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The PET tracer 11C-deuterium-L-deprenyl (11C-DED) has been used

to visualize activated astrocytes in vivo in patients with Alzheimer

disease (AD). In this multitracer PET study, early-phase 11C-DED
and 11C-Pittsburgh compound B (11C-PiB) (eDED and ePiB, respec-

tively) were compared as surrogate markers of brain perfusion, and

the extent to which 11C-DED binding is influenced by brain perfusion
was investigated. Methods: 11C-DED, 11C-PiB, and 18F-FDG dy-

namic PET scans were obtained in age-matched groups comprising

AD patients (n 5 8), patients with mild cognitive impairment (n 5 17),

and healthy controls (n5 16). A modified reference Patlak model was
used to quantify 11C-DED binding. A simplified reference tissue model

was applied to both 11C-DED and 11C-PiB to measure brain perfusion

relative to the cerebellar gray matter (R1) and binding potentials. 11C-PiB

retention and 18F-FDG uptake were also quantified as target-to-pons
SUV ratios in 12 regions of interest (ROIs). Results: The strongest

within-subject correlations with the corresponding R1 values (R1,DED

and R1,PiB, respectively) and with 18F-FDG uptake were obtained when

the eDED and ePiB PET data were measured 1–4 min after injection.
The optimum eDED/ePiB intervals also showed strong, significant

ROI-based intersubject Pearson correlations with R1,DED/R1,PiB and

with 18F-FDG uptake, whereas 11C-DED binding was largely indepen-
dent of brain perfusion, as measured by eDED. Corresponding

voxelwise correlations confirmed the ROI-based results. Temporopar-

ietal eDED or ePiB brain perfusion measurements were highly discrim-

inative between patient and control groups, with discriminative ability
statistically comparable to that of temporoparietal 18F-FDG glucose

metabolism. Hypometabolism extended over wider regions than hypo-

perfusion in patient groups compared with controls. Conclusion: The
1- to 4-min early-frame intervals of 11C-DED or 11C-PiB are suitable
surrogate measures for brain perfusion. 11C-DED binding is indepen-

dent of brain perfusion, and thus 11C-DED PET can provide informa-

tion on both functional (brain perfusion) and pathologic (astrocytosis)
aspects from a single PET scan. In comparison with glucose metab-

olism, early-phase 11C-DED and 11C-PiB perfusion appear to provide

complementary rather than redundant information.
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The new diagnostic criteria for Alzheimer disease (AD) (1,2)
include the use of molecular imaging biomarkers. Recently, the

PET amyloid-b (Ab) tracers 18F-florbetapir, 18F-flutemetamol, and
18F-florbetaben were approved by the European Medicines Agency

and by the U.S. Food and Drug Administration for assessing the

presence of Ab pathology in individuals with early memory disor-

ders. Biomarkers are classified as either pathophysiologic, indicat-

ing the presence of Ab or tau pathology, or topographic, reflecting

disease progression (2). The expanding clinical application of PET

imaging biomarkers has motivated research on dual-use application

of 11C-Pittsburgh compound B (11C-PiB) and 18F-florbetapir to mea-

sure both pathologic (Ab) and functional (brain perfusion) parame-

ters (3,4), potentially reducing costs and patient burden, especially if

the brain perfusion measurement provides information that is closely

related to that from an 18F-FDG PET scan.
The first study on the dual use of 11C-PiB PET (5) found that the

K1 influx constant from arterial blood sampling and the 0- to 6-min

early time-averaged frames were both suitable measures of brain

perfusion in healthy and AD brains. Subsequent studies using

early-phase intervals of 0–6 min or 1–8 min found that these were

reliable times to measure brain perfusion. The results were closely

correlated with 18F-FDG PET glucose metabolism results (3,6–8),

consistent with previous observations that brain perfusion and glucose

metabolism are generally related (9). The 1- to 6-min early-phase
18F-florbetapir results have also successfully measured perfusion (4).
Although the accumulation of Ab plaques in the brain is thought

to play a causative role in AD (10), there is increasing evidence that

glial activation and neuroinflammation (11) could contribute to

disease development, and thus there is a growing interest in

PET imaging of activated glial cells (12). The PET tracer
11C-deuterium-L-deprenyl (11C-DED) binds to monoamine oxidase-

B, which is overexpressed in reactive astrocytes (13), and has been

used to investigate astrocytosis in neurodegenerative diseases including
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AD (14,15). 11C-DED binding is significantly higher in prodromal AD
patients than in dementia patients or healthy controls (HCs) (15), and
11C-DED binding in prodromal AD patients is negatively correlated
with gray matter (GM) density (16).
Deuterium was incorporated into 11C-DED to reduce the influ-

ence of brain perfusion on tracer binding (17). Previous studies
(17,18) reported high first-pass extraction from blood (K1 influx
constant). However, no study has yet investigated the suitability of
early-phase 11C-DED as a surrogate marker for brain perfusion or
the relationship of this surrogate to 11C-DED binding; the latter
could help to assess whether 11C-DED binding (15,16) might be
significantly affected by brain perfusion differences among diag-
nostic groups.
We hypothesized that early-phase 11C-DED and 11C-PiB PET

would be suitable surrogate markers of brain perfusion. To this
end, we used a multitracer (11C-DED, 11C-PiB, and 18F-FDG) PET
imaging approach with the following aims: to investigate the opti-
mum early-phase intervals of 11C-DED and 11C-PiB PET uptake
that represent reliable markers of brain perfusion; to establish the
independence of 11C-DED from brain perfusion, to demonstrate the
potential dual-use of 11C-DED to simultaneously measure brain
perfusion and astrocytosis in a single PET scan; and to compare the
diagnostic potential of brain perfusion (measured by early-phase
11C-DED and 11C-PiB) with that of glucose metabolism (measured
by 18F-FDG), by evaluating their ability to discriminate between
patient and control groups.

MATERIALS AND METHODS

Study Participants

This study involved 41 participants including 17 mild cognitive

impairment (MCI) patients, 8 AD patients, and 16 HCs, all recruited at
the Department of Geriatric Medicine, Karolinska University Hospital

Huddinge (Sweden) for another multitracer PET study (15). All controls,

patients, and caregivers provided written informed consent to par-

ticipate in the study, which was conducted according to the Decla-
ration of Helsinki and subsequent revisions. Ethical approval was

obtained from the Regional Human Ethics Committee of Stockholm
and the Faculty of Medicine and Radiation Hazard Ethics Commit-

tee of Uppsala University Hospital, Uppsala, Sweden. Participants
underwent a comprehensive clinical and imaging examination in-

cluding medical history, physical examination, MRI, blood sample
APOE genotyping, neuropsychologic assessment, and (patients only)

cerebrospinal fluid analysis (15).
The diagnosis of MCI was based on Petersen’s criteria (19), and AD

dementia was diagnosed according to National Institute of Neurologic and
Communicative Disorders and Stroke, and the Alzheimer Disease and

Related Disorders Association criteria (20). A geriatrician/neurologist,
a neuropsychologist, and a nurse made diagnoses during a consensus

meeting. MCI patients were classified as 11C-PiB–positive (PiB1) or
11C-PiB–negative (PiB–) using a cutoff neocortical SUVR of 1.41 with

reference to the cerebellar GM, as previously described (21). The PiB1
MCI patients fulfilled the current diagnostic criteria for prodromal AD (2).

Participant demographic and clinical data are shown in Table 1; all groups

were matched for age and sex.

Imaging Methodology

Image Acquisition and Processing. Participants underwent 11C-DED,
11C-PiB, and 18F-FDG PET examinations at the Uppsala PET Center on
ECAT EXACT HR1 (Siemens/CTI) and Discovery ST PET/CT (GE

Healthcare) scanners. The tracers were produced, and the PET and MR
image acquisition and processing methods were set as previously de-

scribed (15). Briefly, the T1 MR image for each participant was co-
registered onto the individual’s 10- to 60-min late-sum 11C-DED image

using SPM8 (Wellcome Trust Centre for Neuroimaging at UCL); 40- to
60-min 11C-PiB and 30- to 45-min 18F-FDG late-sum images were

coregistered onto the T1 MR image (which had been previously core-
gistered to 11C-DED space). A simplified probabilistic atlas (22) con-

sisting of 12 bilateral regions of interest (ROIs) was registered from the

TABLE 1
Participant Information

MCI (n 5 17)

Characteristic HC (n 5 16) PiB− MCI (n 5 4) PiB1 MCI (n 5 13) AD (n 5 8)

Sex 10 M/6 F 2 M/2 F 7 M/6 F 5 M/3 F

Age (y) 51.1 (14.2) 61.8 (7.5) 62.0 (6.4) 63.0 (6.5)

Education (y) 11.1 (2.0) 13.8 (2.2) 13.7 (2.3) 11.0 (2.3)

APOE41 carriers (%) 5 (31%) 1 (25%) 10 (77%)* 6 (75%)*

Mini-Mental State Examination score 28.9 (1.2) 27.3 (2.1) 27.8 (1.8) 23.8 (5.7)†

Global cognition (z score) 0.13 (0.66) −0.31 (0.80) −0.70 (0.95) −2.07 (2.03)‡

Episodic memory (z score) −0.11 (0.48) −1.20 (0.91) −1.36 (0.72) −2.25 (0.72)‡

Cerebrospinal fluid data (pg/mL)¶

Aβ42 1160 (203) 537 (148) 506 (158)

Total τ 257 (46) 404 (152) 608 (321)

Phospho τ 55 (20) 67 (16) 93 (30)

*Significantly higher than HC (χ2 test).
†Significantly lower than HC (Mann–Whitney test).
‡Global cognition and episodic memory z scores , −1.645 are considered outside cognitively normal reference range; neuropsycho-

logic test description was previously reported (15).
¶Cerebrospinal fluid data are considered abnormal for Aβ42 , 550 pg/mL, total τ . 400 pg/mL, and phospho τ . 60 pg/mL.

Values are means (SDs) or number (%).
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Montreal Neurologic Institute space onto the subject’s 11C-DED space

and was masked using individual GM masks. Registered 18F-FDG and
11C-PiB PET images were sampled using these individual cortical

atlases; the whole pons was used as a reference.

PET Kinetic Modeling
11C-PiB PET. Regional time–activity curves were extracted from dy-

namic 11C-PiB PET data using PMOD (version 3.3; PMOD Technologies
Ltd.). The time–activity curves were fitted to the simplified reference tissue

model (23) implemented in PMOD with the cerebellar GM as a reference,
and kinetic parameters were obtained for brain perfusion relative to cere-

bellar GM (R1,PiB) and for nondisplaceable binding potential (BPND,PiB).
11C-DED PET. The regional 11C-DED time–activity curves were fitted

using 2 reference tissue models. A modified reference Patlak model, pre-
viously validated against a model using arterial sampling (17), was applied

to the 11C-DED time–activity curves using the cerebellar GM as a refer-
ence, as previously described (15); 11C-DED binding was thus estimated

by the Patlak slope (min21). The simplified reference tissue model imple-

mented in PMOD was also applied to the 11C-DED time–activity curves
using the cerebellar GM as a reference, and the corresponding regional

kinetic parameters for brain perfusion relative to cerebellar GM (R1,DED)
and for nondisplaceable binding potential (BPND,DED) were thus obtained.

Optimization of Early-Frame Time Intervals for 11C-DED

and 11C-PiB

A range of time-averaged early-frame 11C-DED (eDED) and 11C-PiB

(ePiB) PET intervals were generated in PMOD, using several initial
time points (t0 5 0, 0.5, 1, and 2 min) and interval durations (0.5–

10 min). Specifically, regional time–activity curves were integrated over
each early-frame interval and subsequently normalized to the integrated

time–activity curve of the cerebellar GM reference during the same

period. Six randomly selected participants (2 AD, 2 MCI, and 2 HC
participants) were used for within-subject correlations for eDED versus

R1,DED, ePiB versus R1,PiB, and eDED/ePiB versus 18F-FDG, across 24
regions extracted from the Hammers atlas (22). For all early-frame

intervals investigated, the individual within-subject Pearson correlation
coefficients were subsequently averaged across the 6 participants. The

early-frame interval corresponding to the maximum Pearson r (mean 6
SD) was deemed optimum and selected for the remainder of the study.

Evaluation of Early-Phase 11C-DED and 11C-PiB PET as

Surrogate Measures of Brain Perfusion

To evaluate eDED and ePiB as markers of brain perfusion, re-

gional intersubject Pearson correlations were performed for eDED

versus R1,DED, eDED versus 18F-FDG, ePiB versus R1,PiB, and ePiB
versus 18F-FDG. A representative neocortical (frontal, parietal, and

temporal) composite ROI was also used to perform correlation and
linear regression analyses between the same pairs of variables. To

assess the influence of brain perfusion on 11C-DED binding and 11C-PiB
retention, regional intersubject correlations were performed for eDED

versus the 11C-DED Patlak slope and for ePiB versus the 11C-PiB
SUVR. In addition, voxelwise correlations were performed to verify

the above-mentioned ROI-based analyses.

Statistics

ROI-Based Analyses. All correlation analyses were performed using
a 2-tailed Pearson product-moment coefficient. The significance level

was a P value of less than 0.05. To account for multiple comparisons
across 12 ROIs, a Bonferroni-corrected threshold of P less than 0.004

was set as appropriate. Receiver-operating-characteristic analysis was
used to compare the discriminative abilities of eDED, ePiB, and 18F-

FDG by obtaining the areas under the curve (AUCs) for classifying
patient groups versus the HCs; the DeLong test was used to evaluate

whether the eDED, ePiB, and 18F-FDG AUCs were significantly

different. Statistical analyses were performed using SPSS (version 22.0;

IBM Corp.) and the pROC package in R (version 3.1.2; R Foundation
for Statistical Computing).

Voxelwise Analyses. Voxelwise analyses were performed using bio-
logic parametric mapping (version 3.3) (24) for multimodal image

correlations and the statistical parametric mapping (SPM8) 2-sample
t test for group comparisons. PET images were first registered onto the

Montreal Neurologic Institute space, then smoothed by a gaussian
filter of 8 mm in full width at half maximum and masked by a GM

mask. Biologic parametric mapping correlation maps and SPM8
T-maps were thresholded at a P value of 0.001 (uncorrected,$ 20-voxel

cluster extent) and projected onto a template cortical surface using
FreeSurfer (version 5.3; surfer.nmr.harvard.edu); clusters that remained

significant after familywise error (P , 0.05) correction for multiple
comparisons were tabulated.

RESULTS

Evaluation of 11C-DED and 11C-PiB Quantification

Approaches

The regional 11C-DED Patlak slopes were highly consistent with
their respective BPND,DED values (intersubject neocortical Pearson
r 5 0.90; P , 0.001) (Supplemental Fig. 1A; supplemental mate-
rials are available at http://jnm.snmjournals.org). Similarly, regional
BPND,PiB and 11C-PiB SUVRs were significantly correlated (inter-
subject neocortical Pearson r 5 0.91; P , 0.001) (Supplemental
Fig. 1B). Detailed regional correlations are included in Supplemen-
tal Table 1.

Selection of Optimum eDED and ePiB Intervals

Figure 1 depicts, for each start time and interval duration in-
vestigated, the within-subject (mean 6 SD) Pearson r correlation
coefficients between eDED and R1,DED/18F-FDG and between
ePiB and R1,PiB/18F-FDG. Intervals including the first minute of
the scan resulted in low correlation coefficients, probably due to
an initially noisy signal. When eDED (Fig. 1A) and ePiB (Fig. 1B)
records started at t0 5 1 min, maximum correlation coefficients
were observed for a 3-min interval. Both eDED and ePiB showed
stronger associations with their respective R1 values (with maxi-
mum r ;0.98) than with 18F-FDG (peaking at r ;0.80). The 1- to
4-min frame was thus selected as optimum for the remainder of
the study. eDED and ePiB showed somewhat different patterns of
within-subject association with 18F-FDG (Fig. 1): although the
association between eDED and 18F-FDG started to decline beyond
the optimum 1- to 4-min eDED frame, ePiB and 18F-FDG remained
highly associated for intervals up to 10 min in duration.
Depictions of representative 1- to 4-min eDED and ePiB PET

scans and 11C-DED, 11C-PiB, and 18F-FDG uptake (Fig. 2) show
that the eDED and ePiB scans were visually similar to those for
18F-FDG but different from those for 11C-DED and 11C-PiB.

Early-Phase 11C-DED and 11C-PiB as PET Markers of

Brain Perfusion

The regional intersubject correlations (Table 2) between eDED
and R1,DED and between ePiB and R1,PiB were strong and signif-
icant, with neocortical Pearson r 5 0.99 and 0.96, respectively
(P , 0.001). The corresponding linear regression slopes nearly
reached unity (Fig. 3).
The regional intersubject correlations between eDED and 18F-FDG

(Table 2) were also strong and significant except in the putamen,
with neocortical Pearson r5 0.66 (P, 0.001) and the slope of the
neocortical linear regression nearly reaching unity (Fig. 3). The
neocortical intersubject correlation between ePiB and 18F-FDG
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was strong and significant (Pearson r 5 0.61; P , 0.001), with a
linear regression slope close to unity; however, the ePiB versus
18F-FDG regional subcortical correlations were nonsignificant ex-
cept in the hippocampus (Table 2).
In contrast, eDED and ePiB showed no consistent associations

with the 11C-DED Patlak slope or the 11C-PiB SUVR, respec-
tively. For most cortical regions, eDED was not significantly

correlated to the 11C-DED Patlak slope,
whereas few significant associations were
observed in limbic and subcortical regions.
None of the ROIs showed a significant cor-
relation between ePiB and the 11C-PiB
SUVR (Table 2; Supplemental Fig. 2).
The voxelwise correlation map of

eDED and 18F-FDG showed a high degree
of overlap across wide cortical areas
(Fig. 4A), which remained significant after
multiple-comparisons correction in numer-
ous regions including the lateral temporo-
parietal, frontal, anterior, and posterior
cingulate cortices (Supplemental Table 2).
In contrast, a low degree of overlap was
observed between eDED and 11C-DED Pat-
lak slope parametric images (Fig. 4B), and
few clusters (in the inferior frontal gyrus,
caudate, and thalamus) remained significant
after multiple-comparisons correction (Sup-
plemental Table 2). No significant overlap
was observed in any region of 18F-FDG ver-
sus the 11C-DED Patlak slope voxelwise cor-
relation map (not shown).

Comparisons Between Brain

Perfusion (eDED, ePiB) and

Metabolism (18F-FDG) Measures

Across Diagnostic Groups

Voxelwise SPM8 group comparisons were
performed to investigate the spatial distri-
butions of hypoperfusion (eDED) and hy-
pometabolism in patient groups compared
with HCs. In the PiB1 MCI group, hypo-

perfusion was most significantly observed in left temporoparietal
cortical areas, whereas hypometabolism was extended over wider
bilateral temporoparietal, posterior cingulate, and frontal regions
(Fig. 5; Supplemental Table 3). In AD patients, hypoperfusion
was observed in bilateral temporoparietal cortical regions, whereas
hypometabolism was more widespread in the bilateral temporopar-
ietal, posterior cingulate, frontal, and occipital cortices (Fig. 5; Sup-
plemental Table 4). Overall, the temporoparietal cortex consistently
showed hypoperfusion and hypometabolism in both patient groups,
and thus the parietal and temporal cortices were selected to evaluate
the discriminative ability of 18F-FDG, eDED, and ePiB between the
patient and HC groups (Supplemental Table 5). The 3 PET para-
meters discriminated between the AD and HC groups well: AUC5
0.97 (18F-FDG), 0.93 (eDED), and 0.84–0.90 (ePiB). Differences
among the 3 AUC values were not statistically significant (Supple-
mental Table 5). Good discrimination was also observed between
PiB1 MCI patients and HCs: AUC5 0.90–96 (18F-FDG), 0.78–87
(eDED), and 0.77 (ePiB) (no significant differences).

DISCUSSION

The results of this study strongly suggest that the early 1- to
4-min PET time frames for the tracers 11C-DED and 11C-PiB can
be used to assess brain perfusion. We demonstrated that 11C-DED
binding is not strongly influenced by brain perfusion as measured
by eDED. Therefore, 11C-DED has dual properties for which the
early frames and the tracer binding (as measured by the Patlak
slope) measure independent, complementary processes reflectingFIGURE 2. Representative PET scans.

FIGURE 1. Optimization of early-phase intervals for 11C-DED (A) and 11C-PiB (B). Each point

represents average ± SD within-subject Pearson correlation coefficient (r) for eDED/ePiB vs.

respective R1,DED/R1,PiB (red squares) and vs. 18F-FDG (blue diamonds). Optimum 1- to 4-min

eDED/ePiB intervals are marked by asterisks.
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brain perfusion and astrocytosis, respectively, in a single scan. The
dual use of 11C-DED may increase the practical applicability of
this tracer, especially because fluorinated compounds are currently
under development (25). We also confirmed previously reported
findings that 11C-PiB binding is not strongly affected by brain
perfusion (26), providing further support for the dual use of 11C-
PiB for perfusion and Ab measurements.
In our study, the multitracer PET paradigm in the same patients

showed that both eDED and ePiB represent surrogate measures of
brain perfusion, based on their nearly perfect within- and inter-
subject correlations with R1,DED and R1,PiB, respectively. In addi-
tion, we showed that eDED and ePiB were strongly correlated
with glucose metabolism (18F-FDG); however, this was at a some-
what lower strength than versus R1 values.
Both hypoperfusion and hypometabolism were observed in the

PiB1 MCI and AD groups, most significantly in the parietotem-
poral cortex, consistent with the literature (27,28) and with the
choice of parietotemporal 18F-FDG as biomarker in recent criteria
(1,2). In the parietotemporal cortex, eDED or ePiB brain perfusion
measurements were closely related to 18F-FDG measurements,
with similarly high discriminative abilities between patient and
control groups. Previous studies have compared in vivo brain per-
fusion and glucose metabolism measures at different stages of AD
and other dementia types. Consistent with our findings, the early
frames of Ab PET tracers including 11C-PiB and 18F-florbetapir
showed an ability to discriminate between MCI or AD groups and
HCs (3,4) and between patients with AD and frontotemporal de-
mentia (6) that was similar to that of 18F-FDG. A good correspon-
dence was also found between 18F-FDG PET and perfusion
SPECT results in temporoparietal and posterior cingulate cortical

regions of AD versus HCs (27,28). Perfusion SPECT was some-
what less discriminative than 18F-FDG PET (29), probably partly
because of its lower spatial resolution.

TABLE 2
Regional Intersubject Correlations for eDED and ePiB

Intersubject (n 5 40) Pearson r correlations

eDED ePiB

Region

eDED vs.

R1,DED

eDED vs.
18F-FDG SUVR

eDED vs.
11C-DED Patlak slope

ePiB vs.

R1,PiB

ePiB vs.
18F-FDG SUVR

ePiB vs.
11C-PiB SUVR

Cortical

Frontal 0.992*** 0.663*** NS 0.951*** 0.512** NS

Parietal 0.996*** 0.677*** NS 0.967*** 0.639*** NS

Temporal 0.996*** 0.676*** NS 0.973*** 0.588*** NS

Occipital 0.983*** 0.468** NS 0.957*** 0.446** NS

Anterior cingulate 0.993*** 0.674*** 0.554*** 0.981*** 0.570*** NS

Posterior cingulate 0.975*** 0.737*** 0.493** 0.945*** NS NS

Insula 0.996*** 0.717*** 0.486** 0.985*** 0.466** NS

Parahippocampus 0.984*** 0.732*** NS 0.898*** NS NS

Subcortical

Caudate 0.977*** 0.559*** 0.692*** 0.977*** NS NS

Putamen 0.989*** NS 0.465** 0.982*** NS NS

Thalamus 0.992*** 0.635*** 0.536*** 0.983*** NS NS

Hippocampus 0.989*** 0.649*** NS 0.838*** 0.466** NS

**P , 0.004.
***P , 0.001.
NS 5 nonsignificant after Bonferroni adjustment (P $ 0.004).

FIGURE 3. Intersubject correlations involving eDED (A and B) and

ePiB (C and D) in a neocortical (frontal, temporal, parietal) composite

region. ***P , 0.001.
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In our study, we also analyzed the regional distributions of
hypoperfusion (as measured by eDED) and hypometabolism in
PiB1 MCI and AD patients. Hypometabolism extended over
wider brain regions than hypoperfusion, suggesting that perfusion
and metabolism are markers of distinct pathophysiologic processes.
The finding that hypoperfusion in PiB1 MCI patients predomi-
nated in the left hemisphere while hypometabolism was more
widespread could indicate that early focal hypoperfusion contrib-
utes to hypometabolism in distant but functionally connected re-
gions (30). Alternatively, the observation of relatively preserved
perfusion in metabolically deficient regions could be explained by
vascular regulatory mechanisms to compensate for altered brain
metabolism, especially in the early disease stages as previously
suggested (30–32). Thus, brain perfusion and glucose metabolism
could be partially independent but contributory to disease devel-
opment, consistent with increasing evidence from research on
biomarkers including atrophy and hypometabolism, which, de-
spite being closely related, are considered complementary rather
than overlapping (33).

Our knowledge is still incomplete regarding the spatiotemporal
relationships between different AD biomarkers, including brain
perfusion and metabolism, which might not necessarily follow a
consecutive progression (33). Brain perfusion measurements
might contribute to understanding early pathophysiologic changes
such as those underlying MCI in the absence of Ab plaque de-
position (suspected nonamyloid pathology) and could be useful as
a marker of disease progression or treatment efficacy in clinical
trials.
A limitation of our study is the lack of comparison with

absolute measures of brain perfusion such those obtained from
15O-H2O PET or arterial spin labeling MRI or estimated by the
washout allometric reference method as demonstrated for 11C-PiB
PET (34,35). However, multiple measures of brain perfusion rel-
ative to the cerebellar GM (eDED, R1,DED, ePiB, and R1,PiB) and
glucose metabolism (18F-FDG) are available for each participant.
The study of the discriminative ability of eDED, ePiB, and 18F-
FDG was performed with a relatively limited sample size, and
further studies will help to confirm the findings.

CONCLUSION

Our findings suggest that the 11C-DED and 11C-PiB PET tracers
may have dual functional/pathophysiologic applications, because
they allow additional brain perfusion information, distinct from
late-phase uptake, to be obtained from a single PET scan. Al-
though brain perfusion and glucose metabolism were shown to
be closely related measures, there were also differences between
the spatial extents of hypoperfusion and hypometabolism in both
PiB1 MCI and AD patient groups, suggesting distinct underlying
pathophysiologic mechanisms. The evaluation of brain perfusion
from early-phase 11C-DED or 11C-PiB PET scans provides unique,
complementary information and therefore adds value, with prac-
tical advantages as PET tracers are increasingly used in the clinic.
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