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ORIGINAL CONTRIBUTION

Striatal and Extrastriatal Dopamine D, Receptor Occupancy
by a Novel Antipsychotic, Blonanserin

A PET Study With ["' CJRaclopride and [ CJFLB 457 in Schizophrenia

Amane Tateno, MD, PhD,* Ryosuke Arakawa, MD, PhD,* Masaki Okumura, MD, PhD,*
Hajime Fukuta, MD,* Kazuyoshi Honjo, BPharm,t Keiichi Ishihara, MD, PhD,}
Hiroshi Nakamura,§ Shin-ichiro Kumita, MD, PhD,/| and Yoshiro Okubo, MD, PhD*

Abstract: Blonanserin is a novel antipsychotic with high affinities for
dopamine D, and 5-HT, receptors, and it was recently approved for the
treatment of schizophrenia in Japan and Korea. Although double-blind
clinical trials have demonstrated that blonanserin has equal efficacy to
risperidone, and with a better profile especially with respect to prolactin
elevation, its profile of in vivo receptor binding has not been investi-
gated in patients with schizophrenia. Using positron eniission tomog-
raphy (PET), we measured striatal and extrastriatal dopamine D,
receptor occupancy by blonanserin in 15 patients with schizophrenia
treated with fixed doses of blonanserin (ie, 8, 16, and 24 mg/d) for at
least 4 weeks before PET scans, and in 15 healthy volunteers. Two PET
scans, 1 with [''C]raclopride for the striatum and 1 with [''CIFLB 457
for the temporal cortex and pituitary, were performed on the same day.
Striatal dopamine D, receptor occupancy by blonanserin was 60.8%
(3.0%) [mean (SD)] at 8 mg, 73.4% (4.9%) at 16 mg, and 79.7% (2.3%)
at 24 mg. The brain/plasma concentration ratio calculated from D, re-
ceptor occupancy in the temporal cortex and pituitary was 3.38, indi-
cating good blood-brain barrier permeability. This was the first study
to show clinical daily dose amounts of blonanserin occupying dopamine
D, receptors in patients with schizophrenia. The clinical implications
obtained in this study were the optimal therapeutic dose range of 12.9
to 22.1 mg/d of blonanserin required for 70% to 80% dopamine D re-
ceptor occupancy in the striatum, and the good blood-brain barrier per-
meability that suggested a relatively lower risk of hyperprolactinemia.

Key Words: schizophrenia, blonanserin, dopamine D, receptor
occupancy, positron emission tomography, hyperprolactinemia

(J Clin Psychopharmacol 2013;33: 162-169)

-(4-Ethyl-1-piperazinyl)-4-(4-fluorophenyl)-5,6,7,8,9,10-
hexahydrocycloocta [b] pyridine, blonanserin, was developed
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as a novel antipsychotic drug for schizophrenia in Japan and
Korea.'”® Blonanserin is a relatively new atypical antipsychotic
with very high binding affinity for D, ;5 and 5-HT4 receptors. >
However, unlike some other atypical antipsychotics, blonanserin
has a low affinity for other neurotransmitter receptors, includ-
ing H,;, muscarinic My, and a1 adrenergic receptors, which may
work to minimize potential adverse effects such as weight gain/
sedation, dry mouth, and orthostatic hypotension, respectively.
Double-blind clinical trials demonstrated that blonanserin is equal
to haloperidol and risperidone about primary end points, and is
better than risperidone with respect to a lower risk of prolactin
elevation.®’

Neuroimaging studies of dopamine receptor occupancy
using positron emission tomography (PET) have elucidated the
correlation between dopamine D, receptor occupancy and op-
timal dose of antipsychotic drugs (ie, sufficient antipsychotic
effect and lower incidence of adverse effects).>” PET studies
investigating different antipsychotic drugs indicated that ap-
proximately 70% to 80% dopamine D, receptor occupancy in
the striatum was required for antipsychotic response, and that
occupancy above this range led to extrapyramidal adverse
effects.’®'2 The recent systematic review of the association
between dopamine D, receptor occupancy and clinical effects
supported the presence of a therapeutic window, suggesting that
a continuing occupancy-response relationship also may exist
within this window (60%-78% D, occupancy).'®> The clini-
cally approved daily dose of blonanserin has been settled at
8 to 24 mg based on the results of clinical trials. However, the
in vivo profile of receptor binding of blonanserin in patients
with schizophrenia has not been investigated, and it has not been
clarified whether its clinically approved daily dose occupied D,
receptors in line with the suggested therapeutic window.

Although some antipsychotic drugs have a risk for drug-
induced hyperprolactinemia,'* one of the beneficial characteris-
tics of blonanserin is the lower incidence of hyperprolactinemia.®
We recently demonstrated that the brain/plasma concentration
ratio (B/P ratio) calculated from the dopamine D, receptor occu-
pancies in the extrastriatal and pituitary regions reflects the
permeability of the blood-brain barrier (BBB), and that it rep-
resents a good biomarker for the risk of antipsychotic-induced
hyperprolactinemia.®

In this study, we investigated (1) the striatal and extra-
striatal dopamine D, receptor occupancy by the clinically ap-
proved daily dose of blonanserin and (2) the B/P ratio of
blonanserin to determine the BBB permeability in patients with
schizophrenia using PET.

MATERIALS AND METHODS

Subjects and Study Protocol
Fifteen patients diagnosed with schizophrenia according to
the Diagnostic and Statistical Manual of Mental Disorders,
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Fourth Edition criteria, and 15 healthy volunteers comparable to
the patients in age and sex participated in the study. This study
was conducted as part of an open-label postmarketing surveil-
lance study of blonanserin in Japan (D4901439; Dainippon
Sumitomo Pharma Co, Ltd), and was approved by the ethics
committee and review board of Nippon Medical School Hos-
pital, Tokyo, Japan. After complete explanation of the study,
written informed consent was obtained from all participants.

Exclusion criteria were the following: (1) subjects treated
with electroconvulsive therapy within 90 days before screening;
(2) subjects unable to cease anti-Parkinson medication or under
the influence of central nervous system depressants; (3) subjects
with current or history of severe physical condition, substance
abuse, suicide attempt, or suicidal ideation; (4) pregnant or po-
tential pregnancy; and (5) subjects taking other investigational
new drugs or clinical trial medicine of postmarketing surveil-
lance. Subject age was limited to between 20 and 64 years.

Inclusion criteria were as follows: (1) subjects were treated
with only blonanserin (ie, no other antipsychotic medications)
for at least 4 weeks before the study; (2) subjects were treated at
the same dosage of 8, 16, or 24 mg/d of blonanserin for at least
2 weeks before the screening; (3) patients took blonanserin
twice a day after meals in the morning and evening; and (4)
subjects scored less than 120 on the positive and negative syn-
drome scale (PANSS'®) at screening.

The use of the following drugs was prohibited from the
time of screening to the end of the clinical trial: (1) any other
antipsychotics, (2) carbamazepine and methamphetamine hy-
drochloride, (3) any other drugs affecting digestive organs with
dopamine D, receptor blocking action, (4) epinephrine, (5)
CYP3A4 inhibitor or revulsant, and (6) any other investigational
agent or clinical trial medicine of postmarketing surveillance.

Occurrence of extrapyramidal symptoms (EPS) was as-
sessed by the Drug-Induced Extrapyramidal Symptoms Scale
(DIEPSS).!® DIEPSS consisted of 8 symptoms of EPS (eg,
parkinsonisms, akathisia, dystonia, and dyskinesia) and 1 global
assessment of the severity of EPS. In this study, we considered
patients with apparent EPS if the global assessment score of
DIEPSS was greater than or equal to 2, or if 4 or more symp-
toms were present at DIEPSS. We also considered patients with
apparent hyperprolactinemia defined as plasma prolactin higher
than 20.0 ng/mL for men and higher than 40.0 ng/mL for
women. Estimation of dopamine D, receptor occupancy of pa-
tients with well-controlled schizophrenia by blonanserin was
scheduled between 2 and 4 weeks after the start, because ad-
ministration of antipsychotic drugs for at least 6 weeks was
recommended by expert consensus guidelines for judging their
effectiveness,'” and there has been the risk of failure to syn-
thesize the radioligand. Because of this possibility of synthesis
failure, the study protocol allowed scanning between 12 and
43 days after the start. During the study period, 2 PET scans per
patient were performed on the same day, the first scan with
["'C]FLB 457 for extrastriatal dopamine D, receptor occupan-
cy, and the second scan with [''Clraclopride for striatal dopa-
mine D, receptor occupancy. At PET scan day, patients took
blonanserin after a meal. The first PET scan was done between
1 and 3 hours after taking blonanserin and the second one be-
tween 4.5 and 6.5 hours after. The signal-to-noise ratio by high-
affinity radioligand is higher than by low-affinity radioligand.
Because dopamine receptor density in the extrastriatal regions is
considerably lower than in the striatal region, a high-affinity
radioligand such as [''C]JFLB 457 is suitable. On the other
hand, the time to reach equilibrium condition by [M'CJFLB 457
is too long for the halflife of [''C] labeled radioligands, so
high-affinity radioligands could cause underestimation of BPyp
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values especially in regions with high dopamine D, receptor
densities. Thus, we used different radioligands in this study,
[''Clraclopride for a high-density region such as the striatum,
and [''CJFLB 457 for a low-density extrastriatal region.''?

Venous blood samples were obtained immediately before
tracer injection and after each PET scan to measure the plasma
concentration of blonanserin.

PET Procedure

A PET scanner system, Eminence SET-3000GCT/X
(Shimadzu Corporation, Kyoto, Japan), was used to measure re-
gional brain radioactivity. Each scan was preceded by a 4-minute
transmission scan for attenuation correction using '*’Cs. Dy-
namic PET scanning was performed for 90 minutes after intra-
venous bolus injection of 212.2 to 249.0 MBg/1.52 (0.25) pg
(patients) and 208.8 to 239.1 MBq/1.91 (0.38) pg (healthy vol-
unteers) of [''C]JFLB 457. The specific radioactivity of [''CJFLB
457 was 28.3 to 77.6 GBg/wmol [mean (SD), patients, 60.7
(13.6) GBg/pmol; healthy volunteers, 49.1 (11.7) GBg/wmol].
The injected mass of [''CJFLB 457 was 1.25 to 2.76 p.g. Dynamic
PET scanning was performed for 60 minutes after intravenous
bolus injection of 211.1 to 241.8 MBg/0.70 (0.28) g (patients)
and 212.0 to 238.8 MBq/0.97 (0.31) pg (healthy volunteers)
of [“C]raclopride. Specific radioactivity of [''Clraclopride was
57.2 to 193.9 GBg/pumol [mean (SD), patients, 140.8 (37.1)
GBg/umol; healthy volunteers, 100.2 (32.8) GBq/wmol]. The
injected mass of [''Clraclopride was 0.43 to 1.61 wg. Mag-
netic resonance (MR) images of the brain were acquired with
1.5 T MR imaging, Intera 1.5 T Achieve Nova (Philips Med-
ical Systems, Best, Netherlands). T,-weighted MR images
were obtained at 1-mm slices.

Data Analysis

All emission scans were reconstructed with a Hanning
filter cutoff frequency of 0.4. Regions of interest (ROIs) were
defined for the striatum (F 'Clraclopride), temporal cortex
(["'C]FLB 457), pituitary ([''CJFLB 457), and cerebellar cortex
([“C]raclopride and [''CJFLB 457). ROIs were drawn manu-
ally on overlaid coregistered summated PET and MR images of
each subject by PMOD (PMOD Technologies Ltd, Zurich,
Switzerland). The average values of right and left ROIs were
used for the analysis. Dopamine D, receptor binding was
quantified using a 3-parameter simplified reference tissue
model.?%2! The cerebellum was used as reference region be-
cause of its negligible dopamine D, receptor density.??> This
model allows estimation of the binding potential (BPyp), which
was defined as fup X Bmax / K4 Where fyp is the free fraction of
ligand in the nondisplaceable tissue compartment, B, is the
receptor density, and Ky is the dissociation constant.??

Dopamine D, receptor occupancy in the striatum and
temporal cortex by blonanserin was estimated by the following
equation: occupancy (%) = (BPpase = BPyryg) / BPpyse X 100,
where BPy, is BPyp in the drug-free state, and BPgy,, is BPyp
of patients treated with blonanserin.>*?® In this study, mean
BPyp in healthy volunteers was used as BPy,q., as BPyp in the
striatum measured with ['!Clraclopride or in the extrastriatal
reigions (ie, temporal cortex and pituitary) measured with
["'CIFLB 457 in patients is not significantly different from that
in normal control.?’2° The same PET procedure and data
analysis for BPyp estimation were used for normal subjects and
patients. The relationship between dose or plasma concentration
of blonanserin and dopamine D, receptor occupancy is de-
scribed by the following equation: occupancy (%) =D / (D +
EDsq) x 100 or occupancy (%) = Cplasma / (Cplasma T ECs0) X
100, where D is the dose of blonanserin, Cpjasma is the plasma
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concentration of blonanserin, EDsq is the dose required to
achieve 50% occupancy, and ECs; is the plasma concentration
required to attain 50% occupancy.?*2%3° Both EDs, and ECsg
reflect the affinity of antipsychotic drug for dopamine D, re-
ceptor. In this study, maximum occupancy was fixed at 100%,
the same as in previous occupancy studies of risperidone.?53¢

The B/P ratio was the ratio of drug concentration inside to
that outside BBB. Drug concentration in the brain or plasma
was calculated by occupancy and ICsq as described by the fol-
lowing equation: C = ICsq / ([100 / Occupancy] — 1), in which
C is the drug concentration in the brain or plasma. ICs, was the
drug concentration required to induce 50% occupancy,
reflecting the affinity of antipsychotic drug to dopamine D,
receptor, and the value of ICsy; was assumed to be the same
whether the region was outside or inside BBB. Because the
pituitary exists outside BBB and the temporal cortex inside
BBB, the B/P ratio can be calculated by the following equation:
B/P ratio = Cirain / Cpituitary = ([100 / Occupancypinicary] — 1)/
[(100 / Occupancyiemporai]l ~ 1),® where Cppin is the drug con-
centration in the vicinity of receptors in the temporal cortex,
Cpituitary 18 that in the pituitary, Occupancypiwitary is the dopa-
mine D, receptor occupancy in the pituitary, and
Occupancyiemporat is that in the temporal cortex. To calculate the
B/P ratio of blonanserin, we used the same area under the time-
activity curve (AUC) ratio method as in the previous study to
measure dopamine D, receptor occupancy in the pituitary.® The
AUC method does not need the assumptions that are required
for the simplified reference tissue model method.® The equation
of the AUC method was as follows: BPyp = (AUCcgion /
AUCqrebetum) — 1. The subscript “region” denotes the pituitary
cortex, and an integration interval of 60 to 90 minutes was used
for the calculation of AUC. Dopamine D, receptor occupancy
in the pituitary was estimated by the same equation as for the
striatum. The cerebellum was used as reference tissue, given its
negligible density of dopamine D5 receptors.??

Measurement of Plasma Concentration of
Blonanserin

We measured plasma concentration of blonanserin in the
same way as a previous study.3! Blood samples were collected

in heparinized tubes and centrifuged for 10 minutes at 3000 rpm
at 4°C. Separated plasma samples were stored at —80°C until
analyzed. The plasma concentration of blonanserin was deter-
mined by a validated method using high-performance liquid
chromatography-tandem mass spectrometry (LC-MS/MS) with
a target lower limit of quantification of 0.01 ng/mL (JCL Bio-
assay Corporation, Osaka, Japan).

Statistical Analysis

Correlations between dose or plasma concentration of
blonanserin and dopamine D, receptor occupancy in the stria-
tum, temporal cortex, and pituitary were assessed. Correlations
between striatal occupancy and age or duration of illness were
also evaluated. Paired ¢ test was performed to compare (1) do-
pamine D, receptor occupancies between the striatum and
temporal cortex and (2) plasma concentrations of blonanserin
between the 2 PET scans, with [''CJraclopride and [''CJFLB
457, respectively, in each individual subject. In all tests, a P value
of <0.05 was considered statistically significant.

RESULTS

Patient characteristics are shown in Table 1. Fifteen pa-
tients [age range, 2640 years; mean (SD), 32.8 (4.8) years;
8 males, 7 females] and 15 comparable healthy volunteers [age
range, 24-54 years; mean (SD), 36.3 (8.3) years; 8 males, 7
females] participated in the study. Average duration of illness
was 9.4 (5.7) years and average age at onset of schizophrenia
was 23.2 (5.4) years. Average PANSS scores of all patients were
60.2 (19.2) at screening day and 60.1 (18.1) at PET scan day
(Table 2). Four patients, one taking 16 mg and three 24 mg,
showed EPS (Table 2). Two of 5 patients at 8 mg, 1 of 5 patients
at 16 mg, and none of 5 patients at 24 mg met the criteria of
hyperprolactinemia at PET scan day (Table 2).

Striatal dopamine D, receptor occupancy using
[”C]raclopride was 56.9% to 83.7% (Table 3), and mean
striatal occupancies were 60.8% (3.0%) at 8 mg/d, 73.4%
(4.9%) at 16 mg/d, and 79.7% (2.3%) at 24 mg/d. EDs, was
5.53 mg/d (r = 0.91) and ECso was 0.17 ng/mL (r = 0.52;
Fig. 1). Occupancy of dopamine D, receptor in the striatum by

TABLE 1. Patient Characteristics

Patient Duration of Age at Dose, No. of Days
Number Sex Age, y Iliness, y Onset, y mg/d (From Screening to PET Scans)
1 Male 28 0 27 8 40

2 Male 31 7 24 8 61

3 Female 26 5 21 8 214

4 Female 29 2 27 8 47

5 Male 34 8 26 8 43

6 Male 40 13 27 16 61

7 Female 31 8 22 16 181

8 Female 40 16 24 16 40

9 Male 27 8 19 16 43

10 Male 33 16 17 16 47

11 Female 38 13 24 24 133

12 Female 39 2 36 24 66

13 Male 29 14 15 24 151

14 Female 34 10 24 24 54

15 Male 34 19 15 24 42
Mean 32.8 9.4 23.2 82

SD 4.8 57 5.4 58.0
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TABLE 2. PANSS, EPS, and Plasma Concentration of Prolactin

Plasma Concentration

PANSS EPS of Prolactin, ng/mL
Patient Screening PET Scan Screening PET Scan Screening PET Scan Hyperprolactinemia
Number Sex Day Day Day Day Day Day (PET Scan Day)
1 Male 34 38 (-) (=) 18.8 14.4 (-)
2 Male 39 38 (-) (=) 13.8 16.2 (=)
3 Female 59 59 (—) (=) S1.1 43.9 +)
4 Female 75 78 (=) () 80.1 59.2 )
5 Male 48 49 (-) (-) 22.0 10.9 (=)
6 Male 54 55 =) ) 13.7 21.9 )
7 Female 83 83 ) ) 29.5 355 ()
8 Female 56 56 ) ) 15.8 19.3 )
9 Male 93 85 =) (&) 14.8 9.2 (-
10 Male 86 87 ) =) 19.6 9.4 )
11 Female 32 33 +) ) 37.8 355 =)
12 Female 44 43 -) (-) 20.9 31.7 =)
13 Male 72 72 (—) (=) 7.3 10.5 (=)
14 Female 56 56 ) (+) 94.8 26.9 (=)
15 Male 72 69 (+) +) 13.2 16.9 (-)
Mean 60.2 60.1 30.2 24.1
SD 19.2 18.1 25.8 14.6

blonanserin, calculated from EDsp, was 59.1% for 8 mg and
81.3% for 24 mg.

DoPamine D, receptor occupancy in the temporal cortex
using ["'CJFLB 457 was 22.6% to 83.3% (Table 3), and mean
occupancies were 46.8% (14.3%) at 8 mg/d, 70.4% (9.2%) at
16 mg/d, and 69.1% (3.3%) at 24 mg/d. EDs, was 8.61 mg/d
(r = 0.71) and ECso was 0.38 ng/mL (r = 0.13; Fig. 2). The
average dopamine D, occupancy of [''CJFLB 457 was 9.2%
lower (14% at 8 mg, 3% at 16 mg, 10.6% at 24 mg) than that of

[''Clraclopride. Although there was a significant difference in
dopamine D, receptor occupancy between the striatum and
temporal cortex at 24 mg (P = 0.002), there were no significant
differences in plasma concentrations of blonanserin between the
2 scans (P = 0.50) and in dopamine D, receptor occupancy
between the striatum and temporal cortex at 8 and 16 mg (P =
0.41 and 0.13, respectively). There was no correlation between
striatal occupancy and age or duration of illness. Dopamine D,
receptor occupancy in the pituitary using [''C]JFLB 457 was

TABLE 3. Dopamine D, Occupancy in Temporal Cortex, Striatum, and Pituitary

[*'C]Raclopride

[("'CIFLB 457

Patient Dose, Plasma Concentration Striatum Receptor Plasma Concentration Temporal Cortex Pituitary Receptor
Number mg/d of Blonanserin, ng/mL  Occupancy, %  of Blonanserin, ng/mL Receptor Occupancy, %  Occupancy, %
1 8 0.174 61.9 0.228 49.5 43.0

2 8 0.286 63.2 0.399 55.5 78.7

3 8 0.215 58.4 0.269 474 2.7

4 8 0.161 56.9 0.291 59.2 2.9

5 8 0.452 63.6 0.547 22.6 14.5
Mean (SD) 0.258 (0.119) 60.8 (3.0) 0.347 (0.129) 46.8 (14.3) 28.4 (32.6)
6 16 0.503 67.2 0.878 61.7 23.6

7 16 0.385 70.7 0.669 76.4 36.3

8 16 0.698 79.5 1.261 83.3 62.3

9 16 1.008 72.6 0.877 63.2 583

10 16 0.736 77.1 1.035 67.2 56.0
Mean (SD) 0.666 (0.239) 73.4 (4.9) 0.944 (0.220) 70.4 (9.2) 47.3 (16.6)
11 24 0.460 78.4 0.401 68.4 30.4

12 24 1.048 79.0 1.399 71.4 66.7

13 24 0.841 79.4 1.577 63.8 61.9

14 24 0.966 83.7 0.741 72.0 66.7

15 24 1.803 78.2 2.113 69.7 68.1
Mean (SD) 1.024 (0.491) 79.7 (2.3) 1.246 (0.681) 69.1 (3.3) 58.8 (16.0)
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FIGURE 1. Relationship between dopamine D2 receptor occupancy in the striatum and dose or plasma concentration of blonanserin. EDsq
in the striatum was 5.53 mg/d (r=0.91) and ECso was 0.17 ng/mL (r = 0.52) (EDs, dose required to induce 50% occupancy; ECso,
plasma concentration required to induce 50% occupancy; EPS, extrapyramidal symptoms).

2.7% to 78.7% (Table 3), and mean occupancies were 28.4%
(32.6%) at 8 mg/d, 47.3% (16.6%) at 16 mg/d, and 58.8%
(16.0%) at 24 mg/d. EDso was 18.06 mg/d (r = 0.52) and ECsq
was 0.87 ng/mL (» = 0.60; Fig. 3). The B/P ratio of blonanserin
calculated from our data was 3.88 (5.53).

DISCUSSION

This was the first study to investigate the dopamine D,
receptor occupancy of the clinical daily dose of blonanserin in
patients with schizophrenia. Our study demonstrated the EDsq
value of the striatal dopamine D, receptor occupancy of
blonanserin to be 5.53 mg/d and the ECsy value 0.17 ng/mL,
those of the temporal cortex 8.61 mg/d and 0.38 ng/mL, and
those of the pituitary 18.06 mg/d and 0.87 ng/mL. In addition,
dopamine D, receptor occupancy of the striatum was signifi-
cantly higher than that of the temporal cortex only at a
blonanserin dose of 24 mg.

Before discussing the implications of this study, we should
acknowledge its methodological limitation of using mean BPyp
in healthy volunteers to calculate the dopamine D, receptor occu-
pancy, similarly to a previous study.>? Although previous studies
reported that BPyp in the striatum measured with [''Clraclopride
or in the temporal cortex measured with [’ !CJFLB 457 in patients
is not significantly different from that in normal control,27~2°

individual differences in BPyp may lead to potential error in the
estimation of dopamine D, receptor occupancy.'® Second, al-
though the dosages of radioactivity of the 2 radioligands were not
significantly different, their injected mass doses were significantly
higher in the healthy volunteer group than in the patient group. The
higher injected mass dose in our study might lower the BP in the
healthy volunteers. Third, the effect of the radiolabeled metabo-
lite of ["'CJFLB 457 should be considered, although a previous
study indicated that a major metabolite of [''CJFLB 457 had
very low affinity for dopamine D, receptor.>> Fourth, quantifica-
tion of BPyp also has methodological limitations. A previous
study reported that the cerebellum could be used as a measure of
nonspecific binding in the pituitary, because the fully occupied
time-activity curve of the pituitary was at almost the same level as
the cerebellum.® Therefore, we used the cerebellum as reference
region in this study. However, nonspecific binding in the pituitary
may not be the same as that of brain parenchyma.

We know from previous PET studies that around 70% to
80% occupancy in the striatum is required for a clinical re-
sponse and that more than approximately 80% occupancy
causes extrapyramidal adverse effects. The occupancy range of
dopamine D, receptors in the striatum by 8 to 24 mg/d of
blonanserin was 59.1% to 81.3%. The dose range required for
the range of optimal dopamine D, receptor occupancy in the

® EPS (+), OEPS (-)

100 100
F o3
<
= R
& < a0 2 ~o 80 2
3 1S5S [ ] L]

et [ ]
§ 3 K/g ® /3 © °
= et 8 O

S & 60 o 80 e R S 4
2 O ¢} / Q,
L
el o/

40 40
8 /
2 2
g g 5 Q 20 0
2
=]
a

0

0 5 10 15 20 25 % 05 1 15 2 25

Dose of blonanserin (mg/day)

Plasma concentration of blonanserin (ng/ml)

-FIGURE 2. Relationship between dopamine D, receptor occupancy in the temporal cortex and dose or plasma concentration of
blonanserin. EDsq in the temporal cortex was 8.61 mg/d (r=0.71) and ECso was 0.38 ng/mL (r = 0.13) (EDs, dose required to induce
50% occupancy; ECsq, plasma concentration required to induce 50% occupancy).
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FIGURE 3. Relationship between dopamine D, receptor occupancy in the pituitary and dose or plasma concentration of blonanserin.
EDsgq in the pituitary was 18.06 mg/d (r=0.52) and ECso was 0.87 ng/mL (r= 0.60) (EDs¢, dose required to induce 50% occupancy; ECsg,

plasma concentration required to induce 50% occupancy).

striatum, calculated from EDs and ECsg was 12.9 to 22.1 mg/d
and 0.44 to 0.76 ng/mL, respectively. The corresponding dose
range to another therapeutic window of 60% to 78% D, occu-
pancy suggested by a systematic review'> was 8.3 to 19.6 mg/d.
Thus, dopamine D, receptors of patients with schizophrenia
might be almost optimally occupied when they are treated with
the approved clinical daily dose range of 8 to 24 mg/d of
blonanserin. However, more than 20 mg/d of blonanserin may
have a higher incidence of EPS than a lower dose.

From another viewpoint, it should be noted that the dose-
setting for blonanserin based on clinical trials in which a larger
population of patients needed to be included showed good
consistency with the optimal dose suggested by D, receptor
occupancies investigated in a small number of patients. This
suggested the validity and usefulness of dose-setting for anti-
psychotic drugs using PET.

Our results that patients taking 24 mg of blonanserin had
an average dopamine D, occupancy in the striatum of approx-
imately 80% and that 3 of 5 patients showed apparent EPS seem
to be consistent with the hypothesis that more than approxi-
mately 80% occupancy causes extrapyramidal adverse effects.
When examining striatal dopamine D, receptor occupancy in
patients with apparent EPS individually, 3 patients had ap-
proximately 80%, but 1 patient had approximately 70%. Several
factors such as sensitivity to antipsychotics, effect of previous
medications, drug interaction, etc, might explain this result, but
at this time it cannot be definitively stated why some patients
with lower dopamine D, receptor occupancy in the striatum
show EPS. Further study on the sensitivity to antipsychotics
might one day answer this question.

Blonanserin has a high affinity for D5 receptors as well as
D, receptors [K; value is 0.494 (0.137) nmol/L for D5 receptors,
and 0.142 (0.002) nmol/L for D, receptors],” and the D,/Ds
affinity ratio was 0.287. This D,/D5 affinity ratio was higher
than that of risperidone (0.157) and lower than those of
quetiapine and ziprasidone (2.059 and 2.174, respectively).3*
Although the D,/Dj5 affinity ratio should not be neglected, in
this study we could not distinguish dopamine D3 receptor
binding from dopamine D, receptor binding by blonanserin,
because both [''Clraclopride and [''CJFLB 457 also have af-
finity for dopamine D5 receptors.

Interestingly, some PET studies reported that dopamine
D; receptor occupancy in the extrastriatum was higher than in the
striatum among atypical antipsychotics®>7 and proposed the
concept of “limbic selectivity” for the characteristics of atypical
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antipsychotics. We compared the striatal and extrastriatal dopa-
mine D, receptors using different radioligands, [''CJraclopride
for the striatum and [''CJFLB 457 for the extrastriatum, and we
demonstrated that the average dopamine D, occupancy in the
temporal cortex measured by [''CJFLB 457 was 9.2% lower
than that in the striatum measured by [''C]raclopride. The disso-
ciation constant Ky, indicating affinity for receptors in the living
human brain, was quite different between [''Clraclopride and
[''CJFLB 457. Although non-negligible specific binding in the
cerebellum by [''CJFLB 457 and differences in Ky value be-
tween 2 different radioligands cause systematic errors in oc-
cupancy,?>3® the use of 2 tracers with different affinities,
[''Clraclopride and [''CJFLB 457, must be superior compared
with the use of 1 tracer to determine the occupancy in both the
striatum and extrastriatum. Although direct comparisons of do-
pamine D, receptor occupancy between striatal and extrastriatal
regions determined by different tracers may not be appropri-
ate due to systematic errors in occupancy for [''CJFLB 457
studies,®® our findings suggested that the concept of “limbic
selectivity” might not be applicable to blonanserin. However,
the present study has demonstrated that dopamine D, receptor
occupancy measured by [''CJFLB 457 was lower than that by
[''Clraclopride, because the cerebellum has a somewhat higher
affinity for [''CJFLB 457 and non-negligible specific binding in
the cerebellum might cause an underestimation of dopamine
D, receptor occupancy by [''CJFLB 457.404! This possibility
made it unclear whether the “limbic selectivity” of blonanserin
should be excluded or not.

Another important finding was that the B/P ratio of
blonanserin calculated from our data was 3.88 (5.53). Although
it is difficult to compare it directly with the data for other an-
tipsychotic drugs from our previous study,® blonanserin showed
the highest B/P value in comparison to haloperidol [2.40
(2.40)], olanzapine [2.70 (1.84)], risperidone [1.61 (1.00)], and
sulpiride [0.34 (0.42)] (data from Arakawa et al®). Other valu-
able findings from our study were that the average D, occu-
pancy in the pituitary was less than 60% even at maximum
dose, and EDs; in the pituitary was 2 times larger than in the
temporal cortex. The prevalence of hyperprolactinemia by
blonanserin was 20.0%. When we applied the same criteria of
hyperprolactinemia in this study as in the previous study,® this
prevalence was 20% for haloperidol, 14.3% for olanzapine,
57.1% for risperidone, and 100.0% for sulpiride. These findings
might explain why the level of plasma concentration of prolac-
tin did not elevate during the study, and support the hypothesis
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that blonanserin shows relatively low risk of hyperprolactinemia
as compared to other antipsychotics. These data were consistent
with a previous study reporting that the blood prolactin level was
lower with blonanserin as compared to risperidone.®’

In conclusion, the results of dopamine D, receptor occu-
pancy in the striatum by the approved clinical daily dose of
blonanserin indicated that the optimal therapeutic dose of
blonanserin for 70% to 80% D, occupancy was 12.9 to 22.1 mg/d.
Blonanserin, which showed good permeability of BBB as ex-
pressed by a higher B/P ratio compared to other antipsychotics,
poses a relatively low risk for hyperprolactinemia.
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