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18F-(E)-N-(3-iodoprop-2E-enyl)-23-carbofluoroethoxy-3p-(4-
methylphenyl)nortropane ('8F-FE-PE2I) is a new PET radioligand
with a high affinity and selectivity for the dopamine transporter
(DAT). In nonhuman primates, '8F-FE-PE2| showed faster kinet-
ics and less production of radiometabolites that could poten-
tially permeate the blood-brain barrier than did ''C-PE2Il. The
aims of this study were to examine the quantification of DAT
using '8F-FE-PE2| and to assess the effect of radiometabolites
of 18F-FE-PE2I on the quantification in healthy humans. Methods:
A 90-min dynamic PET scan was obtained for 10 healthy men
after intravenous injection of '8F-FE-PE2I. Kinetic compartment
model analysis with a metabolite-corrected arterial input function
was performed. The effect of radiometabolites on the quantifica-
tion was evaluated by time-stability analyses. The simplified ref-
erence tissue model (SRTM) method with the cerebellum as
a reference region was evaluated as a noninvasive method of
quantification. Results: After the injection of '8F-FE-PE2I, the
whole-brain radioactivity showed a high peak (~3-5 standard-
ized uptake value) and fast washout. The radioactive uptake of
18F-FE-PE2I in the brain was according to the relative density
of the DAT (striatum > midbrain > thalamus). The cerebellum
showed the lowest uptake. Tissue time-activity curves were
well described by the 2-tissue-compartment model (TCM), as
compared with the 1-TCM, for all subjects in all regions. Time
stability analysis showed stable estimation of total distribution
volume with 60-min or longer scan durations, indicating the
small effect of radiometabolites. Binding potentials in the stria-
tum and midbrain were well estimated by the SRTM method,
with modest intersubject variability. Although the SRTM method
yielded a slight underestimation and overestimation in regions
with high and low DAT densities, respectively, binding poten-
tials by the SRTM method were well correlated to the estimates
by the indirect kinetic method with 2-TCM. Conclusion: 8F-FE-
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PE2l is a promising PET radioligand for quantifying DAT. The
binding potentials could be reliably estimated in both the striatum
and midbrain using both the indirect kinetic and SRTM methods
with a scan duration of 60 min. Although radiometabolites of
18F-FE-PE2I in plasma possibly introduced some effects on
the radioactivity in the brain, the effects on estimated binding
potential were likely to be small.
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Dopamine transporter (DAT) plays a crucial role in the
regulation of dopamine concentration in the synaptic cleft
by dopamine reuptake. Changes in the density and func-
tion of DAT have been reported in various neuropsychi-
atric disorders, such as Parkinson disease (/), Huntington
disease (2), attention-deficit/hyperactivity disorder (3),
autism (4), and schizophrenia (5). Although DAT ligands
for SPECT have been widely used in clinical practice,
developing a useful radioligand for PET—which has
higher resolution and better ability of quantification than
SPECT—is the key to assessing its role in the pathophys-
iology of these diseases and to developing new therapeu-
tic approaches for them.

Several radioligands for imaging DAT have been de-
veloped and used for PET. Among !'!C-labeled radioligands,
HC-cocaine (6), ''C-WIN35,428 (CFT) (7), ''C-B-CIT
(8), and ''C-pL-threo-methylphenidate (9) have relatively
low affinity for DAT or have slow kinetics in the high-
DAT-density regions. ''C-altropane has high affinity and
selectivity for DAT (10), but the kinetics in the human
brain have not been reported in detail to our knowledge.
The !3F-labeled radioligands that have been studied in
humans so far include '8F-CFT (!8F-WIN35,428) (1),
N-3-fluoropropyl-2-B-carboxymethoxy-3-3-(4-iodophenyl)
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nortropane ('3F-FPCIT) (/2), and 2B-carbomethoxy-33-(4-
chlorophenyl)-8-(2-fluoroethyl)nortropane ('3F-FECNT) (13).
All of them have high affinity and selectivity for DAT, but the
kinetics are relatively slow, and more than 90 min are needed
to reach peak uptake in the striatum.

Recently, a new ligand, N-(3-iodoprop-2E-enyl)-2[3-
carbomethoxy-3-(4-methylphenyl)nortropane (PE2I), with
a high affinity for DAT (inhibition constant, 17 nM) and
good selectivity, was developed (14, 15). In human PET stud-
ies, ''C-PE2I showed a high specific-to-nonspecific ratio
(15-18). However, 2 problems have been reported in quan-
tifying DAT with ''C-PE2I. First, because of the relatively
slow kinetics of ''C-PE2I in the striatum, reference tissue
methods severely (~50%) underestimated DAT binding in
this region, compared with those by the methods with arterial
input function (/6,17). Second, a radiometabolite of !''C-
PE2I has been found to cross the blood-brain barrier
(BBB) in rats, thus potentially reducing the accuracy of the
quantification of DAT (/9).

A fluoroethyl analog of PE2I, '3F-(E)-N-(3-iodoprop-2E-
enyl)-2[3-carbofluoroethoxy-3{3-(4-methylphenyl)nortropane
('8F-FE-PE2I) (inhibition constant, 12 nM), has recently
been developed and evaluated in nonhuman primates (20).
In monkeys, '8F-FE-PE2I was more favorable for the quan-
titative analysis of DAT, because it showed faster kinetics
and less production of BBB-permeable radiometabolites than
did "'C-PE2I. The quantification of DAT with '8F-FE-PE2I
was less biased than that with 1'C-PE2I (21).

The aims of this study were to examine the method for
quantification of DAT using '8F-FE-PE2I and to assess the
effect of radiometabolites of '3F-FE-PE2I on the quantifi-
cation in healthy humans.

MATERIALS AND METHODS

Subjects

Ten healthy men (mean age = SD, 28.1 = 6.9 y; age range, 20—
39 y) participated in this study. All subjects were free of any so-
matic, neurologic, or psychiatric disorders. The study was approved
by the Ethics and Radiation Safety Committee of the National In-
stitute of Radiologic Sciences, Chiba, Japan. Written informed con-
sent was obtained from all subjects before their inclusion in the
study.

PET Procedure

I8F-FE-PE2I was synthesized from its acid precursor through
a reaction with '8F-2-bromo-1-fluoroethane in dimethylformamide
and sodium hydroxide in N,N-dimethylformamide, as previously
described (22).

A 90-min dynamic scan was obtained for each subject after
a 1-min intravenous injection of '8F-FE-PE2I using a PET scanner
system (ECAT EXACT HR+; CTI-Siemens) The scan protocol
consisted of 9 frames of 20 s, 5 frames of 1 min, 4 frames of
2 min, 12 frames of 4 min, and 5 frames of 6 min. The injected
dose and specific activity were 183.0 = 9.3 MBq and 146.1 *
98.7 GBg/pwmol at the time of injection, respectively. A head
holder was used to minimize head movements. Scatter correction
was performed. Attenuation correction was based on a transmis-
sion scan using a %/%8Ge/Ga source.
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Arterial Blood Sampling and Metabolite Analysis

Arterial blood samples were taken manually 32 times after the
injection of radioligand to obtain an arterial input function. Each
blood sample was centrifuged to obtain plasma and blood cell
fractions, and the concentration of radioactivity in whole blood
and plasma was measured.

The fractions of the parent and its radiometabolites in plasma were
determined by high-performance liquid chromatography (HPLC)
from 10 blood samples for each subject. Each plasma sample had
acetonitrile added and then was centrifuged. The supernatant of the
centrifuged sample was subjected to radio-HPLC analysis (column,
pBondapak C18 [Waters]). Acetonitrile (90%) (A) and phosphoric
acid (0.01 M) (B) were used as mobile phases, with a flow rate of
6.0 mL/min. Gradient elution was used with the following gradient
profile: 0—4.5 min, 25/75-70/30 A/B; 4.5-8.0 min, 70/30-25/75 A/B;
and 8.0-10.0 min, 25/75-25/75 A/B. Linear interpolation was used
to calculate the fractions of the parent and radiometabolites for the
blood samples without metabolite analysis.

Image Analysis

T1-weighted MR images acquired with a 1.5-T MRI scanner
(Gyroscan NT; Philips) (1-mm-slice axial images; repetition time,
21 ms; echo time, 9.2 ms; and flip angle, 30°) were coregistered
to the corresponding PET images. Manually drawn volumes of in-
terest were based on the anatomic information of MR images. Then,
these volumes of interest were applied to the dynamic PET images
to extract time—activity curves for the putamen, caudate, ventral
midbrain (including the substantia nigra and ventral tegmental area),
thalamus, and cerebellum. All image and kinetic analyses were
performed using PMOD (version 3.0; PMOD Technologies).

Kinetic Analysis

Standard 1- and 2-tissue-compartment models (TCMs) (18,23)
with an arterial input function (concentration of the parent in
plasma) were used to estimate rate constants and total distribution
volume (Vr) by an iterative nonlinear least-squares curve-fitting
procedure without weighting. Linear interpolation was used to cal-
culate the concentration of the parent in plasma at the time points of
time—activity curves of tissue. The rate constants K; and k, repre-
sent the influx and efflux rates, respectively, for radioligand diffu-
sion across the BBB. For 2-TCM, the rate constants k3 and k4
represent radioligand transfer between the compartments for non-
displaceable and specifically bound radioligand, respectively. Vr is
equal to the ratio of the concentration of radioligand in tissue to that
in plasma at equilibrium. Blood volume was fixed at 0.05 mL/mL
(24). The binding potential (BPnp) of '®F-FE-PE2I was quantified
by the indirect kinetic method. We used the cerebellum as the
reference brain region because of its negligible DAT density as
shown in a human autoradiographic study (25) and an in vivo
displacement study in monkeys (20). BPyp can be expressed as:

BPnp = (VT(regions)/VT(cerebellum)) -1,

where Vrgregions) aNd Vrp(cerebeliumy are Vr of target regions and the
cerebellum, respectively.

Time-Stability Analysis

To investigate the effect of scan length on the estimation of Vrp,
we analyzed PET data while truncating scan length. The scan
length from 90 to 40 min, with 10-min decrements, was analyzed
to estimate Vp of varying scan lengths, using the parent concentra-
tion in plasma as the input function. For each region and duration,
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Vr was expressed as the percentage of the Vi value obtained with
a 90-min scan length.

Kinetic Analysis with Radiometabolite-Included
Input Function

To assess the effect of lipophilic radiometabolites, we tested an
alternative input function consisting of the concentration of the
parent and the lipophilic radiometabolite, 4-hydroxymethyl analog
of the parent (M1), to estimate rate constants and Vr.

Simplified Reference Tissue Model (SRTM)

I8F_FE-PE2I binding was also quantified by the SRTM method
with the cerebellum as a reference region. Assuming that both
target and reference regions have the same level of nondisplace-
able binding, and the kinetics in the target and reference regions
can be described by 1-TCM, BPyp is obtained by solving the
convolution equation using a nonlinear least-squares fitting pro-
cedure (26). In this method, the parameters are reduced to 3: R,
(ratio of K relative to the reference region), k, and BPnp. In
addition, to investigate the applicability of shorter study durations,
BPyp values estimated by the indirect kinetic method and by the
SRTM method with 60-min scanning data were compared with
those estimated with 90-min scanning data.

Statistical Analysis

The goodness of curve fitting of models with different levels of
complexity was compared using the Akaike information criterion
(AIC) (27) and F test. In a model with better fitting, AIC shows
lower values. A P value of less than 0.05 was considered signif-
icant for the F test. The SE of kinetic parameters was given
by the diagonal of the covariate matrix (28). Divided by the esti-
mate of the parameter itself, SE was expressed as a percentage
(SE/[estimates of the parameter]) and used to assess parameter
identifiability. A smaller percentage indicates better identifiability.
Pearson r and linear regression analyses were used to assess cor-
relations between BPyp values estimated with the different
approaches. A paired ¢ test was applied to assess the difference
in BPyp values between the indirect kinetic and SRTM methods.

Summed PET images

T1l-weighted
MR images

10-30 min
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30-60 min

RESULTS

Brain Uptake

After the injection of '8F-FE-PE2I, the radioactivity was
distributed throughout the brain, with a high peak (~3-5
SUV) and fast washout (Figs. 1 and 2A). The peak uptake
occurred within 10 min in all regions. The rank order of
radioactivity from approximately 15 min to the end of the
scan was as follows: putamen and caudate >> midbrain >
thalamus > cerebellum. The uptake in the midbrain was
visible as 2 distinct regions. Specific binding, which is the
difference in radioactivity between target regions and the
cerebellum, reached peak levels within approximately
30 min after injection in all target regions (Fig. 2B). The
ratio of radioactivity in the striatum to that in the cerebel-
lum reached a peak level (~7.0) approximately 60 min
after the injection and remained at almost the same level
thereafter (Fig. 2C).

Plasma Analysis

Reversed-phase HPLC analysis of plasma resulted in the
separation of the parent and 2 major radiolabeled compo-
nents (Fig. 3A). The peak with longest retention time cor-
responded to the parent, representing approximately 14%
of plasma radioactivity at 30 min after injection (Fig. 3B).
Of the 2 major radiolabeled components, one (M1) was
retained longer, representing approximately 20% of plasma
radioactivity at 30 min after injection. The M1-to-parent
ratio was stable (~1.3—1.4) at 20 min after injection. Re-
tention of the other one (M2) was shorter and consisted of
2 peaks, which were not sufficiently separated from each
other, representing approximately 70% of the plasma radio-
activity at 30 min after injection. The concentration of the
parent showed a quick peak and fast washout in plasma
(Fig. 30).

FIGURE 1. Representative dynamic PET
images of healthy subject injected with
18F-FE-PE2l. PET images were created at
level of striatum (top) and midbrain (bottom).
SUV = standardized uptake value.

60-30 min
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FIGURE 2. Average time course of radioactivity in brain regions
after injection of '8F-FE-PE2I. Time course for regional radioactivity
(A), specific binding (B), and ratio to cerebellum (C). Data represent
mean = SD of all 10 subjects. SUV = standardized uptake value.

Quantification of DAT by Compartment Analysis

The 2-TCM provided significantly better fitting than the
I-TCM for all subjects in all regions. AIC of the 2-TCM
was significantly lower than that of the I-TCM in all
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FIGURE 3. Concentration of '8F-FE-PE2I| and its composition in
arterial plasma after injection of '8F-FE-PE2I. (A) Representative
radiochromatogram at 30 min after injection of 8F-FE-PE2I. (B)
Plasma composition of parent, M1, and M2. (C) Concentration of
18F-FE-PE2I in plasma. Values from 0 to 10 and 10 to 90 min are
shown in each graph with different ranges of y-axis. Data represent
mean = SD of all 10 subjects. SUV = standardized uptake value.

regions in all subjects (paired ¢ test, P < 0.05). The F test
showed that the 2-TCM gave statistically better fittings
than did the 1-TCM in all regions in all subjects (F >
10.2, P < 0.001). Thus, time—activity curves of all regions
including the cerebellum were better described by the
2-TCM (Fig. 4).

The 2-TCM estimated K; and V1 with good identifiability
(1.8% and 3.7%, respectively) (Table 1). BPnp values es-
timated by the indirect kinetic method were approximately
4.0-4.5 in the putamen and caudate, approximately 0.5 in
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FIGURE 4. Representative fitted model curves of 1-TCM and
2-TCM. Time-activity curves in putamen, midbrain, and cerebellum
were fitted to 1-TCM and 2-TCM using parent in plasma as input
function. The 2-TCM (solid line) provided better fittings than 1-TCM
(dotted line) for all 3 regions. SUV = standardized uptake value.

the midbrain, and approximately 0.2 in the thalamus
(Table 2). As to the intersubject variability, the coefficients
of variation (100 X SD/mean) of the BPxp values were
approximately 20%-25% in the putamen and caudate,
approximately 30% in the midbrain, and approximately
60% in the thalamus.

Effects of Scan Length on Quantification of DAT

Vr values were stably estimated using the 2-TCM with
60-min or longer scan length. In the putamen and cerebel-
lum, V values gradually increased with longer scan length
(Figs. 5A and 5B). With a 60-min scan length, V1 values
were approximately 94% and 90% of those with full scan

length in the putamen and cerebellum, respectively, indi-
cating that Vr values were stably estimated with a 60-min
or longer scan length. Identifiability of Vr in the putamen
improved over time, reaching approximately 2% at 90 min,
whereas in the cerebellum, it remained at almost the same
level (~6%) at a 60-min or longer scan length.

Effects of Adding Lipophilic Radiometabolite to Input
Function on Quantification of DAT

To assess the effect of the lipophilic radiometabolite, we
tested an alternative input function consisting of the
concentration of the parent and M1, the lipophilic radio-
metabolite. Although the 2-TCM showed significantly
better fitting than did the 1-TCM in the putamen, caudate,
and midbrain based on AIC and the F test, V1 was not well
identified by the 2-TCM in the thalamus in some subjects
and in the cerebellum in most subjects. In the putamen,
caudate, and midbrain, V1 values estimated using the
alternative input function were approximately 30%—-35%
lower than Vt values estimated with the parent concentra-
tion in plasma as the input function (Supplemental Table 1;
supplemental materials are available online only at http://
jnm.snmjournals.org).

Quantification of DAT with SRTM Method

BPnp values estimated by the SRTM method were ap-
proximately 3.6-4.0 in the putamen and caudate, approxi-
mately 0.6 in the midbrain, and approximately 0.3 in the
thalamus (Table 2). Simple correlation analysis showed
good correlation between BPyp values estimated by the
indirect kinetic method and by the SRTM method (r =
0.990, P < 0.0001) (Fig. 6), although there was significant
difference between these values (P = 0.0094, paired ¢ test).
A Bland-Altman plot showed that the SRTM method
underestimated BPnp in the high-density regions and over-
estimated BPyp in the low-density regions; however, the
magnitude of the bias was small (~10% in the putamen,
caudate, and midbrain) (Supplemental Fig. 1). The inter-
subject variability of BPyp by the SRTM method was

TABLE 1
Kinetic Parameters by 2-TCM Using Parent as Input Function
K Ki/ko Vr
Region  (mLcm3min~")  kp (min~7) k3 (min~7) k4 (min~—7) (mL-cm~3) Ka/Kq (mL-cm~3) AIC

Putamen 0.292 = 0.053 0.073 = 0.022 0.133 = 0.030 0.043 = 0.007 4.25 +1.07 3.19 £ 097 17.3 £ 4.6 —43 = 21
1.7 (15) @1) (8.6) (13) (17) 2.0)

Caudate 0.248 = 0.047 0.051 = 0.022 0.110 £ 0.063 0.051 = 0.014 5.71 £2.69 2.09 + 0.93 16.2 £55 —-38 = 16
1.7 (19) (38) an) (18) @7) (2.6)

Midbrain 0.203 = 0.044 0.095 = 0.026 0.053 + 0.028 0.042 = 0.009 2.18 £ 0.37 129 £ 0.55 49 1.1 20 =* 20
2.6) (13) (34) @2) (1) (18) (3.8)

Thalamus 0.269 = 0.042 0.123 = 0.024 0.029 + 0.018 0.041 = 0.023 2.26 = 0.55 0.71 £ 0.20 3.8 *08 10 =*16
(1.7 (6.0) (26) 23) @.7) (12) (3.8)

Cerebellum 0.265 = 0.031 0.141 = 0.025 0.013 = 0.005 0.023 = 0.013 1.94 = 0.44 0.67 =032 32 *0.7 —4=*29
1.2 3.5 (3) (30) (2.6) (15) (6.3)

Values are mean = SD (n

= 10), with percentage SE (which is inversely related to identifiability of parameters) in parentheses.
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TABLE 2
BPyp Values by Indirect Kinetic and SRTM Methods

BPnp
Region Indirect kinetic SRTM
Putamen 4.46 = 0.95 4.05 = 0.66
Caudate 4.06 = 1.04 3.61 = 0.67
Midbrain 0.55 = 0.17 0.62 = 0.13
Thalamus 0.20 = 0.12 0.29 = 0.08

Values are mean = SD (n = 10).

approximately 15%—20% in the striatum and midbrain and
approximately 30% in the thalamus, which were overall
smaller than those by the indirect kinetic method. When
BPyp values estimated by the indirect kinetic method and
by the SRTM method with 60-min data were compared
with those estimated with 90-min data, good correlations
were observed (r = 0.992 for the indirect kinetic method
and 0.999 for the SRTM method, P < 0.0001 for both, Figs.
7A and 7B).

DISCUSSION

I8F_FE-PE2I is a promising radioligand for quantifying
DAT in healthy humans. The kinetics of '8F-FE-PE2I were
well described by a standard 2-TCM using the parent radio-
ligand in plasma as the input function. Although the radio-
metabolites of '8F-FE-PE2I possibly have some effect on
the radioactivity in the brain, the effect on the quantification
was likely to be small. As a noninvasive quantification of
DAT, the SRTM method was validated. The quantification
was stable in both the striatum and the midbrain for both
the indirect kinetic method with 2-TCM and the SRTM
method with a scan duration of 60 min.

General kinetics of '3F-FE-PE2I showed promising char-
acteristics, including a high specific-to-nonspecific ratio
and relatively fast washout. Uptake was high in the puta-
men and caudate, relatively low in the midbrain and thala-
mus, and lowest in the cerebellum. In all target regions,
specific binding reached maximum values within the dura-
tion of PET data acquisition, and transient equilibrium was
reached during this acquisition period. Uptake in the mid-
brain was visualized as 2 distinct regions. Given the selec-
tivity of '8F-FE-PE2I for DAT in the midbrain shown by
a displacement study (20), we suppose that this uptake
reflected DAT binding, not serotonin transporter binding.

Compartment model analysis showed that the kinetics of
I8F_FE-PE2I were well described by the 2-TCM using the
parent radioligand in plasma as the input function. To esti-
mate BPynp, we applied the indirect kinetic method instead
of directly using the ratio of ks/k, values. The ks/k, ratio
theoretically equals BPnp, but this estimate tends to be
inaccurate because of data noise (29). We actually observed
that these values showed poor identifiability and were not
so reliably estimated (Table 1). Regional BPyp values were
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FIGURE 5. Value of V7 and identifiability as function of scan
length. V4 and its corresponding SE (%) (SE (%)) were estimated
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in accordance with previous autoradiographic (25) and in
vivo studies (16,17). As to intersubject variability, coeffi-
cients of variation of the BPyp values were good in the
putamen and caudate, acceptable in the midbrain, and poor
in the thalamus. Because the BPynp value in the midbrain
was low (~13% of that in the striatum) in comparison with
the results of autoradiography (~50% of that in the stria-
tum) (25), the BPnp values in the midbrain could be af-
fected by the partial-volume effect. Similar results were
obtained in nonhuman primates using high-resolution re-
search tomography. BPnp in the midbrain was approxi-
mately 15% of the values in the striatum (27).

Although radiometabolites of '8F-FE-PE2I possibly have
some effects on radioactivity in the brain, their effect on
quantification was likely to be small. HPLC analysis
detected 2 radiometabolites of !'3F-FE-PE2I in plasma,
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FIGURE 6. Correlation of BPyp values estimated by indirect
kinetic method using parent as input function and by SRTM method.
BPnp values showed significant correlation between 2 methods.
Each data point represents BPyp values in respective regions of
each subject.

one with intermediate (M1) and the other with lower (M2)
lipophilicity. M1 and M2 would be 4-hydroxymethyl and
4-carboxyl analogs of '3F-FE-PE2I, respectively, on the
basis of the retention time of HPLC analysis, compared
with the rat study (/9). For clarity, in the following senten-
ces, we refer to 4-hydroxymethyl and 4-carboxyl analogs
of ''C-PE2I as M1’ and M2’, respectively. In rats, M1’
entered the brain, accumulated in the striatum to a lesser
extent than !'C-PE2I, and metabolized to M2’, which ac-
cumulated in the brain. Mainly as a result of the accumu-
lation of M2’, radioactivity in the cerebellum of rats did not
decrease from 55 min to the end of the scan (120 min) (/9).
Whereas in the current study with '3F-FE-PE2I, radioacti-
vity in the cerebellum showed a gradual decrease to the end
of the scan (90 min) (Fig. 2A), indicating that the amount of
retention of radiometabolites in the brain in humans with
I8F-FE-PE2I was less than that in rats with ''C-PE2I. This
result was in accordance with the study in monkeys with
I8F-FE-PE2I (21).

The effects of radiometabolites on the quantification
were small in the target and reference regions. To evaluate
the effect of the possible accumulation of radiometabolites
on the estimation of Vr, we performed a time—stability
analysis of V1. The increase in V with an increase in scan
length could be interpreted as evidence for the accumula-
tion of radiometabolites in the brain (30). In the current
study, Vr values by the 2-TCM in the putamen and cere-
bellum with 60-min data were approximately 94% and 90%
of terminal values with 90-min data (Fig. 6). This finding
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FIGURE 7. Correlation of BPyp values estimated with 60- and
90-min data. (A) BPyp values estimated by indirect kinetic method.
(B) BPnp values estimated by SRTM method. Significant correla-
tions were observed in both methods between estimates with
60- and 90-min data.

might indicate that V1 values were slightly affected by the
radiometabolites, but the effects were relatively small.

To estimate the possible bias by the radiometabolites on
V1, we tried a combined input function of the parent and the
radiometabolite M1 as previously performed by Varrone
et al. in nonhuman primates using'® F-FE-PE2I (27). The
main assumption of this approach is that the parent and the
radiometabolite M1 would behave similarly and hence
could be combined in a single input. With this approach,
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the 2-TCM yielded approximately 30%—35% lower estimates
of Vr values in the striatum and midbrain than with the
2-TCM using the parent as the input function. The decrease
of V1 could be a possible maximum bias by the radiometa-
bolites. However, the Vr values estimated by the 2-TCM
using a summation of the parent and M1 as the input func-
tion were not well identified in some subjects in the thala-
mus and in most in the cerebellum. Because combining the
parent and M1 as the input function did not improve the
fitting, at least for these regions the assumption was not
fully supported by the data. Identification of the radiome-
tabolites of !'3F-FE-PE2I and assessment of their affinity
for the DAT would be necessary to confirm or rule out the
above assumption.

As a less noninvasive quantification of DAT without
arterial blood data, BPyp values were well estimated by the
SRTM method using the cerebellum as the reference re-
gion. BPyp values estimated by the SRTM method were
well correlated with those estimated by the indirect kinetic
method with the 2-TCM, which was not so much affected
by radiometabolites as we discussed above. The SRTM
method yielded slight underestimation and overestimation
of BPyp values in regions with high and low DAT densities,
respectively, although the magnitude of the bias was small
(~10% in the putamen, caudate, and midbrain). This bias
seems to be an intrinsic limitation of the SRTM method
because a similar phenomenon was observed in other
ligands, including the serotonin 5-hydroxytryptamine-1A li-
gand ''C-WAY-100653 (31), perhaps because of a violation
of the assumptions of SRTM method. The intersubject var-
iability of BPNp values by the SRTM method were better
than those by the indirect kinetic method with the 2-TCM,
indicating that the SRTM method provided more precise
estimation of BPyp in all regions, including the midbrain.

Time-stability analysis indicated that 60-min scan dura-
tion is enough to estimate DAT binding with '8F-FE-PE21
in humans. A recent study in nonhuman primates indicated
that an approximately 60-min scan length was sufficient for
the quantification of DAT with '3F-FE-PE2I by the SRTM
method (32). In the current study in humans, quantification
was stable for both the indirect kinetic method and SRTM
method with a scan duration of 60 min. Good correlations
were observed between BPyp values estimated with
60- and 90-min data for both the indirect kinetic method
and the SRTM method.

I8F_FE-PE2I has many desirable characteristics among
DAT ligands available for human imaging. High affinity
and high selectivity for DAT allowed reliable quantification
of specific binding not only in the striatum but also in the
midbrain. Because of the faster kinetics even in high-
density regions (i.e., the striatum), quantification with a
shorter time (60 min) was possible, and the SRTM method
yielded less biased BPyp in the striatum than !'C-PE2I.
In addition, labeling with '8F, which has a longer half-life
than ''C (110 vs. 20 min), allows distribution of the radio-
ligand to PET centers without a cyclotron.
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I8F-labeled DAT ligands previously reported in humans
include '8F-FPCIT (12), '8F-CFT (8F-WIN35,428) (I11),
and '8F-FECNT (/3). All of these ligands have a high
affinity for DAT, and the maximum striatum-to-cerebellum
ratios have been reported to be approximately 3.5-9.0. The
possible advantage of '8F-FPCIT and '8F-FECNT could be
the absence of potentially BBB-permeable radiometabo-
lites. However, the disadvantage of those ligands was that
the kinetics are slow, requiring over 90 min to reach peak
brain uptake in the striatum. Among !®F-labeled DAT
ligands, '8F-FE-PE2I has a relatively high striatum-to-
cerebellum ratio (~7.0) and obviously the fastest kinetics.

One of the 2 limitations of the current study is the
absence of the measurement of the free fraction in plasma,
which would enable us to measure DAT density more
accurately. Another limitation is the absence of an animal
ex vivo study using '8F-FE-PE2I to examine the BBB per-
meability and affinity for DAT of the radiometabolites.
These issues should be explored in future studies.

CONCLUSION

I8F_FE-PE2I is a promising radioligand for quantifying
DAT in healthy humans. The kinetics of '8F-FE-PE2I were
well described by a standard 2-TCM using the parent radio-
ligand in plasma as the input function. Although radiome-
tabolites of '8F-FE-PE2I possibly have some effect on the
radioactivity in the brain, their effect on quantification was
likely to be small. As a noninvasive quantification of DAT,
the SRTM method was validated. The quantification was
stable in both the striatum and the midbrain for both the
indirect kinetic method with 2-TCM and the SRTM
method with a scan duration of 60 min, although the
SRTM method yielded a slight underestimation and over-
estimation of BPnp values in regions with high and low
DAT densities, respectively. If no major differences in
metabolism between patients and controls are present in
clinical studies, noninvasive estimation of BPnp by the
SRTM method with a 60-min scan will be sufficiently
accurate for DAT quantification.
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