD groups. Whereas none of the
LBD cases had frequent NP and only 21% had moderate NP,
64% of the LBD cases had moderate to frequent DP. Thus, DP
was far more abundant than NP in the LBD group. Three cases
in the AD group and 3 cases in the LBD group had infarcts.
Cerebral amyloid angiopathy (CAA) was observed in 2 cases in
the LBD group and 1 case in the LBD-AD group.

PiB-PET findings in the pathologic groups
The voxel-based regional differences in PiB SUVr among the
pathologic groups are displayed in figure 1. The AD group had
greater PiB uptake in the entire cortex compared to the LBD
group, while the uptake in the occipital cortex and the primary
sensory and motor cortices was relatively spared in the LBD
group compared to the LBD-AD group. The occipital cortex
showed the greatest PiB uptake in the AD group compared to
the LBD-AD group (p < 0.05) after correction for false dis-
covery rate error.

Figure 2A shows the differences in global cortical PiB uptake
among the pathologic groups. In this cohort, global cortical PiB
SUVr completely separated the AD and LBDpathologic groups
from each other. The global cortical PiB SUVr distinguished
cases with intermediate to high AD (i.e., LBD-AD and AD
groups) from cases with LBDwith lowADwith 80% sensitivity,
86% specificity, and 93% accuracy (i.e., area under the receiver
operating characteristic curve). The highest accuracy (93%) in
distinguishing the 2 groups was at the cutoff PiB SUVr value of
1.88, which corresponds to the centiloid value of 56.74. Global
cortical PiB SUVr correlated with the Thal Aβ phase in the
entire cohort after adjustment for the time between imaging
and death (r = 0.75, p < 0.001) (figure 2B).

PiB-PET findings and β-amyloid plaques in
cases with LBD
Because one of our objectives was to determine the contri-
bution of NP and DP to PiB-PET findings in cases with LBD,
we included only cases with LBD and LBD-AD (n = 33) and
excluded cases in the AD group (n = 6) from this analysis.
Cases with no DP (n = 4) were combined with cases with
sparse DP (n = 2); similarly, cases with no NP (n = 2) were
combined with cases with sparse NP (n = 12) due to small
numbers in either group.

PiB SUVr completely separated the LBD cases with no/
sparse DP from those with frequent DP. There were 4 (25%)
cases with no/sparse NP who had high PiB SUVr levels
(>1.98), and these cases overlapped with the PiB SUVr of
the cases with frequent NP. All 4 of these cases also had
frequent DP. Another outlier was in the moderate NP group.
This case had one of the lowest PiB SUVrs in the entire
cohort and had moderate NP but no DP. Figure 3 shows the
PiB SUVr values in cases with no/sparse to moderate to
frequent NP and DP. In a multivariable model, we in-
vestigated the contribution of NP and DP levels to PiB SUVr
and found that the PiB SUVr is driven primarily by the
abundance of DP but not NP in the LBD and LBD-AD cases.
The results of the multivariable model and the bar plot of
average PiB SUVR when the NP and the DP categories are
combined are presented in figure 4.

Table Demographic, clinical, and pathologic characteristics of the cohorta (continued)

LBD (n = 14) LBD-AD (n = 19) AD (n = 6) Overall p valueb

Diffuse Aβ plaques, n (%)

None 4 (29) 0 (0) 0 (0) 0.002

Sparse 1 (7) 1 (5) 0 (0)

Moderate 6 (43) 4 (21) 0 (0)

Frequent 3 (21) 14 (74) 6 (100)

Abbreviations: Aβ = β-amyloid; AD = Alzheimer disease; CDR = Clinical Dementia Rating; CN = cognitively normal; DLB = dementia with Lewy bodies; LBD =
Lewy body disease; MCI = mild cognitive impairment; MMSE = Mini-Mental State Examination; NFT = neurofibrillary tangle; NIA-AA = National Institute on
Aging–Alzheimer’s Association; pDLB = probable DLB; RBD = REM sleep behavior disorder
a Pathologic group with the mean (SD) listed for the continuous variables and count (percent) for the categorical variables.
b The p values for differences between groups come from an analysis of variance for the continuous variables or a χ2 test for the categorical variables.
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Discussion
In a prospective cohort of patients with pDLB and autopsy-
confirmed LBD cases who underwent antemortem PiB-
PET examinations, global cortical PiB SUVr accurately
distinguished cases with LBD from those with AD or mixed
LBD and AD pathology, correlating with the Thal Aβ
phase. Cortical PiB SUVr was lower in the occipital cortices
in cases with LBD compared to mixed LBD and AD

pathology and in mixed LBD and AD pathology compared
to cases with AD on voxel-based analysis. Furthermore, the
severity of DP was the primary contributor to global cor-
tical PiB SUVr in cases with LBD or mixed LBD and AD
pathology.

In agreement with earlier autopsy studies of LBD, more
than half of the cases we studied had coexisting AD-related
pathology consisting of NPs and NFT-tau. All of the cases

Figure 1 Voxel-based analysis comparing 11C-Pittsburgh compound B-PET standardized uptake value ratio in the LBD,
mixed LBD-AD, and AD groups

Maps of these comparisons were displayed at the p
< 0.05 level with the t values displayed in the color
bar. Correction for multiple comparisons was ap-
plied with false discovery rate error correction. AD =
Alzheimer disease; LBD = Lewy body disease.

Figure 2 Global cortical PiB SUVr in pathologic groups

Differences in global cortical 11C-Pittsburgh
compound B (PiB) standardized uptake value
ratio (SUVr) among (A) the pathologic groups and
(B) Thal β-amyloid phases are displayed. AD =
Alzheimer disease; LBD = Lewy body disease.
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in the LBD group were men, and approximately half of the
cases in the LBD-AD group were women, suggesting that
women with LBD are more likely to have mixed LBD and
AD-related pathology. This sex difference in pathologic
involvement requires further investigation.

As expected, cortical PiB SUVr was higher in the LBD-AD
compared to the LBD group and in the AD compared to the
LBD-AD group. Furthermore, cortical PiB SUVr completely
separated the AD and LBD groups from each other. The
topographic distribution of elevated cortical PiB SUVr

Figure 3 Global cortical PiB SUVr and β-amyloid plaques

Differences in global cortical 11C-Pittsburgh com-
pound B (PiB) standardized uptake value ratio (SUVr)
among cases with (A) diffuse and (B) neuritic β-am-
yloid plaques.

Figure 4 Contribution of neuritic and diffuse β-amyloid plaques to PiB SUVr in LBD

The 3D bar graph shows the average 11C-Pitts-
burgh compound B (PiB) standardized uptake
value ratio (SUVr) when the neuritic and diffuse
plaque categories are combined. This analysiswas
only done among the cases with Lewy body dis-
ease (LBD) and those with LBD–Alzheimer disease
(n = 33).
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followed a pattern that relatively spared the occipital corti-
ces in the LBD compared to the LBD-AD group, and more
significant involvement of the occipital cortices was ob-
served in the AD compared to the LBD-AD group. This
hierarchical pattern of relative sparing of the occipital cor-
tices at lower levels of Aβ points out that those occipital lobe
findings could contribute to the pathologic assessment and
staging of Aβ pathology in cases with LBD. Elevated oc-
cipital cortex PiB SUVr has been associated with CAA.19

However, in this cohort, the only 2 cases with CAA were in
the LBD group. Therefore, it is not possible to explain the
relative sparing of the occipital cortex with the absence of
CAA in cases with LBD. On the other hand, the relative
sparing of the occipital cortex from Aβ pathology in cases
with LBD may be influenced by pathophysiologic processes
that characterize LBD.16 For example, patients with pDLB
are characterized by hypometabolism in the occipital lobes35

and degeneration in the temporal-occipital projections that
are associated with visual hallucinations.36 Thus, lower
levels of Aβ pathology occur in a region that is functionally
disrupted in patients with pDLB. This counterintuitive
finding may be explained by mechanisms that lead to relative
sparing of certain regions of the brain from the Aβ pathol-
ogy. It was proposed that Aβ tends to deposit in regions
showing continuous levels of heightened synaptic activation
and plasticity.37 In patients with LBD, synaptic plasticity is
impaired due to Lewy neurites in the presynaptic terminals,
and the occipital cortex is one of the regions affected.
Moreover, to the extent that hypometabolism on PET is
associated with synaptic integrity in LBD, the occipital
cortex appears to be affected the most. Another and possibly
related explanation may be the differences in Aβ plaque
content (i.e., more abundant DP than NP) in patients with
LBD. Whether relative sparing of occipital cortex from Aβ
pathology is associated with higher levels of DP compared to
NP in LBD needs to be investigated with quantitative
pathologic assessment in samples from the occipital
neocortex.

Elevated Aβ on PET scan is a common feature of pDLB,
observed in up to 60% of patients with pDLB.4,5,23,38,39 Case
reports demonstrated significant DP load contributing to
elevated PiB SUVr, in some cases in the absence of addi-
tional AD-related pathology and the pathologic diagnosis of
AD.6–8 In the current study, the primary determinant of PiB
SUVr was the abundance of DP. In the absence of DP, NP
was not a major contributor to PiB SUVr. Because frequent
DP with low AD pathology is a distinct feature of LBD
pathophysiology, higher PiB SUVr cutoff values may be
needed for the classification of patients with pDLB who
would qualify for the pathologic diagnosis of AD. In our
cohort, a PiB SUVr value of 1.88, which corresponds to
a centiloid value of 56.74, accurately distinguished the
presence of intermediate to high AD according to the NIA-
AA criteria. However, we note that a few cases with abundant
DP and low AD pathology had higher PiB SUVr and a case
with sparse DP, moderate NP, and intermediate AD had

lower PiB SUVr than this cutoff value. Whether the frequent
DP and low AD pathology in LBD would evolve into AD is
unknown. However, there is an association between the AV-
1451 uptake and global cortical PiB SUVr in pDLB, sug-
gesting that patients with pDLB with higher levels of Aβ also
accumulate more tau pathology.1

One limitation of this study that is common to all ante-
mortem imaging and pathology correlation studies is that
the time interval from the PET scan to death varied across
individuals. Although no difference was found among the
clinical groups and all analyses were adjusted for the length
of this time interval, findings in individual patients should
be interpreted with caution. Furthermore, one of the
challenges in autopsy studies is the inclusion of cases with
late-stage dementia. Hence, the subset of participants who
were pathologically diagnosed as AD had very low MMSE
scores.

With evolving Aβ–modifying therapies in patients within the
AD spectrum, the inclusion of patients with pDLB, in whom
Aβ influences disease progression and survival,1,2,40–43 is
becoming a possibility in some trials targeting Aβ. Many
patients with pDLB would be classified as A+ T− N−
according to the NIA-AA research framework,44 in part due
to an abundance of DP. Whether modifying DP would in-
fluence disease progression in pDLB remains to be seen.
However, with the use of a high cutoff for Aβ PET positivity,
it is possible to accurately identify patients with pDLB who
also have NP as part of intermediate to high AD pathology.
This study provides the validation needed to identify
patients with pDLB with AD-related pathology on the basis
of Aβ PET.
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