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Because of 5HT2A receptor's (5HT2AR) putative role in several

neuropsychiatrie diseases, studying it in vivo is an important
goal. 18F-setoperone is a well-validated and widely used PET

radioligand for the study of neocortical 5HT2AR.We have previ
ously developed and validated in baboons a method to generate
parametric maps of the binding potential (i.e., the k3-to-k4ratio)
on a pixel-by-pixel basis, based on a single-dose tracer amount
dynamic 18F-setoperone PET paradigm, and with the receptor-

poor cerebellum as reference structure. However, previous
semiquantitative PET human studies suggested that nonspecific
(NS) binding in the neocortex might not be identical to that in the
cerebellum. Methods: As a first step in the development of k3:k4
parametric mapping in humans, we therefore estimated directly
the NS binding of 18F-setoperone in the neocortex of four young

healthy volunteers who were studied with PET both before and
after 2 wk of daily therapeutic oral doses of sertindole, an atypical
neuroleptic possessing strong 5HT2ARantagonistic activity. Re
sults: Visual analysis of the dynamic PET data obtained over
120 min confirmed that virtually full receptor saturation had
indeed been achieved; however, the late neocortical time-activity

curves (TACs) progressively fell to lower uptake values than
corresponding cerebellar TACs and could not be fitted according
to a four-compartment (four-Cpt) nonlinear model, indicating lack
of specific binding. The cerebellum TACs for both the control and
the challenge conditions, as well as the challenge neocortical
TACs, were fitted according to three-Cpt modeling, providing the

k5/keratio and in turn the f2 fraction for both structures. Despite
the small sample of only four subjects, the f2 fraction for the
neocortex was significantly larger (i.e., NS binding was smaller)
than that estimated for the cerebellum. This allowed us to
determine the k3-to-k4 ratio for the control neocortex using the
challenge neocortex as reference structure, that is, without using
the cerebellum at all. This "assumption-free" approach was also

successfully used to generate k3:k4maps for these four subjects,
which showed highest values for the temporal cortex. Conclu
sion: This study shows that, for every new PET or SPECT
radioligand and when estimation of specific binding is based on a
reference structure, it is important to determine the uniformity of
nonspecific binding before proceeding with human investiga
tions.
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ET imaging of the 5HT2A receptor (5HT2AR) is of
considerable interest both in pathophysiological (1-3), and

psychopharmacological (4) investigations. One major ad
vance in neuroreceptor PET studies is the generation of
parametric maps of receptor distribution on a pixel-by-pixel

basis (5), because it provides optimal quantitation and
allows a comprehensive and objective brain volume analysis
(6). Although it also has some affinity for the D2 and 5HT2c
receptors, l8F-setoperone is a validated and widely used

reversible PET radioligand for the study of the neocortical
5HT2AR (2,7-/2); its distinct advantages are that its labeled
metabolites do not cross the blood-brain barrier to any

substantial degree (13) and that the cerebellum provides an
adequate reference structure (see later discussion).

We have previously demonstrated in extensive baboon
experiments (14) that l8F-setoperone single-experiment me

tabolite-corrected kinetic PET data analysis allows quantita
tion of the binding potential (i.e., the k^-to-kj ratio) of the
neocortical 5HT2AR through the use of a novel multicompart-
mental modeling approach based on nonlinear three-
compartment (three-Cpt) fitting of the cerebellum (Cb) data
followed by four-Cpt graphical Logan-Patlak analysis of
neocortex (NCx) data. Parametric images of the k3-to-k4
ratio on a pixel-by-pixel basis were subsequently obtained,

which showed a regional distribution well correlated to in
vitro 5HT2AR density data (14). The Cb, a structure virtually
devoid of 5HT2AR, has been used in all the aforementioned
investigations to estimate the free and the nonspecific (NS)
binding in the neocortex. This approach is based on studies
in the baboon (7) that showed not only that presaturation
with a 5HT2AR blocker did not affect the cerebellar I8F-

setoperone kinetics (confirming the lack of displaceable
specific binding there) but also that the neocortical kinetics
became superimposed onto those of the Cb, suggesting
similar NS components in the two structures. We have
recently validated this in the baboon by means of formal
compartmental modeling, showing no significant difference
in the f2 fraction (i.e., [1 /(I + ks/k6)], an index of NS)
between Cb and NCx (15). However, formal documentation
of uniform NS binding of l8F-setoperone in NCx and Cb in
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the human species is still lacking, presumably because
presaturation studies in humans are seldom possible because
of the risk of pharmacological effects (76). In the single
validation study, which used chronic oral treatment by
ketanserin, only two patients were reported on (8) and the
results provided equivocal evidence for uniform NS binding.

We have reevaluated this issue in a small group of healthy
subjects in whom we directly estimated and compared the f2
fraction in the NCx and the Cb from formal modeling of
saturation kinetic PET data. Because we also obtained
tracer-only 18F-setoperone kinetic data in the same subjects,

it was possible to derive for the first time in humans values
for NCx 18F-setoperone binding potential that made no

assumption about the validity of the Cb as reference
structure. That is to say, it became possible to incorporate the
K|, k2, k5 and k^,values obtained from NCx data fitting in the
saturation condition into the fitting of the tracer-only NCx
data and, in turn, to derive directly the krto-k4 ratio. We

applied this approach to whole NCx data and also on a
pixel-by-pixel basis to obtain, in this small group of healthy
subjects, parametric maps of such assumption-free binding

potential. This work was presented as a poster and abstract at
the 1997 Annual Meeting of the Society of Nuclear Medi
cine (17).

MATERIALS AND METHODS

PET Experiments
Radiochemistry. 18F-setoperone was synthetized using the method

described by Crouzel et al. (18). Scioperone was labeled by
nucleophilic substitution of an N2O group by 18F.Reactivity of I8F

was increased with Kriptofix 2.2.2. (Sigma-Aldrich, Lyons, France)
and KiCOj. After evaporation, KI8F reacted with a nitro derivative

of setoperone. The product was purified by high-performance

liquid chromatography (HPLC).
Subjects und Design. After giving written informed consent,

four young healthy men (age 30.5 Â±5 y) were studied by PET with
18F-setoperone before (control) and after (challenge) 14 d of daily

oral treatment with therapeutic doses of sertindole, an atypical
neuroleptic of the fluoro-phenyl-indole family that possesses strong
5HT2AR antagonist activity (Ki = 0.2 nM), such that at the doses

and regimen used (4 mg three times a day, orally), substantial, and
perhaps even full, occupancy of the neocortical 5HT2AR would be
expected (19,20).

Three-dimensional T1-weighted MRI (SPGR sequence, 128
adjacent cuts) was performed in each subject using a 1.5-T, General

Electric (Bue, France) device.
After establishing the presence of satisfactory collateral circula

tion, we inserted a thin radial catheter into the radial artery under
xylocaine local anesthesia. In both PET examinations, tracer
amounts of 18F-setoperone at high specific radioactivity
(SRA = 3.92 Â±1.02 Ci/umol, mean Â±SD) were injected intrave

nously as a bolus (6.73 mCi Â±0.93, mean Â±SD, for the eight
studies).

PET Data Acquisition. PET data were acquired with the
seven-slice LETI TTV03 time-of-fiight camera (intrinsic resolu

tion: 5.5 X 5.5 X 9 mm, x,y,z) (LETI, Grenoble, France). The
positioning and movement of the patient's head were controlled
and prevented by the use of Laitinen's stereotactic frame (Issai

Surgical Instruments, Stockholm, Sweden). Using a method based
on a lateral skull radiograph and derived from that of Fox et al.
(27), we positioned the subjects with reference and parallel to the
glabella-inion (GI) line. Thus, we obtained seven PET planes from
GI -4 mm to GI +68 mm. After a transmission scan with 68Ge, the

PET acquisition with list mode procedure started from the begin
ning of the bolus injection (T()) and lasted 120 min. Data were
reconstructed with the following image frame sequences: 9 X 16s,
5 X 30 s, 5 X 60 s, 6 X 300 s and 4 X 1200 s. Initial (0-2 min) 2-s
head counts were also recorded (22) to fit the brain-to-arterial shift
of 18F-setoperone rise (2.?). The PET data were automatically
corrected for I8Fdecay, and scatter was empirically corrected based

on the technique of Bendriem et al. (24).
Quantification of Arterial Radioactivity and '"F-Labeled Metabo

lites. Arterial sampling started simultaneously with PET acquisi
tion at the start of radiotracer injection; about 12 samples (~ 1 mL)
were withdrawn in the first minute and about 10 samples (~ 1 mL)

were withdrawn at increasing intervals until the end of the study.
Radioactivity in whole blood and total plasma, corrected for I8F

decay, were measured in units of nanocurie per milliliter by a
gamma counter (Packard, Rungis. France) cross-calibrated with the

PET camera.
Plasma input function was corrected for the presence of I8F

metabolites (13,14) as estimated by thin-layer radiochromatogra-

phy (TLRC). Briefly, plasma was deproteinated with methanol.
After evaporation of the supernatant, the residue was dissolved in a
mixture of acetonitrile and methanol and was analyzed by TLRC
with dichloromethane/methanol/ethylamine (100:12:0.2 vol) as the
migration solvent. This allowed us to express the results in terms of
percentage of unchanged 18F-setoperone for each determination.
The plasma I8F time-course for each subject was corrected for the
measured fraction of metabolites. Arterial whole-blood I8F curves

were used to determine the vascular fraction.
Â¡mageHandling and Regions of Interest. For each subject, the

two sets of PET data and the coregistered MRI volume were
realigned in three dimensions using the method of Woods et al.
(25). Neocortical (n = 90) and cerebellar (n = 5) circular regions
of interest (ROIs; 14-mm diameter) were anatomically defined onto

the individual MR image of each subject and were resliced
according to the seven PET planes with the help of Talairach and
Tournoux's stereotactic atlas of the human brain (26). To obtain

time-activity curves (TACs), radioactivity concentration in these

regions (weighted mean of all voxels in each region) was calculated
for each sequential scan and was plotted versus time using
dedicated software (MIRIAM).

To generate whole-neocortex (Whole-NCx) TACs in which to

estimate the neocortical NS fraction and binding potential, all the
pixel data contained in the 90 neocortical ROIs were averaged. In
addition, we obtained TACs for Cb and for the different neocortical
lobes by averaging the original ROI values from different PET
planes into mean lobes, such as frontal, temporal, parietal and
occipital, according to Marchai et al. (27).

Estimation of the NS Fraction
Apparently full saturation of the 5HT2A was obtained in each of

the four subjects (Fig. 1), which allowed us to proceed with the
determination of the NS fraction in the NCx as follows: The Cb
control and challenge TACs as well as the challenge Whole-NCx
data were fitted according to a three-Cpt model (i.e., with k3:k4
equal to 0) with standard nonlinear least-squares (NLSQ) method

(14). This allowed us to evaluate directly K,, k2, k5 and k6
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FIGURE 1. Time-activity curves obtained for subject 3 in
control (A) and in challenge (B) cerebellum and whole neocortex,
expressed in percent of injected dose per milliliter tissue (%ID/
mL), after injection of 18F-setoperone.

and the f2 fraction for both the Cb (each condition) and the NCx,
because f2 = [1/(1 + ks/k6)].

General Modeling Stategy
The binding potential from the control Whole-NCx TACs was

estimated according to our previously described original method
(method 2 of Petit-TabouÃ©et al., 14), with the only difference being
that the Cb was replaced by the challenge Whole-NCx as reference
for K|, k2, ks and ke. To do this, the challenge and control Whole-NCx
TACs were fitted according to a three-Cpt and a four-Cpt model,

respectively, using a general model where the rate constants are
K,(mL/g X min) and k2 for transport into and out of free ligand
compartment, k3and kj for binding to and dissociation from the 5HT2AR
and k5 and 1^ for binding to and dissociation from NS compartment
(k2-k(,,min" '). The initial fitting values were those previously defined in

baboon studies (14). The neocortical binding potential was calcu
lated as kvka (16). Vf represents the vascular fraction in the ROI
and was allowed to vary in the model. Method 2 of Petit-TabouÃ©et
al. (14) is based on a four-Cpt Logan-Patlak graphical analysis

(28), where the slope of the plot is given by [K,/k2 (1 + Me, + kj/
kg)] (14). Thus, with a prior three-Cpt NLSQ procedure on the
Whole-NCxchaiiengedata to estimate K]:k2 and ks:k(,, we were able to
directly determine the kj-to-k, ratio (14). The equation used in the

graphical analysis of reversible systems (28) is given by:

JoTROI(t)dt /0TCp(t)dt

ROI(T)
= a-

ROI(T)
b,

where ROI(t) is the radioactivity measured at time t and Cp(t) is the
plasma radioactivity due to the unmetabolized ligand. When a state
of pseudoequilibrium is reached, the plot becomes linear.

Parametric Images of k3:k4
Using the same equation as in the previous analysis, the

neocortical binding potential was also assessed on a pixel-by-pixel

basis. To do this, the aforementioned graphical analysis was
applied on the final six data points, providing a slope for each pixel.
All pixels with negative slopes were set to 0, and the quality of the
fit for the retained pixels was ensured by checking all the
correlation coefficients for their closeness to 1. Using the Kh k2, k5
and kfitransfer coefficients determined from the Whole-NCxchan,.â€žge

according to the ROI analysis (see earlier discussion), we then
computed the kj-to-lti ratio for each pixel of the seven PET planes
in each subject. Before applying ksikf, from the Whole-NCxchaiiCnge.

however, we checked that no systematic difference in kÂ¡:k(,values
occurred between the different cerebral lobes, based on three-Cpt

modeling of TACs obtained in the challenge condition.

RESULTS

Determination of the NS Fraction
TACs. Both the cerebellar and the neocortical TACs in all

four control studies showed typical profiles of 18F-

setoperone kinetics with rapid uptake in both Cb and
Whole-NCx but with rapid washout from the former and

slower washout from the latter. In the challenge condition,
no effect of treatment was observed on the Cb TACs, as
expected from the earlier studies of Blin et al. (8), but in each
subject the neocortical I8F time course progressively fell

below that of the Cb, suggesting full inhibition of specific
binding with lower residual binding (i.e., lower NS binding)
in the NCx. This is illustrated in Figure 2.

Fitting Results. Both the Cbcomro,TACs and the Cbchal|enge
TACs were modeled according either to a two-Cpt or to a
three-Cpt model (Fig. 3). As clearly illustrated by both the

visual result of the fits and the significant decrease of the
Akaike Information Criteria (AIC values 147 Â±36 and
79 Â±9, respectively, P < 0.05), the fit on CbÅ“mro,TACs was
consistently better with the three-Cpt than with the two-Cpt

model. This finding indicates that, as was the case in the
baboon (14), the free and NS compartments for 18F-

setoperone in the human Cb may not be in rapid equilibrium
and thus need to be kinetically separated with a three-Cpt

model. The same findings also applied to the Cbchancngc(AIC
values 145 Â±36 and 72 Â±8, respectively, P < 0.05). Nei
ther the rate constants (Table 1) nor the f2 fraction signifi
cantly differed between the control and the challenge studies
(0.427 Â±0.140 and 0.493 Â±0.047, respectively, P > 0.05).

The Whole-NCxcha||Câ€žgeTACs could be fitted only accord
ing to a three-Cpt model (i.e., with k^ikÂ»equal to 0), whereas
a four-Cpt model failed to fit the data, confirming that

virtually full 5HT2AR saturation (i.e., without specific bind
ing component) was indeed achieved in these circumstances.
The fitting results therefore provided directly the transfer
coefficients K|, k2, k5 and k6 and, in turn, the f2 fraction for
the NCx. The individual and mean (Â±SD) estimates of the
transfer coefficients are presented in Table 2. Although the k5
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FIGURE 2. PET images of 18F-setoperoneuptake accumu
lated between 60 and 120 min after radioligand injection, ob
tained in same subject in control (untreated) condition, and 2 wk
after oral treatment with pharmacologie doses of atypical neuro-
leptic (challenge). Two levels are shown relative to glabella-inion
(Gl) line to illustrate plane through cerebellum (left) and neocor-
tex (right). These images illustrate high uptake in neocortex with
low uptake in cerebellum in control condition, consistent with
known distribution of 5HT2AR,but markedly reduced neocortical
uptake in challenge condition, indicating near saturation of
5HT2AR.

for Cb was higher than for NCx, no difference between any
of these values and those obtained by three-Cpt modeling on

the Cbcha||cng(.data reached statistical significance.
The values for the f2 fraction (calculated as [ l/( 1 + kj^)]

are shown in Table 3. In each of the four subjects, the f2
value for the NCx was higher than the corresponding value
obtained for the Cb, with a significant difference between the
two structures across the group (Table 3).

The volume of distribution (i.e., K,:k2) in the challenge
condition did not significantly differ between the NCx and
the Cb and was similar to that found for the latter structure in
the control condition (Tables 1 and 2).

Whole-NCx ROI Analysis

In all four cases, visual analyses of the Logan-Patlak plots
or Whole-NCxconlro| TACS showed clear-cut linearity after

the expected early bend, with linearity beginning for times >
10 min (Fig. 2D). The slopes were automatically determined
by linear regression on all values for t > 10 min. As expected, the
slopes were significantly greater for Whole-NCx^,,^ than for
Whole-NCXchaHenge(9.87 Â±1.2 and 3.97 Â±0.15, respectively,
P < 0.01). The k3-to-k4 ratios obtained according to this graphi
cal method combined with three-Cpt NLSQ on Whole-

NCxcha|lengedata are shown in Table 2.

Parametric Images of the k3:k4 Ratio

To assess uniformity of the f2 value across the different
cortical areas, we fitted the TACs for the four cerebral lobes

from the challenge condition with a three-Cpt model; the

results showed no significant difference among the four
lobes (f2 = 0.583 Â±0.036,0.481 Â±0.62,0.515 Â±0.112 and

0.510 Â±0.159, for the frontal, occipital, parietal and tempo
ral lobes, respectively; P = 0.62 by repeated-measures analy

sis of variance), which allowed us to use the Whole-NCx f2

value to generate parametric maps of kvkÂ».These maps
demonstrated high levels of binding in frontal, temporal,
parietal and occipital areas as compared to other parts of the
brain. An example is shown in Figure 4. Presented in Table 4
are the individual and mean (Â±SD) k3:k4 values in the
different cortical lobes, suggesting highest binding potential
for the temporal cortex.

DISCUSSION

This study showed that, at variance with the baboon, the
NS fraction was significantly lower in the NCx than in the
Cb in these subjects. This in turn allowed us for the first time
to calculate the binding potential for neocortical ROIs and to
generate maps of k3:k4 for 18F-setoperone in humans,

without making any assumption as to the validity of the Cb
as a reference structure. Our results also confirm the validity
of our modeling approach developed first in the nonhuman
primate (14) to quantify in vivo 18F-setoperone specific

binding to the 5HT2AR with single-dose kinetic PET experi

ment. Our modeling approach was previously extended only
in part to human studies (9,29).

In all previous human and baboon experiments, the Cb
served as a reference structure to estimate the NS binding of
'8F-setoperone in the NCx with NLSQ fitting, Patlak-Logan

graphical analysis or simple pseudo-equilibrium (i.e., NCx:Cb
ratio) approaches (9-11,14). Previous semiquantitative stud
ies of the kinetics of I8F-setoperone in the baboon Cb

suggested a lack of specific binding in this structure, as
indicated by pretreatment studies with spiperone or ketan-

serin (7). We have recently confirmed this according to
formal compartmental modeling in this species (75) and
have found that the neocortical f2 fraction estimated after
blocking of the 5HT2AR with cold setoperone was not
significantly different from that found in the Cb. Thus, the
use of the Cb as a reference structure to estimate the
neocortical F and NS components of '8F-setoperone is valid

in the baboon. These findings indicate, however, that in
humans, the NS is significantly lower in the NCx than in the
Cb. Although the study sample was small, the findings of
larger f2 in NCx than in the Cb was consistent across all four
subjects and was statistically significant, suggesting that the
results are reliable. Previously, only two studies have
reported '8F-setoperone kinetics in the NCx and the Cb in

subjects treated with 5HT2A blockers. Blin et al. (8) reported
on two subjects chronically treated with oral ketanserin (80
mg/d), a potent 5HT2A blocker; the data shown in Figure 4B
of their article indicate lower late (from 70 min onward)
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FIGURE 3. IllustrativeNLSQ fittingprocedurefrom one subject.Three-compartment NLSQ fit on (A) cerebellar controldata, (B)
cerebellar challenge data and (C) neocortical challenge data from same subject as Figure 1 (the data are expressed in nanocuries per
milliliter in this graph; injected amounts of 18F-setoperone in this subject were 6.71 mCi and 7.59 mCi in control and challenge
conditions, respectively). (D) Logan-Patlak plot with linear fit for t > 10 min of corresponding neocortical control data.

18F-setoperone uptake in the NCx than in the Cb, consistent

with our findings. Fischman et al. (9) studied eight subjects
who were given a single oral dose of ziprasidone (40 mg), an
atypical neuroleptic with 5HT2A and D2 blocking activity.
The brain 18F-setoperone kinetics were studied with PET for

90 min after radiotracer injection and at different times after
dosing with ziprasidone (i.e., two subjects each at 4, 8, 12
and 24 h after drug administration). The data shown in
Figure 3B of their article for the earliest time after dosing
(i.e., 4 h) suggest superimposable NCx and Cb kinetics up to

TABLE 1
Individual and Mean (Â±SD) Estimates of Transfer Coefficients (Â«!and ka-ke) and Vascular Fraction (V() and Ratio H

by NLSQ for Cerebellar (Control [Cbcontroi]and Challenge [Cbchaiienge]Studies) 18F-Setoperone Time-Activity Data

KI k2 Kt:k2 ks kg

Subject HO. Cbr;0lltroi Cbchallenge Cbchaiienge Cbcr,allenge Cbcontroi Cbchallenge Cbcontroi Cbchallenge

1234MeanSD0.2490.1130.2780.2610.2250.0760.2650.2300.2680.2430.2520.0180.130.0420.0780.0890.0850.0360.1050.0790.0870.0860.0890.0111.9192.7183.5632.9442.7860.6792.5232.8973.0942.8272.8350.2370.01880.00800.01780.01200.01410.00500.01460.00970.01770.01130.01330.00350.02540.00290.01860.00650.01330.01040.01770.00960.01750.00860.01340.0049

There was no significant difference in the fitted values between the two conditions for any parameter.
NLSQ = nonlinear least-squares procedure.
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TABLE 2
Estimates of Transfer Coefficients (K, and k2-k6) and

Vascular Fraction (V() by Three-Compartment Nonlinear
Least Squares for Whole-Neocortex (Challenge Studies)

18F-Setoperone Time-Activity Data and ks-to-kt Ratio
Estimated by Four-Compartment Logan-Patlak Graphical

Analysis on Control Whole-Neocortex Data

ChallengestudiesSubject

no.1

2
3
4Mean

SDK,0.235

0.201
0.217
0.240
0.223
0.018k20.085

0.064
0.066
0.085
0.075
0.012K,:k22.770

3.129
3.300
2.818
3.004
0.254ks0.0120

0.0047
0.0069
0.0117
0.0088
0.0036ks0.0175

0.0055
0.0112
0.0140
0.0120
0.0051V,0.074

0.094
0.076
0.072
0.079
0.010Control

studiesk3:k41.197

1.569
1.401
2.019
1.547
0.350

NLSQ = nonlinear least-squares procedure.

90 min, and four-Cpt modeling resulted in a calculated

5HT2AR occupancy of 98%; data obtained at later times
showed lower occupancies. Although our results are in
apparent conflict with those reported by Fishman et al.,
several major differences between the two studies might
explain this discrepancy. First, Fischman et al. (9) did not
report data later than 90 min, compared to 120 min in this
study and 110 min in Blin et al. (8). Second, Fischman et al.
(9) used a single-dose regimen, whereas we and Blin et al.

(8) used a chronic regimen more prone to induce full
receptor occupancy. Third, the highest occupancy value
calculated by Fischman et al. (9), estimated at 98%, was
obtained by four-Cpt modeling that was possible on their

NCx data, indicating residual specific binding, whereas
four-Cpt modeling was impossible in our subjects. Overall,

therefore, due to the chronic oral regimen, Blin et al. (8) and
we were able to induce near complete receptor saturation,
which in both cases showed lower nondisplaceable uptake in
the NCx than in the Cb in humans.

Differences in NS fraction between the reference and the

TABLE 3
Individual and Mean (Â±SD) Estimates of the f2 Fraction for
the Cerebellum and Whole-Neocortex Challenge Studies

Subjectno.1234MeanSDCbchaiienge0.5480.4960.4970.4320.4930.047NCXchallenge0.5930.5400.6210.5470.5750.039Difference(NCx -Cb)+0.045+0.044+0.124+0.115+0.082*0.043

FIGURE 4. Parametricpixel-by-pixelimages of the neocortical
binding potential (Material and Methods section), illustrated for
four PET levels above the Gl line (Gl +32, +44, +56 and +68
mm). This shows high binding potential (i.e., k3:k4) in entire
neocortex, maximal in temporal regions (in red). See Table 4 for
values obtained in specific neocortical ROIs. Note that, for
display purposes, an eight-connexity smoothing filter was applied
on raw parametric images, but ROI data were generated from
unsmoothed images.

target structure have been suggested previously for both
"C-raclopride (30), with NS binding 35% higher in the
striatum compared to the Cb, and I8fluoro-ethyl-spiperone

(31), in which the use of the Cb as reference structure led to
an underestimation of the rate constant k3 for the striatum.
Lassen et al. (32) have shown that an overestimation of the
NS fraction, as would have occurred here if the Cb was used
as (uncorrected) reference, results in an underestimation of
Bmax/Kd.Thus, this issue should be considered for every new
PET or SPECT radioligand, and challenge studies should be

TABLE 4
Individual Values and Mean (Â±SD) for 18F-Setoperone

Binding Potential to the 5HT2a Receptor for the Different
Cortical Lobes Obtained on Pixel-by-Pixel Basis

and Ncxchaiienge= data from challenge cerebellar and
whole-neocortical time-activity curves.

"Significant difference by Student paired t test (t = 3.81, df = 3,

P < 0.05).

Subjectno.1234MeanSDFrontal0.8061.9151.3631.7051.4470.484Temporal0.8042.0871.3431.7491.4960.552Parietal0.6031.8701.0591.6211.2880.569Occipital0.8421.8581.2671.7731.4350.474
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performed even in a limited sample of subjects, whenever
this is acceptable in terms of potential side effects.

The volume of distribution (i.e., K,:k2) was uniform
between the Cb and the NCx and was not affected by
treatment, reinforcing the robustness of our findings regard
ing f2. The same results were obtained previously in baboons
(75). With other ligands such as 18F-spiperone (33), "C-
carfentanyl (34) and "C-diprenorphine (35), an increase of

k2 without change of K, was observed after presaturation.
In this study, we have successfully applied to human data

our novel method previously validated in baboons, which
uses a four-Cpt Logan-Patlak graphical analysis combined
with three-Cpt NLSQ fitting of the reference TACs (i.e.,
method 2 of Petit-TabouÃ©et al., 14), except we used the

NCxchaiiengeas reference rather than the Cbcon,roi.As in the
baboon, the slopes obtained here for the control NCx
became rapidly linear (for t > 10 min). Another expected
finding was a significant decrease in slopes of the Logan-

Patlak plots with receptor occupancy, which confirms earlier
suggestions by Sadzot et al. (36) that this graphical method
is sensitive to receptor occupancy and could be used as a
quantitative tool in these kinds of pharmacological investiga
tions.

We also applied the same method on a pixel-by-pixel

basis to generate parametric images of the binding potential.
The images obtained were of good quality and appeared
artifact-free, showing an essentially homogeneous distribu

tion of the specific binding throughout the NCx (Fig. 4).
However, highest binding potential was observed in the
temporal cortex, which agrees well with in vitro 3H-

ketanserin data (37,38).

CONCLUSION

This study provides evidence for nonuniformity of NS
binding of '8F-setoperone between the NCx and the Cb.

Although this difference cannot at present be generalized to
all age groups, both sexes or all disease conditions, it will
have to be considered in future studies with this otherwise
convenient and suitable radioligand.
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