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Abstract. For therapeutic and prognostic reasons it is
important to differentiate between idiopathic parkinso-
nian syndrome (IPS, Parkinson’s disease) and atypical
parkinsonian syndromes (APS) like multiple system atro-
phy or progressive supranuclear palsy. Whereas IPS pa-
tients usually show a normal or upregulated postsynaptic
dopamine D2 receptor profile, APS patients present de-
creased postsynaptic tracer binding. The aim of this
prospective study was to evaluate the D2 receptor antago-
nist fluorine-18 desmethoxyfallypride (18F-DMFP), a re-
cently developed positron emission tomography (PET)
tracer with better clinical availability than carbon-11
raclopride, for the differential diagnosis of IPS versus
APS. The study included 16 healthy control subjects 
and 35 patients with clinically diagnosed parkinsonism
(16 IPS patients, 19 APS patients). All patients under-
went PET imaging after injection of 180–200 MBq 
18F-DMFP. Receiver operating characteristic (ROC) anal-
yses were performed in order to assess the diagnostic 
performance of 18F-DMFP PET. We found the striatal
18F-DMFP uptake ratio to be significantly (P<0.01) re-
duced in the APS patients (2.44±0.42) compared with the
healthy control subjects (3.61±0.43) and the IPS patients
(3.21±0.78), whereas the uptake ratios of the IPS patients
and the control subjects did not differ significantly. For
the differential diagnosis of APS versus IPS, the ROC
analysis of caudate 18F-DMFP binding showed a speci-
ficity, sensitivity and accuracy of 100%, 74% and 86%,
respectively, as well as positive and negative predictive
values of 100% and 76%, respectively. Based on these
first clinical results, we consider 18F-DMFP to be an 

appropriate PET tracer for the differential diagnosis of
parkinsonian syndromes, with the advantage of better
clinical availability than 11C-labelled D2 radioligands.
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Introduction

Parkinsonism is characterised by a pathological dopami-
nergic transmission in the striatum that can be examined
in vivo by means of functional imaging using pre- and
postsynaptic radiotracers [1]. The typical finding of a re-
duced striatal uptake of fluorine-18 DOPA or labelled co-
caine derivatives is a reliable criterion to distinguish pa-
tients with parkinsonism from healthy subjects or patients
with essential tremor [2, 3] or from other forms of parkin-
sonism not characterised by the loss of pre-synaptic dopa-
minergic cells (e.g. psychogenic parkinsonism or drug-in-
duced postsynaptic parkinsonism [4]). For therapeutic and
prognostic reasons it seems necessary to differentiate be-
tween idiopathic parkinsonian syndrome (Parkinson’s dis-
ease) and atypical parkinsonian syndromes due to other
neurodegenerative diseases such as multiple system atro-
phy (MSA), progressive supranuclear palsy (PSP) or corti-
cobasal degeneration [5, 6]. Although clinical criteria
have been defined for the purpose of differential diagno-
sis, neuropathological post-mortem studies have shown
that approximately 20% of clinically diagnosed Parkin-
son’s disease patients have had an atypical parkinsonian
syndrome due to another neurodegenerative disease [7].

Whereas functional imaging of the presynaptic striatal
neuron using 18F-DOPA or cocaine derivatives does not
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allow reliable differentiation between Parkinson’s dis-
ease and atypical parkinsonian syndromes [8], imaging
of the postsynaptic neuron can help in this differential
diagnosis. Patients with Parkinson’s disease show a nor-
mal or (in the early stage) even an upregulated postsyn-
aptic dopamine D2 receptor binding profile in positron
emission tomography (PET) studies with the ligand car-
bon-11 raclopride, which binds selectively to D2-like re-
ceptors (D2 and D3) [9, 10], or in single-photon emission
computerised tomography (SPECT) studies using the 
selective D2 receptor radioligand iodine-123 iodoben-
zamide (IBZM) [11, 12]. In contrast, patients with atypi-
cal parkinsonian syndromes typically show reduced 
striatal 11C-raclopride binding, indicating a decreased
postsynaptic D2 receptor density [10]. Table 1 shows a
short survey on the most relevant PET and SPECT trac-
ers for the investigation of the dopaminergic system.

Compared with IBZM SPECT imaging, PET using
11C-raclopride has the significant advantages of depict-
ing striatal structures with considerably better spatial res-
olution and providing a superior specific to non-specific
binding ratio, which enables more precise quantification
of postsynaptic D2 receptors. Because of the short half-
life of 11C (20.4 min), the benzamide 11C-raclopride is
exclusively available in a few medical centres with an
on-site cyclotron. 18F-labelled substituted benzamides
offer the advantage of a considerably longer half-life
(109.8 min), making them more suitable for PET exami-
nations at greater distances from the centre of tracer syn-
thesis.

First human investigations on the recently developed
18F-fluorinated benzamide 18F-desmethoxyfallypride
[((S)-N[(1-allyl)-2-pyrrolidinyl)methyl]-5-[(3-18F-fluoro-
propyl)-2-methoxybenzamide: 18F-DMFP] demonstrated
that 18F-DMFP is a highly reliable tracer for the PET im-
aging of dopamine D2-like receptors, showing a compa-
rable receptor affinity and very similar selectivity to 
11C-raclopride [13]. Since there have as yet been no clin-
ical experiences with 18F-DMFP, it was the purpose 
of this prospective study to investigate the clinical suit-
ability of this PET tracer in the differential diagnosis of
patients with parkinsonism.

Materials and methods

Patients. We studied 35 patients with parkinsonism (18 women, 
17 men, mean age 64.9±9.1 years, range 43–77 years, median 
65 years) and 16 healthy male control subjects (mean age
38.5±9.5 years, range 26–64 years). Ethical approval was obtained
for all volunteers and the subjects gave informed written consent.

The patients were recruited by our neurological outpatient de-
partment for movement disorders that were diagnosed clinically as
either idiopathic parkinsonian syndrome (IPS, Parkinson’ s dis-
ease; n=16) or atypical parkinsonian syndromes (APS, n=19). The
APS group comprised 15 patients with MSA and four with PSP.
The mean value on the UPDRS part III was 31.3 (minimum 1,
maximum 81, median 34) and the mean value on the Hoehn &
Yahr scale was 2.3 (minimum 0, maximum 5, median 2). The
mean value of the duration of disease was 4.0 years (minimum 1,
maximum 20, median 2). The clinical diagnosis of IPS was based
on the criteria of the Parkinson’s Disease Society Brain Bank. In
making the clinical diagnosis of MSA or PSP we followed the
proposed diagnostic criteria of Gilman et al. for MSA [14] and
Litvan et al. [6] for PSP. The patients stopped taking dopaminergic
medication at least 48 h before PET imaging in order to avoid
postsynaptic receptor blocking by the medication. Patients taking
dopamine agonists with a long pharmacological half-life, such as
cabergoline, discontinued the medication for at least 5 days before
the PET examination.

Tracer synthesis. 18F-DMFP was synthesised via direct fluorination
of a tosylated precursor, ((S)-N-[(1-allyl)-2-pyrrolidinyl)methyl]-
5-(3-toluenesulfonyloxy-propyl)-2-methoxybenzamide. The syn-
thesis of the labelling precursor was performed according to a
method described in the literature [15, 16]. Modifications of the
published method led to a fourfold increase in the yield of the 
labelling precursor and simultaneously simplified the purification
[17]. For routine synthesis, the 18F-fluoride was delivered from
other cyclotron centres with transport periods ranging from 2 to
4 h. The reaction mixture was heated for 20 min at 85°C, diluted
with 1 ml phosphoric acid (10%) and separated using high-perfor-
mance liquid chromatography (HPLC) (250×10, RP8, CH3CN:
0.25 mol/l ammonium acetate buffer + 5 ml acetic acid/l 30:70,
5 ml/min) using an automatic synthesis module. The fraction con-
taining 18F-DMFP was isolated, diluted with 0.15 mol/l disodium
hydrogen phosphate buffer and adsorbed on a C18 cartridge to re-
move the HPLC solvent. The column was washed with 2 ml water
and eluted with 1 ml ethanol. The eluate was diluted with 9 ml of
an isotonic NaCl solution and sterilised by filtration.

Table 1. Pre- and postsynaptic PET and SPECT tracers for investigation of the dopaminergic system

Parameter PET SPECT

Presynaptic Dopamine storage (dopamine decarboxylase activity) 18F-DOPA –
Dopamine re-uptake 11C-nomifensine 123I–FP–CIT

11C-WIN 123I-β-CIT
99mTc-TRODAT

Postsynaptic D1 receptor density 11C-SCH23390 –
D2 receptor density 11C-raclopride 123I–benzamide (IBZM)

11C-methylspiperone
18F-ethylspiperone
18F-desmethoxyfallypride
18F-fallypride
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Average effective overall yields of the synthesis are 32%±4%
(uncorrected for radioactive decay), corresponding to an average
decay-corrected yield of 60%.

Before injection, quality was controlled, which included deter-
mination of chemical and radiochemical purity, specific activity,
pH and absence of pyrogens. The specific activity ranged between
100 and 800 GBq/µmol. The volume of 18F-DMFP injected as an
ethanol:water mixture (1:9) was 5±1 ml. For the injected activity
of 190±10 MBq 18F-DMFP, the injected tracer mass for all studies
was <1 µg. Therefore, it can be assumed that there was no relevant
receptor occupation in any of the studies.

Data acquisition. Images were acquired on a Siemens ECAT 
EXACT PET scanner. The camera has a field of view of 16.2 cm
in 47 planes with a plane spacing of 3.375 mm, an axial resolution
of 4.6 mm full-width at half-maximum and an in-plane resolution
of 6.0 mm (resolution in centre with scanner in three-dimensional
mode). A mean of 190±10 MBq 18F-DMFP was injected intra-
venously as a bolus into a cubital vein over approximately 30 s.
The acquisition started 60 min after the tracer injection and com-
prised a series of 3×10-min frames in three-dimensional acquisi-
tion mode. Image data reconstruction was performed using filtered
back-projection with a 4.0-mm Hamming filter in 128×128 matrix.
After mathematical attenuation correction, transverse sections
were resliced parallel to the canthomeatal line.

PET data analysis. Three experienced nuclear medicine physi-
cians, who were blinded to the clinical-neurological diagnosis of
the patients, evaluated the PET data visually and quantitatively by
means of region of interest (ROI) analysis. Bilateral ROIs were
defined in those planes where the respective regions (total striatum
and caudate nucleus and putamen separately) have maximal areas.
An additional cerebellar ROI was defined and designated as a 
reference region, because it is generally considered to be nearly
free of dopamine receptors [13]. ROI templates based on the trans-
verse PET slices of the normal control subjects were adapted to
the patient PET data. With a pixel size of 2.0 mm, the caudate ROI
had 21 pixels, the putamen ROI, 59 pixels and the cerebellar ROI,

3×250 pixels. Caudate/cerebellum, putamen/cerebellum and stria-
tum/cerebellum uptake ratios were calculated to assess semi-quan-
titatively the specific binding of the tracer to striatal D2 receptors.

Statistical analysis. Statistical analysis was performed using the
SPSS software package. The differences in the striatum/cerebel-
lum uptake ratio were calculated using the unpaired t test for the
comparisons between normal controls and IPS patients, normal
controls and APS patients, and IPS patients and APS patients. For
the correlations between the 18F-DMFP uptake ratios in the 
caudate nucleus and the putamen in IPS and APS patients, the 
correlation coefficients according to Spearman were calculated. 
In order to determine the differential diagnostic performance of
18F-DMFP PET, a receiver operating characteristic (ROC) curve
analysis [18, 19] was performed to assess specificity, sensitivity
and accuracy of caudate and putaminal 18F-DMFP uptake ratios
for the diagnosis of APS. Based on the results of the ROC analy-
sis, the positive and negative predictive values of 18F-DMFP PET
were calculated for the threshold point of 100% specificity.

Results

Visual image analysis of the striatal 18F-DMFP uptake
showed good spatial discrimination between caudate nu-
cleus and putamen, and striatal tracer uptake was clearly
reduced in the APS patients compared with the normal
controls and the IPS patients. There were no visually de-
tectable differences in striatal tracer binding between IPS
patients and the normal control subjects. Typical exam-
ples for the different striatal tracer uptake in healthy sub-
jects, IPS and APS patients are shown in Fig. 1.

Figure 2 demonstrates the PET findings of a patient
with right-sided rigor and considerably reduced 18F-
DOPA uptake in the left striatum. Based on these presyn-
aptic findings and the equivocal results of the apomor-
phine test, definite diagnosis of IPS or APS was not pos-
sible. 18F-DMFP PET examination of the postsynaptic
neuron revealed slightly increased tracer uptake in the
left striatum and normal uptake in the right striatum, in-
dicating a (compensatory) receptor upregulation on the
side of reduced synaptic dopamine concentration. The
result of the 18F-DMFP PET examination led to the 
diagnosis of IPS, which was clinically confirmed by the
further course of the disease.

Fig. 1. The left-hand image shows normal striatal 18F-DMFP bind-
ing in a healthy control subject. In the middle image of a dopa-
naïve IPS patient with clinically left-dominant tremor, there is
slight (compensatory) increase in striatal tracer uptake, which is
dominant in the right striatum. The right-hand image is of a patient
suffering from MSA with clinically right-dominant tremor. The
striatal tracer uptake is considerably decreased, with the lowest up-
take in the left striatum
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Quantitative analysis of the 18F-DMFP uptake ratios
revealed significantly (P<0.01) reduced ratios in the APS
patients compared with the normal subjects and the IPS
patients for the total striatum, as well as separately for the
caudate nucleus and the putamen. Although the mean
18F-DMFP binding in the caudate nucleus, putamen and
total striatum was slightly higher in the controls than in
the IPS patients, the difference was not significant.

The mean caudate uptake ratio in APS patients was
2.32±0.38 (range 1.81–3.01), compared with 3.46±0.42
(range 2.86–4.25) in control subjects and 3.07±0.70
(range 2.53–5.21) in IPS patients. The mean uptake ratio
in the putamen in APS patients was 2.53±0.53 (range
1.46–3.39) compared with 3.70±0.47 (range 3.10–4.72)
in normal controls and 3.29±0.86 (range 2.58–6.01) in
IPS patients. The mean uptake ratio in the total striatum
in APS patients was 2.44±0.42 (range 1.83–3.19), com-
pared with 3.61±0.43 (range 2.98–4.50) in normal con-
trols and 3.21±0.78 (range 2.63–5.61) in IPS patients.
Table 2 shows the mean uptake ratios and the corre-
sponding clinical diagnosis for each of the 35 patients.

The correlation analysis of the caudate to the putami-
nal 18F-DMFP uptake within the normal controls and
within the IPS group and the APS group revealed sig-
nificant (P<0.001) correlations between the two striatal
structures for each group (normal controls: r=0.944; IPS
patients: r=0.82; APS patients: r=0.81).

The results of the ROC analysis performed to assess
the diagnostic accuracy of 18F-DMFP imaging for the 
differential diagnosis of APS versus IPS are shown in Ta-
bles 3, 4 and 5 and in Fig. 3. The areas under the curve for

Fig. 2. Combined pre- (upper row) and postsynaptic (lower row)
PET examination of a patient with suspected parkinsonism suffer-
ing from a right-dominant rigor. The 18F-DOPA scan reveals con-
siderably reduced tracer uptake in the left striatum (particularly in
the putamen) and normal uptake in the right putamen, whereas the
18F-DMFP scan shows normal tracer uptake in the right putamen
and slightly increased uptake in the left putamen as typical find-
ings for dopa-naïve IPS (Parkinson’s disease) patient

Table 2. 18F-DMFP uptake ratios for the caudate nucleus, the puta-
men and the total striatum in IPS (n=16) and APS (n=19) patients

Patient Caudate Putamen Total Clinical 
no. nucleus striatum diagnosis

1 2.75 3.09 2.92 IPS
2 2.72 2.90 2.85 IPS
3 3.40 3.66 3.76 IPS
4 3.55 3.66 3.69 IPS
5 2.53 2.81 2.67 IPS
6 2.58 2.68 2.63 IPS
7 2.80 2.85 2.86 IPS
8 2.64 2.76 2.75 IPS
9 2.55 2.72 2.65 IPS

10 3.47 3.93 3.70 IPS
11 2.54 2.87 2.72 IPS
12 2.77 2.58 2.69 IPS
13 2.83 3.01 2.93 IPS
14 5.21 6.01 5.61 IPS
15 3.82 4.05 3.93 IPS
16 2.90 3.13 3.04 IPS
17 2.00 2.01 2.05 APS
18 2.27 2.63 2.47 APS
19 2.75 2.80 2.81 APS
20 2.21 2.73 2.49 APS
21 1.89 2.19 2.06 APS
22 2.94 3.39 3.19 APS
23 2.11 1.65 1.98 APS
24 2.11 2.43 2.33 APS
25 1.90 2.37 2.15 APS
26 2.46 2.96 2.71 APS
27 1.93 2.59 2.29 APS
28 2.72 2.94 2.83 APS
29 2.23 2.19 2.23 APS
30 3.01 3.35 3.19 APS
31 2.26 2.48 2.37 APS
32 2.33 2.55 2.46 APS
33 2.88 3.22 3.05 APS
34 1.81 2.03 1.95 APS
35 2.20 1.46 1.83 APS

Fig. 3. ROC curves for the 18F-DMFP binding ratios in the total
striatum, the caudate nucleus and the putamen. The left-hand part
of the curves (representing high sensitivity and specificity) is
highest for the caudate tracer binding ratio (red curve)
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the caudate, the putaminal and the total striatal uptake 
ratios were 0.86±0.07, 0.81±0.07 and 0.84±0.07, respec-
tively. The difference between the areas for the caudate
and the putaminal 18F-DMFP uptake ratio were significant
(P<0.05). Based on these results, we found for a threshold
value of 2.495 (caudate uptake ratio) a specificity, sensi-
tivity and accuracy of 100%, 74% and 86%, respectively.
Using this threshold, the positive and negative predictive
values for the diagnosis of APS were 100% and 76%.

Discussion

The differential diagnosis of Parkinson’s disease (IPS)
versus atypical parkinsonian syndromes (APS) is clini-
cally important for therapeutic and particularly prognos-
tic reasons. In contrast to IPS patients, APS patients do
not benefit significantly from L-DOPA therapy, and they
usually have a worse prognosis [20, 21]. Since there 

remains uncertainty over this differential diagnosis, 
especially in the cases of “possible” MSA [5], functional
imaging of the postsynaptic neuronal integrity could sup-
port the selection of suitable patients for experimental
(neuroprotective) therapies or stereotaxic surgery [8].

It is well known from autoradiographic findings [22],
as well as PET [23] and SPECT [24] studies using 
dopamine D2 receptor ligands, that, compared with IPS
patients and healthy controls, APS patients show reduced
postsynaptic tracer binding, indicating a decreased re-
ceptor density due to neuronal cell loss. For the function-
al imaging of postsynaptic D2 receptors, the iodinated
benzamide (S)-2-hydroxy-3-[123I]iodo-6-methoxy-N-[(1-
ethyl-2-pyrrolidonyl)-methyl]benzamide (IBZM) was
first presented by Kung et al. [25, 26] as a new radio-
ligand for SPECT imaging. In the following years, 
the clinical use of IBZM SPECT in patients with parkin-
sonism was well documented by numerous prospective
studies [11, 12, 27].

Table 3. ROC analysis of the 18F-DMFP uptake ratios of the cau-
date nucleus for the diagnosis of APS

Threshold value Sensitivity 1−Specificity

0.810 0.000 0.000
1.850 0.053 0.000
1.895 0.105 0.000
1.915 0.158 0.000
1.965 0.211 0.000
2.055 0.263 0.000
2.155 0.368 0.000
2.205 0.421 0.000
2.220 0.474 0.000
2.245 0.526 0.000
2.265 0.579 0.000
2.300 0.632 0.000
2.395 0.684 0.000
2.495 0.737 0.000
2.535 0.737 0.063
2.545 0.737 0.125
2.565 0.737 0.188
2.610 0.737 0.250
2.680 0.737 0.313
2.735 0.789 0.375
2.760 0.842 0.438
2.785 0.842 0.500
2.815 0.842 0.563
2.855 0.842 0.625
2.890 0.895 0.625
2.920 0.895 0.688
2.975 0.947 0.688
3.205 1.000 0.688
3.435 1.000 0.750
3.510 1.000 0.813
3.685 1.000 0.875
4.515 1.000 0.938
6.210 1.000 1.000

Table 4. ROC analysis of the 18F-DMFP uptake ratios of the puta-
men for the diagnosis of APS

Threshold value Sensitivity 1−Specificity

0.460 0.000 0.000
1.555 0.053 0.000
1.830 0.105 0.000
2.020 0.158 0.000
2.110 0.211 0.000
2.280 0.316 0.000
2.400 0.368 0.000
2.455 0.421 0.000
2.515 0.474 0.000
2.565 0.526 0.000
2.585 0.526 0.063
2.610 0.579 0.063
2.655 0.632 0.063
2.700 0.632 0.125
2.725 0.632 0.188
2.745 0.684 0.188
2.780 0.684 0.250
2.805 0.737 0.250
2.830 0.737 0.313
2.860 0.737 0.375
2.885 0.737 0.438
2.920 0.737 0.500
2.950 0.789 0.500
2.985 0.842 0.500
3.050 0.842 0.563
3.110 0.842 0.625
3.175 0.842 0.688
3.285 0.895 0.688
3.370 0.947 0.688
3.525 1.000 0.688
3.795 1.000 0.813
3.990 1.000 0.875
5.030 1.000 0.938
7.010 1.000 1.000



mits distribution from a central cyclotron to satellite hos-
pitals, as exemplified by the use of 18F-fluorodeoxyglu-
cose over a period of many years. Benzamide derivatives
are preferable to fluorinated spiperone derivatives like
18F-spiperone, because spiperone derivatives generally
show a relatively non-selective binding profile [28]. It
has been previously demonstrated in non-human primate
studies that 74% of putaminal 18F-spiperone binding is to
dopamine D2-like receptors and 26% to serotonergic S2
receptors [29].

First investigations into the quantification of human
dopamine receptors with the new radioligand 18F-DMFP
[13], the use of which was initially described in monkeys
by Mukherjee et al. [30], revealed that 18F-DMFP has a
very similar binding profile to 11C-raclopride. Therefore,
18F-DMFP could be an ideal tracer for the examination
of movement disorders, especially given that it shows a
considerably higher signal to noise ratio than IBZM.
Gründer et al. [13] demonstrated by means of invasive
and non-invasive analytic methods that striatal dopamine
D2 receptor quantification with 18F-DMFP can be per-
formed using non-invasive approaches with reference 
regions in the cerebellum. For diagnostic purposes 
18F-DMFP is also preferable to 18F-labelled fallypride, a
D2 receptor ligand with higher affinity, which is suitable
for imaging extrastriatal dopamine receptors [31]. Be-
cause of the slow pharmacokinetics of 18F-fallypride, im-
aging has to be extended to 3–4 h, which is not practical
in a clinical setting.

Since there are still no data on the suitability of 
18F-DMFP in the diagnosis of parkinsonism, it was the
purpose of this prospective study to investigate the diag-
nostic performance of 18F-DMFP in patients with differ-
ent forms of parkinsonism (IPS and APS) compared 
with healthy subjects. As shown in Fig. 1, the striatal
18F-DMFP uptake 60 min post injection shows a high
specific to non-specific binding ratio (of approximately
3.6 in normals, compared with approximately 1.5–1.8 re-
ported for IBZM), enabling definite discrimination be-
tween the caudate nucleus and putamen, which is usually
difficult using IBZM SPECT imaging. The better spatial
resolution and higher specific to non-specific binding 
ratio might allow assessment of subtle changes, such as
the upregulation of putaminal receptor binding in IPS, as
shown in Fig. 1. Although the normal control subjects
were somewhat younger than the patients, they showed
no visual or quantitatively significant differences in 
striatal tracer binding compared with the IPS patients. In
contrast, in most of the APS patients the visual image
analysis revealed an unequivocal reduction in striatal
tracer uptake.

With regard to the interpretation of ROC analyses, it
is important to note that the diagnostic validity of a test
is generally better, the higher the area under the curve
and the higher the left-hand part of the curve [18, 19]. In
our patient study group, caudate 18F-DMFP binding
showed a higher area under the curve (0.86±0.07) com-
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Since PET imaging provides a more precise quantifi-
cation of striatal receptor binding owing to its superior
imaging properties, the use of positron-emitting ra-
dionuclides labelled to appropriate ligands should enable
better diagnostic discrimination between IPS and APS
patients and should facilitate the diagnosis of early APS
stages, especially when ligands are used with higher 
affinity to D2-like receptors and with lower unspecific
binding. Nevertheless, in a clinical setting, the benzamide
SPECT tracer IBZM has been well established compared
with PET tracers such as 11C-raclopride or 11C-methyl-
spiperone and is much more widely available clinically
owing to the more “appropriate” 123I half-life of 13 h.

In this context, an 18F-fluorinated dopamine D2 recep-
tor ligand with binding properties similar to those of 
11C-raclopride could be very attractive for the differen-
tial diagnosis of parkinsonism. The advantages of PET
imaging are combined with an isotope half-life that per-

Table 5. ROC analysis of the 18F-DMFP uptake ratios of the total
striatum for the diagnosis of APS

Threshold value Sensitivity 1−Specificity

0.830 0.000 0.000
1.890 0.053 0.000
1.965 0.105 0.000
2.015 0.158 0.000
2.055 0.211 0.000
2.105 0.263 0.000
2.190 0.316 0.000
2.260 0.368 0.000
2.310 0.421 0.000
2.350 0.474 0.000
2.415 0.526 0.000
2.465 0.579 0.000
2.480 0.632 0.000
2.560 0.684 0.000
2.640 0.684 0.063
2.660 0.684 0.125
2.680 0.684 0.188
2.700 0.684 0.250
2.715 0.737 0.250
2.735 0.737 0.313
2.780 0.737 0.375
2.820 0.789 0.375
2.840 0.842 0.375
2.855 0.842 0.438
2.890 0.842 0.500
2.925 0.842 0.563
2.985 0.842 0.625
3.045 0.842 0.688
3.120 0.895 0.688
3.440 1.000 0.688
3.695 1.000 0.750
3.730 1.000 0.813
3.845 1.000 0.875
4.770 1.000 0.938
6.610 1.000 1.000
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pared with the putamen (0.81±0.07). Furthermore, from
Fig. 3 it is evident that the left-hand part of the caudate
ROC curve is higher than the corresponding part of the
putaminal curve. Both parameters thus indicate that the
caudate 18F-DMFP binding enables better diagnostic dis-
crimination between IPS and APS patients than the
putaminal tracer uptake. This finding seems surprising
given that in the majority of studies the most prominent
reduction in D2 ligand binding in APS patients has been
reported to occur in the putamen [23]. In contrast, differ-
ent findings in PSP patients are reported. Sasaki et al.
found a decreased striatal radioligand binding with an in-
creased putamen to caudate ratio [32]. At least some of
the MSA patients presented by Antonini et al. [8]
showed a putamen to caudate ratio >1, indicating a pre-
dominant involvement of the caudate nucleus. Therefore,
our results showing the caudate uptake ratio to be the
better discriminator for the differential diagnosis of IPS
versus APS might be explained by the fact that the APS
patient group consisted of subgroups with MSA and PSP.
Further studies regarding MSA and PSP patients as sepa-
rate groups are mandatory to elucidate this aspect.

Based on the above mentioned findings, which we
consider as preliminary owing to the limited number 
of patients (n=35), a threshold value was defined that 
provided the best compromise between sensitivity and
specificity. For a threshold value of 2.495 for caudate to
cerebellar uptake, we calculated a specificity, sensitivity
and accuracy of 100%, 74% and 86%, respectively, for
the differential diagnosis of APS versus IPS (Table 3).
Due to the prognostic relevance of the diagnosis of APS,
a diagnostic tool should have a high specificity in order to
provide a 100% positive predictive value using the calcu-
lated threshold of 2.495. In this context, the considerably
lower negative predictive value of 76% might be less 
relevant because, from the neurological-clinical view-
point, the definite diagnosis of an APS seems clinically
more important than the definite exclusion of an APS.

In conclusion, the dopamine D2 receptor ligand 18F-
DMFP seems an appropriate PET tracer for the differen-
tial diagnosis of IPS versus APS. It has a very good 
specific to non-specific binding ratio, providing a high
specificity and positive predictive value for the diagnosis
of APS. Because of the better availability of this fluori-
nated benzamide tracer, which has properties similar to
11C-raclopride, clinical PET examinations of patients
with parkinsonism are possible with this tracer in centres
without an on-site cyclotron. Further clinical investiga-
tions to compare 18F-DMFP with the established D2
receptor SPECT ligand IBZM are required in order to
evaluate the potential additional diagnostic benefit pro-
vided by 18F-DMFP.
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