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IMAGING

PET Scanning

The dynamic PET scanning protocol consisted of 1
× 30 s, 1× 10 s, 12× 5 s, 2× 10 s, 3× 30 s, 3×
60 s, 2× 120 s and 10× 300 s frames. The first 30
s blank frame was followed by a slow bolus injection
of 170 MBq of FDG over 20 s. The PET scanners
used included the Siemens HR+ , which was used for
52 subjects (University of Michigan, US [3 placebo, 3
RSG-XR], Banner Alzheimer’s Institute, US [18 place-
bo, 19 RSG-XR], General Massachusetts Hospital, US
[2 placebo, 4 RSG-XR], McGill University, Canada [2
placebo , 1 RSG-XR]), the GE Advance, used for 14
subjects (Duke University,US [7 placebo, 7 RSG-XR]),
the Siemens ECAT HRRT, used for 7 subjects (Univer-
sity of Manchester, UK [4 placebo, 3 RSG-XR]), and
the GE Discovery ST, used for 3 subjects (St Thomas
Hospital, UK [2 placebo, 1 RSG-XR]). All of the sub-
jects had their baseline and follow-up PET scans per-
formed on the same scanners with the exception of one
subject in the RSG-XR group that had a 12 month scan
only on a GE Discovery STE (Duke University, US).

MRI scanning

The scanners used included the GE Genesis Signa
1.5 T, used for 63 subjects (University of Michigan,
US [3 placebo, 3 RSG-XR], Duke University, US [7
placebo, 7 RSG-XR], Banner Alzheimer’s Institute, US
[18 placebo, 17 RSG-XR], McLean University, US [2
placebo, 4 RSG-XR], University of Arizona, US [0
placebo, 2 RSG-XR]), the Philips Intera 1.5 T, used for
7 subjects (University of Manchester, UK [4 placebo,
3 RSG-XR]), the Siemens Sonata Vision 1.5 T, used
for 3 subjects McGill University, Canada [2 placebo, 1
RSG-XR]), the Siemens Magnetom Symphony 1.5 T,
used for 2 subjects (The Wessex Nuffield Hospital, UK
[2 placebo, 0 RSG-XR]), and the Siemens Symphony
1.5 T, used for 1 subject (Great Western Hospital, UK,
[0 placebo, 1 RSG-XR]).

The GE scanner employed an SPGR sequence TE
= 5.4 ms, Flip angle= 15 degrees, TI= 650 ms,
NEX = 1, bandwidth 32 kHz, FOV= 240 mm, ma-
trix = 256x256x124, slice thickness= 1.5 mm. A 3D
MPRAGE sequence was employed on Siemens scan-
ners with the parameters TE= 3.44 ms, flip angle=
7 degrees, TI= 1000 ms, TR= 2730 ms, NEX= 1,
bandwidth 190 Hz/pixel, FOV read 256 mm, matrix=
256x256x256, Slices/ slab= 128 and slice thickness

= 1.33 mm. For the only Philips scanner a SPGR se-
quence was used; the scanning parameters were TE=
4 ms, Flip angle= 8.0 degrees, TI= 864.3 ms, NEX=
1, bandwidth approximately 180 Hz, FOV= 240 mm,
matrix= 256× 256× 170, slice thickness= 1.2 mm.

DATA PROCESSING AND ANALYSIS

Image reconstruction and pre-processing

Three-dimensional re-projection (3DRP) or Fourier
re-binning (FORE), combined with two dimensional
(2D) reconstruction or 3D ordinary Poisson ordered-
subsets expectation maximization (OP-OSEM) were
used for image reconstruction [1–3]. All sites were
instructed to apply dead time correction, randoms cor-
rection, normalization, geometric correction, measured
attenuation correction, scatter correction, axial and
transaxial ramp filters. In contrast to the image pre-
processing procedures subsequently developed in AD-
NI [4], this study did not smooth the images acquired
on different imaging systems to a common spatial res-
olution.

Dynamic PET images were corrected for frame-wise
subject head motion and registered to the corresponding
MRI via rigid body registration, with normalized mutu-
al information as cost function. The brain volume was
extracted from the whole head MRI and segmented to
generate a grey matter map. The MNI152 template [5]
and corresponding anatomical human brain atlas [6]
were nonlinearly warped onto each subject’s MRI brain
image. The warped atlas was then applied in conjunc-
tion with the grey matter map to the PET dynamic in or-
der to generate time activity curves (TACs) for the grey
matter in the regions of interest (ROIs). TACs were ob-
tained for global grey matter and the following bilateral
ROIs: posterior cingulate gyrus, parietal lobe, posterior
temporal lobe, frontal lobe, cerebellum and medial tem-
poral lobe (consisting of hippocampus, amygdala, me-
dial anterior temporal lobe and parahippocampal am-
biens gyrus). All rigid body image registrations, non-
linear warps and MRI segmentation were performed
using SPM5b [http://www.fil.ion.ucl.ac.uk/spm]. The
brain extraction process was performed with FSL3.3.5
[http://www.fmrib.ox.ac.uk/fsl].

The results of brain image extraction and segmenta-
tion were quality checked by visual inspection. PET
motion correction,PET-MRI co-registration,atlas warp
to subject’s MRI and subsequent PET alignment and
grey mask images were also checked by visual inspec-
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tion. Image quality control (QC) failures after blind-
ed review included scans with unavailable scan and/or
blood data in the measurement interval, scans with
faults at FDG injection (infiltration) or PET acquisition
and scans associated with incorrect blood data. Five
subjects were excluded from the subsequent analysis
due to unacceptable image or data quality at the base-
line. Additional QC failures at individual timepoints of
1, 6, and 12 months included 1, 1 and 2 scans respec-
tively.

Data supporting analysis based on principles of
kinetic modeling

Fully quantitative estimation ofCMRglu from dy-
namic [18F]FDG-PET scans is based on a two tissue
compartmental model with rate constants K1 and k2
describing the exchange of [18F]FDG between plasma
and tissue across the blood-brain barrier,a rate constant,
k3, describing the phosphorylation and ‘trapping’ of
the tracer as [18F]FDG phosphate, and a rate constant,
k4, often assumed to be negligible, which accounts for
de-phosphorylation [7]. This model can be used to de-
scribe the characteristic accumulation of total radioac-
tivity in brain during an FDG scan, with an early phase
dominated by the exchange across the barrier followed
by an approach to a near irreversible accumulation of
the phosphate. Application of the model and estimation
of the parameters requires an input function describing
the time course of the concentration of [18F]FDG in ar-
terial plasma throughout the PET following intravenous
administration of the tracer or the image-derived input
function [8,9]. The macroparameter of interest arising
from this model is the combined forward rate constant
(Ki) for [18F]FDG which is defined as

Ki =
K1k3

k2 + k3

This parameter may be obtained from the linear termi-
nal slope of a Patlak plot [10,11]

ct(t)

cp(t)
= Ki

t∫

0

cp(s)ds

cp(t)
+ α

wheret is time, α is an effective volume of distribu-
tion, andcp (t) and ct (t) are the concentration time
courses of [18F]FDG in plasma and tissue respectively.
Alternatively Ki can be approximated by the simple
PET quantifier known as the Fractional Uptake Rate
(FUR) [12–14]:

FUR =
ct(t)

t∫

0

cp(s)ds

≈ Ki

under the assumption of negligible effective volume of
distribution at late times after injection.

The cerebral metabolic rate for glucose then is given
by:

CMRglu = Ki

cglu
p

LC

wherecglu
p is the concentration of native glucose in

plasma and LC (the so-called “lumped constant”) ac-
counts for the kinetic differences between native glu-
cose and the deoxy analogue.

In the present study protocol it was not possible to
obtain arterial blood samples on a routine basis. In
order to take into account the delivery of [18F]FDG to
the tissue and the concentration of native glucose in
plasma without a direct measure of the arterial input
function we therefore defined a pragmatic index of the
combined forward rate constant as:

K
index
i =

c∗t

c∗p × t

wherec∗t is the average concentration of radioactivity
in the tissue over the last 30 min of the 60 min scan cal-
culated as the frame average TAC of the last 6 frames of
the PET dynamic,c∗p is the average plasma radioactivi-
ty calculated from the venous blood samples collected
within the last 30 min of the scan andt = 45 min.

TheKindex
i relates toFURas:

K
index
i 

= FUR Ratio 

whereRatio is defined as:

Ratio =

t∫

0

cp(s)ds

c∗pt

We have hypothesized that ifRatio can be consid-
ered constant across subjects for a specific timet then
Kindex

i will be linearly proportional toFUR and sub-
sequently toKi. The hypothesis is true if the shape
of the input function is the same across subjects and
timepoints.

Data collected from another study using a similar
patient population under a scanning protocol identical
except that it allowed inclusion of arterial data collec-
tion (GSK Protocol: AVA100930, clinical trials iden-
tifier: NCT00334568, number of PET scans analyzed:
10) confirmed a good correlation ofK

index
i to the true

Ki: K=
i 0.644Kindex

i − 4.1722, gradient confidence
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Fig. S1. Correlation ofKi to Kindex
i . Data shown include results from individual ROIs and globalgrey matter from 6 baseline and 4 twelve

month scans (active: Pt212m, Pt312m, Pt512m, placebo Pt112m), Pt=patient, bs=baseline, 12m=12 months.

interval (0.598, 0.691), intercept confidence interval
(−6.120,−2.224), R2 = 0.9153 (Fig. S1). Similar
offset (mean, CI:−3.973, (−5.336,−2.610)) was ob-
served whenKi was regressed onFUR (graph not
shown). The negative offset is expected due to the
non zero effective volume of distribution in the Patlak
equation and is not of primary concern on assessments

of longitudinal differences. The area
t∫

0

cp(s)ds corre-

lated well with the areac∗pt (Fig. S2): gradient confi-
dence interval (1.494, 1.969) intercept confidence in-
terval (−3.686, 94.378), R2 = 0.9622, supporting the
assumption ofRatiobeing approximately constant.

Use of this index makes the same assumptions as
autoradiographic methods for which it is assumed that
there is a linear relationship between analogue phos-
phorylation rate and the concentration of radioactivity
in the tissue at late times [15,16]. Other already val-
idated assumptions in the literature include a propor-
tionality between the concentration of radioactivity in
late venous samples and the integral of the arterial in-
put function [17] as well as negligible effective volume
of distribution for late scan time points in the Patlak
equation [14].Kindex

i is intended to describe an anal-
ogous trend of the true metabolic rate of FDG. Under
the validity of the approximation that the shape of the
FDG input function is the same across study subjects

and timepointsKindex
i forms a quantitative measure of

Ki and allows for assessment of global changes.
A corresponding index for the metabolic rate for

glucose was then calculated by:

CMR
index
glu = K

index
i c

glu
p

assuming no changes in the Lumped Constant.
With these formulations, possible drug effects aris-

ing from changes in systemic plasma glucose concen-
tration (reflected incglu

p changes) can be considered
in addition to those arising from increased transport or
phosphorylation of FDG (Kindex

i changes).
Thus this approach is based on kinetic analysis prin-

ciples widely used for quantitative analysis of brain
CMRglu [7,10,11] and distinguishes between FDG up-
take and native glucose uptake.

Further data regarding the analysis based on an
empirically pre-defined statistical region-of-interest
derived from the ADNI

The empirically pre-defined “spared” ROI includes
2,454 voxels from white matter and cerebellar regions
known to be relatively spared neuropathological change
in subjects with mild AD. The “statistical” ROI (sROI),
which includes 32,807 voxels, resembles the pattern
of regional 12-month decline in [18F]FDG uptake de-



S. Tzimopoulou et al. / Rosiglitazone XR in Alzheimer’s Disease 5

Table 1
Adjusted 12 month mean change from baseline in global grey matter for CMRindex

glu
(µg cm−3 min−1) or theCMRratio (a unitless ratio)

with CI(95%) and p-values (uncorrected), for the subgroup of patients of E3/3 and E3/4 genotype. Percentage change frombaseline is given in
parentheses. Abbreviations: CI, confidence interval; RSG,rosiglitazone

Genotype Index RSG-XR Placebo Difference (RSG-XR-Placebo) Difference CI(95%) Difference p-value

E3/3 CMRindex
glu

−1.607 (−3.6%) −4.413 (−10.0%) 2.807 (6.4%) (−7.767, 13.380) 0.60
CMRratio −0.0691 (−6.2%) −0.0192 (−1.7%) −0.0499 (−4.5%) (−0.0935,−0.0063) 0.03

E3/4 CMRindex
glu

−5.842 (−13.2%) −5.742 (−13.0%) −0.100 (−0.2%) (−8.627, 8.427) 0.98
CMRratio −0.0378 (−3.4%) −0.0709(−6.3%) 0.0330 (2.9%) (−0.0027, 0.0688) 0.07

Fig. S2. The area under the arterial input function (
t∫

0

cp(s)ds) is highly correlated to its simpler approximationc∗pt used in theKindex
i

with

intercept value 0 included in the confidence interval, thus supporting the use ofKindex
i

as a PET quantifier. Data shown include results from 6
baseline and 4 twelve month scans (active: 3, placebo 1), individual Ratiovalues: 1.833, 1.904, 1.905, 1.915, 1.926, 1.974, 1.976, 1.998, 2.097,
and 2.114.

fined using Statistical Parametric Mapping (SPM) and
includes voxels in posterior cingulate, medial and lat-
eral parietal, medial and lateral temporal, frontal and
occipital cortices bilaterally.

APOE genotype analysis according to specific
genotype

Subject numbers allowed post hoc analysis to test for
possible drug effect on genotypes E3/3 (3 placebo, 10
RSG-XR), E3/4 (11 placebo, 5 RSG-XR). This analysis
aimed to unmask any possible drug effect covered by
the inclusion of multiple genotypes in the APOE4 pos-
itive and negative populations. The results (Table S1)

agree with the trends observed in the general APOE4
populations namely a non significant smaller metabolic
decrease in the APOE4 negative active group in pri-
mary analysis in contrast to a non significant small-
er decrease observed in the APOE4 positive group in
secondary analysis. The difference in results indicate
limited statistical power due to small and imbalance
sample sizes and confirm the lack of a drug effect.
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