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Abstract: The kinetic components of the B-amyloid ligand 8F-flutemetamol binding in grey and white matter were
investigated through spectral analysis, and a method developed for creation of parametric images separating
grey and white matter uptake. Tracer uptake in grey and white matter and cerebellar cortex was analyzed through
spectral analysis in six subjects, with (n=4) or without (n=2) apparent B-amyloid deposition, having undergone
dynamic *8F-flutemetamol scanning with arterial blood sampling. The spectra were divided into three components:
slow, intermediate and fast basis function rates. The contribution of each of the components to total volume of
distribution (V,) was assessed for different tissue types. The slow component dominated in white matter (average
90%), had a higher contribution to grey matter V_in subjects with B-amyloid deposition (average 44%) than without
(average 6%) and was absent in cerebellar cortex, attributing the slow component of *¥F-flutemetamol uptake
in grey matter to B-amyloid binding. Parametric images of voxel-based spectral analysis were created for V,, the
slow component and images segmented based on the slow component contribution; confirming that grey matter
and white matter uptake can be discriminated on voxel-level using a threshold for the contribution from the slow
component to V..
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Introduction in subcortical white matter of the brain, in spite
of this tissue not being affected by [-amyloid
deposits in AD pathology [2]. The uptake in
white matter is similar in healthy subjects and
patients with AD [3]. In qualitative analyses, i.e.
visual assessments, of 3-amyloid imaging, the
characteristic white matter pattern can in fact
be useful in the discrimination of the uptake
pattern typical of an AD patient from the normal
uptake pattern in a subject without B-amyloid
deposition [4]. It may, however, affect semi-
quantitative standardized uptake value ratio
(SUVR) analyses due to partial volume effects
(PVE) [5]. The underlying mechanism of the
uptake in white matter of B-amyloid imaging
agents has been debated. For fluorine-18

Since its introduction in the early 215 century,
amyloid imaging has been of great interest
both in clinical research of the pathogenesis of
Alzheimer’s disease (AD) and in clinical practice
given its ability to detect aggregates of
B-amyloid in the cerebral cortex, a pathological
hallmark of AD. Subsequent to the introduction
of what is arguably the most studied amyloid
imaging agent, the *!C labelled Pittsburgh
Compound B (*C-PIB) [1], three **F labelled
alternative tracers were developed to exploit
the benefits of a longer radioactive half-life
and have been approved by regulatory autho-
rities for clinical use: *F-florbetapir, *F-
florbetaben and 8F-flutemetamol. The latter is

a structural analogue of 1C-PIB, and both 1C- agents, it has been suggested to be related to
PIB and 'SF-flutemetamol are analogues of increased tracer lipophilicity [6] and as such to
Thioflavin T, a histochemical dye for fibrillar be due to non-specific uptake unrelated to bind-
B-amyloid. ing of the tracer to a specific target protein. For

11C-PIB the uptake in white matter was shown
Compared to *'C-PIB, the 8F labelled amyloid to be non-specific in vitro and in vivo [7], but it

imaging tracers typically have a higher uptake has also been hypothesized that the binding of
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11C-PIB to white matter is due to specific bind-
ing to B-sheet structured myelin basic protein,
correlating with the mRNA expression of myelin
proteins [8] and as such can be useful for iden-
tifying lesions in the white matter in multiple
sclerosis [9] as well as in age-associated
demyelination where a significantly lower *C-
PIB uptake has been seen in white matter
lesions compared to normal appearing white
matter [10].

Though some efforts have been made to study
the white matter binding of 1C-PIB, there have
been no reports of attempts to characterize the
mechanism of binding of 8F-flutemetamol in
white matter and whether it can be distin-
guished from grey matter binding through kinet-
ic modelling. Spectral analysis has been shown
to have higher sensitivity for quantification of
11C-PIB than traditional kinetic modelling [11]
but has not been previously applied to
18F-flutemetamol. Our aims of this study were
therefore in three parts: 1) to identify the com-
ponents of 8F-flutemetamol binding both in
grey matter - affected and non-affected by
B-amyloid deposition - and in white matter
through spectral analysis, 2) to investigate the
impact of PVE on the kinetic modeling of
18F-flutemetamol by means of simulations and
3) to attempt to develop methods for creating
parametric images that can separate tracer
uptake due to binding to B-amyloid deposits
and binding in white matter.

Materials and methods
Subjects and data acquisition

Data from a previously published study [12,
13] including six subjects scanned dynami-
cally with *8F-flutemetamol, were analyzed
post-hoc in order to address our study aims.
Three were healthy volunteers (HV); one male
and two females (mean age, range: 62, 56-71)
with a Mini-Mental State Examination (MMSE)
scoring between 28 and 30 and a Clinical
Dementia Rating of 0. Three subjects had a
diagnosis of early-stage clinically probable AD;
all were males (mean age, range: 62, 55-68).
The AD subjects had to fulfill the criteria of
the National Institute of Neurological and
Communicative Disorders and Stroke and of
the Alzheimer’s Disease and Related Disorders
Association for clinically probable AD as well as
the DSM-IV criteria for dementia of Alzheimer’s
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type. The inclusion criteria for AD patients
included a MMSE between 18 and 26 and a
Clinical Dementia Rating between 0.5 and 2.
The included AD subjects had MMSE scoring
between 22 and 24, for more detailed informa-
tion on the neuropsychology testing see
Nelissen et al., 2009. All participants provided
their written informed consent in accordance
with the Declaration of Helsinki and the study
protocol was approved by the Ethical Committee
of the University Hospitals Leuven.

Each subject underwent a high-resolution
T1-weighted MRI examination, performed on a
1.5 T Intera scanner (Philips, Guildford, Surrey,
UK). The scan was used as part of screening to
exclude subjects with structural abnormalities,
for region definition and segmentation in the
PET data processing. PET examinations were
performed on a Biograph PET/CT (Siemens,
Erlangen, Germany) in 3D list mode starting
from time of administration of a target dose of
185 MBq Flutemetamol F18 Injection to 90
min post administration. The PET data were
reconstructed into 25 frames (4x30, 6x60,
4x180, 8x300 sec) using Fourier re-binning,
2D ordered subsets expectation maximization
and a Gaussian filter with a FWHM of 5 mm
resulting in an image resolution of approxi-
mately 7 mm. The reconstruction included all
the appropriate corrections such as for attenu-
ation, randoms and scatter.

Arterial blood samples were collected for radio-
activity measurements in whole blood and plas-
ma, every 10 sec during the first minute, every
15 sec up to 3 minutes and at 4, 8, 15, 30, 45,
60 and 90 min post injection. Arterial samples
were also collected at 2, 5, 20, 60, 180 and
240 min for determination of fraction of radio-
active parent compound and metabolites. From
these data a metabolite-corrected plasma
input curve was created and used for spectral
analysis of *8F-flutemetamol.

A previously published analysis of the data has
shown that one of the healthy volunteers
showed an increased uptake [12], potentially
indicative of pre-clinical AD. For the purpose of
these analyses, correlations between clinical
status and evident *®F-flutemetamol retention
were not the main objective, as the tracer bind-
ing properties on a kinetic level are indepen-
dent of the cognitive status of the subject.
Instead, where relevant, the subjects were
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compared based on their *SF-flutemeta-
mol retention status, resulting in four subjects
with AD typical uptake pattern (“positive sub-
jects”, subjects P1-P4), and two subjects with
control typical uptake pattern (“negative sub-
jects”, subjects N1 and N2), as defined by sub-
sequent studies [3, 14].

Image processing and spectral analysis

The dynamic PET data were corrected for inter-
frame movements [15] using VOlager4 (GE
Healthcare, Uppsala, Sweden). MRI images
were co-registered to the PET images by means
of an early summation image of frames 2-10
(30 sec to 8 min p.i) resembling a flow image
with maximal cortical information. The co-regis-
trations were performed using Statistical
Parametric Mapping (SPM5; Wellcome Trust
Center for Neuroimaging, University College
London, UK). Volumes of interest (VOI) were
defined using a probabilistic VOI template in
PVE lab software based on each individual MRI
[16]. VOIs were then applied to the dynamic PET
data generating mean time-activity curves
(TACs) for 16 grey matter regions averaged over
the left and right hemispheres (superior frontal
cortex, medial inferior frontal cortex, orbital
frontal cortex, dorsolateral prefrontal cortex,
ventrolateral prefrontal cortex, superior tempo-
ral cortex, medial inferior temporal cortex, insu-
la, parietal cortex, thalamus, sensory motor
cortex, occipital cortex, putamen, caudate,
anterior cingulate cortex and posterior cingu-
late cortex), the total grey matter, total white
matter and cerebellar cortex with and without
partial volume effects correction (PVC) using
the modified Muller-Gartner method in PVE lab
[47].

The kinetic components of *¥F-flutemetamol
uptake were analyzed using spectral analysis
for the TACs with and without PVC. Spectral
analysis is a data-driven method characterizing
the impulse response function (IRF) as a sum
of exponential terms, fitting a set of k basis
functions to the data, without restriction of a
predefined compartmental model. V_ is then
estimated as a function of the IRF [18] which is
given by the following equation

k
IRF(t) = _;l aice- Bit

Fifty basis functions were used with predeter-
mined B logarithmically distributed between
0.0111 min* (equal to 1/T where T is the scan-
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ning duration 90 min) and 2 min, returning the
peak height «, [19]. B, corresponds to k, and o,
to K, in a compartment model IRF and thus pro-
viding a contribution to V. of each of the 50
basis functions and estimating V. as the area
under the IRF curve. The basis functions were
divided into categories based on peak
distribution across all subjects. The distribution
volume for each category was estimated as
VJ.=Z o/B, where j=A, B, ..., X, of the basis func-
tions within each of the X categories, as well
as the percentage contribution of each Vj to
the total V, (%Vj). Differences in grey and white
matter properties were identified, and used as
a method for potential discrimination of uptake
type in the creation of parametric images.
Effects of PVE on the estimated V. and contri-
bution of respective component to V. were
assessed using Student’s t-test.

The binding potential (BP,) in each of the 16
grey matter regions was estimated though an
indirect plasma input 2-tissue compartment
model, calculating BPND as the distribution vol-
ume ratio (DVR)-1 using cerebellar cortex as
reference region. The correlation between the
spectral analysis and 2-tissue compartment
model estimates was assessed.

Simulation of partial volume effects

The impact of PVE on the quantification of
18F-flutemetamol uptake was investigated
through simulations. Digital phantom scans
were created by using grey/white matter seg-
mented MR images from a representative neg-
ative and a positive subject, assuming homog-
enous tracer uptake within grey and white mat-
ter and cerebellar cortex. While this assump-
tion is not supported in reality, especially where
the uptake differs with respect to presence of
B-amyloid deposits in grey matter, it was
assumed sufficient for the evaluation of PVE.
Characteristics of tracer uptake were based on
plasma input functions and kinetic parameters
of the three tissue types from the spectral anal-
ysis performed in the two subjects. PVE were
introduced by applying smoothing using a
Gaussian point spread function of 7 FWHM on
the digital phantom. Recovery of the uptake in
the three tissue types was estimated through
comparison of each tissue type before and
after smoothing. TACs were generated for the
original and smoothed digital phantom and
quantified using spectral analysis [18].
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Figure 1. Spectral analysis peaks of (from top to bottom) *8F-flutemetamol uptake in cerebellar cortex, total grey
and total white matter. Left column: the combined peaks of four subjects with positive uptake profile, right: the com-
bined peaks of two subjects with negative uptake profile. The dark grey boxes on the left of each graph represent
the range of peaks included in the slow component A (<0.0111 min™), the light grey boxes show the intermediate
range B (B: 0.0124-0.1748 min?), and the grey on the right of each graph represent the fast component range C (B:
0.267-2 min™). The slow component is completely absent in cerebellar cortex, and in the grey matter of negative
subjects, while present in the grey matter of positive subjects and dominating in the white matter of both positive

and negative subjects.

The effects of PVE on the positive and negative
phantoms were assessed by comparison of the
spectral analysis estimates from the original
and smoothed data.

Parametric images

Parametric images were created using voxel-
based spectral analysis with five basis func-
tions, with B logarithmically spaced between
0.0111 and 2 min™. The number of basis func-
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tions was limited to five in order to decrease
processing time and the simplification was vali-
dated by applying the VOI maps onto the para-
metric V_ images. Regionally averaged V_ val-
ues were obtained and compared with those
from the VOI-based spectral analysis using 50
basis functions. Using the V. of the cerebellar
grey matter region, DVR-1 was estimated for
each region and compared to BP estimates
from a parametric basis function implementa-
tion of the simplified reference tissue model

Am J Nucl Med Mol Imaging 2015;5(5):515-526
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Figure 2. Contribution of kinetic components to V_ before and after partial volume effects correction (PVC). Subjects
P1-P4 are the four positive subjects, N1 and N2 the negative subjects. Top row: before PVC, bottom row: after PVC.
Slow component A presented in dark grey, intermediate component B presented in light grey and fast component

C presented in grey.

(SRTM), called RPM [20, 21] previously validat-
ed for creation of parametric images of
BF-flutemetamol [22].

Using the unique properties of grey matter and
white matter as identified by the VOI-based
spectral analysis, voxels were classified as typi-
cal grey matter or white matter and two para-
metric images for each subject were created,
one including only the voxels classified as grey
matter and one including only voxels classified
as white matter. For each unique voxel, the V.,
was estimated in each respective parametric
image. In addition, a parametric image contain-
ing the kinetic component VJ. hypothesized to be
typical for white matter uptake and specific
binding to B-amyloid in grey matter in the both
in all voxels and in voxels classified as grey mat-
ter was created for each subject.

Results
Spectral analysis of *8F-flutemetamol uptake

Three main categories of exponential compo-
nents were identified, both in amyloid-negative
and positive subjects. The categories were
defined, slowest to fastest, as A: k,<0.0111
min®, B: k, ranging from 0.0124 to 0.1748
min™* and C: k, ranging from 0.267 to 2 min™,
with V,, V_ and V, being the volume of distribu-
tion of each component. Combined spectra for
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positive and negative subjects are shown
in Figure 1.

In white matter and cerebellar cortex, the con-
tribution of the components to V_ did not differ
between the negative and positive subjects. In
cerebellum, the slow component A was not
detected, component B was dominant
(%Vy=97.7%+1.1), and component C had the
remaining minor contribution when data had
undergone PVC. Correcting the uptake for PVE
increased the V. in cerebellar cortex by
14%+0.4 (p<0.001), but did not affect the rela-
tive contribution of the different components,
i.e. also without PVC component B represented
the entire V..

In white matter, component A was dominating
(%V,=90.0%*4.4 to total V,), followed by com-
ponent B (%V,=9.6%+4.2) and negligible contri-
bution from component C (%V,=0.4%+0.6)
when data was corrected for PVE. PVC had no
significant effect on V_ in the white matter,
however %V, increased (p<0.001) and %V,
decreased (p<0.001) compared to uncorrected
data.

After PVC, component A was absent in the grey
matter of two negative subjects, and %V, was
approximately 100%, similar to cerebellar cor-
tex. In the grey matter of three of the four posi-
tive subjects, %V, ranged between 21 and 42%,

Am J Nucl Med Mol Imaging 2015;5(5):515-526
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Table 1. Mean kinetic parameters of region based spectral analysis

No correction for PVE Component Corrected for PVE Component
K, Total K, A B C Total K, A B C
Negative Negative
Grey matter 0.24 0.00 0.21 0.03 Grey matter 0.28 0.00 0.24 0.03
White matter 0.22 0.06 0.14 0.02 White matter 0.16 0.08 0.07 0.00
Cerebellar cortex 0.30 0.00 0.26 0.04 Cerebellar cortex 0.36 0.00 0.32 0.04
Positive Positive
Grey matter 0.24 0.03 0.16 0.05 Grey matter 0.27 0.02 0.20 0.06
White matter 0.22 0.06 0.12 0.05 White matter 0.15 0.07 0.06 0.02
Cerebellar cortex 0.33 0.00 0.24 0.09 Cerebellar cortex 0.39 0.00 0.30 0.05
VT VT VTA VTB VTC VT VTA VTB VTC
Negative Negative
Grey matter 489 0.33 449 0.07 Grey matter 4.67 0.00 4.60 0.07
White matter 730 5.80 1.47 0.03 White matter 7.64 709 052 0.00
Cerebellar cortex 480 0.00 4.73 0.07 Cerebellar cortex 5.43 0.00 5.35 0.08
Positive Positive
Grey matter 5.06 227 2.71 0.08 Grey matter 5.04 1.26 3.68 0.09
White matter 6.76 5.12 1.57 0.08 White matter 6.63 591 0.69 0.03
Cerebellar cortex 4.01 0.00 3.90 0.11 Cerebellar cortex 4.57 0.00 4.44 0.43
%V, of V. WY, RV, BV, %V, WVy BV,
Negative Negative
Grey matter 6.1 925 14 Grey matter 0.0 984 15
White matter 79.6 20.1 0.4 White matter 92.7 7.3 0.0
Cerebellar cortex 0.0 986 1.5 Cerebellar cortex 0.0 98.5 1.5
Positive Positive
Grey matter 434 551 1.6 Grey matter 23.2 75.0 1.8
White matter 752 238 1.1 White matter 88.7 10.7 0.4
Cerebellar cortex 0.0 973 2.7 Cerebellar cortex 0.0 97.3 2.7

Negative: mean of the two subjects with amyloid negative uptake pattern; Positive: mean of the four subjects with amyloid
positive uptake pattern; K,: unidirectional clearance from blood to tissue, sum of o across all [3J or within each component A, B
and C; V_: total volume of distribution.

whereas it was zero in subject P3. The con-
tribution of the different components to V_ in
the three tissue types is shown visually in
Figure 2, before and after PVC. PVC had the

partment model DVR-1 estimates (Pearson’s
r=0.98, slope=1.04) for data uncorrected for
PVE are shown in Figure 3A.

opposite effect on grey matter uptake com-
pared to white matter, %V, decreased (and was
removed completely in two subjects, p=0.03)
and the %V increased (p=0.03). No significant
change in V_ was observed.

Magnitude of K, V. and the component contri-
bution in grey matter, white matter and cerebel-
lar cortex uptake with and without PVC are list-
ed in Table 1.

Spectral analysis estimates of DVR-1 in 16 grey

matter VOIs, using cerebellar cortex as refer-
ence region, correlated well with 2-tissue com-
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Discrimination of tissue types

A threshold for discrimination of grey and white
matter based on VOI estimates of the %V, in
data uncorrected for PVE was identified by
locating the exact midpoint between white mat-
ter and grey matter mean estimates expressed
in standard deviations (SD):
Threshold = %V, -2V V.
SD +SD

The threshold estimated was 0.69, i.e. if the
%V, is higher than 69%, the data should be
classified as coming from white matter.

-sD”
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Figure 3. Correlation plots of methods for quantification. (A) VOI-based spectral analysis DVR-1 vs plasma input
2-tissue compartment model DVR-1 (r=0.98), (B) Voxel-based spectral analysis DVR-1 using five basis functions vs
VOlI-based spectral analysis DVR-1 using 50 basis functions (r=0.97) and (C) voxel-based spectral analysis DVR-1

vs RPM BP, (r=0.93).

Simulation of partial volume effects

The simulation study demonstrated that after
smoothing was applied to mimic PVE, the recov-
ery in a positive phantom was 64% in grey mat-
ter, 68% in white matter and 79% in cerebellar
cortex. In a negative phantom, the recovery
was 68% in grey matter, 71% in white matter
and 77% in cerebellar cortex, i.e. very similar to
that of the positive phantom.

The V_in grey matter was reduced 21% in the
positive phantom, but decreased with only 6%
in the grey matter of a negative phantom as an
effect of the simulated PVE. The V_in white
matter was less affected by PVE in the positive
phantom (7% decrease) and in the negative
phantom the white matter V_ decreased with
12%. V_in cerebellar cortex decreased with 5%
in the positive phantom and 9% in the negative
phantom. As a result, the DVR using cerebellar
cortex as reference region decreased in the
grey matter with 17% in the positive phantom
but only 4% in the negative phantom, while the
white matter DVR increased with 17% in the
positive phantom and decreased with 10% in
the negative phantom.

On a component level, the %V, increased from
38 to 44% in grey matter of the positive phan-
tom, and from O to 32% in the negative phan-
tom. In white matter the %V, decreased from
82 to 71% in the positive phantom, and from 92
to 81% in the negative phantom.

Parametric images

Starting with the optimal threshold for contribu-
tion of component A to V. as classifier of each
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voxel, the voxels with %V,>69%were assigned
to the white matter parametric image, and
%V,<69% were assigned to the grey matter
parametric image. For adaptation of the region
based threshold to voxel-based analysis, which
is more sensitive to PVE especially on the bor-
der between grey and white matter, iterations
of thresholds starting with the estimated
threshold was made returning an optimal
threshold that did not over-classify grey matter
voxels as white matter or vice versa as com-
pared to the MRI. Two iterations of lower thresh-
olds were tested %V,=60% and %V,=50%,
where the latter instead was shown to classify
white matter voxels in grey matter affected by
B-amyloid accumulation. Five parametric imag-
es were created:

e V. - voxel-based spectral analysis in all
voxels

e V, - voxel-based V. of component A in all
voxels

° VTG"’I - voxel-based spectral analysis in voxels
with %V,<60% (grey matter voxels)

e V " -voxel-based spectral analysis in voxels
with %V,260% (all voxels)

° VAG“’I - V. of component A in voxels with
%V,<60% (grey matter voxels)

Examples of V, V,, V%, V"™ and V" are
shown in Figure 4 for a representative negative
and positive subject. V."" showed a distinct
white matter pattern in the negative subject,
whereas in the positive subject it was in part
slightly distorted due to atrophy. The signal

Am J Nucl Med Mol Imaging 2015;5(5):515-526
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Negative

Positive

Figure 4. Parametric spectral analysis images. Top row: negative subject N2 (MMSE=29) and bottom row: positive
subject P2 (MMSE=23). Maximum intensity in all images is set to twice the V_ in cerebellar grey matter of respective

subject.

from component A in grey matter, as seen in
the V,¢ image showed a halo of high uptake
outlining the white matter border in the nega-
tive subject, while the higher uptake spread out
in the cortical parts in the positive subject.

The V_ of the 16 grey matter regions and cere-
bellar cortex from voxel-based spectral analy-
sis using 5 basis functions demonstrated a
high correlation with the V_ from VOl-based
spectral analysis using 50 basis functions
without PVC, with Pearson’s r=0.97 and a slope
of 0.99 (Figure 3B). There was a significant cor-
relation between the voxel-based estimation of
DVR-1 using cerebellar cortex as reference
region and V, across subjects and regions
(Pearson’s r=0.68, p<0.0001). The voxel-based
DVR-1 also correlated well across all subjects
with voxel-based BP, from RPM (Pearson’s
r=0.93, slope=0.85) (Figure 3C).

Discussion

Previous studies have quantified *©F-flute-
metamol uptake by means of either compart-
ment modelling, graphical analysis or semi-
quantitatively using the target to reference
ratio, SUVR. The present work investigated
whether spectral analysis could be applied for
quantitation of uptake, as well as for separa-
tion of grey and white matter uptake.

Uptake of 8F-flutemetamol as quantified by

spectral analysis correlated well with quantita-
tion through arterial input compartment model-

522

ing, which is considered the gold standard in
PET quantitation. Spectral analysis of PVC data
demonstrated the presence of three main com-
ponents in the uptake of ®F-flutemetamol,
ranging from very slow (irreversible or near irre-
versible) and intermediate to fast. The contribu-
tion of the fast component was minor overall
and independent of whether the subject exhib-
ited an AD or control typical uptake pattern,
and was likely due to dispersion or noise in the
input function [18]. It cannot be concluded
from this study whether the intermediate and
fast reversible components represent parallel
compartments, a result of a heterogeneous tis-
sue, or catenary.

The components dominating the contribution
to the total uptake varied between the different
types of tissues studied. In white matter, the
slow component had the major contribution to
the total uptake, whereas in the cerebellar cor-
tex, this slow component was completely
absent and instead the intermediate compo-
nent had the major contribution to the total
uptake, representing non-specific reversible
binding. This was consistent across all six sub-
jects studied, indicating that non-specific bind-
ing in grey matter, such as the uptake in the
cerebellar cortex, has different kinetic proper-
ties than the binding in white matter, assumed
to be non-specific. While the basis function with
slowest Kinetics in spectral analysis may
include irreversible kinetics, the uptake in white
matter could not be described well by an irre-
versible 2-tissue compartment model implying
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that the binding in white matter was in fact of
reversible, although very slow.

The dominating slow component of 28F-
flutemetamol in white matter was not in line
with the kinetics of the analogue tracer 'C-PIB,
which exhibits only a fast component in white
matter when analyzed with spectral analysis
[23]. This may be a consequence of the higher
lipophilicity of *®F-flutemetamol compared to
its 1C analogue.

In grey matter the slow component appeared
to evince the presence of (B-amyloid: two of
the AD subjects and the control subject with a
positive uptake pattern had a contribution of
the slow component. In contrast, the slow com-
ponent was absent in the remaining two con-
trols and the dominating contribution to the
uptake was the intermediate component, simi-
lar to the uptake in cerebellar cortex. The slow
component was also missing in the grey matter
of one of the positive AD subjects after correc-
tion for PVE.

Without PVC, the neighboring tissue contami-
nated the signals in white and grey matter; the
slow component was present in all positive
scans, and to a smaller extent in one of the
negative scans. The contribution to V. of the
slow component in the positive AD subject
where spectral analysis of the PVC data had
failed to detect the slow component, was on
similar level as the other positive subjects,
while it was much lower in the negative sub-
jects. This suggests that the PVC may have
removed the actual signal, explaining the
absence of the slow component in the positive
AD subject.

The intermediate component was also more
prominent in the white matter, but the slow
component contribution was still larger than
within grey matter tissue. This was not seen for
the cerebellar cortex however, in which the slow
component was still completely absent sup-
porting the assumption that the cerebellar cor-
tex exhibits a 1-tissue compartment Kkinetics
and its appropriateness as reference region
[12]. The volume of distribution of the slow
component of regional voxel-based analysis
correlated with the regional voxel-based DVR-1.
The same pattern was observed for 'C-PIB
where one of the slower components varied lin-
early with the Logan V_in AD subjects but not in
controls [23].
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Sensitivity of spectral analysis has been indi-
cated especially in data with high noise, and for
the low rate basis functions [19], where effects
on component detection resulting in shifting of
components as well as detection of false com-
ponents in the system would occur. Bias-
correction utilizing bootstrapping has been
shown to lower the bias, but at the cost of an
increasing variance [19]. Another approach is
to apply numerical filtering [18] where coeffi-
cients below a certain cutoff frequency B,
are summed, to compensate for noise in the
data. The analyses included here focused on
total grey matter, total white matter and the
cerebellar cortex. The size of the two former
produces data with low noise especially for the
high uptake in the grey matter of amyloid-posi-
tive subjects and the white matter of all sub-
jects. In the regions with lower counts and high-
er noise, cerebellar cortex and grey matter of
amyloid negative subjects, the slow component
was not detected. Nor were any peaks detected
near the limit that could indicate that a shift of
the components had taken place. In our analy-
sis, the basis function with lowest rate were
defined as B<0.0111 min*or 1/T where T is the
end time of the scanning interval [24]. This cor-
responds in effect to numerical filtering [18].
This definition of the lowest rate basis function
does not allow for separation of reversible and
irreversible Kinetics, but previous analyses
using compartment modeling has shown that
the kinetics is best described by reversible
models [12].

Our simulation studies confirmed the clinical
findings with respect to impact of PVE on
the quantification of ‘8F-flutemetamol uptake,
showing an increase in the grey matter of the
slow kinetic component and a decrease in the
white matter. Specifically in the negative digital
phantom, the contribution increased from O to
32%, but the DVR only increased 4% suggest-
ing that while spillover from white matter does
contaminate the signal in grey matter, the
impact on the absolute quantification is minor.
Some limitations of the simulation study were
that we assumed uniform uptake within each
tissue type which is not in line with reality, and
the analysis was limited to only one digital
phantom per uptake category. However, in spite
of these limitations the simulations still work as
an objective observation of the impact of PVE.

In order to decrease the noise in the voxel-
based spectral analysis, only 5 basis functions
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were used. The slow component, which was of
highest importance for the discrimination
between grey and white matter kinetics was
defined similarly in both VOI- and voxel-based
analyses and the correlation between the V.
estimates from VOI and voxel-based spectral
analysis was excellent. While the method of dis-
crimination between white and grey matter
Kinetics was based on uptake in the global grey
and white matter and not taking into account
the PVE or the higher relative noise in voxel-
based activity measurements, the separation
of the tissue types was successful. Previous
studies using traditional plasma input compart-
ment modelling have not been able to discrimi-
nate between the specific binding of
18F-flutemetamol to B-amyloid, and the high
non-specific binding in white matter [12].

When reviewing the contribution of the slow
component in the grey matter of negative sub-
jects with control typical uptake pattern, white
matter uptake spills over into the grey matter
voxels due to PVE, for which the image data
had not been corrected, resulting in a higher
signal outlining the excluded white matter clas-
sified voxels. The evident PVE were only visible
directly adjacent to the white matter and not
further out in the lateral cortex, as expected
from PVE. Among the positive subjects with AD
typical uptake pattern, a higher V. of slow com-
ponent was also detected in the cortex, how-
ever, with a larger spread than that seen in
negative subjects. PVE could be decreased by
using a lower threshold of contribution from
slow component to V_ for classifying voxels as
white matter, thus expanding the volume classi-
fied as white matter, but at the risk of classify-
ing grey matter voxels with specific binding to
B-amyloid as white matter instead.

The similar kinetic properties for the specific
binding of 18F-flutemetamol to B-amyloid in grey
matter, and non-specific binding in white mat-
ter, could in fact reveal binding to 3-sheet struc-
tured myelin basic protein in white matter even
more prominent than that proposed for *'C-PIB
which could result in even larger decrease in
uptake in demyelinated lesions than for *C-PIB
[9, 10]. It remains to be investigated whether
the findings in these previous studies are relat-
ed to blood flow alterations in studied lesions,
as neither applied kinetic modelling in their
quantification. Spectral analysis would consti-
tute an attractive method for quantification
in potential future studies aiming to investigate
uptake in white matter lesions using
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18F-flutemetamol since the specific binding rep-
resented by the slow component can be quanti-
fied, as described here. Further in vitro studies
are required to investigate whether the high
white matter uptake is due to the lipophilicity of
18F-flutemetamolor specific binding.

Conclusions

Using spectral analysis, three main kinetic
components could be identified in the uptake
of 8F-flutemetamol. Specific binding of
18F-flutemetamol to B-amyloid was character-
ized by presence of a slow kinetic component,
which also dominated the white matter uptake.
Using voxel-based spectral analysis, grey mat-
ter and white matter voxels could be discrimi-
nated using a threshold for the level of contri-
bution from the slowest component to the total
volume of distribution.
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