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Fig. 1 Three-compartment model for the striatum and
reference regions. The former consists of the
arterial plasma (C.), free ligand (C¥), non-
specifically and specifically bound compartments
(Cns). The latter consists of C,, Cr and non-
specifically bound compartments (Cn). K1 to k4
and K1’ to k4’ are the rate constants describing the
ligand exchange between the compartments. It is
assumed that K1/k2=K1/k2".

a) Fronta! cortex b) Striatum

Putamen
Strlatum@ % Caudate

C D

Occipital cortex

Background

Fig. 2 a: Shapes of the template regions of interest
(ROI), b: Rectangular ROIs for Net Binding
Index.
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Unified Scale

0-30 min 30-60 min 60-90 min 90-120 min 180-210 min

Fig. 3 Sequential transaxial brain SPECT images of a normal subject (30-year-old male)
following the injection of '**[-IBF (167 MBq). The data were acquired using a triple-
head SPECT system (GCA9300A/HG, Toshiba) equipped with super-high-resolution
fanbeam collimators. A Butterworth filter (order 8, cut-off 0.7 cycles/cm) was used as
a prefilter, and attenuation correction was performed by Chang’s method (0.07 cm ™).
The matrix size was 128 X128 (1.72 mm/pixel) and slice thickness was 10.4 mm. The
color scales are unified in the upper line, being adjusted to the 30-60 min image
(unified scale), and those in the lower line are normalized to the maximum count in
each SPECT image (normalized scale).

—m— Striatum 4
—o— Frontal cortex
3
o
w 2
n
1
0 . . A : . A )
30 60 90 120 150 180 210 0 30 60 90 120 150 180 210
Time after injection (min) Time after injection (min)
Time-activity curves in the striatum and frontal Fig. 5 Sequential change in the striatum-to-frontal ratios
regions after the injection of '>*[-IBF (0-60 min: n (— 1) after the injection of '"*)[-IBF (0-60 min: n
=8: 60-120 min and 180-210 min: n=12; Mean =8; 60-120 min and 180-210 min: n=12; Mean

+SD). +SD).
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Fig. 6 Sequential change in lipophilic activity in the arterial plasma after the injection of '?3I-

IBF (0-210 min, n=38).

Table 1 Distribution volumes of the striatum and reference regions

Distribution Distribution
volume (Vd) volume ratio
Striatum 693 *+ 1.29 Vd(St)/Vd(Fc)-1* 154 + 020

Frontal cortex 2.71 X 0.34
Occipital cortex 2.71 * 0.30

Vd(St)/Vd(Oc)-1° 1.54 =+ 0.23

(n=8, Mean=+SD)

* Vd(St), Vd(Fc) and Vd(Oc); Distribution volumes of the striatum, the frontal

and occipital cortices, respectively.
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Fig. 7 Correlation between SPECT count ratio (— 1) (vertical axis) (striatum to frontal cortex;
a, b and striatum to occipital cortex; c, d) based on the data obtained at 90-120 min
(a, ¢) and 180-210 min (b, d) after the injection of !2’[-IBF, and distribution volume
(Vd) (— 1) (horizontal axis) estimated by three-compartment model using arterial
curves as input function. St: Striatum; Fc: Frontal cortex; Oc: Occipital cortex
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Fig. 8 Correlation between distribution volume (Vd) (— 1) (horizontal axis) and ratio of rate
constants (BPR) (vertical axis) estimated using three-compartment model with arterial
curves as input function and reference region method without arterial sampling. BPg
were estimated from the SPECT data obtained at 0-120 min (a), and from those at
100120 min after the injection of '2[-IBF combined with those obtained at 0-20 min

(b), 0~30 min (c) and 0—45 min (d).
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Table 2 Reproducibility of striatum/cerebral cortex ratio (— 1) based on the SPECT counts
in the manual ROIs and the template ROIs

Total SS intra-observer MS(CV) inter-observer MS (CV) Net CV

(df =47) (df = 41) (df = 3)
St/Fc-1
Manual ROI 1.97 0011 (6.2%) 0089 (5.2%) 8.1%
Template ROl 1.67 0.00092 (1.8%) 0.0010 (0.6%) 1.9%
F-test p=78E-13 p=2.1E-03
St/0c-1
Manual ROI 148 0.003 (3.0%) 0086 (4.7%) 5.6%
Template ROI 117 0.00087 (1.6%) 0.0067 (1.3%) 2.1%
F-test p=6.0E-05 p=3.2E-02

SS = sum of square; MS = mean square; df = degree of freedom; CV = coefficient of variation.
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Fig. 9 Correlation between the age of the subjects and
the striatum-to-frontal ratios (— 1) based on the
SPECT data obtained three hours after the
injection of '23[-IBF.
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Table 3 Correlation between the age of the subjects and the binding potential indexes

ﬁegression Correlation p N
Equation Coefficient Value
2H-Data
St/Fc-1 y =-0013x + 2.24 -0.84 00006 12
St/Oc-1 y =—-0.0038x + 1.92 -0.20 0.52 12
NBI y =-0.14x + 89.0 -0.15 0.63 12
3H-Data
St/Fe-1 y =-0.016x + 2.58 -0.74 00054 12
St/Oc-1 y =-0.0095x + 2.33 -0.35 0.26 12
NBI y=-017x + 954 -0.11 0.72 12
BPR y = -0.0038x + 1.70 -0.19 0.65 8

SvFc — | =striatum-to-frontal ratio (— 1), SYOc — 1 =striatum-to-occipital ratio (— 1), NBI=Net
Binding Index, BPg = binding potential estimated from the SPECT data obtained at 0-120 min.
The calculated values in 2H-Data and 3H-Data were based on the SPECT data obtained two and
three hours respectively, after the injection of '2*[-IBF.

—fx1z, FL—HDFE—F R$%E#%, HROE
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(€ — 7 EHIKEE)Y, FhUBRIGBKIFMS 29
ZEFALRTVWE, FRRTOBFRNERED
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ERBOEmERL.
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Appendix A
semi-quantitative indexes for the striatum
Stoc -1 =%ﬂﬂ—-l SfFe -1
C

S1/0c—1(L) =(L S/0c) — 1
S/0c—1(R) =(R SYOc) —1
LSYRSt =LSYRSI

semi-quantitative indexcs for the caudate

Ca/Oc -1 =(LCa+R Ca)2 -1
Oc

Ca/Oc—1(L) =(L Ca/Oc) —1
Ca/Oc—1(R) =(R C/Oc) —1
LCyRCa =LCaRCa

semi-quantitative indexes for the putamen

Puoc -1 =(LPutRPOZ
Oc

Pu/Oc—1(L) =(L Pu/Oc) —1
PwOc— I(R) =(R Pu/Oc) — |
LPwRPu =LPuRPu

Net Binding Index
Net Binding Index (NBI)[mL]= MQ’Q—“"Y&
B

CafFe -1

PufFe -1

NBI=L NBI-+R NBI
NBI L-t0-R ratio=L NBI/R NBI

Abbreviations

_(Lsi+RS)2

=(LPu+R Pu)2

FBIARDEESM & L THTAELBRL T 519,
StFc—1 TH LN/ EREE ADOHEA SYOc—1 T
Boheho2BRELT, SODL) LHEIEER
BICBITABABDIELEAEZ SR,

DE, AREDOHR, KANIRERIIBIT B4
BUHEGETRBMTLLEZLN, FEREMIZEE
BROFEMATEETHL Z L0 5, Dr-REFEHED
SFMZE L -t EERITH S L EX ORI, O
NoHDERB LUK OFMZEYENRES X ORI
BERIIMEL L B8R AON o2 LD H
L, BEEAMRE LAH2HBRABBITTS
ZEIIRYTHI EEZ LN

1
Fc

SiFc—1(L) =(L SyFc) —1
Si/Fc— 1(R) =(R SYFc) —1

_{(LCa+RCa)2 -1
- Fc

Ca/Fc—1(L) =(L Ca/Fc) —1
Ca/Fe—1(R) =(R CafFc) —1

1
Fc

Pu/Fc—1(L) =(L Pu/Fc) —1
Pu/Fe—1(R) =(R Pu/Fc) —1

St: Striatum, Pu: Putamen, Ca: Caudate, Oc: Occipital cortex, Fc: Frontal cortex, Qs: Total
counts in the striatum ROIs, Qg Total counts in the background ROI, Vs: Volumes in the
striatum ROIs [mL], Vp: Volumes in the background ROY [mL], L: Left. R: Right. BPR: ratio
of the rate constants between non-specific and specific binding in three-compartment analysis

using the reference region method.
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Distribution volume ratios(-1) calculated by '**I-IBF SPECT based on three-compartment model analysis using the arterial curve
as the input function.

Subject A B C D E F_G H 1 J K L mean SD CV control range(+2S
Vd(St)/(Fe)-1 162 1.70 140 150 -~ - 146 193 - ~ 139 134 154 020 129 1.15_5'_(1322__01
Vd(St)/(Oc)-1 154 183 131 161 - -~ 151 191 = - 128 135 154 023 152 - 107 ~ 201

Appendix C
Rate constant ratios calculated by '*I-IBF SPECT based on three-compartment model analysis using the reference region method.
i A B C D E F G H | J K | mea SD CV cm

BPR mean 164 195 128 158 — — 144 174 — — 127 131 153 025 16.1 1.03 ~ 202
(0~-120min) L 164 184 125 163 — — 139 186 — — 130 137 154 024 157 105 ~ 202

R 163 207 131 153 — — 149 163 — — 124 126 152 027 179 0.98 ~ 2.06
L/R_101 089 095 107 — — 093 114 — — 105 109 102 009 841 085 ~ 1.19

BPR mean 145 166 1.19 148 — — 125 900 — — 121 125 231 271 117 =311 ~ 1713
(0-20min L 146 177 121 147 — -~ 131 140 — — 116 120 137 020 145 0.98 ~ 1.77
&110min) R 145 156 1.17 149 — — 118 166 — — 125 129 325 540 166 -155 ~ 140

L/R_101 1.13 103 098 — — 111 008 — — 093 093 090 034 375 022 ~ 1.58

BPR mean 152 1.79 1.17 156 — — 129 147 — — 118 119 140 023 162 0.94 ~ 185
(0-30min L 151 193 1.18 157 — — 136 147 — — 113 115 141 027 190 0.88 ~ 1.95
&110min) R 152 166 116 155 — — 122 147 — — 122 123 138 0.19 139 1.00 ~ 1.76

L/R_099 1.16 102 102 — — 111 1060 — — 093 093 102 008 7.90 086 ~ 1.18

BPR mean 166 185 124 159 — — 136 154 — — 119 126 146 024 16.1 0.99 ~ 1.93
(0-45min L 166 204 126 159 — — 142 156 — — 116 120 149 029 195 091 ~ 207
&110min) R 1.67 167 122 159 — — 130 152 — — 122 132 144 0.9 134 105 ~ 1.82

L/R_099 123 104 100 — — 109 103 — — 096 091 103 010 934 084 ~ 122

BPR mean 160 1.79 126 159 — — 138 159 — — 125 127 147 020 139 1.06 ~ 1.88
(0-60min L 1.57 199 125 161 — — 142 157 — — 125 121 148 026 177 0.96 ~ 2.01
&110min) R 164 159 127 157 — — 134 161 — — 125 133 145 017 114 112 ~ 1.78

L/R 096 125 098 102 — — 106 097 — — 099 091 102 0.10 103 081 ~ 123
(counte/pixel)
Appendix D

Semi-quantitative indexes for binding potential of 'BLIBF in the normal males subjects using the counts in the template ROIs of
SPECT performed at two hours after injection.

A B . .C D E _F G _H | J K. ._.L
28 30 34 37 38 43 48 52 54 56 60 61
St/Fe-1 mean 154 154 152 168 149 162 165 208 1.68 182 182 144 166 018 108 1.30 ~ 2.02
L 150 149 147 175 147 155 159 205 1.73 182 187 149 165 019 116 127 ~ 203
R 1.58 1.59 1.57 161 1.51 169 170 211 163 182 177 139 166 018 109 1.30 ~ 2.03
Ca/Fc-1 mean 1.69 162 150 1.7t 155 163 1.74 2.11 1.69 204 190 138 1.71 021 12§ 129 ~ 2.14
L 160 154 141 182 157 1.66 1.68 2.09 1.68 195 193 150 1.70 021 121 129 ~ 2.11
R 1.78 1.71_159 160 152 160 180 2.14 169 2.12 187 126 172 025 143 123 ~ 222
Pu/Fc-1 mean 145 149 154 167 146 161 159 206 1.67 1.69 1.77 148 162 0.17 106 128 ~ 1.97
L 145 147 151 171 141 148 154 203 1.76 1.75 1.83 149 162 0.19 119 123 ~ 201
R 146 152 157 162 150 1.75 164 209 1.59 163 1.71 147 163 _0.17 106 1.28 ~ 197
St/Oc-1 mean 1.87 189 148 173 160 204 164 205 152 202 157 156 1.75 022 123 132 ~2.18
L 182 1.83 143 181 158 196 1.58 202 157 202 161 162 1.74 020 114 134 ~ 2.14
R 191 195 153 166 162 213 169 208 147 201 152 151 1.76 024 139 127 ~ 224
L/R..095 094 094 109 098 092 094 097 107 100 106 107 099 0068 621 087 ~ 112
Ca/Oc-1 mean 203 198 146 1.76 1.66 2.06 1.73 2,08 152 225 1.64 150 181 027 147 128 ~ 234
L 193 188 137 188 1.69 209 1.67 206 152 2.16 1.67 162 180 024 136 131 ~228
R 2.14 208 154 165 163 202 1.79 2.11 152 234 161 137 182 031 169 120 ~ 243
L/R_0.90 090 089 1.14 103 103 093 098 100 092 104 1.19 100 0.0 9.6 0.80 ~ 1.19
Pu/Oc-1 mean 1.77 183 150 1.72 156 204 158 203 151 188 152 161 1.71 020 1S5 132 ~2.10
L 1.76 1.80 147 1.76 152 1.88 153 200 1.59 194 158 161 1.71 0.18 104 135 ~ 2,06
R 1.77 1.86 153 167 1.61 2.19 1.63 206 143 181 147 160 172 023 13.6 125 ~ 2.19
L/R 099 097 096 106 094 086 0.94 097 1.12 107 108 101 100 007 723 085 ~ 1.14
NBI sum 825 895 794 786 713 100 835 936 72.6 980 695 719 826 107 130 61.1 ~ 104
L 39.8 442 438 435 357 506 399 455 37.9 503 364 372 421 508 121 319 ~ 522
R 427 454 356 35.1 356 49.8 43.6 48.1 346 477 330 347 405 629 155 279 ~ 53.1
L/R 093 097 123 124 100 102 091 095 1.10 105 1.10 107 105 011 102 0.83 ~ 1.26

(counts/pixel)
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Semi-quantitative indexes for binding potential of *’I-IBF in the normal males subjects using the counts in the template ROIs of
SPECT performed at three hours after injection.

Subject A B _C D E F G H | J K L_mean _SD CV_control range(+28D)
Age 26 30 34 37 3B 43 48 52 6456 606l
St/Fc-1 mean 1.78 187 1.67 182 159 186 181 245 170 2,16 201 156 1.86 025 135 135 ~ 236
L 1.75 187 1.66 191 158 1.86 1.76 240 1.75 2.17 198 156 185 024 130 137 ~ 234
R 182 187 169 1.72 1.60 186 187 250 1.66 2.16 203 155 186 027 143 133 ~ 239
Ca/Fc-1 mean 196 195 164 188 159 1.97 1.88 250 1.67 228 207 160 192 028 146 136 ~ 247
L 191 197 1.64 207 159 1.99 182 251 1.73 226 2.19 167 195 028 143 139 ~ 2.50
R 200 193 164 169 160 194 194 250 1.60 231 195 153 189 030 158 129 ~ 248
Pu/Fc-1 mean 168 182 1.69 1.78 158 1.80 1.78 241 1.73 209 197 153 182 024 132 134 ~ 230
L 1.65 180 1.67 1.82 157 1.79 1.73 233 1.76 2.12 186 150 180 023 127 134 ~ 226
R 1.71 184 1.71 174 1.60 1.81 182 250 1.69 206 208 156 184 026 14.1 132 ~ 236
St/Oc-1 mean 193 208 1.63 200 154 237 187 223 1.66 233 1.68 145 190 031 165 127 ~ 252
L 1.89 207 162 2.11 153 237 182 2.19 1.71 233 166 145 190 031 166 127 ~ 252
R 197 208 1.64 190 1.55 237 1.92 228 1.61 232 1.70 144 190 032 167 127 ~ 2.53
L/R__096 1.00 098 1.11 099 100 095 096 106 100 098 101 100 004 450 091 ~ 109
Ca/Oc-1 mean 2.11 2.17 1.60 207 154 249 194 229 162 246 1.74 149 196 036 182 12§ ~ 2.67
L 206 2.19 160 227 154 253 187 229 168 243 185 156 199 035 177 128 ~ 2.69
R 2.16 2.15 160 1.87 1.5 246 2.00 228 156 249 163 142 193 038 195 1.18 ~ 2,68
L/R__096 102 100 121 099 103 094 100 108 098 1.13 1.10 104 008 7.78 087 ~ 120
Pu/Oc-1 mean 181 2.03 165 1.97 153 230 1.83 220 1.68 225 165 142 186 029 156 128 ~ 244
L 1.78 201 163 201 152 228 1.79 2.13 172 228 155 139 184 030 162 124 ~ 244
R 185 205 1.67 193 155 231 187 228 165 222 174 145 188 029 153 131 ~ 245
L/R 0.97 098 097 104 0.98 099 095 093 1.04 103 089 096 0.98 0.05 4.6 089 ~ 1.07
NBI sum 904 983 849 873 662 116 889 108 693 106 634 719 875 173 198 529 ~ 122
L 423 48.7 435 46.7 323 583 434 536 343 542 32.1 36.7 438 885 202 26.1 ~ 615
R 48.1 496 414 406 339 57.6 455 540 35.1 520 313 352 437 872 200 263 ~ 61.1
L/R 088 098 105 1.15 095 101 095 099 098 1.04 102 1.04 100 007 6.66 087 ~ 1.14
(counte/pixel)
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Summary

Phase 1 Clinical Study of '2’I-IBF, a New Radioligand for Evaluating Dopamine D,
Receptor with SPECT (II); Pharmacokinetics Study and Quantification in the Brain

Yoshiharu YonNekura*, Norihiro Sapato*, Tatsuro TsucHiDA**, Hidemasa UeMATsU**,
Satoshi NakaMura*, Yoshihiro Onisar***, Kazutaka Y Amamoto** and Yasushi IsHir**

*Biomedical Imaging Research Center, Fukui Medical University
**Department of Radiology, Fukui Medical University
***Nihon Medi-Physics Co., Lid., Nishinomiya

The pharmacokinetics of (S)-5-iodo-7-N-[(1-ethyl-
2-pyrrolidinyl)methyljcarboxamido-2,3-dihydro-ben-
zofuran ('2*I-IBF) in the brain were studied in 12
healthy male volunteers as a Phase 1 clinical study.
The striatum-to-frontal cortex count ratio (— 1) (St/Fc
—1), which is a semi-quantitative index of the binding
potential of '23]-IBF reached 1.81+0.19 and 2.21+
0.39 at 90-120 min and 180-210 min after intrave-
nous injection of 'ZI-IBF. St/Fc— | obtained by
SPECT at these times correlated well with the distri-
bution volume ratio (— 1) (Vd(St)/Vd(Fc)— 1) based
on three-compartment model analysis using an input
function obtained by intermittent arterial sampling.
The binding potential (BPy), calculated by the curve-

fiting method using the time-activity curve in the ref-
erence region, also correlated well with the Vd(St)/
Vd(Fc)— 1. The intra-observer and inter-observer re-
producibilities of the striatum-to-cerebral cortex count
ratios obtained using fixed-shape regions of interest
(template ROIls) were superior to those obtained using
manual ROIs. These results suggest that 'I-IBF is a
promising agent for non-invasive quantification of the
dopamine D; receptor (D2-R) binding potential by
SPECT.

Key words: '“I-IBF, Dopamine D1 receptor,
Phase 1 study, Pharmacokinetics, Single photon emis-
sion computed tomography.



