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'8E-FP-CIT PET imaging and SPM analysis of
dopamine transporters in Parkinson’s
disease in various Hoehn & Yahr stages

Abstract To investigate the
usefulness of 18F-FP-CIT PET for
assessing the severity of Parkin-
son’s disease (PD) at various
clinical stages, 41 patients with PD
were divided into early (Hoe-
hn&Yahr I-II, n = 23) and ad-
vanced (Hoehn&Yahr III-1V,

n = 18) subgroups. 18F-FP-CIT
PET was performed in these
patients and 12 normal subjects.
18F-FP-CIT uptake in striatal
subregions and its correlation with
UPDRS were first evaluated by
ROI analysis, and between-group
differences were also analyzed by
Statistical Parametric Mapping
(SPM). Our results showed that
striatal 18F-FP-CIT binding were
significantly reduced to 70.9%
(caudate), 46.8% (anterior puta-
men) and 24.0% (posterior puta-
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men) in early PD compared with
that of the control, and to 52.0%,
34.5% and 16.5% correspondingly
in advanced PD, respectively.
There was significant negative
correlation between total motor
UPDRS score of all parkinsonian
patients and 18F-FP-CIT uptake in
caudate nucleus (r = —0.53,

p < 0.001), anterior putamen

(r = -0.53, p < 0.001) and pos-
terior putamen (r = —0.61,

p < 0.001). SPM comparison of
18F-FP-CIT uptake between early
or advanced PD and the control
group showed significant decline
in striatum, predominantly local-
ized on the contralateral side and
in the dorsal-posterior putamen.
These results indicate that 18F-FP-
CIT PET can serve as a suitable
biomarker to represent the sever-
ity of PD in early and advanced
stages.
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18F-FP-CIT - parkinson’s dis-
ease - dopamine transporter
statistical parametric mapping

77T NOf



186

Introduction

During the past decade, in vivo imaging of the ni-
grostriatal dopaminergic system offered the oppor-
tunity of being an objective method of measuring the
severity and progression of PD. Dopaminergic dys-
function in PD has been visualized with positron
emission tomography (PET) or single photon emis-
sion computed tomography (SPECT) by using various
tracers [1-6]. Among them, two major approaches
were used. '*F-dopa uptake in the striatum reflects the
density of striatal dopaminergic terminals and the
conversion of '*F-dopa to and storage as '*F-dopa-
mine. However, it has been suggested that '*F-dopa
assessment might overestimate the number of striatal
dopaminergic nerve terminals in early stage of PD,
because the loss of dopaminergic synapses is partially
compensated for by increased dopamine turnover in
the surviving terminals [2, 7-10]. An alternative
radiotracer binding target is dopamine transporter
(DAT), which has been visualized by "C-cocaine [11],
"'C-RTI-32 [12], "'C-CFT [13], ®F-CFT [14] and '®F-
FP-CIT [5]. FPCIT is a highaffinity cocaine analog
binding specifically to DAT. When it is labeled by '°F,
it has fast kinetics and high signal-to-noise ratios and
is suitable for PET neuroimaging [5,15,16]. Previous
work indicated that DAT imaging might be more
sensitive in detecting early stage of PD than '*F-dopa
imaging [7, 17]. There has been, however, some
controversy over whether DAT imaging might be used
as a biomarker for assessing the severity and pro-
gression of PD, and for evaluating the efficacy of
neuroprotective treatments [3, 18-20]. In longitudinal
studies, DAT ligands with both PET and SPECT have
demonstrated no significant correlation between the
reduction in striatal DAT and the change in clinical
severity in PD [19]. In cross-sectional studies, on the
other hand, DAT levels were inversely correlated with
the severity of motor dysfunction in early PD [3, 21].

The aim of the present study was to investigate the
usefulness of "*F-FP-CIT PET for assessing severity of
PD at various clinical stages, and to provide more
validation on this imaging modality for the biomarker
of the severity of PD.

Subjects and Methods

Patients

Forty one patients with idiopathic PD at various disability stages
were enrolled. All were over 30 years old and met step I and step II
criteria according to the PD society brain bank [22]. They were
divided into 2 subgroups according to the Hoehn&Yahr (HY) stage:
(1) 23 patients with early PD (56.2 + 8.1 years old, 2.2 + 1.4 years
duration [mean + SD], HY I-II). Of these 23 patients, 4 patients
were less than 50 years old and defined as early-onset PD, 13

patients were rated stage I and 10 stage II. Thirteen initially had a
favorable response to levodopa therapy and were taking levo-
dopa(321 * 226 mg), the other 10 patients were receiving dopa-
mine agonists, amantadine, selegiline, or anticholinergic
medications. (2) 18 patients with advanced PD (59.1 £ 7.6 years
old, 6.9 * 3.3 years duration, HY III-IV). Of them, 3 patients were
early-onset PD, 7 patients were rated stage III and 11 stage IV. All
of the 18 patients were on treatment with levodopa(492 + 246 mg)
with a favourable response initially, together with dopamine ag-
onists, amantadine, selegiline, or anticholinergic medications in
various combinations. The two groups were comparable in the age
distribution and clinical features(subscores in bradykinesia, rigid-
ity and tremor).

The severity of motor symptoms was evaluated using the motor
part of the Unified Parkinson’s Disease Rating Scale (UPDRS) just
before PET scanning when the patients were considered as “off
medication” after antiparkinsonian drugs were discontinued for at
least 6 hours.

The control group consisted of 12 neurologically normal and
age-matched volunteers (58.8 + 7.2 years). This study was ap-
proved by the Ethics Committee of Huashan Hospital and a written
informed consent was obtained from each subject.

Radiochemistry and PET Imaging

8E_-FP-CIT was synthesized by electrophilic fluorination of FP-
CIT(N-3-fluoropropyl-2--carboxymethoxy-3-B-(4-iodophenyl)
nortropane) (National Key Laboratory of Nuclear Medicine, Wuxi,
Jiangsu, P.R.China) according to the method reported previously
[5]. The preparative separation was made with high performance
liquid chromatography, and the fraction containing the product
was evaporated to dryness. Finally, the residues were dissolved in
phosphate buffered saline (pH 7) and sterile filtrated. The radio-
chemical purity was better than 98%.

A whole body PET scanner (ECAT EXACT HR plus, Siemens)
was used to simultaneously collect 63 imaging planes with a 3D
resolution of 4.4 mm full width at half maximum (FWHM) with
filtered back projection (FBP). Prior to the emission scan, each
patient underwent a transmission scan for 10 minutes using a
removable gallium-68 ring source to correct for photon attenua-
tion. On average, 148 MBq (4.0 mCi) of '®F-FP-CIT was injected
intravenously. The scan duration of each frame was 10-15 mins.
The data were acquired in 3D mode.

The regions of interest (ROI) were identified and drawn on the
caudate, putamen, and cerebellum in each hemisphere on MR
images (1.5 T) realigned according to the PET image using the
surface fitting method [23]. The four adjacent slices where the
striatum was best seen was used for ROI analysis. The putamen was
divided into anterior and posterior halves along its longitudinal
axis. The ROIs were then copied onto the PET image and the uptake
of "®F-FP-CIT was calculated as a (region-cerebellum)/cerebellum
ratio at 120 minutes after injection.

Statistical analysis

The mean '®F-FP-CIT uptake of left and right hemispheric struc-
tures were averaged before performing statistical analysis. The '°F-
FP-CIT uptake in parkinsonian patients at early stage and advanced
stage was judged relative to control values using ANOVA. The
correlation between UPDRS and '®F-FP-CIT uptake in striatal
subregions was evaluated by calculating Pearson correlation coef-
ficients using SPSS. P-values less than 0.05 was considered statis-
tically significant.

In addition, we used statistical parametric mapping software
(SPM99, Wellcome Department of Cognitive Neurology, London,
UK) in MATLAB 5.3 (MathWorks, Natick, MA, USA) to perform



Fig. 1 Images of "F-FP-CIT uptake at the level of striatum in a healthy control
and two PD patients at various stages. A: healthy control, "F-FP-CIT PET image
overlaid on an MR image; B: healthy control; C: early PD with HY stage |;
D: advanced PD with HY stage IV. PD patients display progressive losses of
striatal DAT binding over time compared to healthy controls

between-group comparisons. Before statistical analysis the images
of parkinsonian patients were reoriented so that the striatum
contralateral to the symptomatic side was always on the left of the
brain. Each individual PET scan was normalized into a standard
stereotactic space [24], using the published brain template for '°F-
FP-CIT binding [25]. The images were then smoothed using an
isotropic 10-mm kernel to account for variation in striatum and
individual variability in structure-function relationships. '®F-FP-
CIT binding difference was examined for all voxels over the whole
brain and appropriate linear contrasts were used to derive the
between-group (unpaired) ¢ statistic. The SPM{t}s were then
transformed to the unit normal distribution (SPM{Z}) and con-
verted to Z scores. Only the regions which exceeded a threshold of
Puncorrected < 0.05 (Z score > 3.1) were accepted as significant. This
was acceptable as our study was considered hypothesis driven in
order to confirm binding deficits in the striatum.

Results

We found significant reduction in DAT binding in the
caudate and putamen of PD patients as compared
with those in healthy controls (Fig. 1, Table 1). In 23
patients with early PD (H & Y Stage 1.43 £ 0.51;
motor UPDRS rating 22.0 + 7.0), '*F-FP-CIT binding
was significantly reduced (p < 0.01) to 70.9% (cau-
date), 46.8% (anterior putamen) and 24.0% (posterior
putamen) of the normal mean. In 18 patients with
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Table 1 "®F-FP-CIT binding values in the caudate and putamen in healthy
subjects and patients with PD

FP-CIT Binding Control Early PD Advanced PD
(n=12) (n=23) (n=18)
Caudate 2.96 + 045 2.10 £ 0. 53* 1.54 + 0.46*
Anterior Putamen 3.74 £ 0.52 1.75 £ 0.57* 1.29 + 0.38*
Posterior Putamen 3.58 + 0.47 0.86 + 0.28* 0.59 + 0.16*

Values are means of ipsilateral and contralateral sides
* p<0.01 PD versus controls
** p < 0.01 advanced PD versus early PD

advanced PD (H & Y Stage 3.61 % 0.5; motor UPDRS
rating 36.7 + 7.4), striatal '*F-FP-CIT binding was
significantly decreased (p < 0.01) to 52.0%, 34.5%
and 16.5% respectively of the corresponding subre-
gions in the control group. This gave rise to relative
SF-FP-CIT binding reductions between advanced and
early PD of 18.9%, 12.3% and 7.5% in the caudate,
anterior and posterior putamen (p < 0.01).

There was significant negative correlation (see
Fig. 2) between total motor UPDRS scores in all 41
patients with PD and '®F-FP-CIT uptake in the cau-
date nucleus (r = —0.53, p < 0.001), anterior putamen
(r=-0.53, p<0.001) and posterior putamen
(r =-0.61, p <0.001), indicating that the more
pronounced the disability, the lower the '*F-FP-CIT
uptake in each striatal subregion.

SPM analysis showed significant decline of '*F-FP-
CIT uptake in early (Fig. 3A) PD relative to the
control group (p < 0.01) and advanced PD (Fig. 3B)
comparable with the control group (p < 0.01). The
reductions occurred in both the contralateral and
ipsilateral striatum, localized predominantly on the
contralateral side and in the dorsal-posterior putamen
(Table 2). There were no regions with increased
'"$E_FP-CIT binding in PD patients.

Discussion

By means of ROI and SPM analyses in this study, we
showed that '®F-FP-CIT uptake was significantly de-
creased in the parkinsonian striatum, with the great-
est loss in the posterior putamen contralateral to the
more affected limbs. Additionally '*F-FP-CIT uptake
in each striatal subregion was negatively correlated
with motor UPDRS score in PD patients with various
clinical severity, indicating that it might be used as a
suitable biomarker to represent the motor disability
of PD.

ROI method was first used in data analysis of this
study. We drew ROIs by coregistering each patient’s
individual MRI to their DAT PET scan. This process
not only improved the accuracy of ROI placement,
but also allowed separation of the putamen into its
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Fig. 2 Correlation between motor UPDRS scores and '®F-FP-CIT uptake in the caudate, anterior putamen and posterior putamen of PD patients (n = 41)

Fig. 3 SPM comparison showing reduced striatal "®F-FP-CIT uptake in early (A)
or advanced (B) PD relative to healthy controls

anterior and posterior parts where DAT binding is
severely reduced in advanced PD. In healthy control,
the uptake ratio of '*F-FP-CIT in caudate, anterior
putamen and posterior putamen was comparable
quantitatively with those reported in Rinne’s [3], Ma’s
[16] and Carbon’s [26] research. In the patients with
PD in the present study, considering that the age
difference between early and advanced PD was
2.9 years, the annual decline of 18p_FP-CIT binding
ratio would be consistent with rates of progression
from Nurmi’s finding [19]. Nevertheless, it is difficult
to compare the exact value of DAT binding ratio in
different studies on the nigrostriatal hypofunction in

PD, since the use of tracers, cameras, analytical ap-
proaches, and patient populations vary between the
studies.

SPM analysis was also performed in our study, it
can overcome the difficulty of ROI method in dis-
tinguishing the striatal boundaries on putamen sim-
ply on the basis of radioactivity distribution. By
means of voxel-based SPM we delineated the uneven
loss of DAT binding in the striatum, confirming that
the posterior putamen was the most severely affected
striatal subregion showing the highest correlation
with clinical assessment, followed by the anterior
putamen and caudate nucleus. These results were
compatible with many functional neruoimaging
studies with several radiotracers for DAT [3, 16].
Furthermore, postmortem studies showed that the
degeneration of dopamine neurons occurs first in the
pars compacta of ventrolateral substantia nigra pro-
jecting to the posterior putamen. When the disease
advances, the dysfunction of nigrostriatal projections
spreads toward more anterior and ventral putamenal
areas, while the projections to caudate nucleus are
relatively spared.

We also demonstrated significant correlation be-
tween motor UPDRS score and striatal DAT binding,
in agreement with previous cross-sectional PET [3, 5,
17] and SPECT neuroimaging studies [21, 27, 28]. In
other PET studies, however, Ma [16] and Antonini

Table 2 SPM regions with lower 8F-FP-CIT uptake in PD relative to the control group

Clinical stage Striatal subregions N x(mm) y(mm) z(mm) Cluster size (voxes)
Early PD Contralateral putamen 436 -30 2 -2 458

Ipsilateral putamen 3.68 28 —6 -8 157
Advanced PD Contralateral caudate 3.85 —4 8 10 150

Ipsilateral caudate 3.56 6 8 6 112

Contralateral putamen 4.89 —-28 0 2 490

Ipsilateral putamen 4.80 24 —14 -2 335

Each voxel = 8 mm®



[29] did not find significant correlation between 18p.
FP-CIT or [''C]FE-CIT putamen uptake and UPDRS
motor scores, as most of their patients were at an
early clinical stage and little variability was present in
the motor scores. The outcome of the present study
may be more convincing since the HY stages of our
parkinsonian patients have overcome the drawback of
narrow range of disease severity in these previous
cross-sectional reports [3, 16, 29]. If few apparent
outliers in Fig. 2, assumed to be due to early onset
before 45 years old, were removed from the analysis,
the correlation between the motor UPDRS and '°F-
FP-CIT binding in striatal subregions seems to be
more significant, implying a better value of '*F-FP-
CIT served as a biomarker for PD.

Although the results of our cross-sectional study
support '°F-FP-CIT as a biomarker to describe the
severity of PD, whether it can document the longitu-
dinal progression of PD remains to be seen and some
criticism has even been put forward. In Nurmi’s
longitudinal study, there was no significant correla-
tion between the change in the UPDRS total motor or
bradykinesia score and the change in the ['*F]CFT
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uptake ratio in any striatal subregion studied [19]. It
has also been suggested by Morrish [30] and Ravina
[31] that DAT imaging could not be used as a sur-
rogate endpoint in clinical trials of PD. The disparity
between the cross-sectional and longitudinal studies
seems to be due to the fact that the decrease in DAT
binding in follow-up of PD could be influenced by the
confounding effect of anti-parkinsonian medications,
age on onset, non-linear progression rate of the dis-
ease, or by the length of the imaging interval. Ana-
lyzing the longitudinal data of these patients in this
paper will be the subject of further studies, and
multiple endpoints of progression will be required in
the future research to fully clarify the clinical course
of PD.
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