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SUMMARY

BNCT (boron neutron capture therapy) is based on the intracellular nuclear reaction
that occurs between the boron-10 nucleus and a thermal neutron. Upon capture, the boron
nucleus disintegrates into highly energetic alpha (*He) and lithium ("Li) particles. Because
of the short pathways of these heavy particles and °B accumulation in target tissues, the
great potential advantage of BNCT is a selective tumor destruction without significant
damage to normal brain tissue.

Since 1968, we have treated 146 patients with malignant brain tumors by BNCT. The
5-year survival rate of malignant glioma was 29 %. Important factors which improve the
results of BNCT are boron concentration in the tumor and neutron sauces.

We have used BSH (mercaptoundecahydrododecaborate, Na,B,,H,,;SH) as a boron
compound in all patients. BSH is characterized by the absence of toxic side effects and
represents the only promising boron carrier applied for the therapy of malignant glioma.
However, data on the biodistribution and pharmacokinetics of BSH are few and lack in
stadardization. We retrospectively analyzed the biodistribution and pharmacokinetics of
BSH in 146 patients treated by BNCT from 1968 to 1994.
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1)Pharmacokinetic parameters and standard expression of blood boron content of BSH
were calculated by the two-compartment model theory in intra-arterial and intra-venous
infusion groups. The parameters revealed that BSH could move easily from blood to the
peripheral organs with sustained retention and that elimination was very slow. (CL=3.43
L/hr, Vss=181.8 L, MRT =53.0 hrs)

2)Pharmacokinetic parameters were calculated in each case. The patients were
divided into two groups : the intra-arterial (56 patients) and the intra-venous (31 patients)
groups. BSH was administered into cervical brain arteries in the intra-arterial group, and
peripheral veins in the intra-venous group. BSH in the intra-arterial infusion group was
found to move from blood into the peripheral organs more easily than that of the intra-
venous infusion group.

3)In patients with malignant glioma, the average values of boron concentration in the
tumor and the tumor to blood ratio (T/B ratio) after intra-arterial infusion (44 patients
with 53 samples) were 26.8 ug/g and 1.77 respectively. On the other hand, after intra-
venous infusion (13 patients with 13 samples) the values were 20.9 xg/g and 1.33 respec-
tively. There were no statistical significant differences in the average values of boron
concentration in the tumor and the T/B ratio between the intra-arterial and the intra-
venous groups.

4)Both the average values of boron concentration in the tumor and the T/B ratio in
patients with malignant glioma showed about 2.7 and 3.0 times higher that those of low
grade glioma. However, there were no statistical significant differences in the tumoral
boron concentration and the T/B ratio between cases of anaplastic astrocytoma and
glioblastoma.

(received May 23, 1995)
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(1994) OFREOB|E T, AHFHMRZ69BLEEFD
EEVPADIAD S ODOEREREIHE R EL T
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Thb7r7r —KTF (‘He) &V +v stk (L)
OFREIIF 10 pm HL<, EEM 1 HoXE XiE
g 5. Fo7A7 7 —HEEHERCT 54
YFRIRRRE Y v = — B HERTIFBERE T &
b TH B, ZoFsEEH LIEE ORI LS
DB & e EFE M0 A% il L ~ v TEIRIC
WETHZENFELLD. TH VoI hIEER
BHROMCBEMCRETL V28B4 7V 4+ —=D
BEEE LT, P THIEREGEEN BRI LS
zbh % (Hatanaka, 1986).

R THIREE OB <, MEB AT 58K
SRR 1951 FF i Sweet W X DB I ATV 3
(Sweet, 1951). % D% 1951 426 1962 £ ¥ TKRET
REFEVIRA DR, ZOBKBEIEIMCED
L oo bl S hie. AT 1968 F LK, &
HEFLE LT/ A — 7FAEKRE L OEBRH L5,
1994 £ 5 Be#ii34 % % T 100 FILL Lo i T
HEEN TR T3 (Hatanaka, Nakagawa,
1994). Z o, N X b REFEHBEE S W BfEE
> T 5B,

4H, ABTEFLRI WIS Ut lohE1H
R L, W OERI D 8T 1968 FFLIK 146 BDEH
Xt U 161 B EE TR T 5. 1994 £ 6 4]
HEERE FRIREEESTHREIRC L O, B
VA —=D5FEFRIL29%BTH Y, X ORI
RERDOELW etk L L b bBh T\ 5% (Nakag-
awa, Hatanaka, 1994).

BOE T b T 5 b THIREES RIF 2R
¥ELZLENTERLBHEO—DIL, KETIX borates
* p-dihydroxyboryl benzoic acid 7z & DIFE/L &
A Lo LT, phitid BSH (Na,B, H,,

Tablel Summary of BSH pharmacokimetics

SH : mercaptoundecahydrododecaborate) #{#f L
el & THAH. BIRFITD BSH 8 HEEER I 1968 &
LAk 27 i b R, T0BEM L ZeMIGEH S h
T\ 572 (Hatanaka 5, 1986 ; Sweet &, 1986), BSH
DOEIRA L BIRAB 512 & 5 MFREOHRE b O
BERREOZE OV TEMICE S hicliE .

SEIR %X, BFROLOEFD &P 1968 LK, AH
Tfrb ot TR SO T, retrospective
i BSH 0BG <7 2 —<—%Ke, @HEKLL
TEIEH L HERCTOEYBRBCELRD LN E 5 h
B L. ¥, Wik clisk (°B) oEENE
BERES/ mrhEERC DT RERH LD TX
BRIEE L I 2 HwET 5.

MNE, FHEBLURR

1968 £E 72 & 1994 4F ¥ T 26 R AR 0 E e F
RETHELRE, Righ B RE T BN, mEAER
TIRHBRPT) CTEMBES LT, T RRERE
RAfTE i 146 % 161 RIEA R HR & L.

1T, Lo BSH 0#EMEIRE L BEABTO 2
HE IR 21T - 7.

1 BSH (Na,B,,H,,SH) n¥&#EhsE

KD 5L, BHoOBc BSH A UKRHY
MAAREDRENFBET D - 7 8T EF TR RIT L
(Table 1). 7s3s 1 FEGIH O BB S A3 5 A 55 D £E H1
TG BERA U e, HRIM & RE IC B & TR RAE L
WRBE 2 RE L.

11 X%

(EPEERE 56 FESI

BRAEAR, BEOREICL Y XKEETHNITE
SHEIR D B\ XNEEIR 2 S, KR T THILTHEEH

Age (y.0.) | Total dose (mg) | °B dose (mg/kg)* | Infusion time (hr)
Intra-arterial infusin | ) /.1y 7 | 4795.7+ 554.8 48.9+12.7 1.45+0.57
group (N=56)
Intra-venpus infusion. | o0 cpon 5 | a0m1.62:1450.9 42.2+13.9 1.14+0.54
group (N=31)
Total (N=87) 42.3%17.5 4523.4+1032.8 46.5+13.5 1.34+0.58
*1°B dose (mg/kg) =Total dose (mg) x120”/210% X 1/body weight (kg) mean=S. D.

a) . Molecular weight of BSH
b) : °B content in a molecule of BSH
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WRAs B FERAC B EA L7z, KRS EIT 1979 52D
1988 4 & TR MEFT L I fERI T, i5E (°B) oL
B1348.9mg/kg THHEARRNIL 1. 5B TH -
Tz,

QBFERE 31 ES

BRI AR RIS 2 DIRFEAOC SFE L 2. A%
B3 1988 4E 256 1994 i I CHEST L fERl T,
# (°B) 0 FH# 5813 42.2 mg/kg THHE AR
1. 14 BERITH - 7.

WO T, BSH 2500 m/ AFAEKE X O
AYKCHEML, BEEY 370 0sm F% LHEHL
fo. IR ISERBEEREI BSH oy 5BthA b 0 & F
oy et

12 BEH®K

AR POWEEEZ 7 r— v D=2 v a vVE
AFREAC-FEES 7 7 X <~FKXE ICP-AES)
X RE L. mECEFEASE X oL aR
¥ 0.056—0.2¢g, BMEE) 0EEXIERIAEL, 70
% @EFEEE 0.3 ml 35X 030 %BMLAE 0.6 m/ %
Mz T100C, 1RfCcafEel. EBEFHLE K-
5B % KT 10 m/ wwFHR L Ekicrodisc 13CR 7 4
NE—THEBUIHE, BHK0.2ml #EHEKEF+ Y
7 — & LT ICP-AES #Biz# A L. WHEORNM
B3 HTHR 249.678 nm CTHIE Lic. WIRERBEIT
1000 w//ml OBEREFK 2 7RE K CTHERL TRE L 7.
BEHZ0.1—20 ul//ml OFHE CEBEL R L. W
#ILE&% (Cs,''B,H,,SH) #%HEMLicT v b M
X OFERB R ER TR 0.5ug/g Tho7e (H

R &+ #

T EEEEMRZE 20 % LA ).

ICP-AES #: & Hefadk% Na,'°B,,H,,SH ##5 L7
B o o I 3 X CIRARFOMRBERE ICHE
F L7 ICP-AES 312 &k A Bl fE I e tathic X 5 HIE
i & EE BB R AR LA (MEK 63 BiFIzoWT
AHESBI%L r=0.997, IR 30 BiEIZ2\Tik r=0.998)

13 MHE

BRI h Y, AtkF oAy
Ltkic, IF s FleoQBRESRCHIEL THAT
b, ToX iR SR - FEHEERN A K
SWTEYOBNBRELHBEL L 5 L T5EERET
ARBY, EBEHEFALLFIRTCS, BE M
BHBREORNNWEETET AL ESE 13
BEREORBH LI (2=t 2V ) HHIL
I s TANMERAEINS. Thla v -2V
FEFATHS (Gibaldi, Perrier, 1982 ; ¥ « Xk
B, 1993). 2-av—t 2 v rEFA (Fig. 1) T,
LK 2> 5 D5 ATHIEFE T < MK & X 7T & 7o WHBAL
L, PHEHHBREORMEHETHHMD 2 2DV
NR— b AV PEHFFTE LD, OBz v = 2
ViEkFLa - AV, R = b
AV bEWS, Y, EYdhbhavi—-b AV
BEXh, Kz v =t 2V VSR LEBIZBY
FhavS— b AV RS T bHET S, FLT
FLa v -t AV ERBEHEI VA= b AV RN,
BB XL D & OEY OB I —KEEBBIC
PV, Fo—REREERY K12, K21 &35, m+Eg
ErxAXTEIRS.

Peripheral compartment

o]

[

Infusion ———
(Intra-arterial or Intra-venous)

Central compartment

—— Elimination
Ke

K12, K21 (/hr)

Ve

First order intercompartmental transfer rate constant

Distribution volume for central compartment
Total area under the concentration in plasma vs time curve

Ke (/hr) Elimination rate constant

Ve (L)

AUC (mg « hr/L)

CL (I/hr) Total body clearance

Vss (L) Distribution volume in steady state
MRT (hr) Mean residence time

Fig.1 Two-compartment model
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mFEE (Cp)=Ace «t+Bee st

4E, HxBLUTORFEEZSWT, £
FREOEMNE MULTI OFBHEN_FE T =7
AR TEYBBE T 2 -2 -BEHLEF L%
K.

1-4 #EHEH

(DM FBE £ 7 L ROIER

¥, BERH, BENIIOLACRVT £To
Btk o iR E 2 R IR e H O 2, I
BERDI. ZOX 5L TRDHMFEHERLARE
e LT MULTI o3RERN_FE T 77 2%
AvCE L, B, BEHSICaAsd sl
hEEDEFARERD.

(B L BEHO 2 BB TR T 2 -2 -0
fE o HE A

RIZEEF T i 7 v 7 7 s T, BeAD
EMERE 7 2 -4 —FEHBL, BHEREIBERO 2
BT hbD T 2 — & —OFHED LB 21T
7.

7t BB B ZEKE I Macintosh ® Statview % fH
7o, IEHMDFER T 2 1 E R Unpaired t-test %,

DR T & Teh» 72 ZH i Mann-Whitney
U-test A L 7.

1.5 &R

(Difisp & @RE & 7 LA OFER (Table 2)

BER, BERE, 4o, SFckuTmhE
BEoEFAXBELLET 2 -2 —kRDI. B2
V75 v A (CL) ZBpEERS 3.38 (L/hr), BN
3.33 (L/hr) ¢, BERBHMER (Vss) (ZBIERED
185.3 (L), #EH124.8 (L) THof. FTHFH
¥ EREE] (MRT) 2BhHERE < 54.83 (hrs), BERT
37.51 (hrs) TH - 1.

BSH # 5000 mg #&4 L 7cB&0WE (°B) oMt
BEO®FARIRATESI R

EhER¥ 1 Boron content=6.29 « e 70091+t 4116.1 «
e VMt T & B3 Boroncontent=12.21+e
“0.0154:t 408 6570t TH 5T, Teds t (X BSH D
B 5Bakh o bER I E TR (hr) T, e RERNE Y
*T.

(2)BDERF & BHEREO 2 ERITE T 2 — 2 —DF
fED HE#RET (Table 3)

Kz v A= b AV babRLavY - b AV T

Table 2 Pharmacokinetic parameters of BSH

Total Int}ra-ar.terial In‘fra-v?nous
(87 patients) mfus.1 on mfus.lon
(56 patients) (31 patients)
P1 5.86 6.79 12.21
P2 0.0091 0.0091 0.0154
P3 103.6 116.1 98.65
P4 0.135 0.147 0.139
K12 (/hD 0.050 0.057 0.051
K21 (/hr) 0.015 0.016 0.029
Ke (/hr) 0.079 0.083 0.074
Ve (L 43.30 40.84 45.10
AUC (mg - hr/L) 1456.8 1481.3 1501.7
CL (L/hr) 3.43 3.38 33
Vss (1) 181.8 185.3 24.8
MRT (hr) 53.00 54.83 37.51

Boron content in blood (Cp) =P, » e P2*t+ P, g Pt

Intra-arterial infusion: Cp=6.79 « ¢ 0.0t 41161 « ¢ 0-147"t
Intra-venous infusion: Cp=12.21 « e 0-0154 - t+ 98 5+ 0139+t




Table 3 Comparison of pharmakinetic parameters of BSH between intra-arterial and intra-venous infusion groups
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FH BE BA & ) £#E &+ #H

25 BITEEEEK (K21 35 %O EBRE Tk
PREEHI v ABCEBEY TR L (P=0.0137). ¥
Fihavai— b2 v FOSHEE (Vo) X1 %0k
X (P=0.0020) T, EFRELHSAEE (Vss) 1%
DfERE (P=0.0004) T, FHEZGEM (MRT) &
5%DEHRE (P=0.0233) THEHEI \HERILA
BrEEYRLE. LaLlhha v A=t 2V Enb
Kz v A=t AviricEm» s BITREEK K12
(P=0.7767), HEREEEH Ke) (p=0.0778), M
PR —RRIBAMR FIERE (AUC) (P=0.3803), %7 vV 7
5 v A (CL) (P=0.2180) 125 %DfapaR T 2 Bz
biﬁ%é%ﬁﬁb Tehosic.

2 WEROBEENBT

B DT » TSR FRITRERE TR, Bk
LEERRNC, EEOMBBROMR L NBEYHNAT
BHEEIZ & b [EEREE M 1T - T\ 5 (Hatanaka b,
1986 ; Hatanaka, Nakagawa, 1994). Z fuiz X b &
DEFROTSFIFDIREAENBHEEINLY, BEHD
RREE 238\ R4 TR EE MR IEE B RO Fic
BEMCEBE LTV D, ARBCHETSC &
RETHD. Lichi- TREOEIMCESHE 2
Baz L REREFAS DS, Zold, BHER
CIEEEG R T & ES, BSH o AL»HHE
BB TORRE2 10 BRRRIR B O EGIERS Lt B
T, &M T T3S 156 Bk TH - 7o (Tabled). 7
EEHEB AL U CRHEERNCERI L, FRHcEk
Iﬂl%ﬁ - 7.

F—R BB ORGP IR TV A HEEE0
BAEOLREMEE LTHA L (B - BEFD
o T 73 IER 88 BifK). T hiE, B ) ok — =TIk
EERK YN L BN ) MIREE & VHsT
b bEBAGY, BREMAED 5\ KBRS L
NREELTED, HPhoRBHELFTRLTLIE
W ENNRETCHL LS LNLTHS. Lich
> TR OEENEE ORE K L CEEMCHRED
EEY BT, BAE#H — L7 (Nakagawa,
1994).

2+1 X&BIUKHIER

(WEIER EBERHOES 7 VA -~ X A%
('B) oEFENRE, BEEFNBRE/M+EREK (T/B
ratio), Adjusted T/B ratio ®F¥fED LbEHE

XL, BERES MES GI®EB T, WERIX
glioblastoma 29 f£ #1 (32 #& {4), anaplastic
astrocytoma 15 fEB (21 #1K) TH - 7. BHERFFIL 13
FEF (13 #4k) T glioblastoma 9 fEf (9 Bfk),
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anaplastic astrocytoma (% 4 fEFI (4 BfE) TH - 1.

oA T/B ratio BHE RN RIRFICERILL 7
MFRE - EENBE YR T. EEORMIEE
MBoER LY 1 2 RHEEEND. FLBH‘O
MPREGEECHET 5 2 L PWENCTTETH
5. Lictio TREORS O MPERE R, REHR
O MR E O FEHETRHA L (=Blood boron dur-
ing BNCT). Bt oBEHERE & ihBE O
Adjusted T/B ratio T#L, Tumor (T)/Blood
boron during BNCT 263k, Zhik BSH ##
ABRIZ 10 R EX B L TV 556, BERRBE D
REIIEF D i fed B IRiE—E L e
B ENARETH B 2L THDH (Fankhauser b,
1992). LUichi» T T/B ratio 12~ T & @ Adjusted
T/B ratio (3 X » EEOBHAFORHEICL N EF 2D
ha.

(24 (low grade astrocytoma, anaplastic
astroytoma, glioblastoma) & X 2#% (“B) oEE
P EE, T/B ratio, Adjusted T/B ratio @ Mt

*T&i, #5851k {, glioblastoma 38 fE i
(41 #:4%), anaplastic astroytoma 19 fE@ (25 #ifk),
low grade astrocytoma 5 fEf# (7 8k) 0 3FHETH
5. Wik (°B) oEEWNEE, T/B ratio, Adjusted
T/B ratio & H T 3 B0 LB 217 - 7e.

7o BAEZERE 12T Macintosh @ Statview & s
fo. 2 B O B B\ CIERB AR T E R
% Unpaired t-test %, [EBMEPHERTE L E
¥z Mann-Whitney U-test &\ 7. F 70 3 BRI
O Bzt ANOVA Fisher’s PLSD g% v e,

22 R

MEEH LBEFOBH 7 )+ —~ BT 5HE
("B) oBENEE, BEENRE/MFBERL (T/B

Table4 Histological classification on boron uptake study

A : Intra-arterial infusion group

60 patients 131 samples (*75 samples)
patients samples (*)
Glioblastoma (grade IV) 29 55 (32)
Anaplastic astrocytoma (grade III) 15 38 2D
Low grade astrocytoma (grade I « II) 5 14CD
Meningioma 3 4(3)
Rhabdomyosarcoma 1 3C2)
Chondrosarcoma 1 3(2
Ependymoma 1 2CD
Metastasis 1 2 (D
Neurofibroma (skin) 1 1CD
Glioblastoma (post-op clot) 1 3(D
Gliosarcoma 1 3(D
Medulloblastoma 1 3(D
Total 60 131 (75)
B ! Intra-venous infusion group
13 patients 25 samples (*13 samples)
patients samples (*)

Glioblastoma (grade IV) 9 20 C 9
Anaplastic astrocytoma (grade II) 4 541
Total 13 25 (13)

* means the number of the samples which showed the highest level

of boron content in each case.
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Table 7 Boron uptake except astrocytic tumor

Tumor (T) T/B Adjusted T/B
(ug/®)
Meningioma (n=4) 43.9%£31.1 5.37%£5.10 8.17+8.42
Medulloblastoma (n=3) 21.8+£3.40 0.80%0.13 —
Metastasis (n=2) 17.949.50 | 1.14%0.60 1.39+0.74
Ependymoma (n=2) 35.2+16.3 1.15+0.52 2.12+£0.98
mean=S. D.

ratio), Adjusted T/B ratio OF#HED LERKE
(Table 5a, b)

W% (°B) (XEIERCY 46.0 mg/kg 5 & h,
BEBGHFH 14.6 RREIRICEEEAK SR X A
7o FBERTIRME (°B) 13 43.7 mg/kg A
5 XhFE16.7 RFRCEBEGS R I hi. B
BNEE BERTFH 26.8 ug/g (6.1—104.7 ug/
), BER TF#20.9 ug/g (7.0—39.7 ug/g) THH
BERIHERCEW 1.3 EoEERRLE. Ly
L 2 HEIC 5 % nfEmE cHA¥ LIARELRD
Tehote (P=0.4295). %7 T/B ratio 3ByEREHE
¥1.77 (0.47—6.65), B ER T¥#1.33 (0.61—
2.99) LBHHBTHIIEOEMELRLINL %DM
MERTHEELRD I -7 (P=0.4632). Adjusted
T/B ratio % T/Bratio izkb L, ML d# 1.4 &0
SELRL, BhERE ¥ 2.48 (0.60—9.16), B
T¥#71.89 (0.81—4.09) TH b BB 5 %O
BRTEEELRRD I, -7 (P=0.4806) (Table
5a). ¥R HHORBERMEIZ ST, BEH LB
B0 2HE TS BOBBRERTEREXRD Ao
(Table 5b).

HED&ERLL, BEFHOHIHEHCEXTEE
MBOMFE (°B) oM HiIAZRIIM1.3—1. 4 F0EE
RTEARL SR, BRI L3RR
ERXRD LT,

(2)##%% (ow grade astrocytoma, anaplastic
astroytoma, glioblastoma) iz X 2% (°B) 0EE
PWiEE, T/B ratio, Adjusted T/B ratio o st

[EE NI 1L low grade astrocytoma (grade 1
II) ©¥#9.7 ug/g, anaplastic atrocytoma (grade
D ¥ 25.8 ug/g, glioblastoma (grade IV) i,
4 25.6 ug/g TH-7:. Malignant glioma (ana-
plastic atrocytoma, glioblastoma) (% low grade

astrocytoma IR TESNEE I 2. 7R,
DR PERMEL 1 BOERRCEEELRD (FQ,
70)=6.304, P=0.0030). %7 T/B ratio  low
grade astrocytoma #%3 ¥ 0.56, anaplastic
atrocytoma #3F1#1.69, glioblastoma 73 #)1.68
THote. 70 b malignant glioma X low grade
astrocytoma 1ZtE-<XT T/B ratio 33 f5E<, &
ONMEEBRMED | BOoBRECTEEEYRLE FQ,
70)=8.442, P=0.0005). Adjusted T/B ratio Tl
anaplastic atrocytoma & glioblastoma XX h £ h
2.44, 2.35 T, low grade astrocytoma ®#J2.9 {55
EERL, ZONKRERELS %OBRRTEEEY
Zot- (F(2, 43)=5.076, P=0.0105). L#L, ana-
plastic atrocytoma & glioblastoma Dz iXEERN
BRE, T/B ratio, Adjusted T/B ratio D\~ThbdH
EERD M7 (Table6).

37V A — <A OREE TR, RERR DI
DEBEERELTE T, SEHORH LR LL
2, AR B © meningioma ( 3 SE#I 4 #f6) T
BEENEBENFEY43.9 ug/g, T/B ratio #3FH
5.37 G, anaplastic astroytoma & glioblastoma X
YREXRLBEOGSVE Y ALZETED . i
medulloblastoma (1 fEfl 3 #i{4), metastatic brain
tumor ( 1 FEf 2 #:4%), ependymoma ( 1 fEMI 2 B 6%)
TREW7 Y 4+ —~ L BIFRABREOWMEOR Y Ah %
~ L7z (Table 7).

% =

1 BSH (Na,B,,H,,SH) 0o#%EhkE

W& E L To BSH 2, &2AEwRF5HhH
TR T 20 R bt VKB X A, 0
Bt BeEM Iz oW TRELSADLRTWS
(Hatanaka %, 1986). L#L BSH o##@hfEic->
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WTOREIHR Ih B b0 T4 Tikicyy (Fank-
hauer 5, 1992 . Haritz %, 1992 a, b , Haritz 5,
1994 ; Stragliotto », 1992). E%EhEE <5 » — & —
ERDBZ LI DEFOBHHIHHL, Fiok
Fl & OB MR E 725, —RRANIZIXABHE & D &Iz
AUubhaREWLAF2A -2 -LLTHRZIVITIV
A (CL), EEREHMAE (Vss), FH¥ERH
(MRT) 252, SEEAZZDIDDAT2—4
— AT 1T - 72, CL (L/hr) 3 D&kRh
LOHRDEIHRTIHED 1 >THA. Vss (L),
MRT (hr) 3B A~OLGMO LR T IHERTHET
H5. 2o FAXnbRDI BSH ©4F5 2 — 4
-3 CL (L/hr)=3.43, Vss (L)=181.8, MRT
(hr)=53.0TH-7. “hxbh, o BSH OE#HN
HELTHB LD &k, Vss (L) AMFlic -~ T
FEHEAZ W, Tihbb BSH st H b ki
BRECBTLRT VW EERLTWA. E4 MRT
(hr) & 53.0 B§RI L IER A& L, HNICRRHIE T
DHERDBEFBCERTHS L\ 2 5. SEIORR
POBOLRIELERED T 2 — &2 —HFFOEAE L
T, Diazepam (MRT=39.1hrs, CL=3.16 L/hr,
Vss=123.4L) #3% % (Kaplan 5, 1973). Fofic
HBRORELL L 7o 3E# & L ¢, Carbamazepine, Clon-
azepam, Lorazepam, Nitrazepam E21ZEFbh b
(Gilman 5, 1985). Z b OEFIT TN CHLERE
THEHTHSZ LIEFCHKRE . Z0Z LT
BSH (Na,B,.H,,SH) DO&NEIREIZF S DR B%
52530EE2bN 5.

BSH 732 o MBE2RT 2 & RAEKICHRE
XhTtws (Haritz b, 1992 ¢ ; Haritz &, 1994).
SEoKF 2B BSH % 5000 mg ##5- L2354 O
% (“B) oM EELXRD S ETFARIBRES i
Tihbb

BhiERE | MR =6.20.e 700091t - 116, ] e~ 0- 147

BHERE . B =12.21-e 70015414 98 65070139
(7e3 t 1 BSH o#5BthH Sk % <o (hr)
T, eXBAMHEERT.)

Ticbb, BSH of5EE2 5000 mg OFF, EA
BRA > & D REERERT A8 5 T S THisE (UB) oIt
PRI ECHETE 5. bk 12 By iim
thiE B IR T 25.53 ug/g, BHUEERE T 28.76 ug/g,
18 BRI IZ IR 2 W F h 13.58 pg/g, 17.33 ug/g, 24 &
FIRIZI3.8.47 ug/g, 11.95 ug/g LB ERD B Z &
DRBBIL T8 - 7. WEOHE T BSH 8 54 24 K
M ciihySER AL, 24 RS IER

WieEREERT EHE SR TV5 (Haritz 5, 1992
¢, Haritz 5, 1994). L2 L4&RIOE ~ DB T2,
BSH o Ifi B (28 54 10 KR % TOREREIN T g
T4 —5pug/g/hr L BWMTH B H, 15—18 Bl
FBARIT1.2—1.8 ug/g/hr BEWHA L, 18 Kf
DB QIR B e BRm YR T 2 EQHBA L. &
DT &3 FREIERE YT 5 RO ER R 2 R L
T\ 5.

Rz, FIEFIZ L TEHADAT 2 — 2 — T RDEHE
HLHEN TR L., Fla v =t AV bOS5H
BE Vo, EFEREBLMERE (Vss), FHERERE
(MRT) BEEMNILBERI VAEBCEEYRLIH,
ORI Y, EYERE5 2 — & —D LT, BSH
TENERF O S A ERC A CER A S
1.8—1.9FBITLLT VL LTI,

Rat #B B EER T BSH © LD; % 800 mg/
kg DL EEE X h, BRK T 100 mg/kg U F 7 bR
B EEbh T % (Hatanaka b, 1986). 4 ED
Brxomgto B #581310.0-85.7mg/kg
(46.5+13.5mg/kg) T, fLOHECHTEHWEA
BEitoTuwab, UL, HEARREDSEY 1.34 KR &
R BRI ST T A D BIfFRIRIZ L A KRS
Toigv, BOPIESK 2T 2 f b IS ED b
e, BEAZ—RPHL, BEhreksd+so s
B OIERITR AT X 7.

2 WROBEEABT

Glioblastoma = anaplastic astrocytoma D8 &k{%
BERTHY, X VBEOEBNBENE LD
ZEMNEE TR TVWB (Fankhauser 5, 1992 ; Har-
itz ¥, 1992 a, b ; Haritz %, 1993 ; Haritz &, 1994 ;
Stragliotto, Fankhanser, 1992 ; Stragliotto &, 1993
b). Ticbhb, BEFORCRESMROEEICRY
M8 5> & O M EAE DB\ D B> T\ e DI BRI [ -
Tkbh, ZOHSOEEMROWEDORR D AKITMR
EBWZ EnFREINS. B BEERRLEAR
SELAEE S CES TR OM ) ALK D
BB LRSS, AEHOFEORS I, EHEMH
BPABBEL WA &, FMmKBMfINEEZRT
WhTed, TOMEYZHIIEERERCSVCTLE
TOMEOWM Y AR ERDDEHEEhT WS
(Haselsberger &, 1994 a). —7% Gabel (1994) =
Hantz & (1994) ofkafci, T/B ratio X% &E T8
—10 %7/~ USESE R R IE F B AR rh i i3l 2 23 0 &
FThiwEBEL TS, 20X 5 IEEREK M
FEOWMHRAHZPRED LN &34 OREHT X
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h B EER (Gabel &, 1987 ; Kraft &, 1992) s
K#) (Fankhauser &, 1992 ; Haselsberger &, 1994
b : Stragliotto, Fankhauser, 1992) T3 2D bR T\
%. ZHiX BSH M BIF @@L I &L
RT3 EF2HA TS (Kraft 5, 1992 ; Nakag-
awa b, 1993). F 7eBEEELS OWFE OB h AR,
BTE &R TR D AL MABE & IEE &5
z2bh, FCEHB TR EALRMI AR RNET
bhTwb (Gabel, 1994 ; Haritz &, 1992 ¢ ; Strag-
liotto, Fankhanser, 1992).

W& (°B) oEENBECHEYRIETHRTLLT,
BE5E, WA»LREFIE TORM, L UEED
MBE P ZEFON A, SEIOKR CIRBIER & BTN
D2 BB THERToeh, 2oL LYTE A
F—R T 5o, AMRIEITESE7 Y & — < BE
L, ¥EESABANOWEOR Y AKRDKHZELYH
Z, TEA 2 BWAREREE DR E 23 10 BRI 0 fEF
RERSF L7, Lo LIIRE S B (°B) BB TFS
2.3mg/kg %<, BEHLEIE TORMITFE 2.1
REfE i CBNERABER LI D Eh o . ZOEBETT,
[EE R, T/B ratio, Adjusted T/B ratio (XBj:
BRI VNI IBREBVEEL R Uch 2 3
3 #ET ¥ EXEREERD M 1o, Tiabbi
SH0B L ) BEEEROWMKOM Y AR IIEY
IRETLNT EXHBL 7.

BSH @G ABECEEMCEIATH, 2—
SRR IR KRE 2R L, M~ THE IR
RCERENDOHEE TS, TDed, HAK 15—18 K
HE TREENRE L ) IFBREOHNEELRTH,
ChUBERYER LEERRE ESELE 5. Thbb
15—18 B Liic T/B ratio 231 M k%R &8
IhTw5b (Stragliotto », 1992 ; Stragliotto &,
1993 b). @EOHEHI T BSH 058, BRIARER
¥ COREIRA— TR e, BEEREBEL G T
DHREFE OB IRETH S, Licr-T T/B
ratio THE L4, 75 mg/kg ##HE L 24 KR
AR 2R ER U 7= Haselsberger & (1994 a) % T/B
ratio=1.1—1.3 T, IEHMHEED 10.5—13.4 DM
DRAZERLIEBME L TWB. %1 Stragliotto 5
(1992) \ZHEAR 15—18 Refiicix T/B ratio 281 LI E
Zien0, 3UERRTEMIED T EBEL
T\ 5. —75 Haritz & (1994) ofRETiE, &XAT
T/B ratio= 8 —10 #/R L FHTid T/B ratio= 2 —
5 EEETH e EBMEL TV A,

B ) A —~DRE{RE LGB0 « R

BE B 8 FII K B+ H
T, WHELFH45.6mg/kg 5L, BENLFY
14.9 RERIB I EHER A BRI L 7o, Zo&HT T,
SR TEENEERTFY25.7 ug/g (6.1—104.7 ug/
g), T/B ratio (XF#1.69 (0.47—6.65) &/~ L ey,
OO &KX IEE .

SEOE 4« OBE T, BSH EYBE T # —
£ —0 L TCRBEROFIEER X W EER LT HE
BB LTV E VWO RREE L. FBRICERRL
[EEMEOWEOE b AL TH, BENITHETH
1353 EBER X b REA/R Lich, 2 BFEc st
FHENEREYRD or o o, BRI B
NTRENTH ), BEMECHEHEORR S H5.
SEBIOKE T, BSH QHEE T B 2iEmE
THEEABRENEOND &b, BaRBERTR
RETHOPDRIGLHIELDE > R HEET 5.

RCIEEARINCEENEE & T/B ratio & g
BEt L7c. Low grade glioma (grade I - II) THis%
DEL D IAZAMEZ & ik Hatanaka B (1986) & b
BRic#EIhTwsh, SEOH~DEHTD
grade glioma (grade I - II) OEFEHNEE, T/B
ratio & b I EDONEERMELEM 7 ) 4 — <tk
T FRNCERICEETH - 7. Z ik low grade
glioma TRMRBEEMEV A, X HICRE RERNE
i Te D IFE S EE AT D A E I WES
RRTHHEHEz2LNS. %7 CT scan TOEFIC
T AERFNC X HERSHFIL, T/Bratio L EER
MBIA R L, low grade astrocytoma (&R E D
T WMEOEY AL BE N EVLIHED DD, Z 50
ST BEFOBRRLE 2 bh b (Stragliotto 5, 1993
a). L2 L, anaplastic astrocytoma & glioblastoma
DEBHNEBE® TN LT 25.8 ug/g & 25.6 ug/g
#RL, MEBTAEERER L WEROM Y IALILFARE
ETHo7. Zhix5-bromodeoxyuridine (BrdU) %
BuwicZ ) 4+ — <O EMY T, glioblastoma ©
labeling index (LI) % 5 —15% T, anaplastic
astrocytoma @ 3 — 5 %I CEME R LIEFERE
CERFEDLRTWDHZ &L (BE-BED, 1985), %
7o IESfE iR (tumor doubling time) T, gliob-
lastoma € 31.2+7.7 H, anaplastic astrocytoma T
143.8t7.6 B L EX R DI & (Tsuboi b,
1986) INTWBHZ L EBHLEEV. Ff, 7 VA —~
DA o iEE T, S B meningioma T
T 43.9 pg/g LFHEBRBVCIIROE Y AL ERL
o & &, medulloblastoma, metastatic brain tumor,
ependymoma B\ TIREM 7V F —< L ABRED

low
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HYRBERLIZ Ll Enb, EEHR~OWED
B AZATEBENERE, Tbh bRl % X
BT a0TRiE<, TLABBOMMUBEES vas
culrity CEBINB LE 2 1.

Wik (OB) 2EM: 7 ) + — < D EEARCE RN
WMhrAEhsZ & 3EMOEHETHHA, LrLED
B AR OB F MR OIFE O RFEIC DWW TR
R A%\, T D Haselsberger 5 (1994 b) ©
AT, MREBCREBLTHEELLETIHIGRE
SRV EREREL T 7o,

KE T 1951 I BS X huto i FHEE R 1T, 1962
FELERE X T e, RV TOEKRE BT
W EB L UBER TOEMESER I LD,
1994 fEic S e, 13 — m v SERG TS 1995
FREF A YRR ARPLCBHBENSTETHY,
B, HROEAZB TV 2BEEO—D2TH D
(Gabel, 1994 ; Gabel, 1992).

Stk ABRBEOBREY IV —BRLIXes7nic
13, MEAYOMBEKEOFBRBOEFL, HWIARE
EDOWTHRHILETHH, BEEME~ORRE
OFEVH LWIIFRILEWORRE IR 5.

& B

1 AIPT 1968 FE2vb 1994 5E F TD 26 FRITT »
forh TR R T 61 (146 SEBY, 161 BD 123\ T,
BSH (Na,B,.H.,,\SH) o#% 5tk (BitH - HEF)
DLTHEED FAXEE L. ZLTZhn
LDEMBIRE 5 2 — 2 — %KDl Zhibh BSH &
M5 bABICRBECBT LT, SRR
HED, BERIVFEEECERTHS Z Lo L.
(CL=3.43L/hr, Vss=181.8 L, MRT=53.0 hrs)

2 BSH o#hikic & b SRERBIR > H RN
BE5 LB (66 6D & RHEEIR»LHE S LT
BQLED o28a, SEAD L CEYBES 2
— 2 — RO L. BYHBAF 2 -5 -0
ETRBEROR S AHIERICLAER M 5 O HK
EBITLRTWERETH - .

3 EMZ/ VA —~RkBVWTEERNEE -EEANE
B/ B R (5341 TV 26.8 ug/g,
177 THh R 136D T FH20.9 ug/g, 1.33
Thote. 2HBICIMHF LEBERZRD D 0.
Lichi» T, BSH o5k & b ik o EEAR~
DI D IAZITIZEDN I T EHVHB L 72,

4 Anaplastic astrocytoma & gliobastoma (I low
grade astrocytoma (T, EENERE 2.7 £,

T/B ratio 3 3 fEH v BRICEMEXR L. LaL
anaplastic astrocytoma & gliobastoma DfIZI3H
BEYRDILh- 1o,

E 3

R TFHIIRRE OB L RBICHER D Eh ik
SRR BHE O BB 2 Bich i BN H
MD7d 199445 F 14 Biefl#ikIhE L. 22
CHATHERE SO Wi LET.

KRRET O 0 BELHE, RCOHERM
w5 o T B KBRS BI R O AR E R I
WAL ET.

BSH ot & X CRIECHlE ol Wic R
BB S PRI OMNE, FAafrEmit
Z L CEYBRBIC O\ THBIE W o 28U 7o RS R
DEEE—EECEHHLA-LET

3 B

1 Fankhauser, H., Stragliotto, G. and Zbinden, P.
(1992) : Borocaptate sodium (BSH) phar-
macokinetics in glioma patients. Boron
Neutron Capture Therapy : Toward Clini-
cal Trials of Glioma (Gabel, D. and Moss,
R., editor), Plenum Press, N. Y., 155-162

2 Gabel, D. (1992) : Safety and efficacy in boron
neutron capture therapy. Boron Neutron
Capture Therapy : Toward Clinical Trials
of Glioma (Gabel, D. and Moss, R., editor),
Plenum Press, N. Y., 7-14

3 Gabel, D. (1994) : Present status and perspec-
tives of boron neutron capture therapy.
Radiother. Oncol., 30, 199-205

4 Gabel, D., Holstein, H., Larsson, B., Gille, L.,
Ericson, G., Sacker, D., Som, P. and Fair-
child, R. (1987) : Quantitative neutron cap-
ture radiography for studying the biodis-
tribution of tumor-seeking boron cotaining
compounds. Cancer Res., 47, 5451-5454

5 Gibaldi, M. and Perrier, D. (1982) : Pharmaco-
kinetics, ed. 2, revised and expanded, Mar-
cel Dekker, N. Y. and Basel, 45-112

6 Gilman, A. G., Goodman, L. S., Rall, T. W. and
Murad, F. (1985) : Goodman and Gilman’s
the Pharmacological Basis of Therapeu-
tics, ed. 7, Macmillan publishing company,



7

8

9

10

11

12

13

62 BHh O BE BEK FR P

N.Y., 1668-1733

Haritz, D., Piscol, K. and Gabel, D., (1992a) :
The ditribution of BSH in patients with
malignant glioma. Progress in Neutron
Capture Therapy for Cancer (Allen, B.].,
Moore, D. E. and Harrington, B. V., edi-
tor), Plenum Press, N. Y., 557-560

Haritz, D., Gabel, D, Klein, H. and Piscol, K.
(1992b) : Clinical investigations in boron
neutron capture therapy (BNCT): Phar-
macokinetics, biodistribution, and toxicity
of Na,B;H,;,SH (BSH) in patients with
malignant glioma. Advances in Neurosur-
gery (Piscol, K., Klinger, M. and Brock,
M., editor), vol. 20, Springer-Verlag,
Berlin-Heidelberg, 247-252

Haritz, D., Gabel, D., Klein, H., Huiskamp, R.

(1992¢): BSH in

patients with malignant glioma : distribu-

and Pettersson, O.

tion in tissues, comparison between BSH
concentration and histology. Boron Neu-
tron Capture Therapy: Toward Clinical
Trials of Glioma (Gabel, D. and Moss, R.,
editor), Plenum Press, N. Y., 163-174

Haritz, D., Gabel, D., Klein, H. and Huiskamp,
R. (1993) : Results of continued clinical
investigations of BSH in patients with
malignant glioma. Advances in Neutron
Capture Therapy (Soloway, A. H., Barth,
R. F. and Carpenter, D. E,, editor), Plenum
Press, N. Y., 727-730

Haritz, D., Gabel, D. and Huiskamp, R. (1994) :
Clinical phase-I study of Na,B,,H,;SH
(BSH) in patients with malignant glioma
as precondition for boron neutron capture
therapy (BNCT). Int. J. Radiat. Oncol.
Biol. Phys., 28, 1175-1181

Haselsberger, K., Radner, H. and Pendl, G.
(1994a) : Boron neutron capture therapy :
boron biodistribution and pharmaco-
kinetics of Na,B,,H;;SH in patients with
glioblastoma. Cancer Res., 54, 6318-6320

Haselsberger, K., Radner, H., Gossler, W.,
Schlagenhaufen, C. and Pendl, G. (1994b) :
Subcellular boron-10 localization in gliob-

14

15

16

18

19

20

21

#RE A #

lastoma for boron neutron capture therapy
with Na,B,,H,;SH. J. Neurosurg., 81, 741
-744

Hatanaka, H., Amano, K., Kanemitsu, H., Ikeu-
chi, I. and Yoshizaki, T. (1986) : Chapter
V. Boron uptake by human brain tumors
and quality control of boron Compounds.
Boron-neutron Capture Therapy for
Tumors (Hatanaka, H., editor), Nishimur-
a, Niigata, 77-106

Hatanaka, H. (1986) : Chapter I. Introduction.
Boron neutton Capture Therapy for
Tumors (Hatanaka, H., editotr), Nishimur-
a, Niigata, 1-28

Hatanaka, H. and Nakagawa, Y. (1994) : Clini-
cal results of long-surviving brain tumor
patients who underwent boron nautron
capture therapy. Int. J. Radiat. Oncol. Biol.
Phys., 28, 1061-1066

FHESL—  FHEED (1993) | YR ERFT O
o TDM DEEE, 3FERKRHE, HF, 13-21

Kaplan, S. A., Jack, M. L., Alexander, K. and
Weinfeld, R.E. (1973) : Pharmacokinetic
profile of diazepam in man following single
intravenous and oral and chronic oral
administrations. J. Pharmaceutical Sci-
ences, 62, 1789-1796

BELALAED - XNFE -HPEET - hHEH
(1989) : Bt 7' Y o — < iex T B AR A
—RBHE N FIBST % Prospective randam-
ized clinical study. J&DEEK, 35, 1289-1294

Kraft, S.L., Gavin, P.R., DeHaan, C.E,
Leathers, C. W., Bauer, W. F. and Dorn III,
R. V. (1992) : The biodistribution of boron
in canine spontaneous intracranial tumors
following borocaptate sodium infusion.
Progress in Neutron Capture Therapy for
Cancer (Allen, B.]J., Moore, D.E. and
Harrington, B. V., edior), Plenum Press, N.
Y., 537-540

Matsutani, M., Nakamura, O., Nakamura, M,,
Nagashima, T., Asai, A. Fujimaki, T,
Tanaka, H., Ueki, K. and Tanaka, Y.
(1994) : Radiation therapy combined with
radiosensitizing agents for cerebral gliob-



22

23

24

25

iR IC S T 2 MR H ORI L BENBT

lastomas in adults. J. Neuro-Oncol., 19, 227
-237
EEIE - BEF K (1985) : 5-Bromodeoxyuridine
(Brd)x Ao b + fFiMEREE O R
T, BewRgE, 37, 1195-1201
Nakagawa, Y. (1994) : Boron neutron capture
therapy : the past to the present. Int. J.
Radiat. Oncol. Biol. Phys., 28, 1217
Nakagawa, Y., Kageji, T., Hatanaka, H., Mor-
itani, M., Kitamura, K., Matsumoto, K. and
Kobayashi, M. (1993) : Blood-brain barrier
permeability in partially deuterated rat
brain. Advances in Neutron Capture Ther-
apy (Soloway, A. H., Barth, R. F. and Car-
penter, D. E,, editor), Plenum Press, N. Y.,
509-512
Nakagawa, Y. and Hatanaka, H. (1994):
Recent study of boron neutron capture ther-
apy for malignant brain tumors in Japan.
Proceedings of the 6th International Sym-
posium on Neutron Capture Therapy for
Cancer (Mishima, Y.,
Press, N. Y. (in press)

editor), Plenum

26 Shapiro, W.R., Green, S.B., Burger, P.C.,

Mahaley, Jr. M. S., Selker, R. G., VanGil-
der, J.C., Robertson, J. T., Ransohoff, J.,
Mealey, Jr. J., Strike, T. A. and Pistenmaa,
D. A. (1989) : Randomized trial of three
chemotherapy regimens and two radiation
regimens in postoperative treatment of
malignant gliomas. Brain tumor coopera-
tive group trial 8001. J. Neurosurg., 71, 1-
9

27 Stragliotto, G., Munafo, A., Biollaz, J. and

Fankhauser, H. (1992) : Pharmacokinetics
of boron sulfhydryl (BSH) in patients with
intracranial tumors. Progress in Neutron
Capture Therapy for Cancer (Allen, B.].,
Moore, D. E. and Harrington, B. V., edi-

tor), Plenum Press, N. Y., 549-550

28 Stragliotto, G. and Fankhauser, H. (1992) :

Biodistibution of boron sulfhydryl (BSH)

in patients with intracranial tumors. Prog-

63

ress in Neutron Capture Therapy for Can-
cer (Allen, B. J., Moore, D. E. and Harrin-
gton, B. V., editor), Plenum Press, N.Y.,
551-556

29 Stragliotto, G., Fankhauser, H., Gavin, P.R.

30

31

32

33

34

and Meuli, R. A. (1993a) : Correlation of

BSH uptake with CT-scan contrast enhan-

cement in patients with intracranial
tumors. Advances in Neutron Capture
Therapy (Soloway, A. H., Barth, R. F. and
Carpenter, D. E., editor), Plenum Press, N.
Y., 715-717

Stragliotto, G., Schiipbach, D., Gavin, P. R. and
Fankhauser, H. (1993b) : Update on biodis-
tribution of borocaptate sodium (BSH) in
patients with intracranial tumors.
Advances in Neutron Capture Therapy
(Soloway, A. H., Barth, R. F. and Carpen-
ter, D. E., editor), Plenum Press, N. Y., 719
-726

Sweet, W. H. (1951) : The use of nuclear dis-
integration in the diagnosis and treatment
of brain tumor. N. Engl. J. Med., 245, 875~
878

Sweet, W. H., Messer, J. R. and Hatanaka, H.
(1986) : Chapter IV. Supplementary phar-
macological study between 1972 and 1977
on purified mercaptoundecahy-
drododecaborate. Boron-neutron Capture
Therapy for Tumors (Hatanaka, H., edi-
tor), Nishimura, Niigata, 59-76

Takakura, K., Abe, H., Tanaka, R., Kitamura,
K., Miwa, T., Takeuchi, K., Yamamoto, S.,
Kageyama, N., Handa, H., Mogami, H.,
Nishimoto, A., Uozumi, T., Matsutani, M.
and Nomura, K. (1986) : Effect of ACNU
and radiotherapy on malignant glioma. J.
Neurosurg., 64, 53-57

Tsuboi, K., Yoshii, Y., Nakagawa, K. and
Maki, Y. (1986) : Regrowth pattern of su-

gliomas :

pratentorial estimation from

computed tomographic scans. Neurosur-

gery, 19, 946-951





