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Clinical Trials with Fast Neutrons for
Locally Advanced Head and
Neck Cancer(NIRS)

Hiroshi Tsunemoto, Shinroku Morita,
Tatsuo Ishikawa* | Shinetsu Kamata®*

Division of Hospital,

*Division of Clinical Research

**Cancer Institute

One hundred ninety six (196) patients with
head and neck cancer were treated with 30 meV
(d —~ Be) neutrons at the hospital of NIRS, be-
tween November 1975 and March 1983. They
were suffering from advanced carcinoma of the
head and neck and were previously untreated.
Among them, 150 patients, who have been
completed their follow-up studies, were candi-
dated for evaluation of the clinical results.

1. Complete regression of the tumor was ob-
served in 87 patients {58%), 31 of whom
received salvage surgery. The complications
scored grade 4 were observed in 10 patients,
and the trismus was one of the marked side
effects.

2. Fast neutrons were effective for treatment of
locally advanced cancers and radioresistant

1 &
BRI FET A DAL, ENEFNOEML

il

tumors arrising from the head and neck
region in selected cases, such as supraglottic
cancer of the larynx, carcinoma of the sali-
vary gland and osteosarcoma of the maxillary
sinus. On the other hand, it was suggested
that an additional effect using fast neutrons
would not be expected for carcinoma of the
tongue or carcinoma of the maxillary sinus
were interstitial irradiation and salvage surgery
are the major modality of the treatment, i.e.

. A formula was proposed to estimate the

nominal standard dose for the skin of the
head and neck, which is as follows.
NSD(n) = TD - N=0-11 . T~0.11
TD : total dose

N : number of fractions

T : overall time in days

12k » THSL L 28 A DRRICIAE L, £

TBBEGEIC L EATH ), —HEL CERAPEFHRA
BRE AT 2 DR EEE ), L L,
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T A & 2 BATHEERIZ56/150(37%) TH 5
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Table 1 Result of fast neutron therapy for advanced
head and neck cancer (NIRS)

(Analized at November 1984)

Com-
" CR | SR plica-
tion
FOM T3-T4 8 1 - 1
Palate T3 2 2 - 1
Gum T3-T4 10 1 4 1
Tongue T2-T4 17 2 1 2
Mucosa T3-T3 2 - 1 -
Oropharynx  T3-T4 3 1 - 2
Nasooharynx T2-T4 5 2 - -
Larynx T1-T4 49 30 11 -
Hypopharynx T2-T3 9 3 5 1
Max. Sinus 17 — 6 2
Parotid GI
Primary 4 1 3 -
Post. op 11 | (11) — —
Others 11 4 - -
150 | 56(37 %) 10
31(26.6%) | (6.6%)
87(58 %)

score 4 Lh o) TEH L o0 BUR R ROG 13 R4 R
B E EOTIMIcBE S L7z, Table 2132710
FEBNZ DWW TR B DR E BBl L 2 & Th
2, HEAPEFEIABTICHE L 723V mucositis
AR — KR, BB N10~20%L, F2id
RRETHROBBIZ L - TN BERRE 2 R
LEEDIT LB, —F, FEAA, WELAO
TAIRICHE - THAE L 72 trismus 12324 DEED
MWLk, FIEEREY)EL TLEEALSE



Table 2 List of the patients developed marked complication during or after fast neutron

therapy
CODE AGE.SEX SITE MODE TDF COMPLICATION

53190 3248 Max. sininus B 111 (720/81) Trismus

54714 559 Max. sininus B 120 (1490/130) Bleeding

51967 64 @ Tongue B 110 (919/8f) Mucositis (E)

51376 46 3 Tongue N 57 (Needling) Ulcer

53037 73 & FOM N 110 (1830/17%) Mucositis (E)

54333 74 3 Palete B 120 (670/71) Mucositis (E)

50933 40 @ Tonsil B 104 (780/6%) Trismus

51309 65 & Tonsil B 100 (1361/116) Mucositis (E)

55080 46 @ Gum Pre.op 55¢ 100mg) Mucositis (E)

121
55189 75 @ Hypopharynx 1200/11£+P) Tracheostomy
(E): Eeariy reaction

hb, £/, EPETREBHEBICFN2TL- NSD(n)=TD - N-01t - T-0.c..0. (1) TD ; total
7o EEHAD TR (54714) 1350 L 2B ORME dose , N ; number of fraction

P b ORI M IC RN E S, Tab b,

W2 EROMEREEL XK LD L0
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T "émiﬁ“’\‘% THHI,

ESEERTE IS AT A BRI R 72T salvage  sur-
gery DIXENIEETH 2, FMH MY T THE
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A#ﬂ% CHEOHLNTWS, — M, EPETR

é%%@%ié%@vktﬁ%%$ﬁuim
&lfﬂéf&’fo&"«“o
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150 D BESEER A5 A B EERE B ) o> & i P T
GBI IAIE 21T 7 - 7228000 & FlH L TR R UH #t
It score 12 & 1) % B AR £ & nominal atan-
dard dose (NSD) #FtET AN 2RDHI2,

Table 3 127" 3 & 9 1 & 0B E EH G
(score 3) ®F&#EIZL TNSDORICLVEE
T& 5,

Table 3 NSD formulas for various radiations

I. X-RAYS:
NSD=TD -

II. NEUTRONS:
A: 16 MeV (d ~Be)
NSD =TD - N-0.08 . T-0.11
B: 30 MeV (d —+Be)
NSD =TD - N-0.11

N-0.24 . 7-0.11

. T-0.11

T | overall time.
X fpiads L e o £ ER o VI3 LS
SO CBERIC BT A EENEIZE,LT W
LOTCHERE D NIZHET2EHNED
NSD #RKHLBICITEEIC T 5, 16MeV (d—
Be) HEF#R NSD sHERZ ~— 2 I 2kt
DEEFR 74 T iz k - TRD LI, N OEHEIT
—0.08 £7%h, AEI"K&)%SOMeV(d — Be) 1%
FHOME, —0.11& ) L{ENEIZ L - Twd, Z
@ﬁ*&?mmLET@k%i#ﬁ% oW
o TWB7HTHY, B LET OHEE
ﬁy‘?ﬁﬁ(YF) 1316MeV (d — Be) # 1% F T138.9
KeV/u, 30MeV (d — Be) AET#Tl36.2KeV/
ukeoTnad,
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Table 4 Patients suffering from CA. of
the larynx treated with fast neutron boost
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Table 5 Local control rate of carcinoma
treated by neutron boost*
T1 T2 T3 T4
. 3/5 5/8 0/2 0/1
Glottic | wgfsny | (8/19) | 3/21) | /D)
120 3/3 4/6 2/2
Supraglottic) gy | (12/34) | (7/31) | (2/27)
; . 1/1 0/1
Sub-glottic 0/5) 0/5)

( ): Treated by X-ray 1964-1971
#: Cancer Research Institute Hospital
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FIG. 3 REACTIONS OF EPITHELIUM OF THE HEAD § NECK IN
NEUTRON BOOST FOR CA. OF THE LARYNY (NIRS )
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Table 6 Combined treatment of fast neutrons and chemotherapy for advanced head

and neck cancer (NIRS)
(NIRS)
(Analized at November 1984)

AGE/ ~ { PEPLEOMYCIN
CODE SEX SITE TDF (mg) SCORE | RESULT
55067 | 528 Gum T4 60 100 4 SR*
55057 719 Gum T4 49 17.5 3 SR
55080 | 463 Gum T4 55 100 4 SR
55012 | 619 Oral Cavity T3 60 20 3 SR
54900 | 629 Max. Sinus 75 45 2 SR

Z&9.
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Fast Neutron Radiotherapy for Carcinoma of

the Lung at NIRS

Sinroku Morita, Hiroshi Tsunemoto, Tatsuo Ishikawa* and

Tatsuo Arai

Division of Hospital
* Division of Clinical Research

Eighty one patients (58 males and 23 females)
of previously untreated carcinoma of the lung,
who were irradiated with fast neutron between
November 1975 and March 1984 at NIRS, were
analysed. Radiation treatment was usually given
to the primary site, hilum and upper media-
stinum with two parallel opposing fields, using
shrinking field technique. Only five cases (6%)
were treated with fast neutron alone, the other
were treated with neutron-photon mixed frac-
tionated shedule (31 cases, 38%) and neutron
boost (45 cases, 56%). There were 7 cases of
stage 1 (all are adeno carcinoma), 13 cases (16%)
of stage 2, 34 cases (42%) of stage 3 and 27 cases
(33%) of stage 4. As to the histological classifi-
cation, squamous cell carcinoma was 27 cases
(33%), adeno carcinoma was 40 cases (49%),
large cell carcinoma was 7 cases and anaplastic

carcinoma was 7 cases. Treatment results were
as follows: 1) Cumulative 3 and 5 years survival
rates of each stages were 52% and 52% in stage 1,
43% and 0% in stage 2, 24% and 19% in stage 3
and 4% in stage 4 respectively. Twenty two cases
(11 of stage 3 and 11 of stage 4) of Pancoast
type tumor were especially analysed and 23% of
S year cumulative survival rate was observed.

2) Complete regression of local tumor (score 1)
was observed in 47% (38/81), partial regression
(score 2) was 45% and regrowth (score 3-5) was
8%, respectively.

3) Severe radiation complication (score 4) was
observed in 6 cases (13%) and no lethal compli-
cation (score 5) was observed.

4) The dose between TDF** 110 and 120 was
estimated as the optimal range of fast neutron
irradiation for carcinoma of the lung.

#% TDF = Time Dose Fractionation. TDF 100 = 6000 cGy/30 /6 wks.
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Fast Neutron Therapy for Carcinoma of the

Digestive Organs

Tatsuo Ishikawa, Hiromichi Gomi, Takashi Nakano,
Yoshiro Aoki, Sinroku Morita, Tatsuo Arai, Hiroshi Tsunemoto

Between November 1975 and March 1984,
one handred and sixty seven patients suffering
from carcinoma of the digestive organs were
treated with fast neutrons at NIRS. Primary
lesions of 167 patients were esophageal cancer
(125 patients), gastric ca. (15), bile-duct and
pancreatic ca. (18) and colon ca. (9) Clinical
results of the fast neutron therapy for esophageal
cancer were analysed for the patients treated
with preoperative or radical irradiation, in com-
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parison with photon beam therapy. This study
showed that fast neutron therapy for esophageal
cancer had some advantages in the treatment of
the patients whhose tumors were spiral or
funnelled type in X-aay findings and deeply
invaded type in pathological findings. In clinical
results of the fast neutron therapy for another
lesion except the esophagus, comprete regression
(CR) was achieved in two cases suffering from
pancreatic ca. or colon ca.
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Fast Neutron Radiotherapy for Advanced

Carcinoma of the Uterine Cervix

Tatsuo Arai, Shinroku Morita*, Takashi Nakano, Hiromichi Gomi
Hiroshi Tsunemoto, Tatsuhiro Kasamatsu® and Kazuo Ohmi*

Division of Hospital,

* Department of Gynecology, National Cancer Center Hospital

Fast neutron therapy for locally advanced
(stage 3b and 4a) carcinoma of the uterine
cervix was started in November, 1975 at the
NIRS. To evaluate the clinical results of fast
neutron therapy, 145 patients of carcinoma of
the uterine cervix, treated with fast neutron (64
cases) and photon (81 cases), were examined.
The whole pelvis was irradiated by two opposing
external portals with a mixed shedule, three
times weekly by photon therapy and twice week-
ly by neutron therapy.

Five year cumulative survival rate indicated
43%(18/42) in neutron therapy and 52% (27/52)
in photon therapy, however, no statistical signifi-
cant difference was observed. There was no
significant difference of the frequency or degree
of late radiation complications in both groups.

To obtain some useful information to demon-
strate the advantages of neutron therapy, the

histological classifications, K, L and S types
(WHQ) and R and S types (NCCH), were studied.
We expected that neutron therapy might be more
effective to radioresistant tumors, such as K type
and R type, however, the results were contrary
to our expectations. The local control rates of K
type were 60% with neutron therapy and 88%
with photon therapy. The rates of R type were
almost the same with neutron therapy (55%) and
photon therapy (52%).

These results showed that there was little
advantage in using neutron therapy on such
advanced carcinoma of the uterine cervix under
the present treatment, however, the result (5
year survival rate = 27%) of recurrent tumor
which was treated by fast neutron alone with
relatively smaller field, indicated some expecta-
tion to be able to obtain the better result
through the change of treatment method.
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Fast Neutron Therapy for Carcinomas of

Bladder and Prostate

Haruo Ito, Shigeo Isaka, Hideki Fuse, and

Jun Shimazaki

School of Medicine, Chiba University

Preoperative radiation for invasive carcinoma
of the bladder was done by cyclotron (17 cases)
or linear accelerator (20 cases). The field
covered urinary bladder, and the dose was
TDF 60. Tumor downstaging was seen in 8 of
17 (47%) patients treated by fast neutron, and
in 8 of 20 (40%) patients by X-ray. Histopatho-
logical judgement disclosed a 80% effectiveness
in fast neutron and 71% in Xwray, if Glly
(Oboshi’s classification) or more was considered
as effective. Thus, there was a tendency that fast
neutron was better than X-ray concerning early
effects. The survival rate of the patients received
the preoperative irradiation was better than that
of patients without preoperative irradiation. For
example, the two-year survival rates of the
former and the latter were 67.4 and 51.5%,
respectively.

Nineteen patients of biopsy proven localized
carcinoma of the prostate were treated with a
curative intent utilizing external fast neutron

1. ¥
W PRI 81T 2 BIEIES T BB & Al

il

irradiation. Ten cases were irradiated by fast
neutron alone and 9 cases by mixed fast neutron
and X-oay, dose being from TDF 100 to TDF
131. Difficulty in urination ameliorated in
almost all cases. Histopathological effect was
recognized in 75% of cases judged 3 to 6 months
after the radiation treatment. In the follow-up
period of average 43 months (range 4 to 60
months) local recurrence was seen in 2 patients,
distant metastasis in 3, and elevation of serum
acid phosphatase in 3. Responsiveness to endo-
crine therapy which was added to these 8 pa-
tients was good and 6 patients were alive. There
were no treatment failure among other 11
patients. Actuarial survival rate of stage C
patients treated by fast neutron seemed to be
better than that of stage C patients treated by
endocrine therapy. As side effect stricture of
rectum was seen in one patient and curvature of
penis in another.

SIS L 5 & LB, B A
LCla 5 b I BB AA I iir T % b LB 2%, £
FHRIZEBIFLEE 240, 22T, BhLHm



BOTHFWES L AN TEPETHRE 2R
XBIC L AIMRTRE 217 - 72, —75, BIMBIEC
s L TIZWIENEHE & L TS RED T E s
Z &P BV, AN L AENERIZERTE L »
LOWsY, TOREIY P r— VORE LM
BLTLIEL2 TR WY, LT, BEENR
SRIBIIHT AREERE LT, ERETRICE
DRSRBRER T 72, WRBICHT 5 &
FRBEOFHEEIC DWW TR TTIEEL -
PO~ 2%, EOEIBEZLNT, TNHD
HRIZOWTHET 3,

2. MIRFE

a, BbtE
1) *%
FEREENETCERSMIMOBIED H 55T,
ROBE R 72, OFES275F L, Q&0
FED L IREHRETRO 2 ORBF AR THE
THé. @CISER, OERBER2RD L L0,
2) BEFE
17REG) (B136Y, 24 BU4E41350~73, i
64F) 1T L Tiath A 7o b ey (BEHEREE
EFFRA) 12 & B BB TR 217 - 72,
205E B (B18F, 2 2 B EEA124T~T4F, FHI65
T)EHLTRV =Ty 7 XB LTXEALT
) &Y ATRTRE 21T - 72,
FSEFIIENR E L, WREIEC OEERIR
BB A 72, EPEEFRIE 1 E130

rad, JA3 [, F7 @%Eﬁﬁ"z 2 MBE T % 572,
X #D&HeEls 1 E300rad, A5 B, FH10[E % #ik

2PTHRE L7z, WONoB& L2  licrL,
#“1IBNEETH DB, Tz, WEEL L, time dose
and fractionation (TDF)760T& %,

FHEITEENY > oERRE R R D RIARE
BE& M » 336, B2 b EMENS
WM 4 BITH D, EEUKRISE, JFEHEDR
4BITH -7z, RBEFE T EIGEE &ML,
REFRFEM 6 FITH - 72, 248D TI2fiTE
{bEBEEL ALz, BE®RTHEFINE TOLM
X5 E2L 28TH- 2,

3) ZhR¥EFE

TR D 5 LIEEHE/IRI BRSO BN
ERICBITEERBORELEENEL Y K
L7z,

downstaging MEFBHEARATHE S L

pathological stage % clinical stage & & L 7z,
B OREBEBFONRHEIRE LYDFEHIC
L7z,

EIBFRIIEMEREES S UEFRICL ) HE
L7,

b. BIMiRIE

1) &

stage C L TORBHER BRI 2 45 & L
7zo A4S0 LE, 60F AR T B, TR 9 B,
801 2 BT, FHII68F TH 72, stage [T A
26, B 54, Cl2iita 0, s bEZE5L
BB, FHEESLHIE, Ko bBISHTH -
726

WA HE e U O R TR M 106, E
FHEFRE XRRBAIOITHY, BEFIIERSE
DAL, NEBREBEERICK-72L 02,
PNEBLRFITH 72, H 82 TDF100~1094°16
B, 110~1312°3 BT h - 72,

3. #@R

a, BEbtiE
D EEMR

MR L 2 EEHEIREERELICRLED

ESTHY, EPEFHEIX BRI LERL TS
BE & A 72758, HIETREFIN S, HEEATIIE
ELhEEALN LD 72,

downstaging 5 (38 FEF R TLTHIH 8 5
(47%) 1=, X #T20f0% 8 ] (40%) (238 bﬂ
flo MEIZLDEIISLNLH - 2h, BEIC

, BEF3THEIRR 161 (43%) 12

downstaging 75‘

P h 726
F1 MEREHENE
(BEbEiE R & 258D
RHREFE X i
50% Ll
A 3 1
50% %k
= 1 3
= zx 2 4
¥ E REE 11 12




TR RITE 2 I2R L2, GITa U
LERET B L, EPETFRTI%, XHT
71%”%&)&'&?‘% 2 f:o

#2  IHEALIRAE AR R

(KEQHEILLB)

Gl Glla GIIb G Gllaklkds
EFHFH 3 7 5 12(80)
X % 5 7 3 2 12m
2) EREGE

MrATERAS 21772 - 723701 1 FLL Ed@ L 7223
Bl £ FERE RIS 2 L OBEBE £ 733510
FREET 5 & (K1), 2 FEFRIIFETOT.
4%, %ET5L.5%TH D, BEIC L D EFEOM
EYsmrAs LNz, &b, BB REZL T

N 2REFE
IGB —O0 WATEAE(n=23) 67.4%
~—@ Control #(n =33) 51.5%

S50-55 BRRE R

DT, MAETREE X BB OEERIEHL
irolz, MEICBUILEFROLNEENE
NI2EIE16BITH -7z, BIRIT 4L 268ITH D,
WHRFEEEFNEFNIFTH 72, BAFEHEZRL
RLDEEIETIEES, BETL1HANATH-
72,

b, BILIRIE

1) EEHMR

B RAE A0 5 & O B B RIS AR M A 15
LR LHEREE L 7 HH 6 Bl B ERUEES A
LN, WEBIURERELDHETETH -
72T IL 6 Bl 6 FlictE R A7z,

AT 3 ~ 6 » BIZHITL 2800 ERT
DG EhFIT effect T 16, effect II A 1 i,
effect II B 16, effectlll 1HTH -7z,

2) EHImR ‘

FEBEBEEMIZ 4 s BLN604 B, FH434 B
Thdh, ZoMIzZ2BTREMBER»Z 5172,
HIRER S BITHEEN, F/2, OPEET 1+ 2
T =D ERMIFCA LD LI, TR
ToRSIC L A2HBHMOT 3168 TH-
7zo ZALHO 8BNTH L TR WEEZEML
fed, ARPEERICHT B RIGEIZRIF T, 6 fllak
FHRTHEH(E2), ZNUADIIBITIRFES N
T, BEPBIUCEENE 1FILSZTETH
o7z (B3), EE2EENH b stage C
Bl FEEEFEZRK 427K L 72, historical
control Tlx®H 5 HY, stage C T WIEEZIT

%5 50 75 100
BoE e (AR oo RBEEX T 5 L B RIERE AL N,
M1 RIS T I R BIER & LTI 1L OLcEBRRE, 18IckEN
EH2 A S L7225, FARIGIEERIT L b T8
Verd W~
BEHTH D,
EE 4 St MRS WA BNY  ToF  EENEL0E
ERl FE Stee AR - 04 8 121620 24 28 32 36 40 44 48 52 56 60 64
L N -1 L. 1 L 1 L 1 L 1 i 1 L i L L.
1. RT. 80 c ® Mixed  RIILER 100 -\\\\\\. _
2. HT. 76 c a3 FN.  BIZER 100
+
3. TN 76 C = F.N. RIILER 100 I
=
4. TT. 69 c & Mixed TEZE a0 100 o S AHEOOOEOO
-+
5.8L 13 B = Mixed "EE . 100
H
6. MS. T8 c & Mixed RE_ . 101 _O,OsOss,:s:s
Ll
7.KT. 64 c % EN. AR 100 L  iMssssSss
e i il
8. FT. 66 B & NG PRE e 100 TR
16.1 7 B (FHEMMB M)
22 B IREE B R B T 2 BN R AT O, () P P I R A R

33



E3 £% Stege REMEH BHHR  BREH TOF
PLE

t
LT o8 * EN. BE 100
2. 78, 1 ¢ & FN. IR 100
3. mm 58 A E Mixed PEE o 102
4. Mk 64 B B EN. PR w106
5. KT 80 A % mixed TEIE_ 100
§. M0 70 C = Mixed TEE_ 108
7. 88 85 c L FN. WIER 100
8. ME 8 ¢ & Mixed THEE o124
9. sM. 75 ¢ * FN TR e 100
0. ks, 8 C % mixed TEE 105
H.ovr. 14 B S PN PRE L 10

3 HUSEIRRR RS IR B AR 2 A )

%
100
x
il
4 .
g 50 QD
@ Stage C(6 %) (s AW
O Stage C(6 %) (BsHD&A)
X Stage C(79f1) (historical control)
0 i A L i I}
0 1 2 3 4 5 EREHARI(E)
R4 HisCERG R %O T3
4. %

BEEEEOGEIC B1T 5 S RIEEOEE
ZoOWTIERIZEILENZRBIZ WY, Lil,
EMOBIT LEBEONA TR, RELEEYL
WMEERTEL2ET L L vb b, WRIRE O
BlcowTld, TN2EMETLIELHLE, 2Lk
2%, Scanlon H2IMEIICKENRF 21T% -
Ty, LETY, BHEMBZENETERIIELS
TwoT, BE L) LERELZT IOV,
LirL, WETERE PR OMEIR Z 10, 7272
L, 22 CHsBHOMBIIRFOANEDS B
I3EERE ST historical control & HEZE L
TWEDTEENLETHS I,

MBS B EE 2 LN HBERAVEMLE L T
12, FAREPOEEMIEDZIZN, HD LY
Bixlz B 1T 2 BB OBEMERIEY ) DIz DEFT
BHEY, BIUFMcLr2EEMBOEENZSH
DEBEBDIDFHIHTENL, bLbNDE

FTLRBEREIEDLDOTALE B oTnb, &
WEDEFITIL ) > EigbiFEM 2 §F81T7 % > T %
DT, BMBREDOBL»TNTHEIRHEN2DHI2
LB IEWEREL VY, BRBEREOHEICE
MoTwd EHEENS,

mHRH 5 IO EBRRES T RERSE
CEROBEELBLIITZ LI L HMEN T
5, EPEFRISEEZMICHL TY oxygen
enhacement ratio ¥ X fi2 b L THE vad T8,
LD ECHRPFEFENL S, bbNOBERT
I3 downstaging $ % W3 FEMEEEOEICS
T XIS LSRRI - Ty 3 ERD
b7z,

X3 B& 2% historical control T3 H % »%, HEHIT
I EFRIMRTRS I L D mET 2 ER»A L1
7z, AEBIE AR A2 v T downstaging D F
ERCIZBE L Ty v, downstaging D& &
MBBERINDE LN B L FERIBEWE
WHIN, ZZ XN OEE, 2 & 2 TR
ICREEDH BIEBLERL 22T EL VDR
LAl%ev, $ 5wt downstaging HEL WHIT
ITHUR GBI CRIET 2 W2 RET 519, =
£, MEREE%, BHERCEENEEEL LD
ZOEISREEZLOFAILNE I IIEH LW
GO, T w, METRERICY 27T F a5 R
HHTD &, SHLICHEMEDREY H B9,

BMER L L TIREEN TDF60E A v THY
RTIEHSH I, BIRE, BERESEELLORI
AN o7, BREICHT 2 BRRS O
ERELTES S v B,olINEE L 2L 3
KEHREEEL L OB LEHEI N0, bl
PNOEFATIZAED SN 72,



WA WEERBE T LIRS L ThTH
BEINANEHREEENAD, TORIERE &
Lio, NawsEck I BLsnsRay be—
NOE EHEIIZ DWW T
BR R M O B ST B 12 0 9 B ARIA BRI S IR 4T &
BV RBEENORAT 2y P e —LERIIRW T
EDEIL LT BY, XH BT a )b 60
e SR ToRICL D L, BRE
HIZ3%UDLTHY, 5EEREFRIITEYR & v

G, FiEIILR, EREBIUCEBEEICLINE
720(( 5THAH N, bbb stage CHIIL
BB T 2 RE R o EREFERIED
historical control Tld % % »%, P& k% T
L7 stage CRIVIEN F N2 L bAEE %
RLTWb, B, ZITHEETNEZ LTS
W E% stage DICHEITL TLASWRENHR
MTHBHIETHE, TNLY, BEMEILERE
2t LIRS T AT IR R R 2 AT v, N IR
BHEERELZ &b 5, ZHIFTNTEFRE
TFHABEB R L IERETRE XREDIEAR
HThHY, XREDHEIZHEL VD, 5ok X §
EBBELITL - TWBNT, ZHzDWTiE
SBBETOFETH B,

bbb IUIREL Twi vy, BILReiEts
DRFTERE, H5WIEATaMEIcEwLT, B
%%&*EWT%&Ew&%#@%h%tw
9, LU, TEaElisd s AUIRICERS L
7’*chxm$@'1 RERW, 20k LBEMEENEEIC
EFWMROBHDEERRE»E 2 515 7290R
FHETROTFRCAMTH A 9,

mﬁﬁmﬁﬁ S L TREGBMIEDEE £ 5
LZEDHENTEERTHD, bbb NS
WEERGE X I DWW TR 21T ->T W
b, BT Ot | X} =W LT &
DIk, ExOEANEEIEOEE b2 S LS
IHAUE, LD LWBBERA RS EOREE L
L Lt

BIERIZ 5 ~10%ICEMRB L UBDOEE»H 5
Enbil (), HEREITIIEBRRERE 1, KX
B L% AL DMIFICEB L LNEALNT
e,

5. &

EEE BRI 2 MiRTERET (TDF60) (24
) REESE AR, downstaging AR, IR

BREZELH DY, —7H,

BMR L L ORBEMR S B DL NIz, EPET
Wiz X#zll, LDERTHBMEmETRL 72,
EFRLMARAIC LV mET2EEAr AL DS
1, FRICREEID Loz, P

BB LRI (2N 5 AP IEFRIC LB 1RiE
fg (TDF100~131) Iz & ) HFREEUEEHR
IERHENR, RIS R L & D EERR
FEERIZEOZ, TRIZASWRERATECLL
B lEmzRL 7z, By %, BIAEREH S VI
HRES 2 ALSEICLEMASBREICL(R
el 7z,

BUYER & L TIZ RIS BREARE BR AT I E G R
biU@%@%%%ﬂ%ﬂl%wmto

ZE B

1) Whitmore, W.F.Jr.: Radiation therapy for
prostatic cancer. J. Urol , 131,957, 1984,

2) FEREER  RFRE FMGEAZ & D UWIREE
DIBFMRUCE BT 2R, BEEHI AN
I &I & B TR, 422423, 1979.

3) BEREE RTRIFMEICLWREE

- DBREHRUEICET LR, BEEEFAN
R EIC & 65)7‘%?&%%. 244—246,1980.

4) FEREER M L AT I L B WIREBE
DIGFMRUEIZET LR, EEE»AWN
EEIREIZ & DR REHEE, 94, 1981

5) MLFEIESE, % BF, HHE, FEEX,
BlF F 0% HE REIFON ET 8w
MEREOEAFE TR BURREE, 74,
409—417, 1983.

6) FHFEFR, HHEERES
B B, BE OE RS OHE, ET §
RIILEAT - EITHEREREE T 5 TR R
HOREME, BIRETE, 74, 17781783,
1983.

7) Orton, C.G. and Ellis, F.: A simplification in

the use of the NSD concept in practical radio-

therapy. Brit., J. Radiol., 46,529-537, 1973.

8) KEE—, TEZH, WAETH MEE—L .
ERHRBEENRE, EENHD A, 61,
618—730, 1967.

9) Droller, M.J.: The controversial role of radia-

tion therapy as adjunctive treatment of bladder

cancer. J. Urol, 129, 897-903, 1983.

10) Prout, G.R., Slack, N.H. and Bross., I.D.J.:

, FEREER, b,



Irradiation and S5-fluorouracil as adjuvants in
the management of invasive bladder carcinoma.
A cooperative group report after 4 years. J.
Urol, 104, 116-129, 1970.

11) Prempree, T. and Amornmarn, R.. Radia-
tion management of squamous cell carcinoma
of the bladder. Acta radiol., 23, 3742, 1984.

12) Scanlon, P.W., Scott, M., Segura, J.W.: Com-
parison of short-course, low-dose and long-
course, high-dose preoperative radiation for
carcinoma of the bladder. Cancer, 52, 1153—
1159, 1983.

13) Van der Werf-Messing, B.: Preoperative ir-
radiation followed by cystectomy to treat car-
cinoma of the urinary bladder category T3NX,
0—-4MO0. Int. J. Rad. Oncol. Biol. Phys., b5,
395-401, 1979.

14) Whitmore, W.F.Jr.: Integrated irradiation
and cystectomy for bladder cancer. Brit. J.
Urol, 52, 1-9, 1980.

15) Nickson, J.J. and Glicksman, A.S.: Preopera-
tive radiotherapy in cancer. JAMA., 195,
922-926, 1966.

16) BT & #FL WEARIER. R, 34,

507~517, 1980.

17) Van der Werf-Messing, B.: Carcinoma of the
bladder treated by preoperative irradiation fol-
lowed by cystectomy. Cancer, 32, 1084—1088,
1973.

18) Veenema, R.J., Harisiadis, L., Chang, C.,
Puchner, P., Romas, N., Wechsler M. and
Guttman, R.: Bladder carcinoma: preliminary
external radiotherapy used as a means for
selecting complete treatment. In: Carcinoma of
the Bladder. Edited by J.G. Connolly. New

York: Raven Press, 183, 1981.

19) Herr, HW., Yagoda, A., Batata, M., Sogani,
P.C. and Whitmore, W.F. J1.: Planned preopera-
tive cisplatin and radiation therapy for locally
advanced bladder cancer. Cancer 52, 2205—
2208, 1983.

20) Kinn, A-C. and Lantz, B.: Vitamin B12
deficiency after irradiatiion for bladder car-
cinoma. J. Urol, 131,888-890, 1984.

21) Kurup, P, Kramer, T.S., Lee, M.S. and
Philips, R.: External beam irradiation of
prostate cancer. Experience in 163 patients.
Cancer, 53, 3743, 1984.

22) Ray, G.R., Bagshaw, M.A. and Freiha, F.:
External beam radiation salvage for residual
or recurrent local tumor following radical
prostatectomy. J. Urol, 132, 926930, 1984.

23) Matsumura, T., Naito, H., Yamaguchi, K.,
Ito, H., Matsuzaki, O., Kambegawa, A. and
Shimazaki, J.: Histochemical observation of R
1881-binding protein in human prostatic
cancer. Urol int., 38, 25-28, 1983.

24) B E, SRR, ZRORE, AT,
FHIRZR: BILIRE DR S WEE
Oncologia, 10, 82—98, 1984.

25) White, R.V.: Nonsurgical management of
patients with stage D; adenocarcinoma of
prostate: Risks vs benefits. Urology, 24, 12—
15,1984,

26) Pilepich, M., Perez, C.A., Walz, B.J.,
Zivnuska, F.R.: Complications of definitive
radiation therapy for carcinoma of the prostate.

Int. J. Rad. Oncol. Biol Phys., 7, 1341—1348,
1981.



I1—a—6

G WERELRR A L 12 43 B R AP i T AR IR S oD
RE & # DIBFERAE

mOH OB R oFH R =
g H &R —HR
(TEEPALL T —)

O OE—RR
(BILERSERZESE)

Treatment of Bone & Soft Part Sarcoma

with Special Reference to the Role of

Fast Neutron Radiotherapy

Norihiko Takada, Eiji Hodaka, Tohru Umeda,
Takeichiro Kuwahara, Shinichiro Tatezaki

Division of Orthopedic Surgery

Chiba Cancer Center

* Toyama Medical and Dental Univeristy

The pre-operative radiotherapy and systemic
chemotherapy is effective in reducing the size of
the tumor and making the tumor respectable.

The results achieved with systemic chemo-
therapy are ultimately reflected in improved
survival. Moreover, limb-saving procedure in the
treatment of bone and soft part sarcoma has
become possible with rationality in carefully
selected patients. Fifty-four patients with
osteosarcoma and seven patients with soft
part sarcoma were treated with fast neutron
radiotherapy at our hospital in the recent 9 year-

duration. Twenty-nine (54%) patients with
osteosarcoma underwent en bloc resection of the
tumor. No patients had evidence of local recur-
rence of the tumor and overall 25 patients are
alive without distant metastasis after 6 to 96
months follow-up.

Based on the effective fast neutron radio-
therapy schedule, the limb salvation in the treat-
ment of the sarcoma is most desirable if it is
indicated without risk of decreased radicality of
the treatment.
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2. E¥HLBEFELTOER  SHPRENEE

B - EEEBAELEO RS (EEE,
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BEMEICL 2 EFENERICH L, (LEEECBW
TIHABRNICRERINB 2w HIERE
(micrometastasis) DEE&VE R L, METL D
BRI R LM M L CREMNICE 096
BEREPWATT 22 &0 &0, ZOEREREILARE
BicEL22H B, VO
R-1bNbNLOBRBECINT2HEER Y
Ua—ERRT, OERICORERBZE EEE
T35 ki, MELFRELRBT 5, MRk
ik L CIRBRNERADERIEAZE (intra—
arterial infusion, DATFENELRET) L &Fik5
EE2IT-> T b, BhERk Tl Adriacin (ADR),
Cis Platin (CDDP) #Ek & LRl A# % 3
~ 6 BHEEELTV5, £F&5HIIEBEBH
DRARE TR+ EE 2 b A ERICH L T
Vineristin (VCR), High dose Methotrexate
(HD-MTX), CDDP, ADR ##% 53230 T1
~27—N#E5EZFEIEL T3, BEEFRM
DG & 7 ZIEBICILERPETFRBHE -0 & 0D

2470, UMMOBEGCH TIEE L ICTHREICH
TLTwa, LI, &5 ¥RE2185H
~24» Rk L TITH . Z0HIEFICERES,
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3. EhHEFIRES

OER : F2 DEPETF#R (Fast Neutron, LL
T FS.&RET) BEIMBIRE2EN L, FN.
BEOEEHEGE OB FNEIZ L) 8K
BHEFMITERE 220 E ) pOBRE»FDEE
ThHb, BHS0FEI0R, HEWIC GEREFEDN
clinical trial 2B 3 LT LR, BAEESFINE
WEE, 7PlosEREGESE N, BREICD
WL, BEFRIITHE, BEMMIZKRE
Tm54%, & EiR26% & BEEED I RENE
Bl ERL T3,

Q&L FNEBHOBEGIIERENSEE, UT
DML THb, ORFEEELELT, BRELED
/30T, MBI wZ &, B~DBEKRKIE
BER, EE~OBRELZEDT I e EnhiT



Lk, @EFREME L L TRHLFEE K
BLTUTZLNTWSEZ L, ERERI LW,
FliEH-oTHIR(aybe—nN3NTWE T L
HETH D, RIBEMAREIZ DV TIZ £
TEBEBPZITIEETFENRBFOEL S L
7

ERE 24 3
(1975~1979)  (1979~1981) (1981~)
ByR TDF 12050 £ TDF 100 TDF 80
wATEE (+) (+) (=)
NECROSIS DEGENERATION
FE T30 R
/ AY
%
3 Jam N
(237 -) 3~4 2~3 1~2
SR AR R 8

Qs HFE (M1)

Frxn FNRBE IZMaTRE 2R & L2, B
B4 3:1390~130rad %38 3 [, #=660rad & Y
2,040rad B & L 72, FNFRE ZHEED 5 i

boost iGN T b2y, HEBMICL-TS
LNEER L TFHEICWR>TWD, £ 1H3E
FI504E & 0 544 F TTMRIBIEZ 1TV, TE B2
T EBE DGR 2 A I BRTIEE IC/ER X 4,
& > % TDF (time,dose,fractionation) 1204
O FNBEZ2IT- 723 0 TREESR, KERIG
EERPLICRE L7z, F2HRTTICELHD
REERICL D IBEHIRIIEDOTRIFTH - 72
2hinb 5T, ELRIEEMSEE & cBEiRE
EEBRHEEY XL NBEELZIT) ETEX
BEEICLLIESFTEING, F2HTIIEEHE
BNORENEE, TubbBEREEHO—E R
HELONL, BREE EEWEOBRRLHY,
iR I B E %2 TDF1008T#£ICIREL 72, 53
I BRIEFE2 B & L2BREATH 1) BEFIS64ELL
BeEML T\w2, FNRE%E U225 TY
BRTBEEMEIT) bl o TRRDEEIZBFY
BCarvra— & NTWE I LEER2HOE
TORLEEEMEENFIBETHLZ EI2dH
2, TDF, TITMATENEZ FEL BHFRTO M
F-EEEEZHIEL, BEROEREIIET VA

L, BE#ETH2 » AURNICHEEYRFMR21TH
22— NVThb,

%2 Macroscopical skin reaction by radiation(Total 43 cases)

early skin reaction late skin reaction
. desquamation . .
reddening . ulceration | atrophy |pigmentation necrosis
dry 1 moist | |

©Co Linac X- | !

?1812::“) ray | 18/18 | 18/18 | 7/18(39%) | 1/18(5%) ! 8/8 8/8 4/8(50%)
Fast N ‘ !

(25 c:'“e‘:)"" 25/25 1 25/25 | 9/25(36%) | 0/25 | 6/12(75%) | 9/12(75%) | 2/12(17%)
7z score

4. BEBROHE

BEMBHEDN - ORREER, X MRTR, LE
%, RLAX x>, K% b I EEDREEES
BYFf R 7 Elc 2w TCO, LinecX fRHEH & F.

LinacX #AEEREFNZ18FITH D, 200~300
rad/H, 38 5 B S THMREI,000~13,000rad &
2~3yAMICEELAZLNTH S, HEHIFH
COWTIIHEFERFETFRERSNERL 2E
BB L UEEHEBICOWTENFTNS BEEIcaT

system (F%2) #HHALL, BEBFHEB LY B
WT#H2 » RUAOELE BIARIG & L TEE# L,
FNLIEDTAGIZBEAR G & L 72,

5. EN.RHOHR

ORBENZAL

BAZRO X BENEIZONNRETL &
AERCIZFE L TH D, BELEOEE, BERE
DELBRL ENELIHMRTH L, Lzh>THR
HEFENICBITEEENERIIBEH L 4 2 0FE



BETIREBEDELRIZD T, nEERZICL
% 7251t13 hypervascularity DA, (LA EE/T
RThs, BEick s MENEL, HROBFIZ
AN & 0 B4 & 0Nz % o B AR I8 E 350
&L, WENHAE, SLICIIOENEERE X
TLDTHE, BAX v VEOEITFENS
LR B F—F vV Bz uptake DB T B L D
L ERIYIC uptake DR T 5 L DHA L L2,
WO L BHEER T $y B#%IC uptake
DA HRRD b LTz,

QKE - HANE (F3)

A & 2 EMEb® WIRFTR & RERH AT
Rico T TRET L7z, WIRATR & LT3, BRHEE
BEVBEKTH®R2 AT TCICHBRT LR

early skin reaction & L, BEZ(L L D IEICHE
TR KLBE, BRI, EMEEER, BERRIC
Sz, BEHRES3 » AULBTCHRT LK
§72:1ti3 late skin reaction & L, #Ei#E, BER
W, EEERICOEL 12, ZOKR, WIOho#
BTLRR, BHEEERZ TIILETHY, &

IR BRI ORE & & D ICEERERIC
7o T AR D A 5 L7257, °Co,Late X #Hl
TIRBHEEBHPEWDZ DIEFICEHRL 72,

W H o 2%, REEES 26 (17%)
IZAH L NAEENZIZ W ONDBEDNRILTH DL &
HESI N,

3 BHHRHE

A) Early Effect Scores for Evaluation of Fast
Neutron Therapy
Tumor:
1) Disappear
2) Regressing, less than half of original
3) Regressing, larger than half size
4) No shrinkage
5) Growing
Skin reaction :
1) No change
2) Mild erythema
3) Marked erythema with or without dry
desquamation
4) Moist desquamation
5) Ulceration
B) Late Effect Scores for Evaluation of Fast
Neutron Therapy

Tumor:
1) Complete disappearance
2) Incomplete disapperance
3) Residual but non growing tumor
4) Residual and slowly growing tumor
5) Rapidly growing tumor

Skin or Mucous membrance:
1) No change
2) Dryness
3) Atrophy
4) Ulceration
5) Incurable ulceration

C) EXMAMCOVTORT:

1) EEIRMICREE 24 LD bhig
2) EERM K BRIl T X D
3) Rtk IR L Ui\ RE OREE
4) B X o TEIE TR EE ORI
5) EHEAAIREINEE

b) R EEAAL

X2 MET% K E oML

ROtk R oOMBENEL

(K2) Iz
hyperkeratosis, & Z#E~ /I X —BDIREFt

L Zefafonk, BEMIEOBE) - BaA, MIRRE,
elastolysis, B TORELEM L EHERZ LR T



Holz, —F, BHA - BTIIBLOHEE, #E,
EiE, BRMEOKE, ZRESALN, 0E - M
RETIE 2 DI E A, MRRE, 1L, elastic fiber
DR EHTRBD 6 7z,

F4 ORI O B T~ 0 S

T 4~ ) %Co,LinacX-ray fast neutron
W ~9,900 | 10,000 ~1,790 1,800
rad rad~ rad rad~

1. M 4/9 1/8 2/15 0/6
2 (44.5%) | (12.5%) | (13.3%)

11, 25 e R 3/9 1/8 5/15 0/6
R 5% (33.3%) | (12.5%) | (33.3%)

11, R S5 40 A 7 2/9 6/8 8/15 6/6
L (22.2%) | (75%) | (53.4%) | (100%)

QEEMINEL (F4)
BEBOEEME~OREIRA & L TWkEdH
&£%Co, Linac X #HEHF (UUTar to—#
EY) rHEL 2,

early effect CIZBERETIZERZPHENT 22 L
IATEETH Y score SLUTOERITA SN %
o7z, late effect TIER—3 2R $ I & <
active degenerated,disintegrated 2517 511, %
HLZ 1 scored.b, score 3, score2. LIt L Tw»
%, active (BEMIERE) TIREED L Z»iC
BEOEEZIZEAERTZWHBOBEIS L
N7LDTH3, degenerated (21 FEE (i 5%
) Tl )V EE» A LN, KN
DRDLENSE D, % BREOGPEMECHIETEN R
FLTW3, active (BRFEEMIEZLL) TIIE
ENIEF LM, EEMBEOWEERL E complete
necrosis DR % R"T, TOMRELT, 2>}
o — VEETI210,000rad LT OB EHE TIZ78%
IZ score 3 Ll EAsA 511, 10,000rad UL ERRE T

T131,800rad Ll ED£HIz score 2 LIT, RIBLIE
BRI R ERERHT2, L EDIESR, BRENS
£, F.N.1,800rad f85T%Co, LinacX #£10,000
rad B AHY 2o\ L 2 1L E D damage # f&E%5 #H
faic 52185 LD LEEI N,
ORERPICLBEN (%£5)
BREGF ML LTRAROEEICILS Z LI
late skin reaction T& 1), BRI DOBET T L HREIZ

i ok
:,,i e : .
Q e % L

b) degenerated (score 3)

c) disintegrated (score 2, 1)
X3 SR E#ZL

BAfR L C LD EEED 2 5105 2 & 25H/BE |
2o € ZTTDF #80LI izl L, EEEES
wANRIZL, 2 OEEOH.LERIZR% active cell
DEFEVALNTLRBEZL L FIcwhY S
reactive zone IZEEDBEF» L T NITEROR&
Bi7e < en bloc ICYIRTIRETH 2 L £ 2, BEHIS6
F &0 EATL %2, K H score i3 score 3 755 f
(33%), score 2 %°10% (67%) T D score 4.
SII1IPLALNLh 72, —F, FEE score |3



%5 TDF8OMH] (KFFI564F ~ 594 )

score
Fa] N5 i A
No. | 4 fis AL FLLER | BB | TR (R)
1 14/% = 3 4 J & (58)
2 8/% BE(E) 2 3 3 £ (40)
3 8/% | bhiE (L) 3 1 2 % (40)
4 13/%c | KERE(T) 2 4 2 A (3 8)
5 11/8 | kBB (T) 2 1 2 E(14)
6 16/% | KERE(T) 2 4 2 8 ( 8)
7 10/5 | KEE(T) 3 3 2 £ (2 38)
8 18/7¢ & (k) 3 2 2 £ (27)
9 18/% | ke (L) 3 2 2 % (23)
10 56/% | KEEE (T) 2 2 2 4 (22)
11 26/ g& (k) 2 2 2 £ (21)
12 48/% | KEEE(T) 2 2 2 £ 0 7)
13 14/% | bBE (k) 2 3 2 £ ( 6)
14 10/%c | EBE (L) 2 2 ) £ ( 6)
15 15/% | k& (k) 2 — — & ( 5)

ALERTIE score 4 A% 3 45 (20%), score 3 473
) (209%) THiLIZ score 2. 1 TH -7z, FALET
I score 32T 1BITHED I3&Hscore 2 TH N,
TDF8OLUTTCORE CEEE 2> b v —)LHE
ThbEEZLNR, L L BEEREIMETL
BrERTAREELERL, BE#E1~21 A
DR icEEYK 2T 2L 2 RAJE L
e

6. BRIEHFAR

SaflnERIED 5 B, F.N.RBE#%, BREFT
W% AT - 72 FEHNL 296 (54%) TH 2., EREED
Fi#f (Stage) | Enneking® D&z L UZER
fE|34C Stage—II B % %\~ Stage I TH Y,
BROKXCBRBLTWEZEEZELOHTHTD
%, Enneking iz X 1LiF 2415 ) Stage i3 & T
) - BRI ONREL > TLE ). TDFRZTI
H% 0z radical TE2 DT, R&ILMAETRE D
LHEELZ®, Stage— Il B 2 & 5 ICMa3HL
72, ® (M4) BEEBFFMZ2ITICHLZ-T,
SHIENEE L TOEELEREI RIS D
BACATEbNEZE, @ERERF LWL,
pHF LN, BTG L URENERET A

[X— 4 Stage-11 B D5 ¥

TRBENL/3%WLI/ALTTH), FAELT
Stage—II A, Stage—II B—(1), 2)»*% D#EIE &
b, FAEEHICOWTIZI FNRBE#ZDORLK
BEEHEET S TR EFFRELT
WOl TWwa Ay, —HRsICL) —BEEE
ST EEMIED 5 b, sublethal cell DEED
Whetnk, BHEBELECED 2 5 AURIRE



Wiz 1T-> T3, BAESRIE 1AL 2wy, i
BIRHESEE L 212 L ) 5 Blrtkic tlio %
U Elh->Twb, KT 4 FIZERW722550I0 4%
FHMIEE 6 » AL VRRGH ATH- 72,

7. E

BABNDZT L b TRIICERERZ 272
THEOEWEEEE TIZ, TELITE(RE
NFEEEZR B & v ) BR TR %17\,
T D%, BN HLEREL BT BRoME
HICL VG2 OB —RTHDL, LrLE

EHNREICE > T BREE~DOEBEREH*H 5

ZEEERTHE, RrlFE-LIRRLZIEL
MR L ) BENHES 2 ERL BI85
EREEZT, ERPETREFLEAIRHEETY
BRI TREKRT &L, MiE - Mizbi#til Tae
FHMLEREI T b L )Ic L Twa,

BERFFMOBICILERETFRBHOBG &
ELELTH 2, BACIZORFEDOEFD
WEHEC, BEIEERIGHIEC, OfgoHE
ZOHMBLEEEREL, NRFMIIEFTHROMFH
B, ENH13~14LI B E L\,

PER, BURMIEIEEE L SN TwiE - 8
WIE, & ICERIETIZORRTRE AT HIC
DAEIAE L BR TRAITEbNTE L, £D
%, WEOUE, BEBRMOESCL) KBRS
WAL T o 72, BEFEDMATHATRBAICNT 5
#EZHE, BRSO ML EE L UM 28T
BREF2ERTLEIAICHY, &HuLyE
EEFoTEILOHTEBEVHLILNEFZ T
5, T REBEGSAF D S B, HESEE
I AR FI4TH ) cumulative 5 —year
survival rate 1267%TH Y, 23> b u—LEN5
FEFEIIG LB L TELHTRFTHY), =
DIFECHE 358 1 THRGLEY 20 & B 891 i k0 EH
KE-oTRINIZLDEERIIEL T D,

BT HRER AT 1319384F, Stone (1948)®z & »
TIE LR A L N2, BN REE,TH
PlbicSir o728, P& N Tz, 2ok, @
ERMEBEBMOESIC & > GREIC—EFNH
3o FNBEIrBURES N, bos

ElT19754F & ) BERF Tl A IS FRRIARERIK 2

AT T LTV E, R2DEBFITIEF

NSO EEMIB~ DB J7135°Co,LinacX #7 &
Darre— BRI LH s EHELYE#HESN,
FN.DOWBEMRLIEIECLDEEL T D,
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BHEFMEZITL, 26D 5 ERBAEFRD
67%TH -7z, TOERICITEFRETHRL AL E
L7 R ki L 2 BT S EIE, &858
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DEFWERENES D D, SHOMBEL L
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Clinical Trials with Fast Neutrons for

Malignant Melanoma

Hiroshi Tsunemoto, Shinroku Morita, Tatsuo Ishikawa*,

and Shunji Mori**
Division of Hospital
* Division of Clinical Research
#* Gifu University

Between November 1975 and March 1983,
54 patients suffering from malignant melanoma
were treated with 30 MeV d - Be neutrons, of
whom 39 had the tumor arrising from extremi-
ties and 15 were suffering from the head and
neck melanoma. Evaluation was made for 33 2.
patients with previously untreated tumor, in
which 21 were suffering from melanoma of the
extremities and the other had tumors of the
head and neck.

1. Of 21 patients with melanoma of the skin of
the extremities, 19 were stage I and the other
two cases were stage II, and III.

Complete regression of the tumor was
observed in 2 cases in the treatment of radia-

tion only, whereas the salvage surgery was 3.

successfully applied to 17 patients for getting
local control of the tumor following the treat-

ment of fast neutron only.

Skin reactions of score 4 or 5 were de-
veloped in 6 cases (28%).

Cumulative 5 years survival rate was 47%
in 21 patients.

Twelve patients suffering from melanoma of
the head and neck were treated with fast
neutrons.

Only two patients could survive over 5
years and the others were expired within 5
years. The reasons could be explained by the
fact that the incidence of the advanced stage
of the tumor was higher in the head and neck
region compared with the disease of the
extremities.

Preoperative irradiation of fast neutrons is
recommended in order to manage the
melanoma arrising from extremities.
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FoEBECRO BHEAEMIDIC X R % BE
L72sf, TOME—EFHEEMA (dose— cell
survival curve) ?JF (shoulder) 75K & < 7% 18
MH N, IMREIRE A= MR P IC T
PHEEL CEERIME»r LNV FET A &
PURENT WA, TLA L invitro & invivo 128
VB RO LR R ERAE O AR B AR I I 28
T30 B, BUERGEDREHRIETH
DFTRTCHIREE TR ORI & » TRk
TBLDTIEZV, ?

—J7, WPHETFRIZXBL D DAL —RE
PEOKTRTHY, FOMELZITTRE—E
HFRERMR OB AN ke B E A D B,

WP TR A BEEGEOBEICEET 2 HMY
13, EBETIRIC & » THED® S 2@ P IEFR o
MR EDPABIRDZOR THERRT 52 LI2H b,

2, fE fI

19754F11 B 20 5 19834F 3 A & Tl Fia
HIISAD BB EEEMICOWTERS N, %
O T R R RS OIS & FEORER 33961, SEEEED
IR SRR & OB I5BITH % (Table 1), M
FEOHFEREFI2L, U126l 2 eI o & iz L
AN

EROBEREBGAIEI0HE R E, 4flizonT
EL-BEOFEAMEHIZ, Table 2 IZRTHEEIC60
FEIEEIC K> TW5,

‘%"E“

Table 1 Number of the Cases Suffering from Malignant
Melanoma Treated with Fast Neutrons (NIRS)

Site Status No.

Skin 39
Previously untreated 21
Post — operative RT 8
Recurrence 10

Head and Neck 15
Previously untreated 12
Post — operative RT 3

~ Total 54

Table 2 Age Distribution of the Patients with
Malignant Melanoma (NIRS)

Site Sex 20 30 40 50 60 70 80

M - 2 - 3 5 4 2

Skin F - - 2 5 5 1 -

- 2 2 8 10 S5 2

M - 1 1 - 4 2 -

Head and F - 1 - 3 1 2 -

Neck
- 2 1 3 5 4 -

* Patients with recurrent tumor were excluded.

3. REAE

AT RRIE#EIZ30Me V (d — Be) HHEF#R
PRVTCEBS . ZOFEPETFHEOGES T
1360Coy BN B ESARIZIEELL , SSD175¢m, 10 X
10.cm D BFFF D4 TRE L 72 S 7 7 >
P —2D10emBE 212 BIT 2 IR ESRIL56.6% T
»H5,

ML AR 25T % A vy, STD200cm, 11.4X11.4
emDFRFEF, 30uA DHANYL & THIEL 258
B|342rad/min, , IBET 2 y RITFE—204 %
UTThz, ®

HAMEFREHEIC 1 SHEENE ALy D 2 —1
DYWL LTz,

a, EFETREMRAFE (neutron only)

b, EAME (mixed schedule)

c, HPMTFHD boost (neutron boost)

ARSI BEREFEORBESICIE, TL®
1560rad/12fractions/ 4 weeks £ & L THw
LALTw722%, 63D over—all time 2L 72
WoTHEDLNTWAIEEN L XBEREZD
HOAE % LB 5 72002, Bt Tl 1620rad/18frac-
tions/ 6 weeks D A& ¥ 2 —IL % fF 5 HHE A
ZTCETWE,

mixed schedule {3 A, &8 B 2 BREICH#EAF
MF#R72rad ZRE L, %2 3 HHEIZ X #170rad
PHBETIHAMA Y 2 — % 68EIchiz-T
BRI TH %, mixed schedule 13 BmhE, Fir
JEREPI RS DS A OVEBRIC b N B SEED S W,

neutron boots ( X A 2 AT ¢, HEDH
4000rad 17 - 72 Rl BRET BT & 4/ L, AZa9ATH
CHPEFR A ERT L HETH B,

BMREAEOWBEIZIL, BSOS SIEITEIC



BEALEE, #PFREMGEIrEL AL
72,

EREAEL, #EPETR (30MeV (d — Be)) &
RN REI) AN EEEC LT,
TDF (time dose and fractionation factor) 110
~1201CHEE T A MBLME T L & L, BEE
551213 salvage surgery 7EA S N T 5,

Salvage surgery O FiEE LT, BEDFMHD
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HHETREEIC L 2 BArR £ 8IS & EEAE
AT DWTHICFHE T 2 22> 12 5 BRIz & 1T 72
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a, EEMHRIZET 2 score system

1) EEFrZELIcEEL2Be

2) BEORKEEEILHD1/2LTIC
ol BEe :

3) EERHENLL»ELDOREEINL/
2ICFEL o 72354

4) FEBIIARE L &bk - e hHaAMER D
WA

5) BEEDND»Z > TKkEL L7284

b. BEBFIGE MY 5 score system

1) RIGHERD &N Wiks

2) EROHLEE
(EEEzUWELL W)

3)F L W BATHE, F 7213 dry desquamation
(—EERYBRALE 2 L L T 2 54)

4) moist desquamation
(AR O EFRE 2 LB 7 A

5 KERENEE
(BRI O EHRLE D LB B E)

MR f§ FUG (late reaction) )M 13 Az 5
@ fibrosis 7 #E¥IZ % B A%, BN TTENT LA
F§RIE score iIC#E L TIT bz,

4, BERCEOZHE

a, ERRBYZ4E

BUHEBAEDRIAREL L TAZ /A, D
BUHEBELEZ LS EMEET (lentigo
maligna) &, ®H CEFOBRE 2 ST 2 8535

A Gunctinal nevus cell) DIEMERED S 5,
EMERFHREGAEIEMHET LD RET S,
IR LGN REOIE & IIETEERT

BEMMIGICERR L, &h HHEFHEICHEIEL 20

PREEHEAETH S,

1) BMEFUEMGME lentigo maligna
melanoma (LMM)

2) FEVEAKREEEIE superficial spreading
melanoma (SSM)

3) HEAMERIE nodular

(NN)

4) FKHBFHEEIE acral lentiginous
melanoma (ALM)
palmar-plantor- sohungal
(PSM-M)

melanoma

melanoma

b. JWEISFE (UICCI2k 3)
BUHRGEOFYSEIIEEHAOERE L sk
LTEDHLENS,
Stage 1:EZERHENA, 1 alebel 3T
I blebel 4, 5
Stage II: Frlg ) > ¢ BlEfs (+), T 23ER
BicHEL UEERE (), 20
FTIEY) > 2 BRI D 1) > o SET RS
(+)
Stage II: AR/ 1) > SERIcHEL TEALY > S0
=% (+)
Stage IV: &fFiEfs (+)

5. BERE

a, BFoOEERAlE

WPEF AR A 2, BMEONSR oK
EEFEEEEAE - FrEE A RS 58I
Table 3127R93E ) T, Stage I b EEFIAT15% &
=T AN

Table 4 ICIZEFEHEGEORESE, FE
AL, R URATEEESOR L Th 5, ALM FEFH
1601 & SEEBIDT6% % Lo, HAERANZZDEDE
Pl vRELEE]L Two,

B Pl B2 13 score 1 % CR (complete
regression), score 2, 3 # PR (partial
regression), score 4 # MR (minor response)
ELTRENT B, HEHMEMEEICL - TR
BTERRAEEIZ2H (RT), SPEFRRE &
salvage surgery (N +S) D& PFERIC & - 214



PLIBRE TE 22 EiCh b,
Fig. 113 AL R EIEOMEHED], MRET
R a4 2 BT B, R OV FEIE Bl 1B BRER A 12

Status of the Patients with Malignant
Melanoma of the Skin Referred to
Fast Neutron Therapy (NIRS)

Table 3

Stage No, Patient
la ’ 4
Ib 15
I 1
111 1
Total 21
Table 4 Result of Fast Neutron Therapy for the
Patients with Malignant Melanoma of
the Skin,
Result
Site No Case
CR CR
(RT) |(N+s) | MR
Sole 12 2 8 2
ALM
Hand 4 - 4 -
Nose 2 - 2 -
NM | Ear Lobe 1 - 1 -
Neck 1 - 1 -
LMM Nose 1 - 1 -
Total | 21 2 | 17 2

&5 BHETEMBETH 5, FEERDEFRIL
TRIRBIIG S F A FEE L T4T% %R L, Stage I (b)
EFIDBENNZ L 72t TEFRICH LD E XL )
RHLNT WD, Lo, MBREFEGTILES
PEFRAERI L TL 5 EUEEFTE 2EFIZH
D EZAH/LNT Wi v, BArESEERND
F1HELUNICHRDERE & 52 0% 5,

FEAERMICEEMBEZERS LW &P, T4b
bLREEDGHEN FIGEL 2R TH B,

PEDEEFE LI > TERDT, BRE L
TATNDEED LB R FEHE LD
Ric LY, WETHRS 2 BB ARG & &
L CTRBRAYICIEA T 5 2 Ll Lz, T ORI
DEFEDY Table 5 I2RENT W5,

RIS 1 8 Hlic DWW TEME N, TN
4 FEFIZTFEWN £ Z T Tl v, REDZSD
3BT L 72 EH (NO.1T) 2B & TXTERIH H:
FLTw5,

100r
® Primary fn:21)
4 Post—operative (n:12)
. 4 Recurrent . fni10}
N
o
®
s SOf
«
@
z
z
5
»
okt ' L : 1
o 1 2 3 4 5 6 -7

Years after Start of Treatment

Fig. 1 Cumulative Survival Rates of the Patients
suffering from Malignant Melanoma of the
Skin treated with Fast Neutrons (NIRS)

(November 1983)

Table 5 Results of Preoperative Irradiation of Fast Neutrons for the Patients with Malignant Melanoma

(Feb. 1984)

Case No. Site Type Stage Dose (rad) | Score (skin) | Chemo. T. Status
17 Toe ALM Ia 1560 1(%) - + (Heart D.)
18 Sole ALM Ib 1960 3(%) BCG 3y 11 Mo

1210
26 Eer NM b (P: 2000) 2 - 3y 6Mo
27 Mandible NM Ib 2160 2 - 3y 4Mo
28 Finger PSM Ib 1170 2 (%) Bestatin 3y 4Mo
30 Sole ALM Ib 1710 2 Bestatin 2y 11 Mo
33 Heel ALM Ia 1970 1 BCG 2y  9Mo
34 Sole ALM Ib 1880 3(% BCG ly 10Mo

(*): Amputation



b. EEROBHEEGOE

Fig. 2 la7RL 72 & B D, OfE, Bl ©OIEREER
FEBICREL, EPETRIEELZITLEEES
fE - FEEREGIO BFE S FAFERIBI6KTH), B
FEEIEGNT 3SFL EAEFL Ty, EHIE
HEEEEFACBT 2 TREARNDERD 121
Table 6 ISR TRRICEITERAI SN LItk - T
MEEND,

EHEAEORSIEICEL Tz TNM 458

© Primary (n:12)

e Recurrence{n: 3)

survival Rate (% 1

Years after Start of Treatment
Fig. 2
Cumulative Survival Rates of the Patients suffering from
Malignant Melanoma of the Head and Neck treated with
{NIRS)

Fast Neutrons { November 1884 )

DFRD T HFFFHAL T nwI iz ->Tw
B, BREBENKE & LY v EEBORIRE
LT 520, BMZTTHE2EO T
ST TABLZ EICLTZ,

FOFER, ERETRIERE 2T ERO TN
TH' Stage MICET 2 Z EHLPTHD, 26
ICEMSEEIE 2 BANAE 3¢5 200 | TEEERRD
RYEEEARERE R L X5 12 salvage surgery
I T E Do 72,

AT BB EAEORTL Y v SR
B T EEFRS /L2074
THCE->THLEPIZEN TS (EFS1912,
50622) o

¢. Complication

AT IE AR X L D $14% %<
MU E A1 B, L7zt THPETRIGELATE D
WA, RO TFAMRRICE b B U RE
Bok& SizBar LTz,

L% L, score 5 CfH%T % & EHRE L3306+
1FCBEEINDATHY, ZOFTATNLIC
RSN GREZEBRKR LEYTH S 2 L
otz BB, FICHIIZDL &L & RETWEREED
FWEMLTH Y, EAPETRICHT S UG L5 <

Table 6 Result of Fast Neutron Therapy for the Patients with Malignant Melanoma of the Head and Neck.
Result
Case No. Age Sex Primary site TNM Treatment
Local Survival

51318 71 F Lip - NM T2NOMO N (Sx) CR 3Y6M (1)
51538 51 F Gum NM T3NOMO N PR 3Y4M (+)
51614 69 M Gum NM T3NOMO N (S PR 1IYIM (%)
52923 63 M Gum NM T3N3MO N@©® CR 1YOM (+)
50885 39 M Gum NM T4N1IMO N PR 1Y8M (+)
50713 69 F Gum NM T3N3MO N PR 1Y  (+)
50874 75 F Palate NM T3NIMO N PR SM ()
51912 62 M Palate NM T3NOMO N (S) CR 7Y
50622 54 F Nasal cavity ? T3NOMO N(S) CR 8YIM
50875 38 F Parnasal cavity 7 R N (S) CR? 11IM (+)
51953 72 M Nasal cavity TN2MO N CR 2Y3M (+)
52529 63 M Nasal cavity R N PR 2Y4M (+)

* Criosurgery



HbN BERDH % (Table 7).,

Table 7 Damage of Normal Tissue (skin) Following
Fast Neutron Therapy for Malignant
Melanoma (NIRS)

Reaction Score

1 2 3 4 5

Site of Tumor

Skin 11 3 11 5 1
Head and Neck - 4‘ 6 2 -
6. &

EHEBAEOREICE, IHICHBEEELNT
W B RS S, R TN
FRE R IBTF T 5200
Hligom L2 aTsZ & &, MRS 2 ¢
R Z L EERETH DY, HERIEEDS
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HPETROREIL, BHGEEICBWTY, £
REMEDEMBEEDOLIPICLEPENDDH
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Clinical Experiences of Proton
Therapy at NIRS

Shinroku Morita, Hiroshi Tsunemoto Tatsuo Arai,
Tatsuo Ishikawa®, Koichi Ando*, Shigeo Furukawa*,

Yuzuru Nakamura®, Takatoshi Kubo®,
Atsuo Akanumat, Kiyomitsu Kawachi**,
Tatsuaki Kanai**, Takeshi Hiraoka**,

Hiroshi Ohara***

Division of Hospital

* Division of Clinical Research

** Division of Physics

*%% Division of Physiology and Pathology

T Tokyo University, School of Medicine

Clinical trial of 70 MeV proton radiotherapy
have been carried out since 1979 at NIRS. The
characteristics of NIRS:proton are 70 MeV of
energy, 38mm of beam range in the water, ‘spot
scanning method’ for the irradiation technique,
once a week of machine time, 40 Gy per 4
fractions in 4 weeks (TDF 120) as a standard
irradiation dose, and so on.

Twenty seven patients (28 irradiated fields)
were treated with proton by the end of October,
1984, They were consisted of 9 cases of skin

cancer, including a skin metastasis from breast
cancer, 5 cases of soft tissue sarcoma, 3 cases of
parotid tumor, one case of breast cancer, 3 cases
of malignant melanoma and 7 cases of neck
nodes metastasis. In total, complete regression
was observed in 67%, salvage operation were
performed in 7 cases (all were radioresistant
cases), partial regression were observed in 2 cases.
Only 2 cases had the severe late radiation compli-
cation.

From these preliminary results, we made the



conclusions such as follows; if the tumor was
small, it was well controlled with the full dose
of proton irradiation without any severe radia-
tion complication, however, if the tumor was
large or radioresistant, salvage operation was
necessary for control of it. Severe radiation
complication was only observed in 2 cases of
recurrent cases who had previously irradiated.

1 %

WEMERY A 70k oz k 2R FiasE,
HHETFR A BT, BBAIS0E11A L DRt
2o IR TFRRISER AR 2 & O i EERH A
FEBTH D, HEEED 5 WITHERIESUEIEE
RN B 72 T R BB B 2 & ATHI SR,
LPLTFEHEBENZ )=H)L - F T4 FILTRE
NEREHEIL, XBEEERELZVLDTH-
729, Z AU BRI A O P T RGO MR A
DI, WEROBEEFRE DEN 2 N RS
DIERBABE TR D Lo b5 FE
BRLTWd, WhRlZEBENEWHEIrHD 5 D,
RS OBHEREE L2 B2 N T HoBEN RS
PR O TRBEMHIEO RSB OES THREL
TLEHIENHIZETH S,

— TR, EMHR I Dy, BEEF
RENIE S TONMREEEBROP TRLENTE Y,
BRTCKIREEZEPT L2 LT, B2 &0,
B ABERDEENF A WL 5 2 E AR, &
IR E > T b, —RICIEDIEE T &
HIRELEL & &, BORMHEE W HTH,
FREIC & O FEEESD 0%, BEROMIEER
L) BT, BEBIEEIEN TS, L2
23 TR iR CRATHIE DMEEEL» S E 5 7
LI, BEOTELHESEMCEL UL, 2ok
HENEDBWIERETHLEE ) Z Lo HE
Bo

WEWFCIZERSAE1LA L D B TFaias 2 A
U7zo BUTEIZ = RLX T 5 & i FERIEIL %
ey, YR, dMpsElR, RREROVGEETER
EOERNBEHRNOFERZIIEEICERL TWwb, &
AT R TORRICD X EERE TOHE+ 3 5,

)

The irradiation dose of TDF 120 — 160 was
well tolerable in the limited irradiation volume
of previously untreated cases. We are now plan-
ning the energy up to 90 MeV, the beam will
reach at 60 mm of depth in the tissue. So we are
expecting that the deeper sheated malignancy
are able to treat by our machine.

2 HWIRFE

a, WEMS TR EOWEEY

D& LET A B OB ESHFOWE LIEDF A
AROBEME 2 ERT 5 2 &, 2) B TR R TR,
VAT b, BEOMIEDETI &,
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F1 BEOEMNE

IZANLFX— . 7 0MeV
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TD40007F 41,2 2H
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F4 BT (70MeV) BEHRH

27TRED, 28EPAL
(BBAI544E ~594, 108 HIEH)
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HThE 3 1 2
AT )= 3 3
1) 2o 2Bt 7 6 1 1 1 % *
it 28 19 7 2 2
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* ok TG RRR O B RS

C R : Complete regression (score 1)
P R : Partial regression (score 2, 3)

L E : Late effect (score 4)
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Computed tomography (CT) provides infor-
mation about patient contours and localization
of both tumor and sensitive normal structures,
and is expected to significantly improve the
accuracy of calculated dose distributions in
treatment planning. Therefore, most whole body
CT scanner systems commonly include software
for dose distribution calculation in treatment
planning. But it is usually impossible to mark
treatment parameters, such as the beam direc-
tions, corners of radiation fields and the center

of tumor, on the skin surface of a patient.

We have developed a new optical positioning
apparatus (OPA) and attached it to a commercial
CT scanner (Pfizer/AS & E model 450). We have
also developed an operation software for consist-
ently carrying out treatment planning using CT
images and for marking the determined treat-
ment parameters on the patient skin surface for
fast neutron beam therapy containing conven-
tional photon therapy. It wasnamed the patient
beam positioning system (BPS).



The OPA is an optical apparatus which can
irradiate a laser spot beam for any direction on
the patient’s skin surface. Four parameters are
needed to control the OPA. The source position
of the light spot beam can be rotated around the
central axis of the gantry on the transaxial plane
(a rotation) and it can be translated in the direc-
tion of the central axis (z translation). The light
spot beam can be aligned in any direction by two
axis rotation of tilt angles on the transaxial plane
(B8 rotation) and on the longitudinal plane (y
rotation). « of the rotation angle is within
+100° and z of the translation length is 0—300
mm. f of the tilt angle on the transaxial plane is
within £120° and 7y of the tilt angle on the
longitudinal plane is within £45°.
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The OPA is connected with the computer
system (DEC PDP LSI-11) of the CT. By observ-
ing CT images on the CRT screen of the CT
console, target volume is defined, and field size
and beam direction of each beam are decided
enclosing the target volume by interactive
operation.

In this report on the first version of the soft-
ware, the center of tumor, and the central beam
axes and the four corners of the rectangular field
are marked on the skin by the OPA. The spot
size of laser beam is about 6 mm and total
accuracy of hardware for marking on the skin
surface is within £2.5 mm. Clinical work using
the BPS has been started.
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A New Phantom for Evaluation of Low

Contrast Detectability of

X-ray CT Scanner

Masahiro Endo and Takeshi A. Iinuma
Division of Clinical Research

It is possible to produce Xyron (styrene
grafted polyphenylene ether) having different
electron densities but virtually the same effective
atomic number. The difference between the CT
numbers obtained with two Xyron types of
different electron densities was shown both
theoretically and experimentally to be constant
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regardless of the effective photon energy. A
phantom for evaluation of low-contrast detect-
ability of X-ray CT scanners was produced from
these two types of Xyron, and was shown to be
effective for both comparative studies and daily
quality assurance.

DFIzIE, X CT D4 @i BEE 0
ZeMRE IR — D DfKFR L LTHELL, &
BELTHEL LD EDH D, BRIZZD
Sl aC, EHMNICEEL 2> 72 M
DFEHEDMEEZBRET 2L TH 5,
X#CT OMRED - T, BB ED L ZE
T eEe) (LT P72 FHHEEE W
9) 13, ERRENICE O TEETHY, TN*EE
M 220 HEFREIN T L9, =
NHDFER, FELT, Zo0WE—>PF 21T
KEFY ZF v v ——DFFHREDABR Y 22
LEFTwTwa, Lol, ENETESORL S
WEOEFREOZIRT AN~k > TE
t3 205, EBDLS A >OWEDRTHRE
NEXFET L HEoERIZ, XBCTEENE



ML ANX—IZ LNV B Ltk 5,

IO EDFHICHEE L P0IBT DEEO
XM CT HEBOMRES LT 2H/ATH ), £
IANK—DRY DZWENMT, Ko T2t
MiRe & I 2 f R 207, ek, fEL L
o dze RIHUINETF T A NX — I KFET Iz
TR MRERREBET A OHND Ty b ok
BELUED L ) AMEEMHRELLE I EL2LD
Thh,

2. MBRUTE

a, ¥fA{nmaxr

TrrbaRE LY ey (RFLTD
T MERY 7 mv Iz —F) ARV, A
v {bEEE Fig 1izmd, LN ¥A o
3, ®Y7z=v>x—7) (PPE) &&1) 2F
L (PS) L VR ENTWEZ & bh b,
FAvrnFL WEEIZ, PPE & PS ORRib %
HEICHETE, EMETFES2ELVWT E, &
FHREZELSEIDLIETHD, BHETIR

CHs
— |—CH: CH CH2 O —
<:n CHs
n
m
PS PPE
Fig.1 4wy (ZFr 777 MK 7221

, Yo Z—=T ) DfbFHEE
PS:RYZF L, PPERY 722V s 2—F L

PPE Z54E & >+t > P ELYT A2 Ak, 50
Hi/ —tr b goY A ey BiHWE, 25
QTN A v v RUKDBEFHE, EMEFEH
%% Table 1I2/RLTHD,

LIAT, EEOETFIANLX—E (ke V)
BT 5T HRE u (BE) em M3k & 5 1zl s
s, "

3.8 2.0
Zz K

iz t1.25X

p(E)=p°x10"%[9.8x
+ 0 597 % 6—0.0028(8—' 30)}

2T, pEEFEE (electron/cm®) TH Y, Zr
& Zu 3N FIEE MR & Rayleigh BLELIZxf
TLEMEFEETHE, FAvr ALBRY
KIZHT % p,, Z7,Zx 13 Table 1IZREN T
5o

Fig.2 3 {1 v A & BRUGCKDEFHHRE %
HFZANX =D E L TRLZLDTH B,
Fig2 D7 =3 % ffi-TKbD72F A1 v ABD
CTHE% Fig. IR T MENHFf o A LB
CT DL, T A NLFX—50~80ke V D[
(NI XREBEICHEE L T80~140k V IZH
B4 2%) T, ¥5 HU (Hounsfield #{z) »—5E
E2MDZ b2 B, \

b, 77> a4

FETE 2T A P BEETEAKT7 7 b A
(Ef£20cm) w7z, 77> M4 A3 Fig 41
AT LI, ¥4 Ar¥ (o> BoBEHK
EEALZLOTHD, A orn CTHEHDIER
BRFEICH W2, 7 7 >~ b 4 BIE Fig. 5 12RT 4

Table 1 WA v & DKOERE
7K A umrA H4 oB
PPEEZH=ZE* (%) 54 54 :
B (/em?®) 1.000 .1.070 1.064
HFEE (el/cm?®) 3.347 X 10% 3.451x10% 3.432x10%
VA S 7.45 6.00 5.99
Z g *EE 7.16 5.76 5.75

© PPEGAM & BERNEETSH ), EFHE » £METES IS E L) 0 ke

& RS EIEBETH B,
IENR I T B EMETES
***RayleighfgFLIc i3 2 EshETHS



i Fo) I N e
%
& —10k
w 022
2
2 —20k
=
2 P
- po -

2 z Xyron-A
2 _ —30f
] 3 Xyron-B
: :
= 020+ c _aal
z o 40
- (]
o
]
c
3 L —50+

_60 —

0.18 1 A i 1 1 1 ]
80 60 70 80
—70 i 1 ! I L 1 !
Photon Energy {keV) 50 80 70 80

Fig.2 K&¥4f o> Al BoOREBELOFEE Figd KE¥4w>ArBoCTEDHEMEL
KT ALE—OBEE LTLHT. FrALx—OBE LR,

/ \

Xyron-A Xyron-B

s 200 -

180

Figd #Au>A:BoCTHEOMEERA G Fgs 77> hABOEI> [ 92 FBAGOE
77 b s A OKEE., #FEIE mm B4 WiE. EFEI80mm NV A4 o> A OARICE
#2—20mm AT HZILICE L ERERD T A
ur BOSAEREZER2BREL WL S IcE
LIAATEELZ LD, AN (URIE) o CT

fEiF, FEHRIZ 5~NTSHU A&,



Ao A4y BroLbHREKRT 7>
WKHALZLOTHY, 277> baizk

D&z > P 72 RS FEM L 72, Fig. 5 127~
FHIE, Ao A MRIZHIT S ET
NDZEFLIC2—20mm BEEN { v B O % 2
AEBRITVWE)ICIHLAATEEL 2L DTH
b, MR THENEE XK > 7 2 M RtiEE
PEHMET B - OMOIEETHW SN2 L DY EFE
BizcL7ze MHFDT7 72 b+ 4T, KPFADFEAY
DHEZI30mm &L, 274 2BoEbic L8
AL LT,

c., Fik

CT fEDEI%E

7 7 A F—8 AS&ECT-450 (FIEHF) & GE #
CT/T-8800 (HK) #HWT, ¥{u>r A LB
CTERHEL. TNbD X CT HEIZ, 20
ecm K7 7> P AERAWT, 77> AWz 3
£Z2AT, KO CTHEY 0 %5 k512, CTED
BIE2IT-> 72, B, ZOBEIZARRLNETH
X%RCT FEIIX L T 72,

PP LADA X iE, AS&ECT-450ic
ﬂtfixﬁm%E%]mmVT CT/T-8800i
iﬂj(ﬁOM%Vfﬁataﬁ%waxwm
E*ﬁ wﬁiik%} XAE L, ZOFH CT E# Kd 72,

) X‘rim'?ér L rEgEL

X WEBEI & 3 EIENZ(GIE, CT/T-88001
EoTHELR, 77> b 4B %, X MEEESO,
90,100,110 UF120kV 1K LT, 3 )T 7 -
WO (1152mAs) #ALTAXr> L, 13
LANREEOEa Y T 2 AR b LA,
3) B b HEER o g

AL oBEROKa > 72 MrdEOEE R

 72¢h, GE #1 CT/T-8800, %5 TCT-60A, B3
WCT-W3,7 7 =47 #Delta-2020, s—Ar A

# Somatom-III % t* EMI # CT-1010% o L 72,
TP MLBENL—FDELETAT YL, &
EgEOEKa > 7 X FBRERBRETL 72,

3. BRRUEE

a. CTENZE

AS&E CT-450ic & D EIE L 72 2 53D A
*HOCTiEE X BREBEOBEE & L T Fig. 612
Y. &N b DBITEMEIE Fig. 3 DM EE &
FIRRZE R 2R 2 s b b, $72, CT-450 &
GE# CT/T-8800ic & 3 2 FEH N A v CT

ENZEIL, Fig. TICRT & 91, X SEEE A8
5 120KV O5HU NI Z—EE% LdH L 72,

INHORERIZ, 2.aTHTHRLFFERR & —2
L, ¥4 2> A Bicl Y BFfrX—I2K
HFLaWEa > b T2 BB FHliATRE & %

CT-number (HU)
|
o
T

Xyron-A

—30 b

80 . . 100 120
© X-ray Tube Voltage (kV)

77 A &A%ﬁCT%O&OM%én
fek &4 D/AEBV)CT{“E“@X%%‘“
%rk;&wwe

Fig. 6

[ AS&E
5 T
z
OB
%
8‘0 .  ‘ I0.0 I 12'0
X-ray Tube Voltage (kV) :
Fig.7 AS&E CT-450& GE CT/T-8800ic 2 T

BELZ 2EEOYN o CT ENE, X
REEEORE L L TURLTH B, BRENH
Bz 2OV A 0> D FHENFHERE
»HRDIZL D,



B EERLTRE,

b. XHEEEICLDEENEL

Fig. 813 CT/T-8800ic & 1, E7% 5EE+ (80,
90,100,110 % 120k V) ikt L T, |k 3 1) T >
N7 - F (1152mAs) THELNZEFEZTRL Tw
%,80kV B LUKV IZBW T3 215 /KiE
DE/NINDEZITZT mm TH b, Z1F100kV B &
U110k V 2Rt L Tidbmm TH D, 120kV icxf L
Ti33mm TH 5.2mm DRI, T I DEIZ
DETLHHTE 572, RITRL2EEREIZ
CtEr UEE S N A EAIE, BEVE L X5
EHEME AT A LICHRT LD EE 2
L b, %3, Fig:8oEEFIZIZF A v & CT
EDBIEIC 72K & DEFHFREOZEICD &<
B ITRHRPBEEE N TS, ZckY
K>+ 72 ORI FILL Twb LIFE R
W,

INLDKERICED, 77 PABIIRTFER
AX—I2k b wikar b7 2 M EEOFHEIC

HECTH b 2 AR Sl T, '\ ZR7 b
ATIEPERDF I L CRMii 2 i H124T-) =
EDTEDDL, HEOMEEHICHEL TWwb &
Ez2bN5,

c. B MMk

Fig. 9132.c.3) THTR L 72 6 F3H M X i CT 2%
Bk, v»—FroFAEGNL L THRLILE
77> k& BOERE TR, BHATRE LR DR
N EZIZEE a) T3—5mm, b) T5—7mm,c) T
5—7mm,d) & e) TTmm,f) Tl0mm THb.% B
# oy B IS, 10mm DRIEE c) & e)
D= Fabt— L THET2DIIHETDH 5 27,
CRT®=%—FT74 > F72Z{b& I
WTE2, EBOBENHENL7 7 P2 B &Y
L35I ML 72 DERIRDFIC BT 5 HIZ E
HTH LY, LBniERIE, TNETNHX#HECT
BFEOER EORES LIZITHIG L TWwb L) ics
2B

d)

Fig. 8

e)

XBEBEEICLE2 77 2 BOEEKBNE, 77> 4B % GE # CT/T-8800iz &

D, BADI N TrXTH (1152mAs) THR¥L 72, XHEEEIL, a) 80kV, b) 90
kV, c¢) 100kV, d) 110kV, e) 120kV Th 5.



Fig.9 6 ENDXBMCTEEIZLD 77> b2 BOEEZENEL

4, % W

80—130kV D& X #pEEEICH L T, CT
fENEH—FMEDS HU 25D 2 @D T A v >
PHWT, Kar 72 MR EFHET 27 7
VN ABRBELR, 2077k a0k BEHNE
HFZAUX—2L b vk, B rEEN X
BWCTHEBORBEEUVAEDHEEBRICEHEE
Zb6b,

SE TR

1) Chen GTY, Castro JR, Quivey JM: Heavy
charged particle radiotherapy. Ann. Rev. Bio-
phys. Bioeng. 10: 499-529 1981 .

2)ERERL, SUARX M CT & 7 28/ 7 i RE R
EEOLEK, BERWERSE, 2, 3-12, 1982.
Tk —, SRR, EHFEELMXEa Ea—
S W R B O REREEIC B 3 2 EiE (552K
).

HZARERT & MERE, 88, 759-771, 1982.

4) McCullough EC, Payne JT, Baker HL et al:
An evaluation of the quantitative and radiation
features of a scanning X-ray transverse axial
tomograph: The EMI scanner. Radiology 111,
709-715 1976.

5) Phantoms for performance evaluation and
quality assurance of CT scanners. American
Association of Physicist in Medicine (AAPM)
1977.

6) Cohen GC, DiBianca FA: The use of con-
trast-detail-dose evaluation of image quality in
a computer tomographic scanner. J. of Computer
Assist. Tomo,3,189—1951979.

7) McCullough EC: Photon attenuation in com-
puted tomography. Medical Physics. 2, 307—
320.,1975.

8) Proposed amendment to the performance
standards for diagnostic X-ray equipment con-
cerning computed tomography X-ray system.
Bureau of Radiological Health (BRH), FDA
1978.



I-b—3

?B‘P S (Beam Pomter System) Ik By %nf 33 %O)ﬁﬁ,}“‘ :
__.¥"g§§};ﬁ;@ﬁ;§j(§jjm ) > ¥H %iﬁ 2T —

ARE 5, FRIEBLME,

, i, BT Gl
A B EARTTIEE)

e Irradlatlon Treatment Planning Using B.P.S.

(Beam Pointer System)

Irradlatlon for Paraaortic Node

‘ ,Metastases from Carcmoma of Uterme Cerv1x

= ”SUsuinuKﬁbota, Tatsuo Arai | HiroiShi'TunemotO‘ y

Yuzuru Kutsutani-Nakamura*

The University of Tsukuba

Institute of Clinical Medicine

* National Institute of Radiological Sciences

From 1971 to 1973, we treated 16 patients
with paraaortic nodes metastases from cervical
carcinoma at NIRS. With the use of Beam
Pointer System (B.P.S.), treatment planning was
carried out for these patients. Process of treat-
ment planning using B.P.S. can be divided in 5
components, Ist: CT scan on the couch, 2nd:
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determining of target volume on CT images, 3rd:
selection of irradiation modality, 4th: marking of
tumor margin on the skin of patient: following
laser spot beam, 5th: checking treatment field
by simulator. With the use of B.P.S., patients
with paraaortic node metastais could be treated
without'serious gastrointestinal complications.
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DoSe Distribution of a

Fast Neutron Radiotherapy Beam

Kazuo Hoshino, Katsuhiro Kawashima, Takeshi Hiraoka
Yuzuru Kutsutani-Nakamura* and Shigeo Furukawa*

Division of Physics,

The fast neutron beam from NIRS cyclotron
has been in use for the clinical trial of radio-
therapy since November 1975. The beam is
produced by bombarding a thick beryllium
target with 30 MeV deutrons (d(30)Be-neutron).

An airfilled thin tissue equivalent plastic
(TEP, density: p = 1.1g em~3) wall cylindrical
ionization chamber with TEP caps of various
thickness was used to measure the dose build-up
in air of a neutron beam. The maximum dose
was found to occur at thickness of 0.5g cm=3. It
is comparable to Co-60 gamma rays. The dose
build-up curve is similar to the d(30)Be-neutron
at Texas A&M University Variable Energy
Cyclotron (TAMVEC) data in a TEP phantom.

An air-filled waterproofed cylindrical ioniza-
tion chamber with TEP wall were used to
measure depth doses, isodose distributions (un-
wedged and wedged beams) and tissue peak dose
ratios for neutron beam. A 40x40x50 cm?
Lucite container filled with tissue equivalent

* Division of Clinical Research

liquid (TEL, p = 1.08g cm~3) was the phantom
for all measurements. The central axis depth
dose curves are similar to those for Co-60 gamma
rays and d(30)Be-neutron at TAMVEC. How-
ever, depth dose curves were slightly field size
dependent, compared with those for Co-60
gamma rays.

The isodose curves for unwedged neutron
beam are also similar to those for Co-60 gamma
rays, but the region of less than 10% dose at
outside the main beam were increased.

The wedge isodose angles have been designed
30°, 45° and 55°. The agreement obtained
between measured wedge isodose angles and
those designed values was satisfactory. The
isodose curves for wedged neutron beam were
slightly roundish, compared with those for Co-60
gamma rays. The dose distribution produced by
combining two wedged neutron beams (wedge
isodose angle of 45°) at right angles to each other
was satisfactory for practical use. '
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Proton Dosimetry Intercomparison between
Japan and USA

Katsuhiro Kawashima, Takeshi Hiraoka, Kazuo Hoshino,
Hideo Matsuzawa, Tadashi Hashizume*, Kiyomitsu Kawachi

and Tatsuaki Kanai

Division of Physics

One of the proton beam dosimetry inter-
comparisons as a primary basis for biological
intercomparisons or clinical trials was made
between Japan and the United States at National
Institute of Radiological Sciences (NIRS) on
April in 1980. Co-60 photon calibration in air
was made for field size of 10 x 10 cm at 80 cm
from the source using Shimazu Co-60 teletherapy
unit. Proton tissue dose measurements in phan-
tom were made at the depth of 1.5 cm for spread
out Bragg peak and at the surface for unmodu-
lated beam using NIRS-Chiba Isochronous Cyclo-
tron. Field size of 6 x 6 cm was configured using
spot beam scanning system for proton radio-
therapy.

Proton energy at the entrance for unmodu-
lated beam is 68 MeV which is deduced from the
measurement of range in water. Average energy

1, #

BIE, B TRTFRD 7 ) =N TATIVE
1T T gk, HMEN, FRERT, K

il

at the depth of 15 mm in lucite phantom for
modulated beam is estimated as 38.5 MeV which
is calculated by taking account of each lucite
thickness of the 2.5cm-modulator and its angle at
the circumference.

Results of dosimetry intercomparisons per-
formed on proton beam between Japan and US
held at NIRS are discussed with uncertainties.
The results of intercomparison are shown in
dividing into four categories. To achieve further
good agreement, the followings should be
checked in future intercomparison beforehand.

1. Saturation correction for charged particles.
2. Stability of monitor instrument. 3. Equivalent
photon ’(C0-60) response. 4. Conversion factor,
1/KT, including W-value and stopping power.
5. Ratio of response for the chambers filled with
TE gas and air if one wants to use air-chamber.
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The exposure meter calibrated for °Co 7 rays is used
to determine the dose Dy, to the center of a small mass
of tissue Am situated in free space in °°Co photon beam
where the exposure is measured to be Xg;,.

N
DAm = Xair [(—e—)axr} G

{(ﬂen/p)ﬁssue.a.ir] G’ Atissue ‘ ﬁtissue (l)

When a tissue equivalent ionization chamber used for the
charged particle dosimetry is located in the same
reference photon field, referred to by the subscript G, a
response of the chamber Qg will be given

Dam ‘9‘9‘ [( )tEGlG

{(S/P)TEP,TEG]G  [(Men/P)tissue,7ep) 6 - Pc (@)

Equating egs. (1) and (2) and solving for the mass m of
gas in a cavity gives
=Qc [Wie)recls [(S/e)rer.TEG]G
Xaie  [Wledsiclg ™ [(ten/P)rEP i) 6 3)
Pg

" Atissue * Brissue

If the tissue equivalent ionization chamber is located
in a tissue equivalent phantom in the charged particle
beam, referred to by the subscript P, application of
Bragg-Gray cavity theory gives the tissue absorbed dose
Dp in the form

= (X ele (Sodiserecle -2y @)

The quotient R of the response Qp of the chamber for
the charged particle beam by its sensitivity Qg/Dam, to
0Co photon can be written

R=Qp/(Qc/Dam) =Kt - Dp )

The quotient R can be called equivalent photon re-
sponse. From the above equations,

K. =1W/erEcle
) T {Wle)recle
S/,
’ "%S‘f:%i%ﬁ]ﬁ : {(/-’en/p)tissue.TEP]G %g- 6)
Table 1 ®HEBEMHEEBE7o—Fr—FIILE
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Table 2 EHREBEEBFRICNT 3 ICI8KE
HNEMBHDEMEEE A A >0 FE
Haik WERK
Participant ~ Correction Factor Bias Voltage
MGH 1.025 +300V
SKI 1.002 +250V
NIRS 1.00 -500V
Table 3 *Coy MICH T2 SREEMBOEY
AN TEG L BRDPEHENL X
Ry 2Dk (iﬁﬁwﬁ%—‘ﬁiﬁﬁﬁw)
Detector Response Ratio TEG/Air
SKIIC-17 1.167
SKI T-2 1.169
. MGH IC-18 1.149
NIRS PP-1 1.157
NIRS 401-ETG 1.153
IMS PPTE 1.148
mean 1.157+0.78%



Table 4 TEGEBBNE= 77> 5 H7: )0y RFML AKX 2, R+ (HRE B ER)
Unmodulated Beams Modulated Beams
Detector low dose rate  high dose rate  low dose rate  high dose rate
NIRS PP-1 1.64 16.3 241 24.3
NIRS IC-18 1.65 16.6 2.40 24.1
MGH IC-18 1.68 16.8 — 24.8
IMS PPTE 1.62 16.5 2.40 24.4
SKI IC-18 1.68 16.8 2.44 24.4
Mean 1.65 16.6 241 24 .4
C.V. 1.6% 1.3% 0.8% 1.0%
Max/Min 1.037 1.031 1.017 1.029

Table 4 { R_EB TORBKDOERT, v B
filiv ZR> 2 RICDOWT, TEG BEEFEIZDOWT
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FHCH L CRMEL 72fETH %, R4 BDEH D
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Table 5 &Migk CH72, TEP-TEG E#EIc
YRR EERERE, 1 /KT
(FHE B = BRE)

Participant ~ Unmodulated Beams Modulated Beams
NIRS 1.051 1.051

MGH 1.019 1.011

IMS 1.028 1.028

SKI 1.019* 1.011%*

SKI 1.035%*

mean 1.029+0.015 (1.5%)  1.027£0.017 (1.7%)

* SKI used MGH?’s values for the purpose of comparison.
** the chamber value is compared to the tissue calorimeter
in the spread out Bragg peak.
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Dose and Quality Distribution for
Charged Particle Beams

Takeshi Hiraoka, Katsuhiro Kawashima, Kazuo
Hoshino, Kiyomitsu Kawachi and Tatsuaki Kanai

Division of Physics

In order to obtain a large field radiotherapy
with desired shapes and dose localizations, a
spot beam scanning system with 70 MeV protons

~ has been used since 1979 at the National Insti-
tute of Radiological Sciences. The beam has
~some special characteristics in dose distributions
compared with ordinary broad beams. Necessary
isodose curves can easily be calculated for any
field and modulator used by the superposing of
the empirically obtained spot beam data. The
penumbra of the field obtained by the spot
scanning system is relatively large because the
distance from the range modulator to the treat-
ment position is over 20 cm. Considerable
improvement of the penumbra at the edge of
the field is shown by the use of a block colli-

1. ¥E

WESHOUES B E L 2B TR E R EA
T 18 0 B R BE 2~ 0 16 H A19464F WilsonVic
Lo THEFINE, F20FHIC 25 DOFETR
2k BEESKE, AT, VEIZIRTE
BE N,
Flz & BIBEIIT L b,

1979 MEMTCIE ARy F A X v =2 7%k

BIAETIE2000 A 2 B g B AT Z L 5 ki

mator. Three ionization chambers with different
type were used to measure the influence of
cavity sizes and shapes on the dose distributions.
From the measurement of depth dose with these
chambers, most consistent data were obtained by
the shape of parallel plate. Deuteron and helium-
3 beams can also used to irradiation of small
specimen of the biological samples. For this
purpose, a range modulator with thin film was
constructed for each beams. Reasonable dose
distributions have been obtained. LET distribu-
tion of the modulated beams was calculated for
proton, deuteron and helium-3 beams. As a
result, the biological samples can be irradiated
with LET ranging from 2 to 50 keV/um.
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Microdosimetric Measurements for

Radiotherapy and Radiation Protection

Yutaka Noda, Takashi Maruyama

Division of Phisics

Neutrons produced by bombarding a 4 mm
thick beryllium target with deuterons of 30 MeV
and 70 MeV proton beams are used for a clinical
trials of radiotherapy in NIRS cyclotron facility.

Microdosimetric measurements for neutrons
and protons were carried out using a tissue-
equivalent (TE) proportional counter, LET-1/2-
sw counter (manufactured by EG & G Co. Ltd.).
The TE-gas employed is the propane based mix-
ture, and a pressure of 68 torr yield an effective
sphere diameter of 2 um. The energy loss in a
2 wm pathlength of propane based TE-gas was
calculated to be 81.7 keV/um.

For the improvement of S/N ratio, a probe-
type charge sensitive preamplifier built in a first
stage FET was used. FElectronic signals wer
amplified and processed with a homemade
spectroscopy logarithmic amplifier and a multi-
channel analyzer. The logarithmic amplifier
made it possible to measure the dose distribu-

=:p)

MEA 70 beic L 2 EPEFRE LU
BFRiaRICcBT 5, BAERLSTOEEHRBD

tions in lineal energy from less than 100 eV/um
to 2000 keV/um at the same time. The number
of pulse as a function of lineal energy in loga-
rithm was stored and then processed with a
personal computer (PC-9801). The measurement
were also made on mixed radiation fields of
neutron and gamma-rays produced by 30 MeV
deuteron in order to investigate the variation of
dose distribution in lineal energy. The differ-
ential distribution of dose in lineal energy,
d(y) = y*n(y) was normalized to yield the
fraction of dose deposited per unit of lineal
energy. On the basis of these distributions, the
dose-averaged LET for radiations outside the
primary beams was determined and the average
quality factor to patients was estimated to be
about 9.1 at 5 cm from the edgy of primary
beam for a square field of 11.4x11.4cm at 200
cm from the target.

WRFFE O SRR RR 255 2 L 2 HEY & L, Rossi
(1955) AR08 L 72 MIE 7 T H 5 S Bk R It
PIEHEE 2 V¢, ERETFHRE VS TR AR
N7 7 b ARADECEEON G A ILX 5
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KR, HEaORERREON N K/ A
ZEH A ARE & L 72,

fF5 A NFDFH L > 2 13%10eV/pm~10
KeV/yum Dz v 7 ek ) KEBESE L0
KeV/um~# MeV/um OEHEHEICH2 ), BE
DAY P VETEICREBIOFSEE L LEE T
b7z, WELEDEEDFERR YT — F TSIz
BanMErEL S, (E-T, £FfllvUich
72 % EIREFA R ° LET 44 SRATLEE 0 1 B 1L 0
7212 LIN —LOG Ze#a38iig 22 O bengss) % A
W, LOG A7 P vEHBLERE L, EALL
N s RADECA (1973) m EI i % 3% otk
B, ZEERAETN, DCYH—KR7 4 —F
Ny 7B E AL 72 DC AT E R EIES & 4
R & RIEL 720 ANEEIRE OB T
¥a 5T H—FPOBERELERL 72, Fig— 112
LET A7 turX—=3n7ay 7 84T 775
BT, MHBEBOMMEREIL—780~—850V &
L,ﬁm%émﬁmm%vyyim%VMm~2
000KeV/ym 2 FJRE & L 72, y & AFICRIT 2 IZIE
ummﬁwmmwammwﬁﬁaﬁl%w%ES

MeV) iz & D BRI EZIC B T8L.72KeV/um
BEEEL, /‘H/X/L/T\l/ ZC100V/ym~ 1
MeV/um D#E THRIEZ T2, Wi a Dy
27 F VD5 iEEE (FWHM) 134920%TH -
2o
RS b ONEER S Wiz LET K&
11512F % > AN NFTFI7A4FicL D7 -7
INEEIT- 72,

F— Sy I I~V F Lo Ea—F (PC—
9801 NEC) I & W 4F-72, Fig.2 icy &S D
F— ZHRATICHNT B MR AR T ﬁ% zonT

FEET B A%, NENIESRD b ONEERI N
High Voltage Pulse
Generator
Spectroscopy Pulse
LOG —>1 Height
F Amplifier Analyzer
LET"SW -1 2 tee 06mv~12v 512¢ch ADC

d=2um CgHg TEgas :68torr

LET A7 buAt=3nT 0y 754X
A

Fig.1

THEORETICAL
Lineal energy : Y = E/T

E : energy deposited by an events size
T: mean chord tength

Differential distribulion of the number of events in the events size y
fiyy = Nifayi LOG AMP SPECTRA X : Logyi
Y fyr-ayi

Frequency mean of fiy) : W’. :Iy'f(y)dy /If(y)dy :%—'N-NI—

Dose mean of fty) : YD jyzf(y)dy/ V‘!f(y)dy -—E—-XI——NH—
i

2.
Fractional dose distribution of fty ;y~d(y)=y1f(y)/ W'}f(y)dy= 4;’1‘2’;:-Na

Distribution of dose in LET : DW) = AtL)/!AlL]dL

Distribution of absorbed dose in LET : Aw)

Ay =250 (yN(y)-ysz Yoy -——-k-———dy zyN(ny.—y/2 A;\}:)

Absorbed dose average LET : L_d IL D(L)dr. Mﬁx—'—

ZAwyayi
i T J0wbwa _ SQuAw4Yi
Mean quality factor : fD(L)dL EA(L)AW
Quality factor as a function of LET : QL) =C°‘C1(L“Yl)*CZ(LDYS)20C3(LD)'£)3
kevtgl.:,ater Qe Co= 14573
<35 1 C1=-09529
3‘5~7'.O 1-2 Cz2= 04008
70-23 2-5 C3 = 00930
23-53 5-10 _____. (354yi&175)
53;;;2 102'50 Qu= 1 (yig35)

After ICRP and ICRU (1963) Q=20 ( yiatwrs)

Fig.2 LET @#iFEnEsEN
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B4 Ae | AT lineal energy v (y=E/I) # log
y L, sy DEESF f(y)IcF » > ALY
7200y B ELT ) D2 R Ay, =
Vi~vi, KeV/pym 2H U772 {(y) - Ay,=N; 2%
R B, o TE&T v A NEZ) DA T M
(NJICyE2ET2EICLVBEBOEA 24
Lizy D@5/ dy) =y - fy) Kb 5,
LD fly), RUdy) DSTOFHEY,
EAmOFHE y E), Y, REFHD v &) 125
BOBEEET T XA-F % b, BBHHd
VoS HE#ES 112 /—<5 4 XL 7 lineal
energy y DXEIEIC L 2 vy DR ES Gy
diy)TH 0, X, dy) nESHBE D) = *dy)
dy 27— ZBiric £ D Rd 2, Ry -dly) 5
& UEEEYIC L=y (linear energy transfer;LET
L) % logL & L THRILIRE 75 % K&, ICRP &)
Biod s BERBEQL) 2 LEM3.5KeV/um
~175KeV/um O #if % 3:kXT74 v ML, Q
(L)Y## %K, LET B OB ESHHE D(L)
QL) EELZQM) -DL)nHEZEE D(L)
DEFETE - 72 EH LET 57 O FHHE R
QLud, AHECBSTRBHEENCEL T
Ye, YDRUy - d(y)Hiig %, BHEBSHOT—5
KIFQ RV QL) - DL WMz ERT 5. &5,
YefER & y 575 (100eV/gm BUF) A9EHE & 11
T (VA ZHIZED) 20, SFEOTREI &
DREE 2T, L, Yo [EIEE - y 975 ($100KeV/
pum b)) DHEECHRHEENICL ) BEL 2T
2720, MEFNLODEBMEIZIFEICHETH
b ERRAEEI NI,

HAHE TS TORIE R URR

1) 16, 22.5, 26, 30, 35MeV EBFNH L 2 Be
(dn)B RIGHEFIZ oW T, ZEFTOARE T A
WEXGHERREL 2, FOERE Table 1 U
Fig. 312 Ve, Yo RO yd(y) B2 7T, EBTF
DIANKIZL D yFHOEIIEET, EBTF
DIFNEDIRSTBICO>NT, KBBFIcL 5
FEZRZ P NEySTHEOENFIITNL &3t
12, a KFRURBEFICLAF5ANTITR
LT ERERL TS, ZO5HNENLIZ Vs,
Yolilz b £ KBS T 5,

2) WMeVEWRTICLE 77> P oahmBEE
LAMEZANXSHOBERES Figd R U
Table 212”7, RERF 77> b ThHy

FAICKRELZEIR LN LW, HLET RUE
LETflichb T uEIrRL5,

3) 30MeV ERTICL 2BHEEHNTH 77}
LN2.5emE & TOFE A NX 5O EE % 1%
FREUCBFRICOWTIT-7, FOERE%
Table. 3, Fig.5, Fig.6 (¥ Table 4, Fig.7,
Fig.812 Ye, Yoo Qe y-d(y)%#, Q-D(L)5

BEBF LA X 16, 22.5, 26, 30,
35MeV (2213 % Beldn) B RIGIZ £ 5
LR P CHOFRETFHRD YF, YD iE

Table. 1

3e (d,n> B Reaction Neutrons

Deuteron Calculate —_—

Ensrgy y-range YF YD

¢ MaV ) e C keV/micron ) ——=m——m—=
16 0. 08~2000 14. 6 85. 2
22.5 0. 08-2000 11.8 89. 8
26 0. 08-2000 11.1 -93.3
30 0. 08-2000 10. 7 101,
35 0. 08-2000 10. 4 108.

LET-1/2-SW Propans TE gas 68 torr. 2 micron dia.
1L4x1L4 cm field. on axis. in Alr,

0.5 (— e 4 s B A 1.0
PN M — : : -
‘2(]_3 16MeV s,(d;;;s 1, \< ‘;Z g
>

0.2 ' A — 0.4

0.1 4 — i - 0.2

0.0 riirend N A% codnal Tl g g

10 10 10° 10* jlins 10° 10*
Lineal energy vy (keV/um)

0.5 v 1.0
L e 0.8 ~
Z 22.5MeV Bs @B >
T08—— 06 %

0.2 — 0.4

0.1 fr — o 0.2

0.0 Losgipu . L cadapd  3oa pine et g g

1= jlined 10° 10* i 10° jlind
Lineal energy y (keV/ium)

A IR AT R T n s —
S 2sM er;.@:oa : &8,;
503 ad T 7 N L6 x
3 H

0.2 fol 2 0.4

01 4 = 02

0.0 it : - PN Ll caiual g

jlind 10 10° 10t 10° 1? 10*
Lineal energy vy (keV/zm)

8.5 —rrrrr—r s 1.0
S0l LN : - 0.8 ~
> ISMeV Be@n B >
= 0.3 vi 0.6 5
> i

0.2 et 0.4

0.1 - —P) 0.2

U'ﬂ EMRTEn (EETI SRRt I EET FMEEETT 0_0

10 1w 10° 10* 102 jlind iyl
Lineal energy vy (keV/um)
Fig.3 EBFIALFE 16, 22.5, 26 ,35MeV =

T3 Beldn)B RBIZ L B FEFRNY -
d(y) & # R Dy) B
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Table. 2 30MeVERBFICLE 77> F2RTD Table. 3 30MeV E5F 21T 3 Be(dn) B Rk

FEFHD Yr, YD & X P EFREHN-> Ty 5
BT 5 Yr, YolfER U TFHHREFZE QR
Be (d.n> B Reaction Neutromn ‘Be (d,n0 B Reaction Neutron
Deuteron Energy 30 MeV Deuteron Energy 30 MeV
Nylon Calculate — — p—
TE.Black Calculate — J— Outside y-range F o oF
P> i evmicton > oo I —— ML —
on axis 0. 10-2000 6. 45 85.0 8.0
0 0. 10-2000 6. 30 89. 1 6 0. 10-2000 5. 35 84.2 8.2
20 0. 10-2000 7. 44 80. 8 8 0. 10-2000 4.21 89, 8 9.5
50 0. 10-2000 6.74 79.1 12 0. 10-2000 2. 36 82.1 8.2
- 20 0. 10-2000 1.70 67.6 8.2
100 0. 10-2000 5. 82 79. 9 36 0. 10-2000 1.22 56.3 7.3
51 0. 10-2000 1.04 49.7 6.6
11.4x11.4 cm field on axis. in TE.Black Phantom 86 0. 10~2000 0. 97 40. 9 6.0

LET-1/2-SV' Propane TE gas 68 torr. 2 micron dia.

LET~1/2~SW Propane TE gas 68 torr. 2 micron dia.
11.4x11.4 cm fleld. in TE Black Phantom 5 cm Dapth. Benelex side.

0.5 —rrrrr— e IARLL T v 1.0 0.5 — ey LA Sl DO M 1.0
S04 Depth O cm onaxis 0.8 - 5 04r on axis —— - — 1 0.8 3
503 : A 063 T03 — v/“/‘x 1 0.6
>0z £ 04 0.2 2 A s e o L

0.1 — : 0.2 01— : % NN oo a2

P e o 100 R 1Y WP, SRR A 0.0 it sl issal Pl g

T FTrR—- 10 et 0* 0 LR
Lineal energy vy (keV/um) Lineal energy v (keV/um)

0.5 (g 10 0.5 (e rrm 1.0
,->: 0.4 | Perth 2Z cm on axis 0.8 ,; 0.4 Oeu::-;ide : : . T 08 ;
Z > Z froemd / ' «

o 0.3 0.6 % o103 T s T — 085
71X a H i : : o
> > R s M S :

0.2 T o 0.2 Ik e -

L1 / =y e e 2 e o L

PR it rio R i 0.0 bbotiie Gl 3 ovanid e si sl g

R e " - e e 0w 10* 1® ® 1

Lineal energy y (keV/um) Lineal energy vy (keV/um)
0.5 — 1Ty 1 T e mm— |
,; 0.4} Perth S cm onaxis - 0.8 ; 0.4 ggtside i 0.8 ;
<
T 0.3 AN ¢ 0.6 5 T 03— R N 0.6 x5
0.2 - 0.4 02 ———7— 7, S 0.4
4 B oot i o FR &

0.1 - ; d 0.2 L —pp—— ; e
0.0 i vl ST TR g g pglt e el M 0.0
1072 0 10° 10* 102 102 10* 107 107 10° 10* 162 jling 10*
Lineal energy vy (keV/um) Lineal energy vy (keV/um)

0.5 (e T rrrm 1.0 [ e E——————— UREALL s R were———rrrrm 1.0
5 0.4|DePth 10 om maxs 0 S04 L ggtside — — 0.8 2

- <rm T H T
0.3 : - 0.6 303 - - 0.6 5
5 0o ]/ X\\ o o .;&2 e : e o
01 : / 02 o S R 0.2
0.0 Ll narIve PR B AT s Lol g 0.0 Lot Toivnd a i PR \"'x’“"\—-\g i 10
107 bl 10° 10* 10* jlid 10 1062 10 1° plig 10 10° 10
Lineal energy v (keV/um) Lineal energy vy (keV/zm)

0.5 e T —
~0.4 ) Outside i ; ; los
> g p=ypts : e ; ¢ >
< 0.3 ; - o . 0.6 5
S frarsens ¢ g H

. - - — - - 0.4
Fig.4  30MeV EIFI2f T 2 Beldn)B G & o e B I
& o 5 H ] B H Lo H
ZHETRY - dly)a# LU D(y) #i#g g.p L e T N Sl g g
102 10 10° 10* 102 10 jlind

Lineal energy vy (keV/um)

Fig.5 30MeVEBFIIHT 5 Be(dn)B KIGic &
LT EOBEHNATH y-d (y) FFH RV
D(y) HI##
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30MeV BB T2 R 1) 5 Be(dn)B I
X B PETFREENTOy SAIH
5 Ve, Yo iR UFHREES Qr

Be (d.n> B Reaction Neutron
Deuteron Energy 30 MeV

Table. 4

TE. Black Calculate — — J—
Outside y-range YF YD QF
Cem ) W memmee——— ¢ keV/micron ) =—=——=——=
on axis 0. 09-2000 6. 82 80.0 9.3
5.7 0. 09~2000 8. 03 111, 9.8
6.7 0. 09-2000 3.16 81.5 8.8
7.7 0. 09-2000 3.92 108. 10. 6
8.7 0. 09~2000 2.61 78.7 9.9
10.7 0. 09-2000 2.03 75. 4 9.1

LET-1/2~SW Propane TE gas 68 torr. 2 micron dia,
11.4x1L4 cm fleld. in TE.Black Phantom 2 cm Depth. Iron side.

0.5 ABLLL Ty T
04 on axis Ve
) 3
EELS ; 15 5
Gz - 10
L1 . 5
0.0 JRNERCeE W PRSI Y B
1= fing jliag jlig 10* jlid 16"
Linear Energy Transfer L (keV/um)
05 e T T T T Trrr e
L4 Outside
3 8 cm - 3
=03 15 5
G2 10
0.0 L UTHE St aatt Liiia
102 Ll 10° 10* jlig jlig 10°
Linear Energy Transfer L (keV/zm)
R e T T T Ty Ty
Outside
3 20 om 24
=03 15 5
TGa2 o 10
o1 -\ 5
oo M Tt A i
jlind jling 10° 10* 1 jlig i
Linear Energy Transfer L (keV/um)
18] T T T T T T T vy
04 Outside
3 36 cm A 3
503 \.\\ 15 5
SN\ - 10
o1 . . 5
00 TRyl LI S g
10 fling 10 10* plig 10 10*
l.inear Energy Transfer L (keV/um)
0.5 Ty T T T T T T T 1T Ty
04 Outside -
3 i B8 om / 3
z L3 i 15 3
Guoz ; . 10
0.1 P 5
0o cast fur siiai A
i 10 10° 10 1 1° 10
Linear Energy Transfer L (keV/um)
Fig.6 30MeV EBFICRIT 2 Beldn) B KIGic &

LR T ROBEEN T Q - D(L) iR

0.5 —r—rrrm—rrrpm —rrrre e m 1.0
';[14 on axis 0.8 3
‘-;u:»‘ . : - e LR

0.2 /}’ \\ 04

o1 - t - - b2

[T - s A B S )

10 10 10° 10 10* 1° 10
Lineal energy vy (keV/um)

e T T e 1.0
o~ Outside : : N = :

3&4 =l : g ; 0.8 N
T03 . S : Le 5
:/ H

.2 7 S o 0.4

0.1 " \_‘ 0.2

iln il i T 11 il i a il IEEEETYI [Lﬂ

10 10 10° 10* 1 1° 10°
Lineal energy vy (keV/um)

8.5 —r—rrrmm T 7T T T o 1.0
— Outside
30‘4 87 mm L3 S
s63 = L6 %
™2 ; . 04

0.1 : — ‘\_ 0.2

0.0 r it T vii AT Vil g g

107 plined 10° 10* jliny 10° i
Lineal energy vy (keV/gm)

0.5 —— T v +rrrem 1.0
—~ Outside H
> o4 “77 rom 0.8 i~
-:ELS T 08 x5

0.2 ——— 0.4

L1— e o2

0o sy rlTm PERTET SR ARy stiv g g

10 10 10° 10* 10° 10° 104
Lineal energy vy (keV/um)

I S e rrprm 1.0
—~ OCutside :
> 04 87 mm 08 N
-:0.3 : 08 5

0.2 - — .4

01 < bl 0.2

0.0 PR A T B S )

10* 1 10° 10* 10? 10° 10*
Lineal energy vy (keV/um)

0§ T rrorm 1.0
sui| Guretae L s
%;’&3 - 08 X

02 < 04

L1 — A 02

0.0 i T L i T N S R

10 10 10° 10* 17 10° 10
Lineal energy v (keV/um)
Fig.7 30MeV ESFICHIT % Beldn)B R IC &

LHETFROBHENCOy - dly) ZFH R
D(y) gi#® (8kE))

HHRE T, BEHT»LENBIION, o BF
REEEEOS LET B 5 A VX —47 it
WAL, EBETFICL 2205 mIZFHEELY,
K LET HEBDfF 5= A X omiiE L->Tw»
b, ZHUIBEL — 2N 0BELELRRERICL S
BIANXTHEFPLy BOFEIRKENI L%
FTo ZOMEMIE Ye Yo QeBfEIZB VT
ECELINTVE, X, EPETFREERDY
A—ZI3HRERL ALy 72 ETERENTE
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A5 T v r
ERU o 83
o
a J <]
.05 rrrﬂ 10
R : =l s )
10 10 10° 10* 107 10° 10
Linear Energy Transfer L (keV/um)
= : {Outside
J.10- : 57 yvom 205
o H H o <1
a : :
RUEE 2 10
N 1 ,
00— ; R S - 0
107 107 10° 10* 10* 10° jlin
Linear Energy Transfer L (keV/um)
.15 T T T T T
Outside | H :
el e e
5 N Al 0
p i T i LoE N
S 10 107 10° 10* Bl 10° 0
- Linear Energy Transfer L (keV/uzm)
P Outside P
2.0 T e e
% ® ™ N : 10 °
: RCER P :

.00 + S e + SO}
107 107 10° 10t 102 10° 10
Linear Energv Transfer L (keV/um)

A5 ey rrro T :
; Outside H P
3 1) (nk 87 mm : 203
g U‘( “\1 Lt / 8
05 i 10
g b e sl P L i 0
0= 10 10° 10* 107 10° 10*
Linear Energy Transfer L (keV/um)
.15 Ty A e ML
= [ IJ‘LL\ Outside . :
g.w U \: 197 mm " 20 3
; i ¢}
G L5 |t LLJ\ ,f'ﬂ‘z—\ﬁ 10
| LRI
00— S - i )
10 plined 10° 10* 10% 1 10*
Linear Energy Transfer L (keV/um)
Fig.8 30MeV E M F 21+ 2 Bel(dn)Be G I2

L BREFROBEHNTHQ - D(L)
(Benelex 1)

D, FAFNOWENRWHy - dly)FAmicB»
T, BB L #20KeV/ym 23 L TEM DT 2
NxAL vy 7 AMEDELET B THEML, (&
LETHITIHRA L T EEF LT LEETHED
HIBH L 72, k

4) BEHRETERIEHEECNT 5 B ENOBELR
DREH LET-5—-SW (54 >F LET&E» 7
vy —) BEEEY B THENEORB R UREA
ORRBHRIBTHEEER T2, TORRE

P FRERBFICRTIREENR

URBTHy SHic & 5 YF, Yp, QE

Table. 5

Be (d,n> B Reaction Neutron
Deuteron Energy 30 MeV

Out Beam Calculate — J— —_—
Room y-rangs YF YD QF
Area —m———= ( keV/micron ) ————=

Therapy Room
end point 0. 04-2300 0. 65 25.6 5.6

Maze space
entrance .2m 0.06-2300 0. 60 22.9 5.5
center 4m 0. 07-2300 0. 68 42.0 7.9

LET-5-SW Propans TE gas 10 torr. 3 micron dia. Bias ~780v
Treatment condition. in Air.

0.5 —rrrrm—rrrm rreT T 1.0
- Therapy Room
vﬂ.d “;';{m 0.8 ~
© 0.3 06 x
> a

0.2 Yol 04

1 B I - 0.2

0.0 PP e NI B T il U g g

hlin 10 10° i 1 10 10*
Lineal energy vy (keV/um)

L8 —rrrrm—rrrrm TrrrT AR v 10
5, 04} Mam space 08
o >
-;&3 06 x

0.2 v 0.4

01 ;i - i 0.2

) A riv i i Uil g g

16 il 10° 10t jling 10° 10*
Lineal energy v (keV/zm)

0.5 T e 1.0
S04} Mazmopace 7 08~
S g omer : 162
> £-4 A

0.2 . 0.4

5 :

01 > ; 1 - 0.2
0o siies L1l T PRETIY B WYY bl g g
1= line 10° 10* 102 10° 10
Lineal energy vy (keV/um)

0.5 [T T
30.4 5 TN D _
=03 F i Therapy Room 153
o2 1 B mipant | qp

L1 i y g e o

0.0 ry Sy WYY T IV )

10 blied 10° jlig 10° 10* R
Linear Energy Transfer L (keV/zm)
5 A A I R TrrT T TrTT—Trr
15 EREI
3&‘ : L‘H 7 N a
=03 L Mazs space | 19 5
G2 L A £ mtance | g
L1 " g e B
oo o 5 : rrrec WY 1Y% Y
10* 10 10° 10* 1# 1° n
Linear Energy Transfer L (keV/um)
L5 (1T I Ty T
I id
504 [ 7 pae o BRI
=3 Maze space \52“%
Go2 % gonter 10
L1 s 11 5
0.0 e ™ e S o F s 0
plin 10 10° 16* iy jling 10*
Linear Energy Transfer L (keV/uzm)
Fig.9 #EHEFRERECHT 2 BEENR V%

BTHY - d(Y)o# R Q - D(L) #ifg
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Table 5, Fig.912R¥. y-dy)aficBniz  OHEA2LCELTwE, 77 F—HTRBFI
BEL y #, RPIRZANVE —FETFOFELIRT LB yamENTAFES (BE) FETIZON
50, ERERRHICACCREIALYRETE  CELETMIITA, E— 7l cirdiese
DHFHHEEICELN TS, E-TYER

y - dy) ST FeEERRL Tw b, Table.6  70MeV BTz & 2 A HRES KN
- : . Dy AT B Y, YpiE (Lucite
B T35 T BlE R U R .
TRz £ 5)
1) 70MeV BF#ic L 2 BEBHNTORE%, 70 MeV Proton
2mm?§@§%@§’%ﬂ l} %“—57 ?ji\tf, }[/’}7‘/{ }‘m}{ Lucite Calculate — — _I;
o — . N Absorber y-range YF YD Qi
Wiz &9, 77 b—4 v A PEE  25mmbkl @m  m——————e  keV/micron ) ——————-
T), 79w 7E—27 (WA FE 30.5mm) KX o 0. 13-500 1.07  4.26 1.63
iy N 10 0. 13-500 1.21  4.85 1.56
HImER LA FEY 32m) TEHREME Ty is 0. 13-500 oo 367 154
SHDFTR E AT o720 Z DFEFRE Table 6 & 25 0.12-600  1.80 450 1.9
Fig 10l2R4. v-d(y) S D EES IS 30 0. 13-500 4.91  7.61 265
g oo ¢ _C y-d{y) 5 {*f‘ ﬁf‘ b &’7? 30.5 0. 13-500 7.84 12.2  3.99
BOENREEST LR, 779 7Y —7E% 32 0. 13-500 11.1 28. 4 7.94
TE| WVELERLTWE, YolEIo LT LET-1/2-SW Propans TE gas 68 torr. 2 micron dia.
Zlezml o Yoffic & vZ 2y dia. Collimated Beam. In Alr.
D T s o e s = s A T LD g 1.0 D L e e e emr—rrrrry 1.0
2 O s 2 i % 2 L S
o ¥ Lucite ] b=t ° IL.ucite ] 5 ° T ILucite =
s 08 - / © s 0.8 508 / S0 mm 0.8 0.8 {‘, . 350 mom 0.8
o 7 absorber 7] o e 7 absorber ] & e riv " absorber b4
sus Lso 608 : : o 506 Lt 05 0
R / v o N ] fREAY ©
; / e IX 2 5 B :
en4 ] 047 =04 17 L4 god 1 b4z
° Fins “ g AN # 5 i “
- God II = 02 G- ’l‘ N 02 i - ’l l‘ \ w2 o
w02 5 tae .2 5 g2 -
g / . NE g 3 /l/l \\ g 3 U‘,) A \\\ é&
S ! ., e B =2
L‘f_ 0.0 A//.’ 1 Sl i g O s 0.0 ol il i gy O h‘: 0.0 L A e i 0.0 ©
i 10° 10t 10? 10° 1 10° 10t 102 i0® 10 10° 10 10° 1°
Lineal energy vy (keV/um) Lineal energy vy (keV/um) Lineal energy vy (keV/um)
T i e e e s PP et S A B e — vy 1.0 L8 e 1O
% L ! 1t' - S %‘ g . 1o | = % Luclite =
ucite | =t ucite | ot BO.2 mm / =
»08 /- 10 mm - 08 >0.8 / 25 mm |0 ~08 absorber 7 e
LI Jofoy sbsorber ) G @ T oy sbeerber 3§ ¢ 3 H
gus y 13 ous 7 0sg Sus 062
- 7 g - ,\ ;J — o
LU TN L2 egs o 042 =g 104 2
.E N 8 : 3 /, . ; ° g
002 T 023 so2 A 025 roe 027
a AL E g ¥ HA £ g [
£ Y & N H H =) P 7 H 3 P 3 ]
t 0.0 ol PETIT M 9 wl 0O wgg ISV /% Y wnnd 40° mgp " L g.g O
10 10° 10t 10* 102 10 10° 10* 16* 10? 10 10° i
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Table. 7

70 MaeV Proton

Nylon Calculate

Outside y-range YF YD QF
Cem ) mmm———— ¢ keV/mlicron ) ——=—==——

on axis 0.15~1120 2.84 85. 4 8.2

0.15-1120 2. 18 78.9 1.7

10 0.15-1120 2.08 81.3 7.8

15 0.15-1120 1.87 87.9 7.7

25 0.15-1120 1. 86 88.9 7.8

LET-1/2~SW Propane TE gas 68 torr. 2 micron dia.
4x4 cm Broad Beam in Nylon Phantom 5 cm Depth.

70MeV FBF#ic & 2B DERIEIC
15 2 R MR B y IR B
YF, Yp, Q &

Table. 8

70 MeV PFProton

Proton Calculate

Materlials — — j—
y-range YF YD QF

Thickness Density  Range
(mm)  (g/cm ) (mm) e ¢ keV/micron ) =wmmmme
Lucite 40 1.20 34.4 0. 35-1140 4. 66 81. 6 8.7
Aluminium 22 2. 70 19.7 0. 26-1170 4.12 90. 4 8.7
Titanium 14 4. 54 13.0 0. 26-1170 4.31 88. 6 3.8
Load 8.5 11.34 7.88 0.26~1170 6,38 98.6 11.2
Coppor 8 8.82 7.12  0.36-1136 5. 58 98.5 10. 4

LET~1/2~SW Propans TE gas 68 torr. 2 micron dia.
4x4 cm Broad Beam in Alr,

E )

W T35 D 5 = A L X 445 5HN P i T4 55
ICH L THEERRIESE(, K LET $EH 0 i o
WEETH 22, BEEFNTOMEZANLXHHD
ZLIGEFEFICH L THFELEIED LN Y
Polze BFRICHRWTRE—27D8IRTEL <
L, BFROFBDEEFELZEL T2, B
SHEF SIS TIZ ICRP O Eh & ic & 5 P #E
BREDHEFERIT-72, 30MeV EBTFIC L 285
HEFITNT 2 BFTIMEE TOFH OB E R EIL
#9.5TH Y, T0MeV DB FHROEAL, #7.8T
Hoize BTROBEL— 7 DBFETILERME
FROFELIL L TRELEZRIERD LNV, X,
HPETFRIGEB ) A — 25 L OIREHIZ DN
TORE & FHHEREE B TREEMY 510
emDRLE TR, 1007 F R FRRH DL DG
BB IT0100 L L HES N, ‘
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Some Experiments for Radiation

Protection in NIRS Cyclotron Facility

Takashi Maruyama, Yutaka Noda, Yoshikazu Kumamoto*,
Yasutaka Kurata** and Yoshihisa Kokuzawa**

Division of Physics

* Section of Cyclotron, Division of Technical Services
** Section of Health Physics, Division of Technical Services

For the uses of cyclotron in safety, various
experiments for radiation protection have been
carried out by the health physicists and staff of
Radiation Safety Division at NIRS. As an
example of these results, this report will provide
gamma-ray spectra from radioactive materials
directly or indirectly produced by interactions
of accelerated particles with these materials. The
gamma-ray spectra in varjous irradiation rooms,
such as fast neutron therapy room and short-
lived radioactive nuclides production room, were
measured with a Ge(Li) semiconductor detector
at various times elapsed after beam-shutdown.
The residual radioactivity in patients treated with
fast neutron and 70MeV-proton radiotherapy

was determined with a whole body counter.

It was found that the predominant radio-
nuclide in the room of cyclotron vault and
irradiation rooms except for the neutron therapy
room was *°*Co as a long-lived radionuclide. In
the fast neutron therapy room, a large amount
of **Mn and **Na was detected immediately
after beam-shutdown, but a small quantity of
long-lived nuclides were masked behind these
short-lived nuclides on the gamma-ray spectra.
The induced radioactivity in patients was 300nCi
per treated neutron dose (200 rad) for *Na and
450nCi per 1000rad proton dose for positron
emitters.
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COUNTS / CHANNEL

L

60000sec
=15mR/hr

_.>
QU
T

T

S

2L
2/7 3/8 4/9
CHANNEL NUMBER ( x100 )

Fig.2 #AEERATOBRBEGTEDE D v HA~
7 bov (EHERE 1.5mR - hr?

0/5 1/6 5/10

Table. | AEER TR E L5 E o i ERE

(Fig.2 &)
RADIONUCLIDE | Ey by | eps/pEsr RELATIVE | PRODUCTION
HALF-LIFE (KeV) (@) - QUANTITY | REACTION
Cr51 3201 9.9 6.1 .62 Cr-50 (n. 7)
27.8d
5110 - 100.5 -
Mn 52 7442 56 25.8 33 Fe-56 (P . vn)
5.55d 9356 93 30.5
14343 100 35.6
Mn-54 834.8 100 16.1 16 Fe-56 (d . @)
312.5d
Co-56 846.7 100 90.1 n Fe-56 (P . n)
774 12383 68 66.8 Fe-56 (d . 2n)
17714 16 16.5
25985 17 16.9
32535 74 73
Co-58 8106 99 25.61 26 Ni-S8 (P . n)
71.3d
Co60 11732 100 14.6 .15 Co-59 (n. 7)
5.26y 133257 100 14.1
Fe-59 1099.3 56 12.1 21 Fe-58 (n. ")
4464 12916 44 9.2
Zn-65 11155 50 102 2.1 Cu-65 (P . n)
244 d Cu-65(d. 2n)
Na-24 1368.5 100 8.8 .09 Al27 (n. @)
15 hr 2753.9 99 8.1 Na-23(n.7)

RELATIVE EFFICIENCY R.Eff=0.523 E7°*3! a1 Co-56
r=.897
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=3mR/hr

.60

- 6027 Seuze

- 398 Crn

EH
g
H

- s
s feuts

'

COUNTS / CHANNEL
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3
i
101 1 1 1 1 1
116 217 3/8 419 5110
CHANNEL NUMBER ( x100 )
Fig.4 HEWBHEENTH y A7 L
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Table. 3 MR EN TRE S N5 ELMAIER

LTSS &
(Fig.3 &) (Fig.4 &)
RADIONUCLIDE | E Iy RELATIVE | PRODUCTION RADIONUCLIDE | Ey Iy RELATIVE | PRODUCTION
MALFLIFE | Kevy @ |CPS/REf GQUANTITY | REACTION HALF-LIFE KeV) (@ | CPS/REMf GUANTITY | REACTION
5110 - 125. - Cr-s1 3200 99| 163, 16.5 Cr-50 (n.7)
Sc-46 889.3 100 43 07 Sc45 (n. 7) 74
83.94d 11205 100 9.8 5110 - 265. -
V48 9443 8 4 58 Ti48 (P . n) $b-124 6027 97 59.8 46 | Sbi23(n.m
16.1d 983.5 100 59.1 Ti48 (d . 2n) 60.2d 1691.0 50 14.8
13116 98 53.8 Sc46 889.3 100 292 5.5 Sc45 (n. 7)
Co-58 8106 99 31. 31 Ni-S8 (P . n) 83.9d 11205 100 803,
7134 Mn 54 834.8 100 400. 4.0 Fe-56 (d. @)
Co-56 846.7 100 95.5 W Fe-56 (P . ) 31254
77d 12383 68 68.9 Fe-56 (d. 2n) Co-56 846.7 100 102. (1) Fe-56 (p . n)
17714 16 17. 77d 12383 68 66.8 Fe-56 (d. 2n)
25985 17 16.6 17714 16 15.7
3253.5 74 7.1 2598.5 17 15.9
Co-60 11732 100 3.98 3 Co-59 (n. 1) 32535 74 5
526y 13325 100 1.9 Co-58 8106 99 296.6 3.0 Ni-58 (P. n)
Mn-52 7442 56 1.6 025 Fe-56 (P . o) 71.3d
555d 9356 93 2.7 Co-60 11732 100 750. 7.7 Co-59 (n.7)
14343 100 28 526y 13325 100 781.
Mn-54 8348 100 216 22 Fe-56 (d. ) Fe-59 10993 56 194. 3.7 Fe-58 (n. 7)
31254 44.6d 12916 44 170.
Na-22 12745 90 9.1 09 Mg-24 (.0 Na-24 1368.5 100 1423 16 AL27 (n. @)
26y 15 hr 27539 99 171. Na-23 (n. )
Na-24 2753.9 100 13 013 | A7 018
e Na23 (n.7) RELATIVE EFFICIENCY R.Eff = 3.891 E5*!® at Co-s6
r=.980

RELATIVE EFFICIENCY R.Eff=11.05 E5"7%% at Co-56

r=.978
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COUNTS /7 CHANNEL
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sk
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0I5 116 207 378 ars 510
CHANNEL NUMBER ( x 100 )

Fig.5 EHREFERE, 2 A—JETX F

kT y 2RI P
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Table. 4 BREFEREy F L TRES N E

T A AR
(Fig.5 &)
RADIONUCLIDE | Ey Iy | cpg/rEsr RELATIVE | PRODUCTION
HALF-LIFE (KeV) (B B QUANTITY | REACTION
5110 - 11 -
Mn-54 834.8 100 42 042 Fe-56 (d.0)
31254
. Mn-56 8467 99 101 1)) Mn-55 (n.7)
2.576 hr 18112 30 28.2
21126 155 | 156
25230 1.5 16
Na-24 1368.5 100 7.1 07 Al27(n. )
1Shs 27539 100 6.7 Na23 (n.7)
RELATIVE EFFICIENCY R Eff = 90.04 Ey7%6 at Ma-56
r=.987

EZ HN By, UC (CREE04) & L T1,000rad
T460nCi DR B E e HE S 72,
NaBLUUCoOBRHEBERERZFNLFN
1.848 X U0.58mR/hrmCi at 1 m Th B0 T,
BEOBERICL2HCERERL TLEEDRE
T1 uR/hr 2222 81ZH0D %5 L0,
b V2AAT Y DORIE
50eV~4 MeV 2 TN 4 ENE—~T R )L¥—
DHRETF L22Cf B & 2 AmBe O R FHIEIZ
DWT, ROV & - 777 RSN
By LA FEZBIELTz, ZN#EEE Tables
526127, MBENEWELSS UL KRS

200 sec
=8mR/hr

35

4776 best

O:*»u
B

1732
- 13325 covsn
1362.5 uan

< 22,6 wa-58

COUNTS / CHANNEL

1 1 1 1 1
0/5 16 217 3/8 419 5110
CHANNEL NUMBER ( x100)

Fig.6 JEHEFEHRE, Fig 5 LE—&

(22D % v 22H)
(ZEMHSBE 8 mR - hrv

Table.5 V4 - A7 ZDORIEEHK

RADIONUCLIDE Ey Iy CPS/R.Eff RELATIVE | PRODUCTION
HALF-LIFE (KeV) (%) : QUANTITY REACTION
Be-7 4776 10.3 1.59 0.15 C-12 (*He . 20)
53.5d
511.0 - 216 -
Mn-54 834.8 100 4.7 .08 Fe-56 (d. )
312,54
Mn-56 846.7 99 98.7 1 Mn-55(n.7)
2.576 hr 1811.2 30 29.9
2112.6 15.5 154
2523, 1.5 112
Co-60 11732 100 1.66 .02 Co-59(n.7)
5263y 13325 100 1.65
Na-24 1368.5 100 6.19 .06 Al27 (n. @)
27539 99 5.87 Na-23(n.7)

RELATIVE EFFICIENCY R.Eff = 366.2 Ev 752 4t Mn-56
r=.998
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Table. 6 HARMFO FLHES

1 BT B IREFRIERR N v A - AT DL AR A

50keV | 350keV | L2MeV | 40MeV | '!Ct | *Am-Be

gﬁ%fﬂfi et ?gﬁ 2% 755 1021 25 76.3 9.2
gﬁz?ﬁﬁf?aﬁfniw" PECL 0 083 0.793 1.57 0.594 0.140 0.159
ﬁﬁ?;ﬁ;iiﬁ?ﬁ ts’e:% )| 0.00037 | 0.0005 | 0.00154 | 0.00283 | 0.00184 | 0.00176
t fi . E?:n—z iﬁm,em) 292000 | 66600 28800 24500 29300 26800
7 (bpl l{:.'f,:.f/m,emh-x) 108 69.9 M2 5.4 53.9 a.2

H % 2.2 1.480 0.93 1.195 1,142 1.000

4 HEH
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mR/hrbl b BEERZ2BAUT 555, Z i
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2L, Zn %%Co 7% ¥ WEAGEHMIOE R b
EHINOOHDNT, 4B LAEEC—MES
BN 7757 FRRERALTHWLTHAL ),
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HULERE L L TR OET, RERROFE, %
EBEEZDL LTLREETIERMRZEDIEN
2L 2L I HEEND LITHED LN
RECHERRIIRN L JICEHIND,

1) PHEFROBEDR

EEBRIFRIC AL L 72 13RI & O E B E
HiaRD, WEMT A 72 b o2 30MeVHETHR
IR L TR L7 B A R R R B R RO AR
(EFRHER) ICIHERES (2007 FLIT) TF
W RBE 21”7310 &, #iC RBE 2" E0#EN &
HICE L BDHAD D o2, TN L RKEIC
12 EE RBEDEFRRI X BN LI L) 77L >
A =20 & B EFEMBE»LF5115 DofEL
RBHRARIC L 5EFERMBNO DoEL DT %
HHDoEN RBEIZIED(, BENEITFENE
DEBFICIZHREINTE LT, ZTHIEIRERD
FHETFR (30MeV) ICRHRNZLLNTH D LHE
ENB, EWENICIEIOWIBO RIS PTG
12 & B MO RS REEEEROMIEITELT
HD, ok wEnESs, SERSERCTH
HFRBEICNT 5 MIEDBEEIE N TWS 2
EDFEHTE L, WEEAE—2ETLIINL Y
THRIZ, PEFRTHNZTNTEOEYES
WRRB—RTHDETIDOTIREL, ZOWHEE
897 LET A7 b OB MEL ZBEL» LR D &

KK 5L (AEERELIFFEER)

WHENEE 2 RETHLNDTHA ). WEFT
A7utruraidsd, 0L BRETHMEIE
BRerBETLICE, TEZALY—MREMA
L THEE W LET 24£ L 216MeVENK L &
NE—HREFROBEIEZ 5ND,

@ DEBHOR

SEREIBRIC BT 2 ERNLHEETH Y,
FPEFRUER TG & fWTTh ) BEORBIC
FESNHMIBEELIRIE E 2 5, SERMEEV
RS A T S N2 EBRERIE, M
FER T EZ BB DR E R 554, £ RBE
iz T OMIBER = KT 5 Mg B —RE
EFRMRICGKET 2, 230, HEWFPETE
DA, MEITBERESTELMIEETHIUE, M
fa M AE LR O DRI RS T, B
2 L T{kv RBEE /R § 2%, EExELME
HOBZEDOEH M TIZIT L A L E—REICE
\“RBE 27"§, BIEDNHE, FEEELE(T
MIFRBEIEIES L3 THA 5,

(3) EFEHESOZZM

EHE MBI TILE R & B HE R O g
Jaiz o W» THEFRICN T 2 REBRR G e
ENt, EMOSE, BEELZ DL OTENRGE
FHRETFROGE, HE 7 Mo ERICHENT
%, 1Rz, LINEWEAVER-BURK ## 2R L
e ERRMR L E NS RBEENERE
WTONNAMEIZEE, BREGREL LS L TEY
% (G175~ 1.6Dch B, ZHfEIFHIEEL
WL THELNEIE Y, —J, BT,
—IRIERW LET Ui L TERSHETH 5 2o,
EFERMBOEROE S 13, RBE{EIZ1.1~1.3
Wb, EnlEoFCREMBTIRI V=5
V=V TR ICERL T 2 S E O M I TR
ZEW RBE #7R L, FMEETHATOER #{&< LT
WARBERHTERL, X, ZOREBERSEIZHR
BEFHI AT —DEC L HIEL, LET 05
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WilbMev E—aizxt L T3/ L &Y RBE 27/ L
720 D& ) IZIEH MM BUG S R E R 12

POV TH Y, RBEHED L ASE, HEER
FEARRERE R OTEE MR D Z 1L & K,

4 EBEOAREL

TEE AL D P FAR IS £ A ANEL I SR a8
B4 28RERL-TW5, Thbb, invivo BB
o L B IEEMINEGFED RBE & 1 HEF LD
L5 DEBHNFIEL ok, Biz, EETN
=4 RUZIEBAEE (TCDy) 75472 RBE (311
EREFIrRLEC, FLoEBEHORBELIN
EEBRICEWEGRS.)ERLTWEIETH S,
INLNERIEA L L FEFROBEERELL
I in vitro DWFEEL S TFREIN AL LICHR
BTH), BEABHNERNBERELEZAbEA L
TR ER R T EOREN S L DICiE-
TRELRR2BTINETFEEINS, Z0HR

ZEENRL2EZ LD ETREELINTH S, 2
@¢%?ﬁ@%%#éﬁf($&m@%%#%i
s,

b5) BFROBEBIMYR
RLFROPTHFHRIEANY 72 E®RITKRLT

CNTBRBHHFFIFEEZTRT b TS, HE
W70MeVE FizA 4 emDIEE L b, FOIK
E—7 (1~4mDBEE) THRESHO—FRIED
AR B RE THEID LN T W5, M,
IEEMNE S L 20K — 7 NOMIEFENE
fLiz—EFELTE), EWFENHRE»L LB FR
E—LDBBOSWOEFEHFRTER, F2,
B RFER Y MGH #be CkE, R b>¥) 1258
T BT HEORE AR LR OERIZ, 13T
—HTBLDTHo72, TNHLDMAIING TR
E— LDEBRIGANOERE S BT 5 L3R,
FOIGADIARILEN D,
PlEoin<, Z o CE s R R
BRI TR EANDELE WO EZ T, £
DEROFEIIRIZ ) BRESH/THY, F 2R
ICIEFEBAANBEETH D, Rz, ®BEE, Sk
BIBEELIRD Z & e hth, BIEL EHMEMR
RPERTNETHDL, LarL, ZNbDFEDH
Bz, MIEANEL R R E 2B A B
BHRATRRSE AT F DEEBICH » THERSINE Z LIS
%BZAHY, TOBERT, LiPFERTE & HHEE
BN BE L HAVLETH Y, 2, Z0HL
W2 L 72 B R IT e~ DR R E W HmATERILT S
Lo LI NG,
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BEHYA 70 ba v

2 & 2B DRRMAR

B & IR H AR E 1B S 2 BRI

o — o E T
H E % (ERRIFIEEE)

Biological Effectiveness of Particle Beams
Generated from NIRS Cyclotron

—Tumor and Normal Tissues—

Koichi Ando, Sachiko Koike ,Nobuo Fukuda
Division of Clinical Research,

Biological effectiveness of 30 MeV d* - Be
fast neutron and 70 MeV protons was investi-
gated on experimental tumors and normal tissues
of C3H mice. Relationship between cell survivals
and tumor control probabilities indicated that
single doses of fast neutron achieved 50% tumor
control probability with less cell killing than
other radiation modalities. It was suggested that
cell killing efficiency of fast neutron could be
much higher at large dose-low cell survivals than
at middle dose-middle cell survivals. Mixing fast
neutrons and vy rays with daily intervals resulted

1. #

B E v 5 BEEEOIBEIL, NADRT
b5, EEMEETELESTREELZBES LD
LENTE DY, FERICRTHEAICRE S 2E
FOEFHESICOPEL S 2, TUIBERFEE
FEUHREELZBHECL L TRBREZ S T
%o BETRIEROERIEEBENR L&D, [
BFICIERMEBOBEE 2R TLETHE, 20

il

in marginal synergism on micro-tumors in the
lung but not on leg-tumors with moderate size.
Recurrent tumors after radiotherapy showed
radiosensitivity higher than the original tumors.
Genetic alternation induced by radiotherapy is
a possible explanation for the phenomenon.
Proton beams at NIRS and PARMS showed
RBEs of between 0.9 and 1.1. Proton irradia-
tions combined with a hypoxic cell sensitizer,
Misonidazole, gave a therapeutic gain factor
(TGF) of 1.2 when squamous cell carcinoma and
skin tissues were concerned.

EREEL EWFOUNE D S5 ZER S BT,

JEED A BRREE 2 EO LR E L CIEEHE#
FHHT AR L A HGES T E T2, FiE
EEBRREECEBRMRBERIRETH Y,

BLIIKLETRICI2EERBEUR 25D 5,
—%, 47w to izl 0Bo N5 EFETE
1%, BRFEEN (oxygen enhancement ratio;
OER) #HEEI/NE wio, BENOKEEME
EREAT 2RI E V. F oA MK T
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(Cell cycle dependency) #5/h& WEEE & R
TEREE B EOEEEY L DEE (repair) A%/
BVWELEPETROFETH b, KR TIIEF
HFHRISBERTERINI LM XBR -rRED
B+ (mixed deam) e LB L DHEA LT b
nTesh, 29 LEBEEREORR % EBIICH
RBEIFRFRDEHD—DTH b,

BEWY A 7atorh 5B50570MeV
TRy EER RN L)k -72, BT
BEAHO R THEPETHRI VENL T2, BT
MO LET IE#EPHFR LD EWD, TnTH
Bov—tr POBELETHa 2 Eh EEbNTW
5, Fxld, BTFEOEEL L O IEEBEBRICT
LEIREFND L LDz, EEBEMREEE L0
BERZhRIC DWW T L EET L 72,

2. BIRFHECMH

a, EEIEE L ei—H W8 CGH =7 2
TH Y, EEIZCIHIE~ Y 2IC BATEE L 2R
AiE (NFSa) (R FLEE (NRS 1) TH5,
BAREZRTICREL CBWREE2RR~7 2K
TR, BYTEEFEcEL L EI2INE
SREHICHE L 72, Y S THIUIEE, EEMA %
E—A—i2B L ZoE—A—I2iER Y - T0.
2% L )T W R20mN 2 THBW237C TS
SHEERE M) 7 rp oL, AT
BT Wic b )7 el E ML, EiC2055 %
L, Tt EEEAT VA Ay a2 (200
#F®) ICTHEL, B—EIEEm s L, fiEzE
SRPBEE T CLEMBE 238 L2y, 5% EidE
E-floE LNz, B, 20l EoiigstE
F o IR 1 BT ThH -7z, 29 LTES
N7 Bl 2 1084 g+ &t > 7 2
RIS Tl S 2 IR L 7248, <=7 A TIKHE
BT & 5 W IdREIRINICES L7z,

b, BUHB—RHBIZUTOL D& Az
30MeV EfF2_Y ) 7 ALK TTELNLHE
TR (0.7Gy /%), T0MeV B F# (90Gy/
43), °Coy # (0.7Gy/%r, FSD47cm), “*Csy #
(0.7Gy/47, FSD36em) 3 & 1F200kVp X (2.4
Gy/4r, FSD30cm, 0.5mm Al+0.5mn Cu)o JEED
BRI 3 em X 20em DRI ST E7 5 & O 3 emllB D
F—F Y EREEE2HEW, XBOBEEFBKRW
T, ML LBEET 7 ) Uiz &) build-up #7158
72, pentobarbital (50mg/ke) FRER T CHEE R AT %

BE L7, £FREECIZ5mENT 7)) URT
TERHEFHRICCT A2 AN, RENIITh L 572,

c. B m B

1) EEE#

a) fioo=—

a-1) Type A assay: BEMIE2 <7 AKET
IZRAEL 8 v L 10mBERDIEE 12 Bk L 725,
FEiE 2 BRA L 72, MRS IR I/ R L,
B b )T BT kD) BRI & R
L, @l e fiiludi s &4 0.5 8 % BEIRICHERE L
2o B, Mizv=—%#%HEd HAYT, recipient
<27 23R H 150mg/ kgD W4 707 A X7 7 2
WLISHEHRICH 2L, MEm Lok (o
au =R E 0 { L TB W EEMmig10ea
AT L IRA S SR e B L 2. 108 7
WLIBHICHi Al L, MiRE LoME (aa
=) & WIRMICEERL 72,

a-2) Tyep B assay: 100Gy & L T\
7o HEEHING108 2 & MR IRE %, BTE YA 7
74277 FCRIEL Y 2D RBHEIRIC
57z, W4 mHsIC, R 78— VRREET 2
INLE=T AR A% B L 72, 108 WL
I3RBICH R L, 77 > K CHESE - Yofs
L7k, Miow=—%%itl 72

b) TCDsoik: THEERE T IcHAE L 72 g i i
T mEENOKE S OEEIEL 28, FREFTIC
INEBELL, To%mB—REERZEY /X2 T
Wy, RH%I1208 H £ CEEOBEREL AN,
ERERE L IEBRER:OBRE 72y o
iz L DRz,

C) TDsoik: BREARIC & U B — M0
EUERL, N2 RICHIEL 72, £DH%60H
MBSO MBIELBHEL 2, FRII 7oy Mk
THMTL 72,

d) TRTs i EERA M /X 212 TH 3
MR ARHRL 72, BERBEE S EEAE L DM
Rz xR bic7 ey b L, EEEREER 2
Bz, HMEMERD S B, 50% DS H A
DEBEDSHEICET 2 TOBHL KD
(TRTso) o

2) MEEMEOBRE: MHENIE NFSa 13 Bl
fiks (CFU-GM) # ML - 51t - BjEw- L o, =
a7 PR E EEIE S, ZO
BEld NFSa @43 % Colony Stimulating Fac-
tor (CSF) i2 & » TATh b T3, CSFFEHEDN
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WL, in vitro D ERMITEER » H W TFT
o1z,

3 IE B M #%
a) KRG B 7 BHETIC TIREBOKE

BREBAICTHELL, BEBK6EELL35HE T
1 MR TERRIGND 2 27— %3k, S
DA T —2FH LT, Z% Mean Skin reac-
tion & L 72,

b) RS FUEE O (Radiation Oral
Death) % #H~7z, BRERT =7 2 £BEEL % B4
L7ze BET#20H HIZHE T3 LDyl (LDso/50) &
7Ty MRk )Rz,

c) EBEESMAL Moo =—3c k) CFUs
DR R & 2,

3. R

a

HAEFROEBICNT 8% Cuikl, 2, 3,
4,5) BHMEREMBEBAWT, EEMRCHT
LEFRUETHRERB LU vy B EDREREED

Total Dosel{Gy)

1.5 226 30 40 50
T T T T T
A\ 5N 115Gy~ 11.56=2 3Gy
\ 5% 30Gy ~ 30+56=6.0Gy
2N438° 2.3Gyx2 +6Gyx3
\ =226Gy
s \
5 \
I
2 A
s SFI5N) \ srian+3n) SFi58)
3 \\
theoretical
5N independence 57

Fig 1, #HPHEFHRE v RIESBHOFE, £
BRI pEBEN CEFETREMB Ly &
HmBHEOEFERBRE RO D, KIc—FNE
FEL2 L2 2B BT HREHEITRD, FOHED
15EBE KDL, 2L CRABSEE, Ab
LEPUETE2HE 7 T2 v B3 2E0LEE
ZRHETS, COBRIE2OETFRTT.

TR D TRz,

1) iR -2 ClrEs EER (7o
BEE) 2L 28546 (a- 1) S W INEBEDESE (a-
2) LlmIFTHEN,

a-1) BSOS B Type Affiz
0= — I & o TR £ R, P
FHRTIE 5 7 BIBA T & 1 A% T Do {EDY
Fl—T& -7 (1.85Gy £ 1.81Gy) #%, y#TlE5
SEIFRE O Do i (5.55Gy) 13 1 BIRFH Z1 4.
38Gy) L D HFEICHE KL Twiz, RICEAREB:
DR A TN EPETR % 2 |, y H2 3 EE
5 E|BE Y, F N NDGE D Bk 5B Rk
DL N LEMPEL ERE L (Fig. 1), #%
i3, BEREREERETRE y GBI T
H HHEHYH - 72, Do L THH~/2 RBE 13 1 EIES:
2.4, S5oEIRE: 3.0, BEEEE: 1.3ThH-72
(Fig.2).

a-2) PUNEEOTEEESME: Type Bz
Oo—FERHVR, y B L CEPETED Do
%, MREERORMEEEE X LICHND &,
(y) 1.73Gy & (N) 0.87Gy (4 ®:fH), (y) 1.
59Gy (248$fH), 7L T(y) 1.20Gy ¥ (N) 0.
94Gy (488 H) T#H - 72, Do T RBE fix
2.0 (48R H) BL0U1.3 (4885F9H) TH - 72,
RICEHERASRFHZICBIT 2 RBEEX E=HFFEND
Lo &iega, 1REHTIEZL.7T2wL2.2% L

Cell Survival TCDso
35 |
1F SF
10 b 5F o
/——“”———— "
25 1 F
w
o
= 20
15 we ME
o
10 -
L g Ao {Neutron) )
[ 5 10 15 ) 27 35 36
. - LM B
9 10 20 30 80 82 !
Dose (Gy)

Fig2. NFSa BHBiI+s2EdtETen
RBE. ERIZHMMERE, HRIIESLESL R
T, B 1F 5F MBRRFNFTH 154, 55
e TRABH 2 ERT 2, SHEETIIHER
ST RBEDE { %5755, BIEERTIESEERE &
1 H8 4T RBE #*Rl—T& - 72,
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T4 5EBE TI32.8TH - 72 GEFRMETH 4 Gy
768 Gy FT)o RICHRHE48EE 14 O i/ NE 5
WA 2 BABEEOMBEEE L2, EPET
WM y#ernEn 2@ 08 4 BB L 72,
6 HEIEDMHAHE D H 7255, Do TALHE
D, WAPETFRE y MONEEIKRELEL L5
THEIE LA o72, DofETA72 RBE (&1.40% &
1.62DMTH -7z, A FFkEicL D), BAER
HEOMFENROFTAE T2 &, y-y-N-N DF
T, MERIERIRES LN, ZOERDER
HHENIZEICHBLAZ L Nr DALY
GEND, EWIHETH-T,

2) MEEVEIRAIE: TCDs R & N IEERRIC B
AR TR R B L RA RS GEPET
M2 E 4 3E, 55 9% oshRF R, v
FRE R 1 B FE A T TCDs1283.2Gy TH 1,
Nﬁhﬁ%ﬁﬁ%ﬁ%mﬁf%égﬁ%éoyﬁ
55 BB AT 12 & ) TCDyl2104.4Gy (288 2 72,
WHREFROEA, 1HBLUL SERBE T
TCDsold £ N T N27.1Gy B & U35.8Gy TH -
720 TCDsD I TH#~72 RBE (3 1 HE & 3.1,
5 G EIBRE T2.9TH - o, AR EIZEME
hRIFESH LN, D RBE31.3CTH -7 (Fig.
2)s

3) EAPEFRRESICHEE L 2 ERES: X
SHRTAREIC I L THS L 25t ov T, 20
AR A, RARE S VI 4B
1@%%WBMWHmﬂmEEL&ﬁLf¢@E
RIEE (MR S EOREE & U ARHERRE
T%O,ithF@éu%%O,%éﬁﬁmL

D, BREETHLIELHEIDL) H=Z2EL
Wiz, TNHOEREEEMCHBICEDLNLE
1) EEEEA D & oIEEMER L D LK, i)
BIEAE G, 1D BURREZ T E v & »w ) BT
B odze FEGEEME, EENMILEE, EES
AT LTS M E TR (Type Afiion=—
%) DERE TN, BRES OGS REREE
PECEEIZ, DofEAXVNE WEE L EEES
PENENTZETH S, CBbhk, BREES
DIEERFMIaS B RE 2L, L EDEEPN L
NEDVKREVWLDENZ LD ERH -T2,

b EPETFROEEERICHTT LEE o
6,7)

1) FURERE IS FEHHR TR L 2 LDso B2 8
FFIZHNT, 81 ERE TlE LDso/200318.4Gy

THY, EREFHRTIZIL. TGy TH - 72, (RBE
=1.6), 22E|W4 T RBE I3, S EIMME 1
AL 2 HOBAE, 1.9TH -7, -

2)EHEE A Mo o =—3kic & 9, CFUs D
RSS2 P, £ B REERICHNEE,
X # & #ApE T Do I3 7 1 2 110.94Gy &
0.93Gy THH,RBEIZ1.0TH - 72, KICHE 1%
6 BEFEICEAN S &, Z131.02Gy £0.90Gy T
HD, RBEIZ1.1TH 72, ZOMIBICHE %
I3, BEERICHMEE (extrapolation number) #°
WA THETHE, ZHIZERERIC, BAEEP
7 CFUs % (C FUs M) »3d 4 5 Bz BhE
HbHEELNE, ,

C. BTHROEES L O IEEEMIC T 55058
(ki 6, 8, 9,10)

DERMB L ORF EEEICNT 5270MeV 5F
WRDFNFR & BT BB & OREE A B & o
BERIZDOWTHINT, IRENT Ty I E—7
(Spread Out Bragg Peak; SOBP) z—# L 72 &
B BROIG B & OB IS BRI B R SRR b 72,
SOBP 12517 % RBE i%, 200kVpX #a xR & |
T E BEIERTIZELIC.STH-2,
RBE (x/r) 130.85TH 5% 5, RBE (r/p) 130.
9& 72 A, IKIC Misonidazole 1mg/kgé BT
BERZ D THET L 72, BRE$3040 BT 12 Misonid-
azole # JEFEWN G L 72, IEE O BEEL (Sensi-
tize Enhancement Ratio: SER) (3 X # & 5
TENFNLTBLUL6THD, FEFD SER IZ
TN ZETNLIB L ULAT H-72, Tt T,
Misonidazole ff iz & % iG#MHE L (Therapeu-
tic Gain Factor; TGF) 12 X #7T1.3, BFHT
1.2TH -7,

2) DRG0 3 2 BB TR 2l B 2 TEER % B
F-# SOBP T 1 HF& L, WA OIESED LD,
[20lB%KDT2, LDsold B F48 T18.2Gy, v T
18.4Gy £ L T200kVpX #T15.4Gy TH 1, B
F#0 RBE I3 y S22 T2 £1.0TH D, X
MAEKIBIZE S X0.85TH - 72,

3)7’&@%!’% TH & I RER T RERSE £

—[HF & DR E R R B 2 Wi,
3%@?%%L,%¥ﬁ@ﬁ%%ﬁﬂtoﬁﬁﬁ
FEADRD 2 2 o =— TR, HHRE I IR 2405
MBNCEHEL Th iz, yMANRICLT, 72
OMWéﬁﬁ%éfQTﬁi%mftfRﬂEi
KDz, WENL L UHERFOBTEIZE L
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RBE (p/r) 11%73:\‘{_/720 Number of Survived Tumor Cells
4, B B (Semkil)

e DEBRTEL N EFREFHD RBE 2L
B2 OWEETHELNTEE EDITE EHTE
TR L7z, SHEBAT1 HRS o8B R0H
HIERE LY L KRELRBE 2 RL T, &
BBE D F K E % RBE # R THISMOBFEE :
DIELL—HLTEBY, TOEBEIISERE TR -
Drepair CHKTEEEZ LN T3, #HPFHE %
F4§7° repair % 1T 2 BlaF ez nEB (185, e
WoNEE T L CORERE) THRHLNTW B, Serving frecver
repair DHHIIEE T L EFEHEBTLREZ 2 5, Fig 3. MM B RER L 0BG, &
EHREFROBENRIEI B LN L HEDIZEHM FHFRIEBRNTE, BvEFRTEi B,
#.) repair MHINEEIC L > T 2 & BbR fTes,
%, Withers I35 EIBHNERT— 7 2210 T,
EEMHSOBIEE DWW THEP M TFH D RBE
FIBNT B, B ETERETROBER/ 5 HYPOTHESIS
E5%0.4Gy LT Tl repair # & 14 Sl B 525
P37 < 3 ﬁEO T RBE ﬁ’j(% 70 57 ‘i)¢ %ﬂLDU: radloresistant B of
O E/FEER AL, L LTw5, %4 A) B)
EEHREE 2 5T, B, 8 iy
MR WS LB E N T3, KLET
BIBE TN BRI repair BB BRI O &
WHIIBD F T L D Fvs & v 5 Withers DR 2T
ELWwETHE, &LET EFETRIIREE/N 2 N SR JEUURN S | W, N
SERHER L 5NETHD I, = ‘

KigE/ N EIRGOEERIZ 1 IBEHTH S,
Fx DEBTIIEERECHNZ RBE 12, 4%
BHLIEBEHIE—Th-72, ZOHBIF—E Q 9

50

ontrol Probability (#)

<

30 b

subpopulation fast neutron

single doses single doses

B MM L FEE T 272 RBE 125 81 5 00 F Hik pose

EhoBEFET L, T2 THIIREGTERSEE 5 fractionated

FEREOBRE2RN L2 A, HpETE 1 3 doses

B S0 BT EE R HETMRBIIR AT =0 1 iR 1 .

- SRS ) EOMTR, A—aEEs o

Bo ECBLBEREFEF B 2HE0HBL 2 2

(Fig 3). ZORWoEB L LT, EPEFHD 3 s TN u

MBATEILES L D REL Lo TWnd, vy 1

REtEZ R L7 (Fig 4). Fig 4. WAEFEC BT 2ERETHL ¥
HHEFR & r B OEAS (mixed beam) FEET OB T B A) BETIC y SIERED

i, (1) Z58EAREEORERLREL, AT R 8 & LTy 5 TREME, B)#ARIETHR

(i BB 55 & UM (o i 3 B A TR A o 2 PEFRMBLKRE, BEFFET, L2k

D Zm I 2> T A THEM. A), BV o LIS 2R
N : Ny (5 A W =]
%éﬁﬁf\z—o %@%‘5%, ﬁ?mHFﬁﬁrﬁ-‘}i) Bf;)éi% L7z 1 BB OMBICOWCHETE

B, ZOORERMEEFERIIFHVLNTH - 72, 2,
FrHCIEB DS E ICIIARLERIIRE TE L b o 72,
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ZOFERIZEMT 6 B TORRERL > T b
7Y, X OBEOHEBIIIEE MO REEEICH B
ERbhb,

B SR B RIS OB RS I S -
720 ZAUZRIENAFEO RS IR A 12 X Y BEE
BRI ER LRI LiceodeEz b0 b,
B s =7 ZFIBICOWTL L ENT W5,
EETRE 8L, BRESORS MBI, o
LIERET=7 RIcHBIEL Th LNz, v
BTHb, NTOFEFREELEFEOEEHEGD R
FHINTEY, oS IBEREEO RS ERS
WrRKECEGTLETHEH 5, #-T, $1%IFE
FAMEEE (i - M) & IEE RS
FHEDBREPHL2ICTALELH L EBbN
a

B FAR o ey 0% e (RBE 5/P) 13 0 jeks
ETI.0BEETIZ0.9TH 0, P LEREN.OZL T
MHERIEDHMNEIS TL.1ITH 72, T b DE
=N P RETIR S N2l 1V L1312
WS, Eh L Ewn) ENE oz, BFED
RBE IZ/N 2w T, BB ICH T 2 = posR %
WAEFRIT S I3 T E v, 22 CHRERS
BB EH T B 5 Misonidazole & D HFA % & A4
720 BEEBICBITAHSERZ1.6TH-720%, EED
SER 31.4Th -7z, FEMOHIC L EEERAMAL A
TIENTWwE B b, OEETIZ
Misonidazole 382 T - 72, > T, EBER
S BEG-4 B il (B2 & M) Fic{kEs
FREDMAEI IR E S LTV B 0%, ks
TRIDE ) MlEBRETE R P 2bFTH
b. ZOMHEOMHE OISR K X
SDENIT L B, DFEREEEE TIZ18GY EED
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Study on the Effects of NIRS
Cyclotron-Produced Fast Neutrons

Cultured Mammalian Cells

Hiroshi Ohara, Hiromi Itsukaichi, Ichi Nojiri and

Masahiko Yokota*

Division of Physiology and Pathology

* Nihon Univ.

Various lines of cultured mammalian cells,
including 8 human and 5 rodent cell lines,
showed different radiosensitivity against 30 MeV
neutrons. Particularly, the width of shoulder in
their survival curves was varied from cell line to
cell line, so that RBE=s as a function of survival
levels was also varied. However, the obtained
data indicated that RBE-s in terms of Do values
of the survival curves was close to 1.7. It was also

1, &

FEREEIE & A TR R O BOERN R 2 A
L EHIE, RERSESOEWENRELERT S
AR ZERE & b, T2, ToMIBEERICH
T2 MBEANRMER, T b bAEFRmEI, Mg
HEROMSEREZEE D bbToAL 5T, Rk
TR & S ¥ 7 2 BUEHE ORI & D ik
12 & - TEHETL < BASE S Uz B o) e a0 5T
A TTHEE 70 b6

ZOMEBIIMET YA 70 b ooz
B L CHRET 138k 0 NI R U8 - B JEER SR E 384
JicDw T, F& L T30MeV AT .0

il

found that cell killing was found closely associ-
ated with the change in LET of neutrons beams.
The results suggest that the RBE-s of neutrons
on cell killing is variable in a low dose range, but
at high dose range it is represented by RBE of
Do. Multi-fractionation schedules were found to
be effective for cell inactivation with less ability
of repair.
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Study on the Effects of NIRS
Cyclotron-Produced Neutrons (30 MeV [d.n])
on Skin of Mice

Hiroshi Ohara, Shigeo Furukawa* and Hiroshi Tsunemoto™*

Division of Physiology and Pathology

* Division of Clinical Research

** Division of Hospital

The effects of the 30 Me neutrons for therapy
were studied on mouse skin, according to a
standard criteria, and the dose response effects
of the skin damage was established. It was as-
sumed that the dose response curves for X-rays
were of sigmoid-shape, thus fitting the curve
by the modification of the Line-weaver-Burk’s
equation, and so was for neutrons, too. But, the
neutron curves looked superficially linear. There
was no difference in the response to the neutrons
between two different strains of mice, C3H and

&
HEHREREDSERT 2 —20MEL LT, b

i

TS CIE SO TR 28 5 N2 a0
2, BB EOREIZZN1IHITHY, BEHRE
SH1c & 5 ERAMEOTIZ R R S E B MRS LI
BT 2 REMRR, PHETHAEICECTLER

nu/nu. The neutron RBE-s vs X-rays were varied
depending on irradiation dose. The fluctuation
of RBE=s for acute effets was high at low dose
range, being similar to those change in cultured
cells. However, the late effect RBE-s showed
less fluctuation in a wide range so far tested.
The plateau response of skin damage was not
obtained for neutrons in the dose range tested,
so that the minimum dose to induce the maxi-
mum effect can not be defined in the present
study.

BB AR, 2 DI FEIEBUENT 30MeV i F#R
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The Repair of Sublethal Damage in Cultured
Cells Derived from a Mouse Squamous Cell
Carcinoma Following Mixed Irradiations with

Neutrons and X-rays

Hideyuki Majima, Hiroshi Ohara*, Koichi Ando** and

Hiroshi Tsunemoto**#

Department of Radiation Biophysics,
Faculty of Medicine, Tokyo University.
* Division of Physiology and Pathology,
*%* Division of Clinical Research,
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The effect of combined high-and low-LET
irradiations on the cultured murine squamous
carcinoma Sq-1979 cells were studied. Neutrons
were produced by NIRS cyclotron by bombard-
ing 30 MeV deutrons on a beryllium target. An
X-ray unit was operated at 200 kVp. The cells
were irradiated with split-dose schedules to
investigate the repair capability. The Elkind-type
recovery curves were obtained in 4 irradiation
schedules, ie., X-X, X-N, N-X, and N-N. X-ray

1, #&
—izicHifgic X iR L 254, HEUtEE

i

and neutrons doses were 6 Gy and 4 Gy re-
spectively. The most substantial repair was
observed following two X-ray doses, although
the mixed beam modalities inhibited the repair
of sublethal damage as well as the two neutrons
doses. This would suggest that the repair of
sublethal damage might depend on the quality
of radiation even that is used for the second
radiation in a split dose experiment.

DOEEFBEEINBYY, ZThicxl, SLET
(Linear Energy Transfer) AT # B & L 2354
TIIHEGEEEOREIZLCREN T VY, H 2
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OREBEROFEEZEDLT Y, KEEH X
#M0~9 Gy, HHEFHE: 0~6 Gy) DEBN
13 LQ ®7 /v (linear-quadratic model) i2#4& 2
TR AEE, 2, SREs X&: 9~15
Gy, FHETFH 5~9 Gy) OERSIZL > 7L
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Table 1 £ FEMGN T A —F—

AR L2, BRI FEEREHTH T
#—4%—I3 Table LIZ/RL 72, ZOFERIZED W
CTrhETFEIc T A MO RBEEFHET S &,
Do HTI121.71, 72, &REH T RBEER

R ER909 73,72, 50%T2.03, 10%T1.52, 5%
T1.45& 7o 72,

B UHET 8 RBE

The Extrapolation numbers and D s of x-ray and neutron cell survival curves and the RBESs at various survival levels.

X-RAYS (CALCULATED DOSE) NEUTRONS (CALCULATE DOSE) RBE X/N

Multi-Target Model D, 1.38 Gy (9-15Gy) 0.808 Gy (5-9Gy) 1.71

n 20.0 (9-15Gy) 52.3 (5-9Gy)
Linear-Quadratic ‘

Model « | 3.49x10°? Gy™! (0-9Gy) 2.99x107' Gy™! (0-6Gy)
g | 3.89x10-* Gy~? (0-9Gy) 3.84x1072Gy"? (0—-6Gy)

90% S.F. 1.26 Gy 0.338 Gy 3.72

50% S.F. 3.80 Gy 1.87 Gy 2.03

10% S.F. 7.26 Gy 4.78 Gy 1.52

5%S.F. 8.34 Gy 5.76 Gy 1.45
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Study on Biological Effectiveness of NIRS

Cyclotron-Produced Protons and
Its Comparison with MGH and Tsukuba

University Protons
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The biological effectiveness of the protons
produced in three different places, namely,
NIRS, MGH, and Tsukuba University, were
studied by using two different kinds of tissue
cultured cell lines, Chinese hamster CHO cells
and HeLa S3 cells, and one tumor cells, mouse
fibrosarcoma, NFSa. Cell survival curves were
established by irradiating each of cell materials
at each place of the irradiation source, and the
resulting survival curves were the subjects of com-

parison. Cell lethality was checked by the meth-
od of colony formation and cell survivals were
assayed by counting the surviving cell colonies.
As the results of the comparison, there are no
significant difference in cell lethality between
these three different sources of protons. The
RBEs obtained in the present study, the proton
RBEs vs X-rays and ® cobalt-gamma rays, were
varied 0.89 — 1.09 and the average was 1.0.

The depth-dose distribution of biological
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effects was measured by using HeLa S3 cells for
the NIRS protons. The variation of cell survivals
with single dose of 600 rads of 70 MeV protons
as a function of depth was constant within a
spreadout Bragg peak, of which width was 39
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mm. But, there was no biological effect beyond
the peak. It was demonstrated that NIRS
protons offer a potential application for radio-
therapy as those of protons in MGH.
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The Biological Effects of NIRS
Cyclotron-Produced Neutrons on

Hematopoietic Stem Cells in Mice.

Eiichi Kojima and Hiroshi Ohara*

Division of Radiation Hazards,
*Division of Physiology and Pathology

The variation of neutron RBEs in different
energies was studied by the comparison of dose-
survival relationships of hematopoietic stem cells
(CFUs) of bone marrow and spleen cells of ddY-
SLC mice. The donor mice were exposed to 16,
22.5, 26, 30 and 35 MeV energies of the NIRS
cyclotron-produced neutrons with graded doses
of 50 — 500 rads. Within 2 hours after exposure,
all of the donor samples were prepared for the
transplantation into the recipients irradiated
previously with 800 R of X-rays. The exogenous
spleen colony countings were made for the
determination of cell survivals 9 days after
irradiation and transplantation.

The dose-response relations of femoral CFUs
against different energies of neutrons and X-

rays were found to be of an exponential type.
The RBEs in terms of Do were 1.39, 1.23 and
1.26 for 16, 30 and 35 MeV neutrons, respec-
tively. The dose-response relations of splenic
CFUs, on the other hand, showed an essentially
biphasic nature when irradiation dose was in-
creased to over 200 rads. The RBEs obtained
for the secondary slopes were 242, 1.67 and
1.86 for 16, 30 and 35 MeV neutrons, respec-
tively. The maximum RBEs were obtained for
16 MeV neutrons and, no significant change in
RBEs was observed for the initial slope but for
16 MeV neutrons (1.23). We found that the neu-
trons did modity the slopes of the secondary re-
sistant portion of splenic CFUs curves more ef-
fectively than those of the first sensitive portion.
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Table 1. &#ti#lg CFUs B £ U'##%8 CFUs @
HTREMR <5 A — 57— & RBE{E

X-Rays Fast Neutrons(Cyclotron)
(200 XVR) 16 Mev 30 Mev 35 Mev
Femoral CFUs
Parameter Dg (xad) 113.1 81.6 92.1 90.0
n 1.03 .87 8.92 1.10
RBE D, 1.00 1.39 1.23 1.26
Dlo—Z 1.00 1.44 1.28 1.24
Splenic CFUs
s.p.c.”
Parameter D, (rad) 52.3 42.6 51.0 46.6
n 1.04 0.86 0.89 1.35
RBE D, 1.00 1.23 1.03 1.12
DSXlO‘z 1.00 1.31 1.08 1.05
L.p.C.**
Parameter D, (rad) 147.2 60.8 88.0 9.2
n 0.08 0.24 0.18 0.22
RBE Dy 1.00 2.42 1.67 1.86
DleO_s 1.00 1.79 1.33 1.44
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Heavy Particle Accelerator for Medical Use

Kiyomitsu Kawachi, Takashi Maruyama,

Division of Physics

This report is mainly concerned with the
future plan of heavy particle accelerator for
madical use. The accelerator requirements were
determined from the experience of the particle
radiotherapy at the NIRS and from the various
physical, biological and clinical heavy particle
data at the LBL by the ideas of the users working
group.

The outline of these requirements are as
follows:

1. #8
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1. Particle species are the ions from He to Si and
Ar.

2. The accelerators energy is continuously
variable in the ranges from 100MeV/amu to
600MeV/amu for all above mentioned par-
ticle.

3. The beam intersity is the doserate of 5Gy/min
for the treatment volume of 10cm square field
and 20cm depth except Si and Ar.
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Three-Dimensional Beam Scanning for

Proton Therapy

Tatsuaki Kanai, Kiyomitsu Kawachi, Hideo Matsuzawa
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* Tsukuba University

It is important to localice the dose to the
target volume in radiation therapy. Using some
excellent properties of proton beams sufficiently,
such as a well dertermined range and a straight
trajectory tissues a, a three-dimensional beam
scanning method has been developed. The
system consisted of the previously reported two-
dimensional beam scanning system and of a
variable thickness energy absorber. The two-
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dimensional beam scanning system and the thick-
ness of the absorber were controlled by a beam
monitor. A typically conformed dose distribu-
tion with the three-dimensional beam scanning
system was measured by a specially designed
multiwire ionization chamber. The results have
shown that the system was satisfactory working
and considerably reduced the dose out side of
the target volume.
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Broad Beam Three-Dimensional Irradiationfor

Heavy Ion Therapy
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Three dimensional irradiation system is pro-
posed in ' this paper, which use scatterers for
spreading beam laterally. This system is easily
achieved by ordinary techniques using a movable
multi-leaf collimator, a variable thickness water
column and a computer for their control. This
method is applicable to radiotherapy facilities of
light heavy ions, protons or Helium ions. Target
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volume of convex shape can be irradiated three
dimensionally by this method. And also, the
zipplicability of this method to heavy ion radio-
therapy is examined. The results of the methbd
applied to the heavy ion radiotherapy encourage
us and it is possible to introduce this method to
heavy ion radiotherapy facilities.
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Development of the NIRS Proton
Therapy Facility
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As proton beam from the NIRS cyclotron is
useful for superficial and short range tumor
therapy, a new beam line system has been con-
structed in large irradiation room of cyclotron
building exclusively for proton radiotherapy.

Though it has been very difficult to provide a
uniform and desirable proton dose distribution
over a large field of tumor, we have developed a
epoch-making spot scanning method. The 10mm
square spot beam of protons is digitally con-
troled by minicomputer and directed at any
point in a radiation field by scanning magnets.
This system has made it possible to achieve a
radiation field of any irregular shape and intensi-
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i)

 ty distribution, and to correct any fluctuation in

the beam intensity.

In the practical application, the other devices
such as range modulator, multi-leaf collimator,
treatment cone and field illuminator are also
necessary for proton radiotherapy facility. They
are assembled in the treatment head at the end of
the beam transport. After investigating the
system characteristics, and
safety, reliability and reproducibility of the
proton radiotherapy facility, it has been used
for the clinical trials since October 1979, and 25
patients were treated up to the end of March,
1984 with this facility.

confirming the
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Development of Positron Tracer for in vivo
Estimation of Brain MAO-B

Activity: Theoretical Consideration of

Metabolic-trapping Tracers and Evaluation
of "C-N,N Dimethylphenylethylamine

Osamu Inoue, Toshiyoshi Tominaga, Nobuo Fukuda,
Kazutoshi Suzuki and Toshiro Yamasaki

Division of Clinical Research,

In order to develop a suitable radiotracer for
the estimation of brain enzyme activity, we per-
formed a theoretical consideration about a prin-
ciple of metabolic-trapping tracer method using
a simplified model. Both the specificity and the
measurable range of enzyme activity of this
method were found to be much dependent upon
the enzymatic properties of substrate-tracer.
The measurable range of brain enzyme activity
was found to be from zero to the maximum
value which was dependent upon two factors;
the elimination rate of substrate-tracer from the
brain (K¢) and the V., /Ky, value of substrate.
The detectable range of changes in enzyme

activity can be made wider by using another
substrate as a tracer which has a lower V., /K
value or larger K¢ value. The specificity can be
also favorably designed by selection of substrate
with various enzymatic or physicochemical
properties as a tracer. N, N-dimethylphenyl-
ethylamine (DMPEA) was selected as a sub-
strate-tracer for the estimation of brain MAO-B
activity. Very high accumulation of radioactivity
into mouse brain at 1 min after intravenous injec-
tion of 1* C-DMPEA, and a long-term retention of
radioactivity in the brain were observed. !C-
DMPEA seemed to be metabolized to C-
dimethylamine by brain MAO, and be trapped by
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the blood-brain barrier. When various dosage of
l-deprenyl (a specific MAO-B inhibitor) were
pretreated, brain radioactivity at 1 hr after injec-
tion of ' C-DMPEA significantly decreased in a
dosage (1-deprenyl)-dependent way, while pre-
treatment with clorgyline (a specific MAO-A
infibitor) had no effect. This decrease in radio-
activity might be due to the decrease of the
production rate of labeled metabolite (*!C-
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dimethylamine) in the brain. The relationship
between the radioactivity remaining at 1 hr
after injection and MAO-B activity remaining in
the brain was quite parallel. ! C-DMPEA seems
to be a specific radiotracer for the external
detection of alterations in MAO-B activity in the
brain with a fair sensitivity.

Key words: Metabolic-trapping, Brain, MAO-
B Positron tracer.
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MAO-B activity.

Table 1 Organ distribution of 1C-DMPEA in mice
% Dose/g organ

Time after administration (min)

Organ
1 30 60
Blood 3.3241.47 0.524-0.14 0.134-0.04
Liver 2.934+0.21 1.9540.18 0.85+0.29
Kidney 9.554+1.76 9.62+3.90 8.654-5.46
Lung 8.77+0.69 2.024-0.54 0.544-0.06
Heart 5.894:-1.83 0.974+0.21 0.154-0.03
Muscle 2.554+0.34 1.394-0.48 0.4540.32
Brain 9.454-2.10 4.724+0.27 3.8140.07

“Three mice in each group; average=1 s.d.
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(**C) N-methylphenylethylamine (** C-MPFA).
Eur J Nucl Med 8, 385—388, 1983.

3)HE M5 BARE LSRN, fb kA
MAO &N In vivo WEL HE9E L7272 4 b
L= — I E O RS, Mt s, 22225- 227,
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AT ez, HE 5, ILIEHRMES (EERATZESE)
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Bk 3% (HRE RIS

Labeling of " N-Adenosine, Nicotinamide

and P-phenylethylmaine by Ammonolysis

Toshiaki Irie, Osamu Inoue, Kazutoshi Suzuki*,
Toshiyoshi Tominaga** and Toshiro Yamasaki
Division of Clinical Research
*Section of Cyclotron, Division of Technical Services

**Tokyo University

The labeling of adenosine and nicotinamide
with nitrogen-13, a short-lived positron emitter,
was tried by ammonolysis of 6-halogenated
ribofuranosylpurine and nicotinic acid chloride
in aqueous N-13 ammonia solution. From
examination of the labeling condition, it was
found that adenosine and nicotinamide could
be labelled with N-13 in an amino or amidegroup
by a short-time reaction. The radiochemical
yields were about 20% for adenosine and 28% for
nicotinamide. The labeling was possible in a
non-carrier-added state.

1. #

=R (NI, BFE (O, kF (H) LtiERER
THEEBRITRN—2TH 5D, FOBETFHL
IETH B BN OEREIL SO "C & i
TEEFEFECAHLL, BN=-T>rE2=7T gk <
BN—7VF I B UK 2) SFOMEVFALILE
ICEE V. ZOHEAEE LT (1) BN DY
FREAD104 & IEF IS VE 2)F A LsEig s
BORGEBIREZNLGEFETF LN, L
LA s ERmics Wi, &g, 73 /8, 7

il

Nitrogen-13-labelled B-phenethylamine (**N-
PEA) was synthesized by Hofmann rearrange-
ment of **N-phenylpropionamide prepared from
phenylpropionyl chloride and aqueous *N-
ammonia solution. The reaction proceeded
rapidly with a fairly good yield. Nitogen-13 PEA
was isolated using preparative thin-layer chro-
matography, and organ distribution in mice was
studied preliminarily. After intravenous adminis-
tration of 'N-PEA, high accumulation and
long-term retention of the radioactivity were
observed in the brain and the heart.

Y& BEBRELESETREHEEEWESSEEEL,
DR EES InVivo THETLIHEZEEL
Bt o2-E2ZHL15, F-A—LE&HE

Lt — L THWRHEICBWTL, UYCER
BN E 2 HRTEICL - T, RN TOR
BHBTRICE T2 L U ML BEDT & N 5B
ENb, SN—-T>E=7TKIZ, FEFEICHELH
FETREICHEDTRETH 50T, EHEERLE
M7V A= L TERTHLEEZ, TT
Sy, =aAFT I, T2 AFUT I
TE#HARS L U THE RN OMET %

s

et
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BN 7> E=THKMEBN-NH,) &, $HKRE0H
FEANZHEV %0 (pn) BN—{b&ME, T84
EFERIIET S TETL THL L, BN=T7
T/ EBN—=aF T FizonwTid, £
N6 —uas /s FFEiide) 7V )RS
F, =aF>vErai( F2EEE L, B4R
KDFFHET BN—T > =T K ERIGEHE, ERK
MEEB a2 I 7ELRIEERENK s o
b TISTa L, EREIBE, BUSERR, RE,
WHRIBE, X+ ) T—Tr2=TIRESFOERE
PR ERRIER & DR & R 72, BoBEMET T,
BN=T7 /B BN—=aF T3 F%
AL, BEEEMN2RA72, BN— 722 F LT 3
> (PEA) IF, HIBM LT, 7x=170tA
=nu74 FEBN-TrE=TKEEZRIGS
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ST FOE M- (2 2N — PEA DR AR

13N'ADENOSINE

1
x *NH,
N,
i N s TN /
a\kah
N
HO~_~0O k
X=CI,F
HO  OH HOOH

13N-NICOTINAMIDE

-1 "N-77/v>,

wKik

=aFrT I PO

@ﬁﬁﬁ%%??‘W—?y%*vaTV
A==t L ERARE I, BEOEES
JUMBE, X5 ) T— ?/%a?%g%ﬁi§<
WML, R—()iZ, UN—T 7/ > > OREHIN
RIBEROBBRESERL, E-QIKBN—-=2
F T I FICH T RO RE -3
IR E OG0 28 2R L 72, BN —
PEA 2DV T3, BIRMBOBET I FOEMRAE
|2 non— carrier —added DR T L50%LL E o
EWIERTITZ 55, HEMICE T, HEHE
WHERZES ) 74RO RIEERICRE
AT 2HEPHHAL2(E-Q)e B N-T 7T/
I 6 —F—7Y )Ry FEEE L L2k,
BB 4T 13 24% DI TR & 1, Porapack —

3NHs aq.

L~ carrier NH3s

NaOH

— phenylpropionyl chloride

Reaction

Mixture

NaOBr

w=— heated (100°C) for 5 min.

Reaction

Mixture

| extracted with ethyl acetate

Ethyl acetate

Solution

——— washed with brine
L dried over MgSOa

L. preparative TLC

|

13N.PEA

K—2 BN-—PEA NE#RE R
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#£—-1 BN-T77 /L >niEHNE

Alkali dependence (PH in reaction medium)

tochemi ol
2q NaOH PH radiochemical yield (%)

F-deriv. Cl-deriv.
- 10.8 18.2 -
10°N 10.8 20.4 2.3
103N 10.9 22.5 —
102N 11.2 21.2 35
107N 12.0 245 5.2

Reaction conditions

ac. ' ®*N-ammonia : 200 ul
carrier INNH, OH : 5 ]

aq. NaOH : 20 ul

substrate : 10 umol

temp. and time : 100°C, 10 min

#£—2 ON—=z2F>7vnEmE

alkali radiochemical yield (%)
(umol) carrier-added non-carrier-added
10 - 50 <2 <2
100 14.6 6.4
200 19.5 18.9
500 28.5 253
1000 18.9 19.3

Reaction conditions

aq. N-13 ammonia: 250 ul, substrate : 140 umol,
carrier ammonia (in carrier-added) : 10 umol,
1 min reacticn at 20°C.

£—3 BN—PEA HEss

Labelling efficiency of ** N-g-phenethylamine

(**N-PEA)

Ca&ifnfolgHa NaOBr(umol) Yield (%)
0 5 3
10 20 32
50 20 15
50 100 50
50 200 25
50 400 0

Labelling efficiency was determined by TLC as describ-
ed in the text.

Reaction conditions

phenylpropionyl chloride 60 umol, total volume 1 ml,
100°C, 5 min (Hofmann reaction).

QA7 LRI ERMERFESE K DWTA
5/ —=NVTEHRT 5 EH-@IRT & 91295%LL
LB L ME CEEE R R, —F
BN —=23%>7 I Fit non—Carrier—added &
BN—7 > E=TK% AW TH2B%DENEFETE
HATEETH D, HEEAERI T UL SRk
o 77 7EICTHRTERY (R—5), 8%
Hruw 7T T4 —TREBRETE Zroiz,
BN—-T>E=TDOT L AP TRIGEE &
25, Sumol DX )T Ty E=ZTHFETT

(3)
20 4 substrate : 140 umol

carrier ammonia : 10 umol

NaOH : 500 umol 4o
_.___________,'__.__—-————-———""" »

=

—  50°

radiochemical yield

100°

1 5 10 {min)
reaction time

-3 BN—=aF>7 3 FORIEEHE

(x 10%uci
30 4 13N*ammonia
20
v -3 13
4 N-adenosine
—
3
2
MeOH

1 ‘

Ty

T T 4

3 4 5 6 7 8 9 10 11 12{ml)
column : Porapak Q(polystyrene resin) 8 x 55 mm
eluent : distilled water — methanol

H—4 SBN-TT /2 EBENII L0
7N
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99% LA DA TR AR TE T2, T DRI,
BN —PEA (3B 41T TH50% 9 3 IR T 1F
FTHE T H - 72 DY T oo BBEIER 250 %
UTTH -7z,
—(2) AR HORET
BIEOIEKRBHRTER L 2 ¥ N—-=a3F T
SFREDATNG T LT e 2125 L
T, 1578 L CIBGBOERN G 2 Kbz D
FERERUG) IORTHHER 19 T TIc &R
Hny#—icamm L, DgIbgE cliEniiso
MBI A RBD o, WC—=aF > T
I FORASA ST B L, MC—=aF > T 3
FI3/NGFE O Mg IE D E A ERALIC H W ERE 2 58
DXL, BN 3 ZFDEREI/AREIZET

(£—-4)
Organ distribution of **N-nicotinamide
(% Dose/g)
Time after injection
Organ (min)
1 15
Blood 3.11x0.71 1.91£0.61
Liver 2.76x0.43 2.96:0.32
Kidney 3.82+0.56 5.28+0.09
Heart 3.60+0.90 3.18£0.09
Lung 3.41x0.91 2.74+0.44
Brain 1.10£0.33 2.11+0.37
Muscle 2.31+0.35 1.99+0.27
S. Intes 3.41+0.74 3.77+1.29
10 BRAIN
Sim
')'/l‘.\\'—”,’.
X
\ BN-PEA
\
3/\ \\
- \
>
2o 1 \
0o \
QP N
09 0.5, L
B T~ J4C-PEA
x o
~
~
N
\\
0.1 . . -
0 10 20 30

Time (min.)

-6

LT/, Flo=aF> 73 FIIKBETHLIC
bbb T, BMICHENECR)AEINTWEE
b, BAOE D ALIZEEL CTRENZ X% )T
DHEETLIEIREI N7, BN —-PEA B H#
D=L AN BT BEAGH EFE— 5 ICRT, #HE
BTl E L OWOEABATL, DR
RS NIz, —FHFHUC—PEADSGAET—F % it
BTrE (R—6) ME L ULH~DOIY) AL

(cpm)

o
4 el
3000 S s
E c
£ =
)
I 8
o €
. z
l °
uBondapak C18
MeOH - 0.02M KHzPO“
1 C1:9)
2000
1.5 ml/min
3
1000 >
, ¢
1 2 3 u 5 6 (min)

-5 BN—-=a2F>7: Foifitkr7ao= 774

10} HEART

8N-PEA
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/l
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o
&
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Radioactivity

(% Do

0 10 20 3‘0
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“C—PEA & 3N —PEA NRAZEB) N HHER
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(£-5)

Organ distribution of *N-PEA in mice*

% Dose/g Organ
Time after injection (i.V.) (min)
Organ
1 20 30

blood 2.24+046  1.46x0.04 1.47:0.12 1.41x0.13
liver 2.89+0.34  4.4420.30 4.74+0.75 3.77:0.47
heart 7.90£1.58 8.17x0.47 6.73x1.58 6.15+0.80
lung 9.07£1.91  2.95¢0.14 2.94%1.15 2.15:0.56
brain 3.66:0.30  4.05%0.40 3.48t0.91 3.89:049

*male ddy mice (13 weeks, about 40g), average +1st. S.D.

TISSUE CsHs -(CH2)2 - 1>NH2 CeHs-CH2COOH + !3NHs ¥ N-Gln
CELL MEMBRANE J ? %
BLOOD CéHs-(CHz)2 - 1*°NH2
(**N-PEA)
H—7 BPEA D#M#EA~DOEM A 7= X A

I3 1C & BN THEZEO T WD, “COBEE|
HRp I &R LR T L2EHHEL 2, UL
NEZE I L BN —PEA DEEITIT &N T
LBDRZERY) w7 PSRBT Tn5E
WIRER L7z, PEARE /7T I vBEBENR
WHEETHLEPLMBFT7 2 = VEEEEE T
CEETICREICHEINSENTEINS,
BN—-T7>»E=7 28ET 5 &, ®N-—Glutaminl
EICRBMEREINIENIML EN TS, (U
3) Ll bEH 5 BN —PEA FHESDIKNENRE S
- 7I0RTHEECL > THHETEE2 525
b,

4, & £

—HRICTE Y ALK BRI, PR
NH,5 FOFER, ZEDBEHRRIGHEZ ) 7
&, BIUEEBREKD D IZERYOTIHEED
BEICE)RGNEIEAEINDL, BB T
I3, KBEENEN-T 22T 27V h—H—C
ERL220T, KIZ & 2K R ) &

B|AERICTRENLA, TNTLRERETT
277 ) OULERT BN — 2@ LA R TRET
FHot, HE-T, T I TILI—ILD BN
FrESTETLA—H—LIZAVEE, L&
WERTIES AT 2 5 L0 L #IF S NBERE
EMZTn5,
EAZRALAMOERNEEIC OV T, Ty
L 72HERE EN—-PEA IZBL.LBIZ 2L TE
CEML, 2o, BEALT I B ITRREICE
D, FoOWMSREIMEERICERENESEL L, b
Lot & L COIGADTEEE K & WEHITRE
ENd, TRH5EIBEL T wd, BN-7
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1) Suzuki K., Tamate K., Int. J. Appl., Radict
Isot 35,771-777, 1984.

2) Gelbard A.S., Clarke LP., Mcdonald JM.,
Moneham W.G., Bury R.S.T, Tikoo T.Y,,
Laughlim J.S ., Radiology 116,127—132, 1975.
3) Cooper AJ.L., McDoneld JM., Gelbard
AS., Gledhill R.F. Duffy TE. J Chem.
254,4982-4992, 1979.

— 187 —



I—a—3

“Mn (P.4n) #Fe RIHIC X 57Fe &,
INFY L B MDA E

E I NI TS
(GRS 4 72 o o HHER)

Production of **Fe by the **Mn(p.4n) 2 Fe
Reaction and Milking of**"Mn from 2 Fe

Kazutoshi Suzuki

Section of Cyclotron Division of Technical Services

The excitation functions were measured for
the nuclear reactions of **Mn (p,4n) **Fe and
55Mn (p,n) **Fe by using thin manganese disks,
specially prepared under a pressure of 200—250
kg/em?® at 400—500°C for 0.5—1 hour. The
maximum of the excitation function curve for
the 5*Mn (p,4n) >Fe Reaction was 1.4 mb at
Ep = 54 MeV. From the yield curve, 670 uCi/
uAh. of 52 Fe was estimated to be produced with
0.45% 5Fe contaminant in the energy region
between 73 and 39.5 MeV.

2 Fe was produced in the target matrix at the
yield of 85-93% to the expected value from the
yield curve in the energy region of 60 to 45 MeV.
The radionuclidic purity of 3 Fe was more than

1. ¥

2Fe (8. 3EER, B+ 1 56.5%, yissKev
99.2%) IIEE FERLEETH D, F 20
BT I A 205 Mn (21, 147, 8+ +EC
98.25%) DILFESD L | TLRBmENT W D, 5%
DOMBOFEEFALITCTRIT, TP ET R I 2 2 A
PB4 T 2 v,

o)

99% and radiochemical yield was 70—92%. The
purified 52 Fe was used clinically in the chemical
form of sodium iron(Il) citrate, to investigate the
iron incorporation ability of bone marrow in the
lumbar of a few patients whose pelves were
treated by radiation to cure uterine cancer.

2MMn was recovered several times by eluting
the anion exchange column adsorbing 5% Fe with
6N-HCl at 99.9% radionuclidic purity and ca
86% yield to the expected value.

The estimation of the thickness uniformity of
a manganese disk were carried out. The amount
of **Fe in a large quantity of *?Fe could be
determined in 1-2 days from EOB by analyzing
decay curve of Mn K-X ray.

2Fe (2%2Cr (*He, 3n) 2Fe®~®, 5°Cr (g, 2n) 32
Fe®19), 55SMn (P, 4n)%*Fe!V, Ni(P, spallation)s?
Fe1d, %4Fe (y, 2n) ¥Fe'®7 L& 2 DG T
ERES N, ZNHDOEEIRIZ T BUBIER
PEWD, 209 BT (P, 4n) Kb & (P,
spallation) FUG b LA E v, WETFOHF A
zolurankiz60MeVEENT 0 b 2 %)
RICHATE 2854813, (P, 4n) FISHILERD
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WETHEL 72N 70 } > DX R L3
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DIEL DY) — I BB RICESEVE Y 52 5,
Z T, WEN N T 757 TRk 872 AT
Tw Ayt y b 2B 2L L, *Mn(n,
r)%Mn BUGIC £ )% Mn # & 472, %Mn 04
MEE, W3, RES0mDEFH ) X —5%
L, vy POFE2OMNET, Ge(Li) Pk

HEzd W THETA I EI2E), vy FE
HDOY 2 RE L 72,

b. Mgt

Loy ME, BI20um 0 AL B R EOE S

1mm, WAEL2. SmaDFIBARICEHAL L, I

TR IVXEFHD100um #1582 10~154, % H
ZEh, INERLIDL 2, BEMYA 70 b
2> BAWThGE L 7273MeV £ 60MeV @ 7' 2
FTRIBRICES L 72, & 2vy bToT o b
I RIVXE, M 599 Range/Stopping Power &
ERAWCEHELZ, BF, 39 2—2 (NE6m,
£EZ30mm) V27 (NE200m, £230m) L7
NWEI=TLBTHD, )VRTIFE—LhTRA R
F=2y Motz olafric 2 ZREF2HEY
g7y MICHLUEL, FHLEREL2ES:
ODLDTHbE, VT EFEALLWEE, E—
LDTEFFRLZANX, B XL ) S0 RL 2 H
5 ~10%RREEVTiALE 522,

Current -300VDC

Integrator

Fig. 1 Irradiation Device for the Excitation Function
Measurement by the Stacked-Foil Method.
A: Absorber, C: Collimator, D: Beam Duct,
F: Vacuum Foﬂ H: Target Holder,I Insulator
O: ‘O’ ring, R: Repeller T: Target

C. ¥FeCLs & ¥ = 2 — 2 & 55"MnClL D

Bk
BLERICIE, = U BEREACT2 g/ardd~2
Loy b, Ry PV ZEBRCTCHEEL 2, B

1260MeV D70 k> 2 ~ 4 yA TIT- 72, B 5
%, =7 bE oy, BE TP
T EERAWT, EEICKR Y PN E T L,
BEIF S48, =22 —2 5> THML,
B~y 200 B L2, 2% SRR S
FERSEEC—IR A L CEfR- o8- 2175
2o BIRRTICIZ S —7y Y E D A
MDRETRBICHFEL, ZOHFEAHMPE LT
BENT 728k & BB CH R L 7252Fe 20 & A%
0.1~FmgzEnTnd, L2L, 6 N-HCIHT
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-TC, 2Fe #[&A # 300 A T LICRE A,
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i Waste
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6N-HCl 0.IN-HC1
Fig. 2 Diagram for the Production of 52 Fe and *™Mn
V1-V4: Electric Valves
Ge(Li) Detector is Coupled to Computer-
based Pulse Height Analizer
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2Re RN Fe MERIL, ok 5oL (FH%E _ustt
L = Fe i # — @+ o, £1) 43 k@ fo,=m,/n, = 1":t
KAPTON [ (1.09mg/cr, HVv KK) EIZiET, - Tt
EREETAZ LICLD, SREAERL, Si(Li) fs, =m./n, = “";Si‘t_“ """""" (3)
PRI B E O TT R - 72, ’ o
BIE BRSO 7 B4, #Fe, #"Mn, *Mn Rs b= o loef
1
e 8 AT IEE L 7215, PFe B3RO MnKa — 1 —eus't
Kg—X# (®Feld y—# &AL 2 \») Mlnz ------------ 4)
L, 2ol 5@z L VBBEOES t 25k, ZI7T,
@R & D BEORIRE Y, BORIID L WEHED fs,, fs, ‘Ko™, KX #oH ORI RE
REEIRE DL, ZOB, SHEOBEIIESRTSE, n o, np . HOEWESEWEBESOREEE
Z’)‘l); Ka’ 3 Kﬁ X n&@@ﬂjxﬁ+ﬁ‘%t\f‘ & L m, , My . %Rﬁmmfﬁ%

— 190 —



1S, pS - SRIRME T OE BRIUR
t DR OE X

LarL, ERIRMICSFe 2 £ET 254, £ DM
JEETTRELIR D) B e L gk b v, [
—IANK BT AEIED 0y FET D54,
TOBEFERE Ay, Ly An, B2 OEHIZ BT
Hmil o EFE L (Y, t), (Y, t,)
(Ym, tm), t= 0(251F 5 &AM » & DFHEES
Ay, A, An LT3 8, EEORAItIZBITS
SEHRE Y 12,

Y=Ae bt +Ae Aot Ane-2t ...(5)
EFREND AN IHREEFHVTA, A, An %
KHb ok,

ST e — "
::‘C\’ o, . .
DYie At
Al i=1
AZ m . .
. ZYle—Aztl
() = (1) = | &
An mo
Z‘YIe Anti
&
Z) =
‘ie*““e"““ ie_"lue”?“ ...... ie~htieA/{nti\
i=1 =1 =
St tatig—hit Setatig=datioee.. She-iztig-inti
=1 i=1 : =
ﬁiemlmtjevhu %eﬁ’mue“lzti ...... §e~/\ﬂtie~/\nti
Li=1 =1 s ]

(Z) -4z (Z) oATH, 72720, m>n+ 1 &l

RBLAZTNEZ 5 2va0BHE, nid 2 ~4, miE10

POLBEBECHBTH S, DEnkiic LTk

A, A,-An & BEFED X — B HEE(EC fiEo

B, KR X —@BUEE, Ka, Ko, KA #

DOFFRIE 2 & 0 HEHE), MBI L &6 t=

01cBT3, ZHFNOBBORSEE»KE 5,
I DIEED ) b—2H" Ge(Li) AR

ZETERTEND, BMHESESTHTH-21,
B OISR ELO AR E WA L, Mk
HOERVTHETH D,

3. @R

a, vy DBELDY)—EHE
3z, w> A2y b FHPEF TR
L THERL 7255Mn DIRE &=L v FLE & DHE

[ 0.5 [~
= I R S
S| sl
2
5 0.450+/-0.0125
g
S
<
o
=
B 0.25[ Mn Disk
,g‘ 12 mmg¢ Dia..
k5
<
0 ! >

i 2 3 4 5 6 7 8 9
—— Position on Mn Disk

Fig. 3 Thickness Evaluation of Mn Disk at Various
Position
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APEREE, +/— 1% EEBICANDS & 2 X(0.0125
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b,

b. BhtEREE

41270 b > A 0LX (Ep) 713~40MeV D&
PN T?®Mn(P, 4n)%*Fe, Mn (P, n)*Fe K
xS 2 IR R R T, 52Fe ) BUGKIEHE o 13
Ep=54MeV THAMEL. 4mb Th - 72, Z A%t
L, ¥Fe l239 2% ¢ (3 Ep o3n & k(- Bk
BEmARLZ, M5i2it, E—20H 0T 2L
%#39.5MeV & L 72 BE) AS = 4 )L ¥ |2 8§ 252
Fe &%Fe DIE % % 7 [5SFe /52Fe & & {10 R
L7ze B 6545 & 512, 2Fe OLEE, Ep=
73MeV & 60MeV 2kt L T % 11 2 16704Ci/ uA.

1352Fe (T3 L £ #1410.44%, 0.50% & %5 = &

— 191 —



50

—o Cross Sections (mb)

L l 1 i o

40 50 60 70
- Proton Energy (MeV)

Fig. 4 Excitation Functions of 5 Fe and *S Fe
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X6z, 7—%"v bEBED 5 D%Mn D5 EE,
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I Fig. 5 Yield of 52 Fe with contamination level of Fe

Calculated on condition that beam exit energy
i$ 39.5 MeV.
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Fig. 6 Typical Elution Pattern of Dissolved Target
Solution from Anion Exchange Column.

Column: 8mm¢ x 50mm, Dowex 1-X8
Flow Rate: 2.8ml/min
S; Stop
Sample: Dissolved Target Solution (4.4g Mn
in 60ml of 9N-HCI)
Eluent: A; 6N-HCl, B Sample, C; 0.1N-HCl

Detector: Ge(Li) Detector
Simultaneous Monitoring of 168,
936 and 1434 keV y-Rays
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Fig. 7 Milking Curve of **™Mn from 52 Fe
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Fig. 8 Count Rate of Mn-K X-Ray from 5*Fe and 55Fe
at EOB Obtained by Decay Curve Analysis
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Lizo &RIZDIT37 0 X FRIZSUIEERF
HHEZTRT . ZOFR L%Fe, ¥Fe O Ka —X—#
BHER L 1) ¥ Fe/5?Fe=0.7% 08 5 1172,

—7, FE—5k2 BERTI5E%IC, SFeiEi
& DEB L 72 sURIE & BB L, 2D H EIRIX
HWIET A2 L2k, ®Fe/%?Fe~0.4% &\ 5 &%
ROTEL NIz,

4. FIE

5 TlELNIFERE, K1 OUBMEE ELL
7234, 1) %Cr (CHe, 3 n) S?*Felclbl, W=k
IEE VDR ASFe DE &V E, 2) °Cr (“He,
2 n) S2Fe 2 LIER-MEHRIC kv, 3) Ni (P
spallation) *Fe icft L CTIZNRIZEBRETH 2
PHUE L L v 4) M5 Mn (P.dn) *Fe |2t L

WEEW, % EORFED H 5, (Pdn) UGN
BB, AEELR—OBRGEERL T2z
LEOLLTHENETHL2DEUTOERICLS D
D EELNSE, 1)Saha iz 7—%"> }iZ MnO,
EHEHL TWwae, ERES K, 7—7
FHAOZ A LETHEN S, [WEDERE, 2)
Thomas % | Mn ¥R % #1588 T A, T0uA DE
BRETHEIFL WL, 20k ) 2&ETTIR
MnBRIZEHET 2 Z e THEN, BEACEN
B N7y X 2EL, WEKRT2IL2L5LTWS
LorBbis, ARETIEZHABERICKY T
VAERERAL, BIE-EETMa T4 A7 2R
Liz7zed, BEHRORBOELEL %, v
WEIELNLnEBbhs,

2Fe Hii1% )% Fe VAL IC 1£52Mn #°0.01~0.
05% B & AL7z 4%, 21, 2Fe 2k A Al =\,
I2& D HERL

Table 1 5% Fe Production Reactions

Particle Reaction Igz;rgcgl;e (ugijilih) * F%,:; Fe Reference

*He 52Cr(*He, 3n) 45.5MeV 50 0.001 6

52Cr(*He, 3n) 33 20 < 0.07 7

52Cr( *He, 3n) 40 50 8

“He 50Cr(*He, 2n) 65 8 5-6 9

5°Cr(*He, 2n) 30 3.3 14 10

P $5Mn(p.4n) 65 160 <3 11

5 Mn(p.4n) 70 200 0.7 4

Ni(p, spallation) 200 120 2.0 4

Ni(p, spallation) 588 700 3.3 12
2 fro(s.3) L EC , , -
e(8.37) 15007 108 HIFEEE TI2, Fe I24F 552Fe NEI&H
Hifem ¢, “Fe EEBEVIEFICKE( LD, F
. . 9T A R R VB X 2 L5 Oy

som 8*,EC ., 2, PRETHC T RIFHIAME LR E B L Fe MDA
Mn(21.1m)gg5ea7> “Cr ERHEAKE %) T E, Fe ORBBREIAE
T . BT, EC (%5, ft> T*Fe NEMRIZBHM TR 1~ 2 H
5 (774 — .

1.75% Mn(5.6d) 100% DENAT Y DHEL & Bl b, BAEBRTIZ2Mn

SMnick L0 EE b S, 2Mn DERMEIZI6
BRRICRARE 2D, BN Fe E70.09%125%
T 5, 2"NVn DAL 6TBBICE RS D,
B DS Fe BN86.9% L 2 %,

SFe BRI L 2B TIZ, BERT

HMn 225 D KF—X—# (5.95KeV) NFELH %
ML T B2, SFe B2 ZDEDDEITES
NTWBLDEEbLNSE, Mn?D Kg—X—# (6.
49KeV) ZFTIUTZ N L 5 BT LN
57, FOHMHFEI Kae—X—HBN13.5% L » 7%
Wize, BIEBREIKRE( LD, LI T
‘o aERIT, MOIEI AR, SFe BN
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BHEABNH, & L-(3N) 7 V% I BB BE)jRE

$ORFIE EFME KL
( BIFER Y 4 70 F oo BHE)

Automatic Production of * NH ; and
L-(¥N)glutamate
Ready for Intravenous Injection

Kazutoshi Suzuki, Kazuhiko Tamate and Mitsuhiro Kuchiki

Section of Cyclotron,
Division of Technical Services

An equipment has been developed for an
automatic production of ®*NHj; and L-(**N)-
glutamate for an intravenous injection. Up to
250 mCi of ®NH; and 60 mCi of L-(**N)-
glutamate were produced at radiochemical
purities of 99.9% with the equipment. The
required time were 8.2 and 17.5 minutes, respec-
tively. Pyrogen and glutamate dehydrogenase
(GDH) were not detected in the product. The
solution was obtained without any sterile proce-

1. #&

ERHA. 65D N1 T > 2277 3 /B
DETREZRGST T AL TH R, =
DOERIIKE S~y b ELT, ¥0Olpa) °NK
BIC & DERT 2, FoKRES (90%LLE)
IZPNOxy DAL HEE TER T 5, £ D29,
TiClW ¥R T L& TEIT L TBENH, %
/5, THFEELL VS 3 VEEHKREER
TERMALTESICLCN) LY I VBRICE
I N B,

BNH, D BEEEEICOWTHBICHEINT

il

dure other than the filtration with an autoclaved
ultrafilter (NMWL=10,000) assembly at the final
production stage.

Penetration ratios through the filter were
<3x107% and 2 x 1077 ~ 6 x 1077 for GDH
and E. Coli endotoxin, respectively. A new 47
mm¢ filter holder with a small dead volume
(=0.6 ml) was devised for an easy assembling
of the sterilized filter.

WBen, L Ldh, HEIAREEL RV T
FICLBABNH & L-(BN)-7' ¥ 3 > EED AR
ZOWTHE LAY, LaL%s s, HEGHE
ErAWTHEEZBLBE, BHASLKY 7%
EFEEPICHEAA SEGE IR W E 13 R 35 a 0
%, BB REOESHARIK TS T LEE
DIFEL b ol BREBEZZHEC-ARTIE,
ERWEZ B L 2EBRATTETH), /-,
Bt L72BER D, 7725 60%E L HUETMNK
g7 & & DMy LIEEICHETH B,
Koppensteiner 50V B BWHE % B Fikic
DWTERBRE L 2R, BA5BE8E2ZHEC-25
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B EREESILC, BHTHLEBEL 2,
L Ladh, 4 70 o g, 1)
FRAVIEFICE N, 2) HBRDRIEEIE D Hml
DFEN L\, T EDORED D bz, BIAE
EDRFFRRICT 5 TERIMBETH S,

Z TR, HEORKEM TRNSBELFEH
L7z, BNH; & L-(BN)-7' vy 3 VB HEhERE
IZDOWTiIEX5,

2. MIRAE

a, #KiE

FEIZLUTOMBRELZBELT2 LTk
NTwb, 1) EFEEEKD S —7y FEERA
DT, 2) BECEERY Z L LBA 435y
T LDEERY) BRI L BRI L B o
T4 a=r, 3)T NI EERFWENH,
DEE, 4) €77 u—24 BiskicEELES 0
IS S v EEOKEEES (GDH) % Fvs 7z L- (2
N)-7WZ I v BOEK, 5) Bi5i8.

FBEN7wy 7% IRICTRT, EBRICIZ 448
DGR & 1AL 4 FHFEEIH V7 a5iA
FNTNT, AEFTRICES PR TICHE
TEBLIICH->TVEY, ZZTREEN2S
HEEL T, U7 2 13 CM &, (zi
B, 740 bnES THERICT,
b s, REEL Y FIIIERGEREDRN &
RT 20N LNTHL, BWEOBEIHIZIZ 1A
JED, £ 72RASBHICIZ3.68FED~Y 7 40
W57z,

FEMERHRZEHEL T, N OEENE L
KEEb2H, RERBEDEWES DL F &3
L RIEEHFICE 2, T o7 IR RSE
FPANEAT L, AT L2 L B8 E 2
JTHREM A8 L BERRICBT 20, KIS
BERERICE V2,

BfecBIL T3, X1 0@ER» CRT 28R
E, BFRORBOLERL AL —F D
B2 ARSIl T b, BERICIE, RIEESRD
BIR, HEOERL T2~ JEDKR Y > BlEs
DBETH LD, BEHKTHRIE—ATD>=2 T
e LICRBR 2182 2 &2 T4 5,

b, REB LUk

1) BEELEER 7 7 LD P
2 g @ CNBr-activated sepharose 4 B
#15mlD 1 mM-HCIH T 1 B E S ¢ 7215,

HFAT4NF L, 300moy 1 mM-HClT#H# L
72 TDEHICLTRIEL 1267 72— 2 & 30mg
DITNG L EERKEEESR (P-L Biochemicals
) % F8 T10ml »0.1M-NaHCO,-0.5MNaCl
(pH=8.5) &M T IfMmETrzricd,
BREie7ru—2BEbLL 2. ZNEE—E
HEI00meTHEIEE, 15l 1 Mg /) —)L 7 3 >
(pH=8)H, BB C2BMMET LI Lick Nk
FOGEREEE & BEEME L 72, 2 12 300m8000. IM &
7R (pH=8.5) &300mo0.1M BEEE R
WTRHEICHER L 7214, W6 on, £ & 150mm) 7
FAH T LCTHEL, 0.1M ) CEMEER (pH=
7.6) 300meTHEEL 72,

2) BNH, & L-(®N)-7 2 I Y EEOHEIE
Jig

N-1 I3 EHRERK (57— PEEH

F 7 8IAZE4Om, ES10m) Z2HREWY A 7o
FerThEL 7218MeV 07w b v THRET S
ZERENEEL T, BEIZI0~250A DEIRE
T10~304 4T - 720 ER L 72BNOx D 100mg
TSN EE L 200mg D KERILT M) T A TEITS
T5Z LIz DBNH, 21577,

L-(BN)-7" v % 3 B3, BNHEWR %, 20
mM-a-7 t 7 )V ¥ LB, 3 mM-NADH, 0.2
mM-ADP, 0.2mM-EDTA #0.1M ) > EpiEflris
W (pH=7.6) 1mb:—EIcEEILEBER S 7 402
o— kL, 0.1M U > ESEER (pH=7.6) #2.2
m/min DFHTHT L2 L ), EREN, &
1% Dowex50X- 8 By A # > A g Ic IR g &
0. 1IM-BEESZE (pH=4.0) # 8.6md/min D FH
THRTZEICE D, BEL-(SN)-7 2 3 VB
WMEElz, TRy, ERREE LR 58EE
(GFERITAISGBTZ &i2LD, (M, Zaw
H, BRieziw, L-(BN)-705 3 VBB
21572,

21CL-(BN)-7' w2 3 VB H AR —BF)
2RT. HF A, BMIZAHEBOOEEREE
DEALEEERT, SRENHBEIZR1ICE Lo 72,
RPOBFRHEIPOBFERLTHY), b
PEERTHD Z L 2ERT 5. B2 DR
i, BREICHIET2 GCMELLNES* HEY
Bylctiz 5 Z ok DBz, Mo ER A,

3) BA5iE
BRI ZBEEIC & 3 @ T EREDEEME % 5
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Fig. 1 Block diagram for the automatic production of
13NH; and L-[*3N]glutamate. MF: Milex Filter,
UF: 25 mm¢ Ultrafilter, GM: Geiger-Miller tube.
CS: conductivity sensor, A: to air, D: to drain,
Cl: enzyme column, C2: Dowex 50 column.
electric valves, regulator, check
valve, peristaltic pump.



Table 1 Explanation of each stage in Fig. 3

Stage Valve Pump | Heater GM CS | Timer Comment
Irradiation
A
2,4,5 2 1A Purge out the soution to drain
B 2,4,5,8 2 on 1B into trap 1
¢ 1,7,8,9,10 2 on 1B from trap 1 into reaction vessel
K 3,5,6 2 on 1A Filling H, O into target bdx/reduction
. 10 2 on 2A Reduction
F 10 2 on 2B Reduction/Evaporation of **NHj
E 1,7,8,9,11,12,13 | 23 30 sec.| Transfer of 1*NH, into mixing vessel
}8’1% 3C,81250ifffC82 on 123 %2 2B Synthesis of L-(**N)-glutamate
I
fllg,i%%,slfoingSZ on g iﬁ 2B Synthesis & Purification
! 16,17, 20 2 3B Synthesis, Purification & Collection
K 17, 20 3 4B Purification & Collection
- 18,20 4 min | Ultrafiltration
M End

A & B in a GM column mean waiting for start and end of a radioactivity peak respectively.

A & B in a CS column mean waiting for contact and discontact with a solution respectively.

Radioactivity (linear scale)

?

F
]

C)——o-

:I:—-.-

w——.v
e
g

5

15 20

———= Elapsed time (min)

Fig. 2 A typical example of the automatic production
of L-[*3N] glutamate, Explanations of each stage
are summarized in Table 1. The chart was
obtained with 25 mme ultrafilter.
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P DI, TNy I CERlKGEESR (GDH) & Trzxicky,

BERNER AT LX<,

E. Coli endotoxin (BEBWEN—F]) NRFA OFNDKELHBEMMERTE. AEEEDM L
BEEEELRE L2, GDH 2 ERETER PRz, 72, AHOETL2E LT THE
5728, 1.2mM-NADH, 20mM-a-7 b 7 V%) 3BEHEL, B TEESREEEL k- 25E
B LY 7, 0.27M-NH,CL, 0.4mM-ADP 70. 2LBORTHEET LI EICLED, BERNET
IM V) > EERRE AL 6nl 2 &L IREE L LIz, L L7z,

GDH ?0.1M V) > BREEAT L. 6me 2 HA L, 340
nm T? NADH DWRIEE R & #E 8y 5ok L7z,
ZOBORIGIZRA T, FEE T GDH BE
BT B 728, BOGEDREAEE S & GDH #
ErERTE 5,

CIZOOH

Cl =0 GDH
(‘:HzN +HN,*+NADH =~
i

COOH

COOH

H,NCH
CH, + NAD* + H,0
COOH

GDH 70.021, 0.074, 0.26, 0.91ug/mbiEi % H
Whk e ) 7v—2 g —7%, ZHFEC
&5 GDH BHEFI20.006,g/mREETH - 72,
2 mg/mbFTE DRSS B HI213 GDH I3 HH &
Nih-720T, GDHORII A BEEBERL
IX 1O UUTEiEEI NI,

E. Coli endotoxin iz2WT & [#EIZ, 500,
280, 90, 50, 30, 5, 0.5, 0.05, 0.005ug/mliE
WEREL, FROBINHBERLEH AT
EL 72, 2 s AR o E, Coli endotoxin
{3 Mallinckrodt #t @ Pyrogent & 3£ (E. Coli

(a)

()

()

@

(e)

8

? / ) wast

i

(i)

(3)

endotoxin DR RF<L=0.05ng/mé) % Hv T
WL 72, FEEE 12280 & 500/ Mo B 120
ABHENTOT, EBFEITI2X107~6X
1077 & HEE I L7z,
4) BaAHBEEHRORE

BAABELFERLZ, EFEGHIEEEILE
WA OBEAL - MEBWEICIE, B SEE
B, BHENBHEOWL, 58K T EOENR
BOBRED, 7o EOFERMEL B L LT IUS e b v,
ZIZTIREIIRART L ICHBRBOEE TR
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Table 2 Results for an automatic production of ** NH, and
L-(**N)-glutamate

13NH, L-(*®*N)-glutamate
Radiochem. yield
(with decay corr.) 80+/-7% 43+-7%
Radiochem. purity  99.9+/~.1% 99.9+/-.1%

Pyrogen not detected not detected
Bacteria not detected not detected
Enzyme 00— _ <2x10°® ug/mil

Sample volume 9-11 ml
pH 6-7.5 5-7
Preparation time 8.2+/-1.5m. 17.5+/-2.0 min.

Elution time (s)

Fig. 4 An elution curve of intentionally mixed *NOx-,
*3NH, and L-[**N]glutamate. Analytical con-
dition: column; YEW CX-1 4.6 mm¢ x 50 mm
Eluent; 5 mM HNO;. Flow rate; 1.6 mL/min.
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Production System for
BR-2-Deoxy-2-Fluoro-D-Glucose

Shinji Nagamachi*, Toshiaki Irie, Osamu Inoue,
Toshiro Yamasaki and Kenji Ishimatsu**

*Research Fellow

Division of Clinical Research

Shimadzu Corp.
**Hitachi Medical Corp.

We have developed a production system for
18F.2-deoxy-2-fluoro-D-glucose (¥ F-2FDG),
which assures reliable production with easy
handling and reduces radiation exposures to the
operator. In NIRS, a manual synthesis mehod

was developed by T. Ido, T. Irie and collabora-

tors and synthesized '*F-2FDG was supplied
for clinical use from 1980. Chemical procedures
of this system are the same as in the manual
method. This system has 2 operation modes.
One is a remote controlled manual operation
mode, the other is microcomputer controlled
automatic operation mode. We developed 2
types of sensors for this system. One is a liquid
sensor and the other is a radiation sensor. The
costs of these sensors are comparatively low.
18 liquid sensors and 4 radiation sensors are
assembled in the system for monitoring of liquid

or activity transfer. In remote controlled mode,
we tested this system 5 times and synthesized
18E2FDG was supplied for clinical use once
until summer in 1982. The mean radiochemical
yield of F-2FDG from the target gas recovery
with decay time correction was about 8%, that
is the same as in the manual synthesis. It took
about 2 hours from end of bombardment to end
of synthesis. Since this time is shorter than in
manual synthesis, the available activity at end of
synthesis is increased. Works before and after
every run (for example, sterilization, mounting
or dismounting) are comparatively complicated.
For practical fully automated synthesis, it is
necessary to develop easy procedure of synthesis
and easy and reliable way of sterilization and
mounting or dismounting.
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F-18-Labelled 9-Benzyl-6-Fluoropurine, a
New Type of Metabolically-Trapped Agent

for Brain Studies

Kiyoshi Fukushi, Toshiaki Irie, Tatsuo Ido*, Osamu Inoue,
Toshiro Yamasaki and Tadashi Nozaki**

Division of Clinical Research
* Tohoku Univ., The Cyclotron Radioisotope Center
*% The Institute of Physical and Chemical Research

We have investigated a new type of metabolic-
trapping mechanism for nuclear medical brain
imaging. A lipophilic purine nucleoside analog,
F-18-labelled 9-benzyl-6-fluoropurine, showed
a rapid and high brain uptake, 6.12%/g at 5
min post injection in mice, while 6-luoropurine
and the analogous 9-ribosyl derivative showed
only 1.12 and 0.33%/g, respectively. F-18
radioactivity from the 9-benzyl compound
was retained in the brain much longer than in the
other organs studied except bone; the brain-to-
blood ratio reached 3.7 at 30 min and 12.4 at
1 hr postinjection. The chemical form of F-18 in
blood and brain tissue was determined by
column chromatography (alumina eluted with
water). At 5 min after injection of F-18 9-
benzyl-6-fluoropurine into mice, all the activity

present in both brain and blood is in the form
of F-18 fluoride. Incubation of F-18 9-benzyl-6-
fluoropurine with blood and brain homogenate
in pH 7.6 Tris-HCl buffer at 37°C showed
that brain had a much higher rate of defluorina-
tion than blood. Incubation with calf intestine
adenosine deaminase showed that this enzyme
metabolized 9-benzyl-6-fluoropurine and de-
fluorinated it in the brain.

9-Benzyl-6-fluoropurine enters into the brain
mainly because of its lipophilic properties and
is rapidly defluorinated. Diffusion of F-18
fluoride from the brain is inhibited by the blood-
brain barrier, resulting in long-term retention by
the brain. This new type of metabolic trapping
may be useful for the design of new brain imag-
ing agents.
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T, BF 2L 2EBIImEL v, 4, 7 v FHEib
HFE L LT, AgF B L *18-crown- 6 /K®¥F %
B, 7N 2fiE it 6 LIcPF 2 AL,
WO DSF R CEBERE SR T L
BRI L 72, £22T, INEDBEEKDENZEE
2OoWTHERE L 2R, *F-9-benzyl-6
-fluoropurine 1&, =7 AW~NDFHWIBRE 2R
L, %7z, adenosine analog & L T, adenosine

deaminase Ik N RF@EZITLZ -2, 2
N2 DWW THRET %,
2, F&

a, BFEHTY) HEERDOAERK

1) F- 2 -fluoro- 9 -benzylpurine (5)

FT, 7vERETHE AgPF 2UTOHET
PRS2, Ne ¥ 2m%He BEIC L D ISF 248, 7
Z 2 BHEEWNE 2 AgF ¢ methanol B85
10me TPV, BF 2B TS, Zaic, K AgF
(~150mg) & ether20ml%fnz, Ag“F Dk %
B5, LIBicid, = o Ag'F & 2-chloro-9
-benzylpurine50mg % xylene 2 méizfnz, 1 M
reflux, FEMBIC L DEHRT S,

AglF b b DRI 6.5%.,

2) '8F. 6 -fluoropurine (6)

9, KD KEF 2182 726, 20 BiEKDT
o b VREICLVEF OKER LR, ZHICKF
5 umol iz, BFL> IR TEET L, 2D
K*F {218-crown- 6 100gmol % & ¥ DMF 1
wlz Nz, 80° 154 s, KI*F 23S ¥5, 2
iz, trimethylpurin- 6 ~-ylammonium chloride
34umol N2, 80304 HEHT 5, HHIZI
ethanol-ethylacetate (1 : 9) #EHME L T

v, SEP-PAK (silica gel) B & Fsilica
gel column chromatography # 3 Z % 5, &L
FUE 38%.

3) '*F.6-fluoro-
ribofuranosylpurine (6)

2) LHE#EIC L TKSF % DMF-crown ether
BEWmEHREBML, 2N, 9-5-D-
ribofuranosylpurin- 6 -yl-trimethyl monium
chloride 30umol 2, 60°205Fili#¥E7T 5, &
Wi & L T ethanol-ethylacetate (1 : 4) % H
v, 2) LEBOFETEET S, LR
63.5%

4) *SF-9 -benzyl- 6 -fluoropurine (5)

2) T1& 5 L 728F- 6 -fluropurine % ~ >
PNHLLTERT 5, T4 bbb, 2) o SEP-
PAK B %2 BHEEE L, 12, DMS0200.
4, K,CO;#30mg, benzyl chloride 50x £ % fn
Z, 50°404 M T 5, K LM % silica gel
column (2 5+, benzene-ethylacetate (3 @ 2)
THEH, BRT D, 7T-_U PRI H T L4100k
%, BrES N5, ®F- 6 -fluoropurine 7 5 DINEE
40%.,

5) HHEOFH

18F- 6 ~fluoropurine 8 & F 1) R—2 1R 3 &
RIZERT 5, —F, <> )UKl Nikkol HCO-
60 A AW I E L, SVRT 7409 —
(0.454) CIEBET %,

b, =7 2 BRSO RIEE

bL——E 2004 £ &, =@ 2 (C 3 H,
male, 25-35g) BEIRMICEA, —E %, ~—
TIVERER T ICHEE, RS HE, MRER
MaRe & e, ERERHET 2,

C. BF-A F ootk

BHZOVE E8F-4 4+ > 058 - EBI2IZ,
Gallagher 5D T V3 FiEE A, N> UK
122w TiL, ethylacetate #itHEL HFHL 2. TV
ITENSE, HEBE HESrer oA —), B
ERISH 2 &) 100 L 273 F/055 4 (0.
6X 6em) (23, HESMTHERT 2, A
F?b‘ IZTEEICHEHEINDI DKL, ¥F- 4 F

YIETNIFIEESI NS (break through 1%
BT,

3. ¥R
a, BFERTY) o= R BT RN

9-8-D-
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Table 1-4 (2, 4TEHDOBFERT ) > FEIR
DI ARG E R L T2, 7)) 6 LDBFZ
K, $hbb, 71)—iEETH L6 -fluor-
opurine (Table 1) , Y R—24K (Table 2) ,
BUX> PR (Table 3) T, BORERED:
FEERRGICEORL TEB D, T, PR AT S
SERBEL, BFAA e bLTwd 2 & 2R
LTwa, =%, 7D 2 oEmk T,
RS 1R CLE~0ERIL LN T WVWI &
b, VR A X dELTnwinweEZ L5
(Table 4), —7, BW~DPOAATIE, BF-6
-fluoro- 9 -benzylpurine O A FH W7 2 7R
L, BfER 54 TIX6.12%/g DIBIETH - 72,
ZofbEDSE, 8 LU TIE, 8
F O iR L T 525 2L, BF- A 428
R ~HEMEI N5 L2k b, BF2 0 T
retention 2B DIHT L, MAEHDSF- 3D 12
FRAHEME & TR 4§ 5 726, brain-to-blood
ratio I3 BEH] & & L ITHEAL, BE60GETIE, £
DIEIF10.4TH » 72, F 72, BF EHRED R &
HRIZB—RENTH Y, ToREMIL765 T
»-72 (Fig. 1),

10.0+

T 1:2:76 Min.

0.101 '\
°

PERCENT OF INJECTED DOSE/GM TISSUE
@
2
(=3
°
°

0.0 1 rrryprfre—t ey —
30 60 0 120 150 180
TIME POST INJECTION (Mins.)

T

Fig. 1 Time course study of '®F activity in mouse
brain and blood after intravenous injection of
18 F labeled 9-benzyl-6-fluoropurine.

Table 1. Effect of time on tissue distribution of F-18
activity from F-18 6-fluoropurine in C3H

mice
Tissue S min 30 min 60 min
% administered dose/g
BRAIN 1.12 0.68 0.60
Blood 5.66 1.85 1.60
Bone 2.68 5.73 8.68
Kidney 5.58 2.53 1.58
Heart 2.58 0.80 0.58
Lung 3.23 1.10 0.89
Liver 5.26 0.92 0.63
Muscle 1.33 0.54 0.41
Spleen 2.11 0.83 0.64

Mean of three animals for carrier amount of 0.046 mg/kg.

Table 2. Effect of time on tissue distribution of F-18
activity from F-18 6-fluoro-9-8-D-ribofurano-
sylpurine in C3H mice

Tissue 5 min 30 min 60 min

% administered dose/g

BRAIN 0.33 0.18 0.13
Blood 7.35 1.16 0.39
Bone 4.53 11.51 10.91
Kidney 7.04 2.07 0.71
Heart 9.25 2.51 0.52
Lung 4.52 0.97 0.31
Liver 2.57 0.75 0.24
Muscle 1.56 0.86 0.28
Spleen 1.99 0.49 0.22

Mean of thee animals for carrier amount of 0.14 mg/kg.

Table 3. Effect of time on tissue distribution of F-18
activity from F-18 9-benzyl-6-fluoropurine
in C3H mice

Tissue 5 min 30 min 60 min

% administered dose/g

BRAIN 6.12 4.48 3.96
Blood 2.93 1.22 0.38
Bone 3.82 8.53 9.86
Kidney 5.43 2.34 1.66
Heart 6.10 1.54 0.32
Lung 2.81 0.80 0.29
Liver 1.97 0.78 0.18
Muscle 2.74 0.85 0.28
Spleen 1.35 0.58 0.18

Mean of three animals for carrier amount of 0.11 mg/kg.
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Table 4. Comparison of biodistribution in mice
between F-18 2-fluoro-9-benzylpurine and
6-fluoro-9-benzylpurine in the presence of 10
mg carrier per kg at 60 min. after injection.

Com- 2.FBP 6-FBP

pound

. tissue-to- tissue-to-

Tissue % dose/g blood ratio % dose/g blood ratio
Brain 1.08 0.64 2.62 3.16
Bone 1.06 0.63 19.4 23.4
Kidney 4.36 2.60 2.58 3.11
Heart 1.48 0.88 1.42 1.71
Lung 1.32 0.79 0.74 0.88
Liver 3.06 1.82 0.64 0.77
Muscle 0.28 0.52 1.51 1.82
Spleen 0.95 0.57 0.76 0.92
Blood 1.68 - 0.83 -

Mean of three animals.

b. '8F-9 -benzyl- 6 ~fluoropurine ?=17 A i
WTOBE~A * > ~DZEHR

gk & 9 12, BF- 9 -benzyl- 6 ~fluoropurine
(LIFF-BP) OB~ ERIZIE, JREENEE
L3z, 6MBEVANRHETH HMREE L7
#Z4h) »BBETHDL, ZiUF, BF-BP 2 passive
diffusion i< & 1 MmyE—ABIFT %588 L THEIC A
D, 22T, KEEZIT TR A4 icEBm3In,
T DGR, BF OKSRIBAICERE I N Tw S
WREME R R L T b, ZHNEHELrD D28, 18
F-BP # =7 28, 1498 L0551k #EE,
M & AR R £ S = A — | 248, F L3R
BT L7z, TR, BT, 157TI79%,
FR25 A TIEMUIB»E- A A LTHFEL, —
FMETIE, FFn, 73% &9%ThH- 72,

C, MMEBLUBEMAET 22— 2RV,
?v A, 7w, & o, BEBP K7 FHiEE
L

BE-BP 2 MUK 5 G %, dEHH 2 i
FEOM TR T 2720 Tl s Hvwiz, £7,
Tris-HCl buffer pH7.6% FH\», AR €Y = 21— F
BEUMBEAEFRRARAUT 2, 20 1nliz1-10
nmol DX x Y T2 BLBF-BP W EMz, 37T
A v Fax—1| L, —ERHEICTETL0. ¢
ERE, TAITAHBEETSFARELMET S,
Fig.2 12, vV 20MEB L UBKEEY = £ —}
DIGEDRERDOPIE TR L2, ZDE I RT—FIC
bEDE, RIGOVRE L AW EEEE 25,

1 18F-BP defluorination {&HENIEE & L T,
FOGEm 1 mbd iz 1 g D% i 2 72 B DBE-
BP "1 e 5 DICETAHM T 2 HT 52
EHTE DL,
2 AT, B LMD T %izEn2n0.
36, 1.45min/g TH Y, WoF 5 mE L) L4
BEWHRT v REEERFEOZ EPH o 12, — T,
Wistar 7 v b Cld, B T,,,122.93min/g TH 5
DL, MmFElx4.04min/g D Ty, FRL 72, E
2, B FoMilEngaizid, Ty?2.3min/g TH
D, =7 AB LTy MZIEELT % defluorina-
tion G EA 5 1172,

d. “F-BP ¢ adenosine deaminase {2 & % 71
IR

T HROD 6N n s BB EE o e T
5B & L T3, 6-haloadenosine iz #f§ 2
adenosine deaminase (ADA) 8 &, 6
-haloadenosine monophosphate % J7k5 4 5
adenylate deaminase (AMPDA) (9)& 235046 11
TWwb, ZOZONEERIT 2, BB Loz
HET 5, 22T, "F-BPI2DoWT, ZihDEf
I L D EBICRHEN D HEL 2T TAHI,
Table 5 Tid, #/Mi ADA I8 5 ¥F-BP DL

MOUSE

100 = Brain (200 mg) P

A0 o Biood (0.5 ml) ¢

25 L

0 L} ' v L] v
[} ’ 5 10 15
TIME (Minutes)

% FLUOROPURINE HYDROLYZED TO FLUORIDE

Fig. 2 Hydrolysis of *®F-abeled 9-benzyl-6-fluoro-
purine by mouse tissues in vitro. Reaction
conditions were 0.2 M Tris-HCI buffer pH 7.6,
at 37°C. *F-9-benzyl-6-fluoropurine concen-
tration was: (a) brain, 3.0 n mole; (b) blood,

2.6 n mole.
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R, 7)) —EEBIC) RK—2EDZTN &M
BLTRELE, VR—ZEKDOBE 7 v RLEESL.
0292 &, U INEBLIUOT7Y) —EBEFORE
iz, #nFN, 1.8X10*B L U1, 9 X105 TH

3.—F, Fal AMPDA OB AICiE, RIGER
1mliz1.9unit DEEREMZ, 3T TL54 > % 2
N} L7 ps, BEBP &7 v RikdnTn
D72,

Table 5. Relative Hydrolysis Rate of F-18 6-Fluoro-9-Substituted
Purines by Calf Duodenal Adenosine Aminohydrolase.

Compound ADA(ug)2  Vob V(eDd T /2(min)¢ V(elhd
9g}§§§ggn 0.0167 1754 100 7.9 100
9;?ﬁ§§§éol) 167 0.133 0.018 3.1 0.026
I?Si&?ﬁ%on 133 0.014  0.0019 27 0.0037

2 Incubation temperature is 37°C in 0.2M Tris buffer, pH 7.6.

bInitial rate: Vo is calculated from % defluorination in an initial 0—60 sec,
which was corrected to equal amount of ADA, that is Vo = % defluorina-

tion/min/ug ADA.

€ 50% Hydrolysis: T1/2 = time (min) at 50% defluorination.

4 (rel) = 1/T1/2/ADA (ug).

4, EBE

PlEo#ERy 5, ¥F-BPIX, W& & TOMA
A= TE LG RL D A= AL THRICERL
Twar#Ezbnd (Fig3). #RAIKKES
ENBF-BP L, E i MM BEFT & EaA Y
Do BRI N ERBL ) SERITEL,
FBP izt 7 v #3115, F- A & 3KRBEET

B.B.B. brain cell
COTTTTTTTT7r77 7 /777777777777

bieod

18,

Z N i8¢

N

Ay |
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Fig. 3 The metabolic trapping mechanism.

HoLob, ME—MEFZEETET, BAICE
Fans,

FeiatE A TEE ORMBATE L RBER AT
5ZDHEICBNT, RBBROFAEIZE(KE
BThb, 7VMD2HE 61D CBF #EED,
2T 2N BT AT v RO B T, 647
BIREKD LR %2 Z1T 72, %~ T, ¥F-BP 2%
WL TWBEERIE, BH, TV HEN6HIE 2
MERNLTED, ZOERT, 78GR
PREOBRTHD EDVANZILEND, 22T,
T RBEROLrTL I, T 64T
23T % ADA & AMPDA L iZOWTH~N, *
DFER, 4B ADA »SF-BP 27 » Z1bL 5
520z, 65T, Z{LEHiL f—ik
B %288® L 5 % adenosine analog Th % & =
25,

BFBP % adenosine A& b v —H—& L C
HEEMBT 2 201213, ZeEoEicini T,
HiZ, ZOOMEIREINTwE, V&L, 8
F-BP ORI TOMAKS A ADA Bi T2 2 41
TWB ZEDIRETH B, L 9 1 DOREI, F-
A F OB B B ERED, BTOBERE
TEF 723 EERHAERED L - ik HT 28
EHEICHAIL Tw 2 2B/ L2EHELPICTLIET
H5,
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The potential of positron imaging has been
recognized for many years in our institute. The
first positron emission computed tomograph
(PCT) was developed in 1979. The device is a
single slice machine having 64 bismuth germanate
(BGO) detectors, and has been used for brain
studies. In 1980, a research project for develop-
ing a multi-layer whole-body PCT was started
under the cooperation of the Ministry of Inter-
national Trade and Industry.

Performance of BGO scintillation detectors
was first investigated, and “quad-BGO detector
units” were developed for the new whole-body
PCT. The unit consists of 4 BGO crystals and
2 photomultiplier tubes. Analytical studies
were made on the count rate performance of
the PCT. Count rates of various events (singles,
true coincidences, scattered coincidences, etc.)
were formulated as functions of geometric
design parameters, and the results were applied
to design the PCT. Electronic systems for fast

1. lFLAE&

BFmESROEZHNBEN 12 LT, 470
Pe v TEESNLBET (KY bey) Bl
EOBMA~DHAPBEETH LI LIZREL o TE
FEN Tz, BEFFEATICB VT L, BER47FEE
k0, 2EDTven AT ENESETCHEFY
WETFOREEEEEFB L CEHT 2 [y
vhurh A7) OMEET, 2 00HELEH

coincidence, data encoding and data acquisition
were also investigated. Another problem was
mechanical scanning of the detector ring, since
the spatial resolution depends on the linear
sampling interval of projection data. Continu-
ous rotation methods (POSITOLOGY) were
developed, and the sampling characteristics were
studied. The whole-body PCT system, POSITO-
LOGICA 1I, was completed and installed in
1983. The device has three detector rings con-
sisting of 480 BGO crystals and 240 photo-
multiplier tubes. The device provides five slice
images simultaneously with a spatial resolution
of 8—12 mm in FWHM.

Theoretical studies on time-of-flight(TOF)
PCT were also made. An optimal method of data
acquisition and image reconstruction was found,
and the degree of improvement in signal to noise
ratio brought by the TOF informations was
estimated quantitatively.

BT ZOLDETY F—BA Y wn 25|20

B2y AT ENAEEILDTH D,

—F, HEEEES Bu e auiiEgs, Tab
briviar CTIZELTIE, BH4TEELY
P ITNT 5 P ECTEBEDOBEREWES L
CT E{EHBEEICE T 25 21T - 72, IBF148
FHLID, XBCTOHBEE & L 12 CT EEERE
BHEATD ScEE L, 2Nz e ) AR
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ThorIrHEEEN, bYETLEEN BGO
SrFL— I EEIND LIk o7 (B
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MmEFBLAR bory CT DEEMR 285,
FEHIB34E LY BGO > > Fv—F bRtEE L7z
AR b oy CTEBEOMSEREZRGL,
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T, WRFI54EIC 2 D fEEEE (POSITOLOGICA

1) #2572,

FEAIS44E, R TIEEOEZM A ICE T 24551
senBlth & & Lz, BIRRETAERY e CT
ETE O OB O AR, BRI S L CEGL
B 7 b7 2 TORREEIT- T, WEEAEERER
HERENTTSE B & VERR~DERL 1T~ 72,

BEFI544E & 1), EES TN EFREE
SR ERBEEHEN T < LT, &5
ZEERY by CTEBORREI LY HIT LA,
WETEDHFGEN 1 4T - TEBORIE» FMHFE
MAEREETZERT (B3 AT 4 34, B
SRR AR RETZERT, R T 4 b= 7 2 E)
CE2H L 2., T 0 RIEE — F #
(POSITOLOGICA 11) (ZBEFISTHE LA 12 SERL
L, WMEBHIERE S Lz, LTI, RENPTZeE
BN L 72 E W RNE L RROBELZ O 5,

2, BHLUMHRBECNR

Ry bary CTEBOMSICHAD, LELH
TEBIET ZIc bz » 72, 44, BGO ¥ > F 1 —
¥ a YRS OWEICTF ISR B I3 ko
W% <, &< I2BGO DFELMBILHERD
Nal(TD) > > F L — g DB REIZTET, »
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EErEt U BE L M REE 2 M LT B 2Hn 3k
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THEELHCTLBELRENE 522012,
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LT, Zhi2e8BRY bor CTEEICAVS
ZEElL, ZD2=y ML, 4D BGO # &
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BEERE Y o ZRICEA L 2238 T3, Wit
FHWENICER LT, MERET 0T 7
>R E RN L D +a/hE T B 0B
bb, CoOMEICELTZ, TTICESAEED
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IZAYEME TR L T o2 EEREYT 5 R
EERL, EHFHEEBORRICHID, Bl
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F7o A4S BGOBREBELRAT A LOIKIN
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B LRz B0 TINEREAL 2,

Ry bor CTEBENE D LWHREIR, HlEE,
&S, A4 W8, 274 A, SR
HEThd, b2, BEBIUEREZHLT S
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IE, HEEFOERAFNOWMIE, ELRE s
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—Positology—

IWARERS, HAfgE—,
HRYE, EARE,
FILFEHE (WEHTEE)

A New Method for Fine and Uniform

Sampling in Positron Emission CT

—Positology—

Mikio Yamamoto, Eiichi Tanaka, Norimasa Nohara,
Takehiro Tomitani, Hideo Murayama

Division of Physics

A rotary positron-emission computed tomo-
graphy system has been proposed in which
detectors are mounted unequally spaced on a
ring, so as to provide fine and uniform linear
sampling during a 360° rotation of the ring
around its centre. The usefulness of a simple
iterative method for searching for a suitable
arrangement of detectors is shown, and the
dependence of sampling characteristics of such
an arrangement on various parameters is clari-
fied. These parameters include the number of
detectors I, and the gaps between the adjacent
detectors (referred to as angular separations).
It is concluded that if the sum total of the

angular separations is approximately larger
than the angle 4 subtended at the centre by one
detector unit (i.e. if 360° — 14 > A4 ), a detector
arrangement having satisfactory sampling charac-
teristics for positron reconstruction tomography
can be determined. Using this iterative method,
a 64-detector arrangement of a prototyype rotary
positron ECT system for head named POSITO-
LOGICA I was designed and found to be almost
optimal under the given conditions. This scan
method is successfully applied to body devices,
POSITOLOGICA II with quad-detectors and
III with twin detectors.
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Development of Detectors for

Positron Computed Tomography

Hideo Murayama, Eiichi Tanaka, Norimasa Nohara,
Takehiro Tomitani and Mikio Yamamoto

Division of Physics

Quad BGO detectors and the timing and po-
sitioning discriminators have been developed for
high sensitivity multilayer positron computed
tomographs. Each detector consists for rectangu-
lar BGO crystals and two cyrindrical photomulti-
plier tubes. The design allows good optical
coupling between the crystals and the photo-
multiplier tubes, which is essential in order to
obtain good time resolution with reasonable
spatial resolution of the system. The discrimi-
nator consists of a time pick-off circuit based
on the first photoelectron detection method
and a positioning circuit.
circuit identifies the crystal absorbing an an-
nihilation photons.

The design criteria of the electronic system
and the performance are described. With a suita-
ble optical configuration of the detector, the er-
roneous positioning due to statistical noise is
negligibly small and the coincidence time resolu-
tion for annihilation photon pairs is about 3.6 ns
fwhm. The unit works satisfactorily at a count

The positioning

1. #E
Ky bor CT IZRAEERLDERICELREL,

rate up to at least 360 keps.

Twin BGO detectors and timing pulse shape
discriminators for crystal identification have
been developed for high spatial resolution po-
sitron emmision tomography. Each detector
consists of two BGO crystals and one single
photomultiplier tube. The tube has a grid
covering half the area of the photocathode
window, and opposite to which stands one of
the BGO crystals. The amplitude of the anode
signals for the scintillation events in the grid
side crystal is modulated by supplying negative
pulses to the grid. Crystal identification is
achieved by pulse shape discrimination for the
detector signals.

The design criteria of the electronic system
and the performance are described. With suitable
pulse shape discrimination, the erroneous po-
sitioning due to statistical noise is negligible
and the coinsidence time resolution for annihi-
lation photon pairs is about 5.8 ns fwhm.
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Positron CT*POSITOLOGICA I"for
Head Studies

Takehiro Tomitani, Eiichi Tanaka, Norimasa Nohara,
Mikio Yamamoto and Hideo Murayama

Division of Physics

A positron emission tomography for head
studies was developed. The device is incorporat-
ed with 64 Bismuth Germanate crystals (12 mm
wide x 20 mm high x 24 mm deep). Detectors
are arranged on a ring in a pseudo-random
position determined by “POSITOLOGY”, which,
along with continuous rotation of the ring,
enables us fine and uniform lateral sampling, in
contrast to conventional stationary circular ring
positron CT. Its field of view is 24 cm in dia-
meter with a slice thickness adjustable between
lem and 2cm. Maximum rotation speed of
the detector ring is 60 rpm. Signals from the
rotor are transmitted via‘rotary photo-coupler
based on a new principle. Its data transmission
speed is about 1 Mcps.

In the device is implemented delayed co-
incidence circuit independent of prompt coinci-

EEHAY br> CT #FFET 21040, KD

dence circuit to measure random coincidence
and two-fold multi-event rejectors. External
sources for detector calibration and transmission
measurement are incorporated inside the slice
shield, so as to correct for self absorption of
the object based on measurement. i

Measured spatial resolution with a line source
of 2 mm diameter turned out to be 5.8 mm
FWHM at center and less than 9 mm FWHM
within a circle of 16 cm diameter water phantom.
Measured sensitivity including scattered coinci-
dence events is 17 keps/uCi/ml for a 20 cm
diameter water phantom and 2 cm slice thickness.
Owing to good time resolution of detector units
and careful designing of the fast electronics,
coincidence time windows can be set as low as
7 ns at a cost of 10% efficiency loss.

L HEHICEEREER T 2.
DiEEY > = (5611keV) I3 L, BB
EE2HETE BGO (K= ABE A<w2) L
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Analy tical Study of the Performance of

Multilayer Positron Emission
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In multilayer positron emission computed
tomography (PECT), cross-layer coincidence is
used for imaging as well as in-layer coincidence.
The image-forming performance of a PECT sys-
tem for true and background images depends not
only on detector characteristics but also on vari-
ous geometrical parameters such as detector ring
diameter, patient port diameter, slice thickness,
and shape of the shielding for blocking unwanted
radiations. This paper presents analytical expres-
sions of event rates for extended sources

(uniform cylinder phantom). The analysis is

1 lELAig
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simplified by “rotation transform”, by which
three-dimensional photon detection problems are
solved by two-dimensional treatment. Event
rates of singles, unscattered true coincidence, and
single- and double-scattered coincidence are for-
mulated for a uniform cylinder phantom as func-
tions of various design parameters. Angle factors
for Compton scattering and other parameters
used in the evaluation are presented. Scatter
components in projections and their effect on
the reconstructed images are also evaluated.
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Table 1 /%7 2 — 4 —) 5k & HiEH
(BIERIIR 2 DEFEICR V72 L D)

Quantity Symbol Units Example

Activity density i dps/ml
Attenuation coefficient of water

for 511 keV photons m cm™! 0.0958
Attenuation coefficient of water

for scattered photons “y cm™! 0.103
Detector efficiency for 511 keV

photons € 0.7
Detector efficiency for scattered

photons € 0.8
Detector packing ratio 4 0.9
Energy threshold of detectors E, keV 350
Relative detector response Fx) 1
Radius of detector ring J cm 50.0
Inner radius of slice shield H cm 34.0
Depth of slice shield T cm 16.0
Slit width of slice shield at de-

tector face N cm 2.4
Thickness of slice shield at de-

tector face V4 cm 0.6
Parameter defining wedge-

shaped slice shield (see Fig. 1) Y cm 0
Radius of cylindrical phantom R cm

R
Ny = S‘l‘eflﬂﬁngzd“d<F>%1 j; &2"2 — K3)

sinh™! <—rKd—) -3Vt + ki + 4n<d}

exp(—2uyr) dx,

ks = G2/ V7 paG)).
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Table 2 BUEL/ Y7 X — 5 —DEFH & HIEH)

Threshold energy (keV)

- Factor Quantity Symbol Unit 255 300 350 400 450
Angle factor Single events:
Single scattered Los radian®?  0.35 0.29 0.23 0.17 0.098
Double scattered Loa radian™*  0.19 0.12 0.074  0.036 0.011
Single-scattered coincidence 2, radian™*  0.23 0.21 0.19 0.17 0.3
Double-scattered coincidence
Two-photon single-scattering 824 radian~?  0.12 0.10 0.072  0.046 0.021
One-photon double-scattering Laq radian™?  0.093 0.069 0.047 0.028 0.012
Spatial spread factor Two-photon single scattering Ps 0.60 0.57 0.53 0.47 0.37
One-photon double scattering Pa 0.55 0.51 0.46 0.38 0.28
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A Multi-slice, Whole-body Positron
Emission Computed Tomograph,
POSITOLOGICA II

‘Ndrkimasau NOharak,,Eji‘chi Tanaka, Takehiro Tomitani,
Mikio Yamamoto and Hideo Murayama

Divis}ionr of Physics

A whole-body positron emission computed
tomographic device has been developed. The
device is composed of three rings of detectors
which provide five simultaneous images from
three intra-ring slices and two inter-ring slices.
Each detector ring is composed of 40 quad BGO
detector units arranged at unequal spacings on a
circle of 85 cm in diameter. Each quad detector
unit consists of four rectangular BGO crystals
(15mm wide x 24mm high x 24mm long) coupl-
ed to two 29-mm diameter photomultiplier tubes
(Hamamatsu Photonics, R1362). The arrange-
ment of detectors has Been determined by com-
puter iteration so as to provide ‘a reasonable
density uniformity in the linear sampling for a 2-
mm bin-width. The detector rings have a packing
fraction of 0.9 and are separated from each other
by 36-mm crystal center-to-center. A continuous
rotation mode of the detector rings is employed
to this system for data sampling. The detec-

tor gantry is rotated continuously at 30 rpm.
Electric power to the rotating gantry is supplied
through slip rings and coincident detection data
are extracted by a 32-bit rotary photo-coupler.

The device has a patient port of 54 ¢cm in dia-
meter and provides a field of view of 45 c¢m in
diameter times 9.6 cm in axial length with the
five slices. The spatial resolution in reconstruct-
ed image for a 2-mm diameter Ge-68 line source
is, in radial direction, 9.2 mm FWHM at the cen-
tral region and 10.8 mm FWHM at a distance 20
cm from the ring center and, in tangential direc-
tion, 9.8 mm FWHM and 122 mm FWHM,
respectively. The sensitivity for a 20-cm dia-
meter water phantom is 25.5 kcps/uCi/ml for
the intra-ring slice and 33.6 kcps/uCi/ml for the
inter-ring slice, with subtraction of scattered
component. The device is now in use of clinical
tests.
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Software Correction of Scatter

Coincidence in Positron CT

Masahiro Endo and Takeshi A. linuma

Division of Clinical Research

This paper describes a software correction of
scatter coincidence in positron CT which is based
on an estimation of scatter projections from true
projections by an integral transform. Kernels for
the integral transform are projected distributions
of scatter coincidences for a line source at differ-
ent positions in a water phantom and are calcu-
lated by Klein-Nishina’s formula. True projec-
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tions of any composite object can be determined
from measured projections by iterative applica-
tions of the integral transform. The correction
method was tested in computer simulations and
phantom experiments with Positologica. The
results showed that effect of scatter coincidence
are not negligible in the quantitation of images,
but the correction reduces them significantly.
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TIME-OF-FLIGHT Positron CT and the

Advantage Assessment

Mikio Yamamoto, Takehiro Tomitani, Eiichi Tanaka,
Norimasa Nohara, Hideo Murayama

Division of Physics

TIME-OF-FLIGHT positron emission comput-
er tomography (TOF-PET), has been developed
recently in the world. The background, detec-
tion principle, device, image reconstruction me-
thod, performances are described. The gain of
image quality achieved by the utilization of TOF

He B3
1. 5=

19824 L%, FHEFIEEAIET N %2 RITT
5B ZEEH (time-of-flight : TOF) 2M AL
T, BEZRENCHEET, TOF-® Y o>
CT2BHFEEN, R o> CT O LER s
5> T&TW3 (table 1, FIG.1 - 3),

—fglz, Ry +tw CT (PCT)Y® (FIG.4.
Table 2) I3 AN TOEFELER - E{LEEED
ERBYHTIE - BRTICH WV 5115173617030 B - LR

CIEE L E L REHENC T, ToBRIREEIC
B> TETWw5, UC, BN, B0, BF ¥, 4%
BEBRL TwETEEEDRI (radio isotope)
e E vt e L TERICEREL, Zolr
BoafmrEmwEREL2 L - TEBILTEZ 32 & %,

information is shown in images and a graph, and
is discussed.

Experiments are done on the first practical
TOF-PET, named Super PETT I, developed by
M.M. Ter-Pogossian M. Yamamoto et al in
Washington University, St. Louis.

PCTIZHREL T3,

PCT Tit, BB L UEEEL LD ICHED
SE(LKITH B, EEAFX v VL BEOWE
BEEC 520 Th L, BRI EC BB
KRB HIZIBMBETH B,

BEDERIED 2 HDIEEICET 5 BRI
LTFDL Y ICH#ATE

1) ZWB 4 ERICETETE 2EENHRE (FIG
3 )67,8—12,e4-es)°

2) B EEHE (wobblef®-89:85%
Positology*~1%%%) MEA%,

3) UMD Z VS Bi,Ge;0,, (BGO) 7
A,

4) FEREFFES R  EETEERIC Lt 2 2R,
CsF DERF™8,
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Table 1 Time—of—flight ¥~ @ > CT

1985 2 A RUEHF  ILARS

BRI £ FEH A X TR # 1577 1t
(FITfE 1) b FENE | RE
il 4 (B R A F B AR B ) 274 2% ) T# (mm)
A Super PETT I &5 CsF 4 12117.4
(> b A 2TH) (198245 4 R) 74 BaF, 8 6.1
Ter-Pogossian
LA 5 1980-1982 | Super PETT II GEEL - £&5 | BaF, 4 5
Fick, Hood (B BAEH) (]
LETI : %
(7 —7))
Allamond, Laval TDV 1 = CsF 4 11|14.3
2T P 2 S 2a ) & (198346 H) 7 BaF, 8 4.7
DERE (A ve—ih)
T X AKE TOFPET 1
(Ez—2 F 1) (1983410 A) et CsF 5 10
Mullani 9

125 4 2813 BRI HIE T = 2 W8,
TIRE X 20emép RI7 7> b 2dcxfL keps/ Ci/ ml/ 254 =z,

Fig.1 #&TTOF—PCT DAEICEIIL 72

Super PETT 1.

SEER D W T BT

BHGHA 7 CEEENTWS, &
FIRE=FIBIUBRERT, v FD
fri, WA EE L 2§ A, T

R 2 RTT 5,

Detector number
0123

Ring source
for corrections

Field of view

321018

12 Super PETT I DORHFES], #Hig:) > 7,
BIER Y > 785, MEOBERIZZ 2190,
60, 45cm, 129 bank 13XfE$ 5 32D

bank & [EEFHIIE NS,
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19854 2 A, MUEM 1WARS
iR 2% B B N
FAEE FEHE BRET - BME % FR e V7% g CEETm)
1975-77  JEN  WENF - KE Ak &y - Nal 6
T-82  WEM O WESF - EE itk doxd e Y &5 - Nal 8
'79-82  M(EEWF MWUEWF- Bz POSITOLOGICAT  S&EEH) 1 BGO 6
'79-81  FKHEMHF FKEMNHF - B HEADTOMEI 5 1 Nal 11
'81- FREBGHF  FKEBGHF - B3 HEADTOMEI & 3 Nal 10
81~ REPERE  BKEENEF - B HEADTOMEIL  5E#R 2 Nal 10
'81- ¥tk  UCLA - ORTEC ECATIH &5 1 Nal 19(9.5)
82~ WEW  BERF - B2 POSITOLOGICAI 4% 3 BGO 9
'83-83F WEKk  HIL PCT H1 FEET 4 BGO 7
83~ FREBPE BEBNAT - B HEADTOME I 4% - 3 BGO 8(6.5)
83- BERK HYL - UERF POSITOLOGICA I 4% 4 BGO 7
'83-841  Juk B HEADTOMEIT = HHE) 2 Nal 10
"84~ BEA  HI PCT H1 . BEER 4 BGO 7
84~ Mk B HEADTOME III 5% 3 BGO 8(6.5)
'84- WEF  HEF POSITOLOGICAIY &y 1 'BGO 3
ERER =7 2 Bl :
84~ SN e HEADTOME 11
’85- [ R e HEADTOME III
86FE  HALKYE KE
WO
By o

TSI~

TP P
(50~300 < 5o

X 4

o ZIHS S i b yCTiﬁ%mm’ﬁt@ N

RIS T RLO M L 7 %7 ek
ThE B, RMARICHET 2 2 Ro511
KeV o 7tk AIFNT 5.,

) 7

pE s Y
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ELi, BHMBEE R B EROE
FE71-1380-83 (Table 3, 4) % b NICHEN#
A& L7z TOF #FAHT 58 L\« CT BEHERERK
HEDOBASEMFIET4- 78485152 2 fus | 19804F 5 &5 1983
FI2 T TERY TOF—PCT #£EDRRR S H
frb iz, 19824E% 12, St. Louis 1 Washin-
gton K 7" /v—"7" (M.M. Ter-Pogossian # &
THEL, HEFLA®ES 2 &) 2" Super
PETT 1 &&A+F7z TOF—PCT OFZIC&
THEIN L 72120, ok, 7 7 v A Grehoble 1
LETP93 & OF Houston 1 Texas K% [ 7
=TI TLRFES NI,

LIFiz Super PETT I %2#lic& ) TOF—
PCT & 2D moFHliic 2w TE T,

P, EERAVAFFRIT Washington KEICH W T
b2 nThs,

2. HERE

2. 1. deFokl (EEDZ AN —~Dix
#2) '

Ry ber CTizld, BET (positronits T
ZetEzid ) #HH L THRET 25574 RID
AEFHATES (Table 2), ZNHIBEHRGTDH
D, UC, BN, 130, BF 7 FixE
Ao,y r7atarTHEETE D, 2
mMn, %Ga, #2Rb 7% ¥ 13 F& O E VW EEE O B
WKk TERENBIDTT A 70 baralnif
BRTLERTE2, WHEIELERALETERS
S, WIS L2 BETRE RUGBET 2
T %,

MET e IET e DRKTTHY, HEIZFL
CEBIESO+ 442, RS NBEFIET ¢
L DBEFEHBEL, MENOEEIL 2 HN511keV

Table3, PROPERTIES OF SCINTILLATION MATERIALS FOR POSITRON EMISSION TOMOGRAPHY*?

plastic plastic

(pilot U) (10% Pb)a
Density {gm/cm®) 1.03 1.17
Atomic numbers 6,1 6,1,82
Hygroscopic? NO NO

Linear attenuation coefficients at 511 keV (om™1):

Photoelectric 0 0.008
Compton 0.096 0.106
Total 0.096 0.114
Photoelectron yieldiSll keV) 730 250
Scintillation decay time (nsec) 1.4 2
Wavelength at max emission (nm) 432

Refractive Index 1.58 N
Photoelectrons/nsec 500 180
Pulse height résolution (FWHM) - -
Pulse height threshold (keV) 100 100
Time resolution (FWHM nsec) ¢ 0.2 0.4
Detection efficiencyc 20% 22%
TOF Figure of meritd 0.20 0.12

Nal (T1) liquid BGO CsF BaF,
Xenon
3.67 3.06 7.13 4.61 4.8
11,53 54 83,32,8 55,9 56,9
YES (-108°C)d NO VERY NO
0.060 0.061 0.393 0.087 0.085
0.268 0.215 0.510 0.334 0.353
0.328 0.275 0.903 0.420  0.438
2,500 4,000 400 150 200,800
230 2.7;27 300 2.5 0.8;630 -
415 180 480 390  225;310
1.85 2.15 1.48 1.56
11 ? 1.3 60  250;1.3
7% i 12% 25% 13%
100 100 400 100 100
1.5 0.2 5 0.4 0.3
49% 49% 7%  50% 60%
0.16 1.2 0.3e 0.6 1.2

aPilot PS/Pbwith 10% Pb by weight (mole fraction 0.627%)

bBoiling point at 1 atm pressure

c¢For a 20mn X 20mm X 40mm deep detector and threshold as given. Packing fractions of 95% for plastic,
BGO, and BakF,, 90% for Na I (T1), 80% for CsF, and 1009 for liguid Xenon have been assumed.

dTOF figure of merit= (efficiency)?/(time resolution)

etime resolution of 2 nsec used to correspond to a 30 e¢m diam phantom
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Table4 ,

Density
Atomic number

Linear attenuation coefficients at 511 keV (em™}):
Compton attenuation (cm™?)

Photoelectric attenuation (cm™!)

Total

Band gap (eV)

Electron mobility u (cm/sec per V/cm)
Hole mobility g (cm/sec per V/cm)
Typical electric fieid E (V/cm)

Electron transit time (ns/mm)

Hole transit time (ns/mm)

ur (electrons)

ur (holes)

Trapping distance Eur (electrons) (cm™")
Trapping distance Eur (holes) (cm™?)

Number of e-hole pairs
Pulse height resolution
Time resolution

Pulse height threshold (keV)
Detection efficiencya
Figure of merit for TOF

PROPERTIES OF SEMICONDUCTOR MATERILAS FOR POSITRON EMISSON TOMOGRAPHY*?

Ge Hgl, CdTe
5.38 6.3 6.2
32 80,53 48,52
0.407 0.442 0.441
0.019 0.269 0.098
0.426 0.711 0.539
0.66 2.22 1.50
4500 94 1050
3500 4 80
5,000 40,000 2,000
10 30 50
10 600 600
>1 1x107* 1x107*
>1 1x107° 8x107!
>10* dem 2cm
>10° 0.4cm 0.2cm
170,000 70,000 110,000
1% 5% 5%

0.4 nsec 2 nsec? 0.8 nsec?

100 400 100
5% 70% 66%
0.70 0.25 0.54

aFor a 20 mnX20 mnX40 ma deep detector and threshold as given. Packing fraction 959%.

DT (P TREENZS yREELT) DT
NEX—IZZEEL THATLE ), ZDE W, 21E
DIEFIZRHR (~1807) N RBFIZFG S 15
(FIG. 5 bl

2, 2. ¥Y o> CTOBIERR

511keV DT % 2 D0 HE»NTITFEEF (19
20ns LA) (o) (RIBETE : coincidence) 41
I, BEFHRERI»ZNL 2 o0BHEBOK D
[Eod] CHFETD EDEFERLEL (FIG. 5
b)o 2NV HEKRD PCT DHEIEFRETH 2, B—D
KFE2HH T2 RIOFFEFBET 2HE1T13
BRaY A—2%08r L (FIG. 5 a),
PCT Tl REIRFETEI A 2 i E 2 727,

nB, FPEROMERL & TERELE -
TS N B BELRIEEET S, E o RBE TR &
N Z5 S NIETFHBRICERET T 2 B3R
UL, RIDELWEZ2RE T, FLLTH

BEIERIZT,

2. 3. TOF—Ky v CT 0ElERE

TOF—PCT Ti3, 2o0%BBENM [ 2]
EWv) TRTEEWEBHREZEET S (FIG. 5 c.
FIG. 7).

L L RIZ 2 OOBHENEFIZH T, RIE
BLDREFEIN 2EDEF TN TN
WEIZET 2 TORITERt, & 1 1ZFL W, RI &
ELLPDOBBEICITITIE L E GLIIZEYD
0, (t,—t) PHETEIEICE-T, 2200
HEEn G5 RI 2 CHOESE, TOF 7kt % B
Wik E B,

x= (t,—t) ¢ 2
ZZT, clETFOEETH B,
b L, TOF D BEIFERBE D, K> 2 Wi B E{G o0 iR
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a) JjiT-(single photon)

TOF resolution of point sources
of posi:rons

b) F5TET-(positron)

LA b3l F-A gl R1

N

AR EZ

L g,

Y -3-2-1 0 1 2 3 At (nsec;

|
¢) MFTUKIZ:(TOF)

(incm)
L—{ 74705 122 (TOF) x=(t,—t,)c/2
I K7. 3O0IFENT O FInZE,

B5. MERBENE,

6. TOFACSFHIENX 8BRS

BROT7a Y MEIIA I TREERSTALHF—LBICLTH B,

1%77 (1.5-0.3cm) FEET ZMLi TOF oS

Hx G 2 ER EoEIC, B ricaE

T T T TRD 2 FEifE s ﬁcbﬂétbwf% 3. 1. TOF M #»

M HEE D, ﬁE%”“ IMEEAFEETH D, TOF 2 Hn
L2L, BETERNDO—ES % B8 T 5 5 v

FHET LT, BEDOREHMZEMEL TY,

TOF miEEIZ FEEDLEIZIETH D (FIG. 6),

TOF » PCT DFf|HIZEEBE WISk L 211 (CsF) > FL—23%Tdh 5827, CsF 21358\

TE7, RIEADBHY, Xr> =2 T2 MBELET 52

3. TOF—PCT &£&

PCT 213, BriH®iE N &\ BGO & > F L —
CarBEBENGSHEVLNTW5, TOF AR
wmELTETEBINZDIEF 7y 74

(TD &N IRHMBIES AL DEN LS R
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E#'% % (Table 3). #2 T TOF—PCT #BE%
L72HIGEE 3 DT N—7"L 4, ZOBmHEESHW
AN

Super PETT 1 (Table 5. 6) TiE, 25mm

T%MS'S@a~NﬂTf~m%&@

Hah e WTE LJ:I: : 45cm
B vach - 11.5cm
24 A [EEREEEL 7
O P RE B 1.5cm
Mg 7wfbesa vrFL—Y
4V 7H Tl va vy FLr—7
Tk 2. 50m : IEH)M Sem RS
BE5Y 90cm ) TR X 4 ) T
{8 3844 (96~ﬂ§]/ )7
AV 67%
HTEER [EIRE R R S + FRAT RS 2
571 & — FEIR a ) A—gEENEA
FOK ERET 10 X 25mm
{&Sf#1% HEE25mm

Bt > 758 a7, B, R i
7> b )EB) TANb 4907, —20°
~o FIES) BT, i, EEsOEE

2 = T
WIERRIE /Nkf-si |
@mamn@ﬁ 7'““5,, o

b X 45emPE & DCSF #2154 ¥ FOUVHS
ABOIETFHEE (PMT) RI1398 (A b =
7 ZAL) I, AR OB L TEBEERL Th s
=27 L72Ln™ (FIG. 6) #96{@iE~74%
HEE) > 7% 3D b 5T w529 (FIG. 2,
3)  EEE I 1 DB EE» & RO T 532
L Lokt e L oh, BBEESE L)
?ﬂfwéPMTmﬁﬁﬁ%ik%wmfﬁﬁ@
& WLBE L 9T, E#constant fractiondis-
criminator A NI L, 74 2 v S EFEBTW
5o WA 5 Ixtnkthizn s 4 3> 7ERR

Table 6 . Super PETT I offfg

| [tz mas m

g EREhTE—F 8 mm
K#gh=—F 12mm
B OE (ERF 20cm HERE—7 7> kL)
g E— F (FH#/#/uCi/cc)
14,800/A FLr—1F « 274 2

20,800/ 7w Z « A7 4
121,600/725 4 2 (#52)
— b (g5 &#1577)
ﬂ%ﬁ%ﬁﬁ%’l‘%&cz & BEAITHRRE
(E#E 35cm FQI R~ 7 7 7> b &)

0.35

B Ly 34
ﬁ%%wbﬂéw%myNw 5~ 8 1%
(%/ AT L, HAHENE)

0 5><10 9%/ 7 5cm

o e o

detector~
discriminator
banks

Rate
Monitor
and Diaplay

Sequencer

LIS

motion control

Motion Servo

Command

Madule Electronics
Host
Selector . l

Master Bus Master Bus
Channel

Interface |V

B8 Super PETT I Block Dlagram.

24)
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B — IR IR e B 1C iofTOFu%hv i
&ns (FIG. 8), :
1ﬂ®§ga¢$ﬁm%m;é&y%>%xr
T, 150keV T A NF—HE £ 1% \s, TOF
DEEFEIE A EIE T5. Tem (380 ps) RIS L 72,
mﬁﬁinflﬁ%@&6ﬁ&%ﬁkﬁtf
% ﬁy@#?%M(wom)qu%éo F-51
IR K — %LniIOFimhﬁé# ﬁ&%
Y] ;HEcTTZ;o :
19824F (2 7%¢

V1W\UWA(Bﬂ$)yV

F L — goss TOF—PCT 2k D@L T3
NP AN 13 BHzh
#(3 CaF X cE—
EZaet i 5T
5, LdL, TThH

V4

Lz

25mm X

% PMT R1668 (E#h b =27 24) Ic

IO iERIC L 5T, 5.1em (340 ps) ZECERL
\..o BaFga)bl%-J-%‘j’& L‘( i 3 /,{m 0) AIzo;;}i%j'
HAHSES N T0 B,

%fimﬁfﬂ -
K& %E‘ﬂmtf’ii'y
3-'4 ‘-—;Tvého :

[ A 2‘&0)@3“( Ban i%% FOM 75‘}3%\2}7)

T, HIE Supe1 PETT d1ks UL LETI »¥E

DE 4B v 2 Banb‘FﬁWbﬂ iz,

fﬁ?ﬁtﬂ’:??f%ﬂ:q“if n‘ruﬁhfb“%%('é?@
TOF— PCT fud %) BaFJJ‘% v ﬁ;ﬂi 7 2: LTw
éo , K 3 . o
3. 2. *%ﬁ%

Super PETT I 12 TOF @%ﬁﬁm_?ﬂ&)“iﬁ)‘cm
Lzl bR EAROFEHETLZ, LrL, wbh®3
FEBRTIE L, BRI T S 2BRLE
AT, zolbicEr0HEELZL-TW3

on@Mmmr&Tmm,

(FIG. 9. Table 5.
4’3@7&%&%&'} >, 1.5emfEg o 7 W8
(z74x)#ﬂﬁﬁ@§né(ﬂG3) i
VW)*T/?‘}/7 #%Bm%#éf’&)k, g g
/7 i’?é%?}fldhr?ﬁ“/w (WF VES) 2 b
AR L AEOEEENI NS, S5z, B
)/773\2%&!1 (FIG 3) IS5 Th+ Leml3 &
SEHIC 1%«/§n m#w174xﬁhfmﬂ
%ﬁ&%? &L,gmm4x D TADEE
%<mai .

6)212519) .

5. , EE
N TED, F72,
bR % A IR
I LAREE %o
Nz, LHUNC
THRIRDEA - [

401, mE
ek PCT Tid
m%%&#@é(ﬂ%§nfwtw(NG5

2ODBIBEOMND E iz

blo ZNTLHEMENDER

T2 EER
fﬁ@ﬁ%m%

Ef% % 15 T

X9 Super PETT I Wrn&X,
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X110 Super PETT IiC& 3 UC-s5 35> X111 Super PETT Iic & % TOFO#h%

kG, MR R % o ke 35emEENH— (RSN RI 77>t 4,

L TOF#A, T : TOFAMER GEEHR), FE LT —2 %% (k) TOFZ AL,
Bk & UGB Ic A L T B (washington (F) TOF# ML T, HE{§&EHRL 22

Univ. : Ter-Pogossian et al.) (Washington Univ. : M. Yamamoto et al.)

Fig.12 DARR GRS (10385 %4 L THE) .
TSR, AR,
EC-1lron s F 8 (O , T:C—11 CO (MSTH) »
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5, XIT, WERATSTL, TOF TH2L 9
LIRTC & WERER (FIG. 7. 13) # &2l w
WA (TOF—PCT &) #B%L T, itk
#4 ) REOEG #1372 (FIG. 10-12),

ek CT BETlE, B 2RISR - Tk
BRI LD TEZOHFMIZIZFRENEZ AL
(FIG. 14%) #477% 9, TOF—PCT # (FIG. 14
H) T, TOF D mzfubs Liz [H5BE
SAF] REDFECH 7> b T EITE ZALBIEE
BEREED, WIERT %I OBEBEIRIC, Tk
B ORI EREIRDELDE LD L 2K
AN EEMS TS, &) OHEEY
TNVWTJALTHDE, LELD [HLBESH| %
TOF i BT 2 mUGERE (FIG. 7. 13) &% L
CLRBECEGTOESMMEF IR &< X
57784850 Quper PETT 1 Tid, ZOBE#HE L
CAAENEAIT . 5emd 77 Z B 2 AF L T 552,

4, 2, EBEOTNLITY XA
EBICHTRE L L THREL 2T AT AT,
EMEL CERMEG B2, BIUHLWA
MRICNMTE2ZE2FEL T, WET—F 13
DAFE-FELTURELR (FIG 15. 16), %
n#, (kO CTHNY V770 GBET—F !

2-DIMENSIONAL
GAUSSIAN

Measurement Error Functi
Values m(t-to, d-do,
1.0t at point source

5

s{t,d,0)

on

b b BEREd STREHFEO 2 KITEY) 12
TOF L2723k /7T st d. 9) 2%
L, t A EETRIST . Sem D 77 7 Z B T 2
L= T L0 R EAE L) RIEE EIcEE
ALr. BIEXEHR D b B EUE A~ D LD 7 4 N5
1) 2 JISALERE B )R R I A Ze AT e - 7259
4. 3. Tl 7 478

FAABIRIC BT ET TR 2 REICT 5,
FETHEET S 7 4 V7 o—BR % BT
RRICTRT, BEALERIEIAL—D T T 4
NFE G (T), BIEREED S RS EZRADEHE
T4ngEH R ET D,

Gl(T):eXD[‘zﬂz((fZ%QF—O'ZBEAM) N Tﬂ]
Ho(R)=exp[+27*(o%rqr — 0%resq) *

Rz]/lo[—ZITZ(dzTQF—O'QBEAM) : RZ]

ZITC, THEIURIZEEHZERICBIT2 TOF
JERE & 2 BB ZEMIc BT B TH B, 3
HORERER, TN, FEEEOE — AR,

Defec to,
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Go}
{10, do, Go)

e
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&

\\

System Center

Figl3  HEER & EREOBEN,

BEERIZLBMENBREL TOF L L 2MBENBEEIH LD T,
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1ist mode data

BINNING

Eo—sinogram l(t.d.B*

CORRECTJONS
corrected
3D-sinogram

(‘ 1D~FILTERING
ALONG THE TOF AXIS

__-TOF

3D-sinogram

{ 30 70 20 BACKPROJECTXON)

pre-image
(256 x 256)

final image‘

(128 x 128)
Figld  L:fEksk, T.TOF &™ Figls  MBEojmnEe,
EVENT WORD {every count) CONTROL WORD (every wobble point)
Bit (starting with high-order bit) Bit (starting with high-order bit)
1--- "1™{indicates event word) 1--- "0"(indicates control word)
2=+ 2--- "1" (to prevent EOF bit pattern)
3 3em
4 4
5 |- Time-0f-Flight information 5 |- Z-axis scan information
6 (0-127) 6
7 7
8- 8-
18: - detector ring of 1lst bank (0-3) lg“
11- : 11
12-3' detector ring of 2nd bank (0-3) 12" |- Biological gating information
13-4 13
14 |- bank pair (0-8) .14
15 15
16-4 16-4
174 17-+
18 |- address of detector in lst bank 18
19 (0-15) 19 |- Detector ring
20~ 20 rotation information
21-+ 21
22 |- address of detector in 2nd bank 22
23 | (0-15) 23
24~ 24~
25-+ 25-4
26 26
27 27
28 |- wobble point* (0-95) 28 |- wobble point* (0-95)
29 29 *(same information
30 30 as in event word)
31-4 31-4
32~~~ blank 32~~~ blank

Fig.15 Super PETT I ® YR} - = FOE » b - r85—222,
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TOF O mICEBB O, St ERIC B 1T 5 SInE
B MR (SrffEe) LHIGL TWwd, Zis DB
i Gaussian & ES T3, I[-]120-order
75 1 T Bessel B TH 5,

4. 4, FEHIIE

FIG. 1512 RT —FO % 3 kL /77
s (t. d.6) DFEMICEIRT 52 L % FIG. 16/
T binning £ § 5, ZOBETWL OHhDT—
TNVEG E1T% 9 . TOF 55 t DJE A IIBHE
T ZEIEBEDOHF T delay ICEDHLDTT I
(offset) T\Wb, ZNZHIET 5 72BN >~
THIEE B S LOBEY (FIG. 17. 18) £<T7 =
EDFTNGET—7 ULl TBEFAT S (FIG.
19) 52)Q

2. 2HIICED L AR ERE UL, HES B
LT ORHICBEN DT, TN L HEIcE
5| ey "TOR #FBL TV 7 M7 T CET
EHEE AR RXAT B2 HEDIIEIEMNTH S (FIG.
20)
BT L ICRBAERL R D05, I
L—7p ) > TRRIRE % B 5 Lo Y FHIE A It
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Image Reconstruction Algorithm and
Noise Propagation of Photon TIME-OF-FLIGHT

Assisted Positron Computerized Tomography

Takehiro Tomitani, Eiichi Tanaka and Mikio Yamamoto

Division of Physics

Positron computerized tomography (PCT)
utilizes positions of detector pair in coincidence
to determine projection line. Position informa-
tion along the line is indetermined in convention-
al PCT’s. In principle, position along this line
may be determined by photon time-of-flight
(TOF) difference, yet timing accuracy of the
present state of the art is not sufficient enough
for this application. However, TOF information
will supplement the position information along
projection line in such a way that position along
projection line may be confined to finite region,
which results in the suppression of noise en-
hancement in reconstruction process.

A reconstruction algorithm for TOF-PCT
based on back-projection with one-dimensional
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weight and two-dimensional filtering is present-
ed. Also a formula to evaluate the variance of
the reconstructed image. The analysis indicates
that the image variance is minimal when time
spread function of the TOF measurement itself is
used as one-dimensional weighting function.

The advantage of TOF-PCT over conventional
PCT was investigated in view of noise figure.
Noise figures of liquid Xenon, CsF and BaF,
were calculated, which are considered as candi-
dates to TOF-PCT at present. It turned out that
BaF, is the best scintillator for TOF-PCT. TOF-
PCT with BaF, is advantageous over convention-
al PCT with BGO when the object size exceeds
12 cm in typical applications.
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FB1E AUV rCTIRAVLALL Y FL—

& OFEE
liquid
BGO | Nal(T1) | ydo' | CsF BaF,
Atomic number 83,32,8 53,11 54 55,9 56,9
Density (g/cm?®) 7.13 3.67 3.06 4,61 4.88
Decay time (ns) 300 230 34 2.8 0.6, 620
Wave length maximum (nm) 480 410 180 390 220,310
Refractive Index 2.15 1.85 ? 1.48 1.56
Relative light yield 15 100 190 6 8,12%
Photoelectron yield 370 2500 4800 150 200, 800
Hygroscopic ? NO YES VERY NO
B2R KCltorCTRAwWLRLL > L—
vay ATy I—0HER,
Fa) 125 mm (1) X10mm (F2) X40mm
(B &) n#E&onMEE, £b) 1210mm  (1§)
X20mm () X40mm (E3) ofkgnisis
BERLTHE, RO LS, by 5 BIzE
ELGE, THRSIEROBR T EZ, By s
FIFR 2 $E R & - 2B A ORERR Y RT,
a) 5 mm wide x 10 mm high x 40 mm deep crystal
Scintillator BGO | Nal(TD | 434 | cgp BaF,
Time resolution (ns) 3.5 14 0.3d) 0.4 0.3
Efficiency 0.78 0.48 0.45 0.54 0.55
Noise figure 7.0 11. 5.8 5.6 . 4.7
Packing fraction 0.9 0.8 1 0.6 0.9
Effective efficiency 0.70 0.38 0.45 0.32 0.50
Noise figure 7.8 15. 5.8 9.3 5.3
b) 10 mm wide x 20 mm high x 40 mm deep crystal
Scintillator BGO | Nalrl | 424 | cop BaF,
Time resolution (ns) 3.5 1.4 0.3 0.4 0.3
Efficiency 0.84 0.49 0.46 0.56 0.56
Noise figure 6.5 12. 5.7 5.4 4.6
Packing fraction 0.95 0.9 1 0.8 0.95
Effective efficiency 0.80 0.44 0.46 0.45 0.53
Noise figure 6.9 13. 5.6 6.7 4.9

— 281 —



EfEI12em TH D, REMHAEESEOBEE L R

ME» £7213/4 2 (, BaF,% v/ TOF—PCT

I, BGO & M\ 720 kA PCT MM fE I ILEL$
%,

4. iEm

ZOMETIE, OFRZ b v RS > 2D
RATREZ2MA L2 TOFEEY o> CT o
EEEER A2 E, QFEBRERICSEN L
FEARNCT2EX AL LS, Q)&E
YTV — 7 DR R ERE L, BaF,> > F L —
FHL -5 LEBENTWD EDREHEER, 272,
BGOY > Fv—3 ZRAWVAiERBMEY v
CT iz, EfE12em Bl ED#EIRTIZ, BaF, %
AW TOFRERY oy CT PHEZFOATEN
TWBZEDTh ol

SEHR

1) T. Tomitani: “Image Reconstruction and
Noise Evaluation in Photon Time-of-flight
assisted Positron Emission Tomography”.
IEEE Trans. Nucl. Sci. NS-28: 4582-4589,
1981.

2) T. Tomitani: “Simulation Study of Recon-
struction with Practical Writing Functions and
Noise Evaluation in Time-of-flight assisted
Positron Computed Tomography. IEEE Com.
Soc., 82CH1791-3, 117124, 1982.

3) T. Tomitani: “A maximum Likelihood
Approach to Timing in Scintillation Counters”,
ibid, 8993, 1982.

4) E. Tanaka: “Line-Writing Data Acquisition
and Signal-to-Noise Ratio in Time-of-Flight
Positron Tomography. ibid,101-108, 1982.

5) T. Tomitani and E. Tanaka: “Noise Charac-
teristics of Positron CT using Time of Flight”.
Proceedings of the third Symposium on Physi-
cal and Technical Aspects of Transmission and
Emission Computed Tomography Jointed with
7th ICCR, 92-93, 1980.

) BB | vRRITHEEL Ry
For CTOBE{RETT & HEERFE”. K& 3
(3) , 52—63, 1980.

7 BARE Lo FL—ar-pTrI—D
ZA LA T BT, BURB 9 (2)50~59, 1982.

— 282 —



II—c

Iz R EE ORI R I BT 2 058 (§64%)

BRER 7 N—7" D Z D b FEDIFFRITKE { ZD
OGS ITbN G, B11EC~11, N—13, O—
15, F—18 AR Ry t v o % v TORIK
WRTH), F2I3EAMEEEL L To 123 H
b E B TOWRTH 5,

1. Ry b rrBHEttaweRV TOHRR

ZOBROMREIRE &% SHIcH N D,

B 1T ZNLRTTTIERL T SRR
Ry buraASEEWT C-11—BILREY 2,
C—11-@fbES A, N-137> =7, F—18
T EDOBERIGRA R L 2R T, 2335
FECHLET S, 2D b 2ARKDLDIZEESL
HAS TR EICAY 2 ) (1), BFEN
MEEEEL COFL RERN2HRECT 20
WCHWRzY Lz, E2F-BRELYF7 7012
FAva72(3),

FE2HIENHARY oy CT PRk, 2
F-8ER 74T A XL 7 Na—2AhMEZ 5
$9%->T, SEOMBEBICONTRMTES &
Ul ) BERBOME S, 5K P e CT %
Rl TH D, THUISHEE, S6FEEICHEY
T2, ZORBOBEIKRT — 7 DEX L DILM4), (5)
6), ()T, ZDBEDHFFEIE (R v CT] &
WHOEBELNE/T7TT7 (ERZEME, 2322—,
EEER, 1983F) 2FeHTHb,

EIILHFHENOR buy CTEENELD
IR TH L, ZORBRIIN-13T >
E=TEHOZLEOWEL TN LI ICk-

& Bz B(EKTFRE)

728)s FR2ZDBERIZIZ 015D A > T 4
AT LWTEHRL, O—15E#R T RILREB L
O—15FEHBBRA A2 B TORMLES £ Ui
ZRHIZOVTLWEITHNL,

2. MN23ZHEEYMERV TOHRE

LI23ERALE 2 AW T OMEIIMEE B L
USSEEE 2 iz 12383 — P A F L/ Lo
YRT/=ICE BEIB L F T ADTFESAT
bitiz, ZOE#RILEMICL2WRIIZNETO
IBIERICL 2L L VBERICEN2BE,E
Lillze B, ZNIZZDEBRILEWZONTE
SN FE THEA IR BEMDOBRE & 70 - 12(9),

S6EES L USTEEIX 123 E#HE » 75 1
BEREBVWUBRIERZT-o72, v 7713 1
BIE#HTEVWHELN TV LD TH B, -
123IBFICE R 2 2 L CREBR S ST EIC N E
W77 7 a =0y ZpmEes s
CERFEBR L7200, ZOREL LIZZOWETIE
HHEE DRRERE 2 EFAICIT 5 7200,

B L12SBER O ERILAWIC DV T DRI,
IOEL )X —H—H L1230 EES kR
FIFE2HLADLOTHERE LTI 2ot &
T RIS 72 b EKRTTLI L
2. U B, WMEWIIT- 72 [1123B@E 0 i R ZEI2
SMELENCIThNZI—FF ) v alc & 2B
BWOREL LU LI2MEH# o — AN A sk 3
JEERDBRENZ D212 4 EEOIEELAY &
oz,

— 283 —



I—c—1

1. "COs, "COIZ X 2 Rirhiitkat HE ik
—fifiic 517 5 RIBEEMROBE—

AR fz BmE &
SR 25 (BR R FEED)
AR R (L KRR IREFR)

Measurement of Regional Pulmonary Function
with Carbon-11-labeled CO: and CO

—Studies of Radioactive Gas Clearance Curve—

 Tomoyuki Rikitake, Toru Matsumoto, Yukio Tateno,

Keijiro Kimura*

Division of Clinical Reserch

*Institute of Clinical Medicine, University of Tsukuba

The single breath measurement with 1 CO,
and '1CO, using inhalation system and a coin-
cidence positron camera combined with an on-
line computer system has been employed to
evaluate regional pulmonary blood flow and dif-
fusing capacity in three normal volunteers and
seven patients with chronic obstructive pulmona-
ry disease (COPD), old lung tuberculosis and
benign tumor. Regional clearance rate constant
(M) and distribution index (Ai/At) were calculated
from monoexponential removal curves measured
by external counting over the chest in supine
position. This process was performed in a short
period of breath-holding (1020 sec.) after a
single breath of these radioactive gases mixed
with room air, These parameters were calculated

for each lung fields divided into four zones
(bilateral upper and lower lung region). In our
method, the activity of the inspired micture were
5—35 mCi/L and each value in each lung region
can be measured with time interval for one sec-
ond.

While the clearance rate of 'CO, seemed to
be mainly limitted by pulmonary blood flow, it
was considered that the rate of ' CO were limit-
ted by not only the diffusing capacity but also
the perfusion in each lung field. In normal sub-
ject, the distribution of regional clearance rate
was showed approximately even for ' CO, and
1CO. In contrast, the distribution of these
parameter was showed uneven in patients with
lung disease, particulary with COPD.
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Clearance rate constant of "CO:

Correlation between clearance rate constant of 11CO2 and 11CO for normal subjects

(@) and patients with lung disease ([J).
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RI-Angiography by the" CO Gas Inhalation
Method —Comparative Study of Red Blood Cell
Labelling to the in vitro Method—

Tomoyuki Rikitake, Yukio Tateno
Division of Clinical Research

Angiography is widely used in the course of
vascular disease treatment. In order to practise
this prosedure easily and noninvasiviey, **C-
carbon monoxide gas inhalation Rl-angiography
method is introduced. The labeling rate and
blood uptake by the in vitro labeling or the in-
halation labeling were examined in this work.

About 15 mCi of '!'C-carbon monoxide
diluted with one liter of the air. Five volunteers
inhalted the RI gas by single breath method.
The !!C-carbon monoxide uptake to the pul-
monary blood flow was measured with a posi-
tron-camera which was connected to on-line
computer. RI activities at thigh and in the ex-
piratory gas were also measured by external
counting. The mean value of pulmonary blood
flow uptake in five healthy men was 45.7%/20
sec. The activities of venous blood, which was

1. #E

SHOBEYOESIZEL (, BEBRICLE
e IRETZRE ) 1B #1820 RI-Angiography T+

punctured five minutes after inhalation, were
counted for calculation of the labeling rate of
red blood cells. About Ninty nine persent of
' C.carbon monoxide activities were observed
in red blood cells in average.

A U-shaped glass tube was used for in vitro
labeling. !*C-carbon monoxide gas diluted with
the nitrogen gas was introduced into this tube
and heparinized blood diluted with saline water
was bubbled. The flow rate of this gas, which
contained 100 uCi '*C-carbon monoxide per
1 ml nitrogen gas, was 100 ml/min. After 10
minutes bubbling, the blood trapped 24.7% of
"1C-carbon monoxide activity. The mean value
of red blood cell labeling rate was 99.0%.

Though both methods showed very high
rate in the red blood cell labeling, the inhalation
method was more simple.
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Fig. Dynamic curves after ** C-carbon monoxide gas
inhalation.

These are the dynamics curves of the activities
in the chest (0), expiratory gas (#) and at the
thigh (O). The flat part in the curve of the ex-
piratory gas due to the interval of breath holding.
The activity of the chest increased rapidly after
inhalation, and which was washed out by the
pulmonary blood.
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Table '*C-carbon monoxide clearance from the lung
Exponential index values (\) were calculated by the
least square method and clearance rates were calculated

by the upper equation.

Case A t=20 Labeling

t=1
(%] sec)

No. (sec™) (%20 sec)  rate (%)
1 0.0277 2.7 42.5 98.3

2 0.0154 1.5 26.5 98.7

3 0.0430 4.2 57.7 99.8
4 0.0334 33 48.7 97.9

S 0.0377 3.7 53.0 99.8
mean ~ KEEE 3.1 45.7 98.9
S.D. KA 0.9 10.8 0.9

11 CO clearance from the lung **Y'=100%(1-e-At)**
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Osteosarcoma in'*F Bone Positron Scintigram

—Comparative Study with

“mrpe.pyrophosphate—

Tomoyuki Rikitake, Yukio Tateno

Division of Clinical Research

The purpose of this study is to evaluate the
scintigrams of the bone lesion images using
Na'®F and a positron camera. The seven pa-
tients suffering from osteosarcoma (2 osteolytic
type, 4 mixed type and 1 osteoplastic type)
were injected about 10 mCi Na'®F in saline
water intravenously and were subjected to
scanning 2 hours later. One week after this
examination, the patients were subjected to
99M Te-pyrophosphate scintigrams. These two
kinds of scintigram were compared.

In the osteolytic type patients, both radio-
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activities increased on the circumferential parts
of the bone lesions. On the central parts of
the bone lesion, where the tumor tissues were
scarcely calcified, **™ Tc-pyrophosphate uptakes
increased but '8 F uptakes did not.

In the osteoplastic patient, the radioactivities
of both nuclides accumulated on the lesion with
a high affinity, where calcification was found in
the radiography.

As far as the bone scintigrams with '®F were
concerned, the accumulation on non-calcified
tumor tissues of osteolytic type was very low.
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Clinical Usefulness of Positron Computed

Tomographic Imaging with*FDG, " NH;and

NCO in Cerebrovascular Diseases

Fumio Shishido, Yukio Tateno, Hiroo Ikehira,
Tsuneo Takashima*, Akira Yamaura®, Toshiro Yamasaki,
Toshiaki Irie, Kazuhiko Tamate, Kazutoshi Suzuki,

Takashi Nakayama,

* School of Medicine, Chiba University

Positron computed tomography (PCT) was
performed with 3 volunteers and 17 patients
with cerebrovascular diseases. A positron com-
puted tomograph developed in our institute
and named “POSITOLOGICA-I” was used in
this study. The used radiopharmaceuticals for
this study were '®F-2-deoxy-2-fluoro-D-glucose
solution (*®*FDG), '*N-ammonia solution
(**NHz) and !'C-carbonmonoxide gas (*!CO)
as indicators of abnormalities in local cerebral
glucose use, relative perfusion and blood volume,
respectively. These agents were synthesized in
our institute.

Cerebral activity distributions in normal
subject were the same as '*FDG and (**NH3)
images. There were defects of same size in the
old infarcted area among '8FDG, !*NHs and
X-ray CT (XCT) images. On the contrary rela-

tively early lesions within about one month
after onset had various accumulation patterns.
The case with early cerebral infarct showed
more extensive lesion indicated by '®FDG
and !'®*NH; images than XCT images. There
were remarkable decrease of glucose utilization
and perfusion within the lesion of watershed
area of cerebral arteries. The area of increased
perfusion and low glucose use was clearly shown
within early infarctions by **FDG and '*NHs
PCT imaging. The cases with broad infarct in
the distributions of middle cerebral artery had
less uptake in ipsilateral thalamus of '® FDG and
13NHs than that of contralateral tharamus.
18EDG and !®NHs PCT images were useful
for evaluating effects of STA-MCA anastomosis.
PCT imaging using *NHs and ''CO had also
usefulness in diagnosing as arterio-venous mal-
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formation.

The PCT method with '3FDG, *NHs and
11CO should be useful in diagnosing as cerebro-
vascular -disease and in defining the location
and extent of altered brain in cerebral metabolic
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and circulatory conditions in vivo.

Key words: positron CT, F-18-fluorodeoxy-
glucose, N-13-ammonia, C-11-carbonmonoxide,
cerebrovascular diseases.
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vascular diseases.
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Positron CT Imaging with ®?N-Ammonia

and"C-Carbonmonoxide in Intracranial Tumors

Fumio Shishido, Yukio Tateno**, Toshiro Yamasaki®**,
Kazuhiko Tamate*** Kazutoshi Suzuki®##*
Takashi Nakayama*** Tsuneo Takashima*

Research Institute of Brain and Blood Vessels Abita
*School of Medicine, Chiba University
**Division of Clinical Research
#*%*Section of Cyclotron, Division of Technical Services

Positron computed tomography (PCT) with
Positologica-I was performed in cases with
intracranial tumors following administration of
3 N-ammonia solution (**NH3) and ' C-carbon-
monoxide gas (*!CO). The !®NHs images of
the patients with meningioma and fibrosarcoma
showed high uptake of *NHs in the tumor
lesions. There was reduced uptake of '*NHs
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in the sorrounding area of the tumor, when the
sorrounding tissues were suspected of edema.
The '!CO image revealed verious manners of
11 CO-hemoglobin accumulation in the tumors.
The PCT imaging using *NHs and ''CO pro-
vides a new non-invasive method for differential
diagnosis and fundamental physiological dif-
ferences of intracranial tumors.
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Positron CT of Epilepsy

Fumio Shishido, Yukio Tateno*,
Seiichi Tamachi**, Tsuneo Takashima**
Research Institute of Brain and Blood Vessels Akita
*Division of Clinical Research,
*#School of Medicine, Chiba University

Positron CT was performed in two epileptic
patients. Positron emitting isotopes of !!C,
13N and '®F were made at National Institute of
Radiological Sciences using cyclotrone. Device
of Positron CT is “POSITOLOGICA” which
has a ring of unequally spaced 64 bithmus germa-
nate detectors arranged in a circle, and the ring
rotates continuously.

"1CO binds with hemoglobin in red cell
tightly and circulates in vessels of brain, so
1CO image shows local cerebral blood volume.
13NHs was injected intravenously, and diffused
easily to the brain tissue and then was incorpo-
rated into a glutamate-giutamine pool of large
size and slow turnover rate. Amount of '3NHs
uptake to brain depends on local capillary
perfusion. *®FDG was analogous substance of
glucose, and incorporated into the brain com-
petitively with same carrier of glucose. It is
phosphorylated to '® FDG-phosphate by hexo-
kinase but it is not metabolized furthermore.
And only a little '8 FDG-6-phosphate is de-
phosphorylated. Amount of '*F accumulated
in the brain tissue depends on local glucose
utilization.

Case 1. This is a 49 year-old man who had
five years’ history of convulsive seizures. CT
scan reveals progressive right hemispheric atro-
phy, and high density area in right frontal
lobe but was not enhanced with contrastmedia.
Positron CT of !*NHs shows decreased accumu-
lation of '*N in right frontal lobe and the area
surrounding the sylvian fissure.

Case 2. Thirty-three years old man was found
unconscious 3 years ago and convulsive seizure
was noted 3 months before the Positron CT.
Positron CT of '*NHs and '8FDG reveals de-
creased uptake in left temporo-occipital region.
Area of decreased of '8 FDG is smaller than that

of "®NHs. It seems that the area of decreased
glucose metalism is smaller than the area of
decreased perfusion. This finding of decreased
uptake of '*NHs and 'SFDG in interictal
state is same as report of Kuhl et al. But there
are reports that cerebral blood flow is increased
while interictal state measured by '*°Xe me-
thod. And it is mentioned that epileptogenic
focus is fluctuating state functionally and meta-
bolically.

Positron CT of epileptic patient is valuable
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in diagnosis and therapy, especially surgical
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Fig.1 Positron CT and X-ray CT of case 1 (49y. male).
Decreased uptake of *NH, in right F-T-P area,
especially medial surface of frontal lobe and the
area along sylvian fissure. X-ray CT reveales
marked atrophy of right hemisphere and high
density area in right frontal lobe.
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Fig.2 Positron CT and X-ray CT of case 2 (33y. male).
Decreased uptake of '*NH, in left T-O region
is wider than that of ** FDG.
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A New Method for Analyzing the Local
Cerebral Metabolic Rate of Glucose Using
an ®FDG Positron CT-Image

Masahiro Endo, Fumio Shishido*, Nobuo Fukuda,
Toru Matsumoto, Takeshi A. linuma, Yukio Tateno,
Toshiro Yamasaki, Tsuneo Takashima®*, and

Seichi Tamachi***

Division of Clinical Research,

# Research Institute of Brain and Blood Vessels, Akita

##% Chiba Cancer Center
##% Chiba Univ.

Recently, Phelps et al. have developed a
method for analyzing the local cerebral meta-
bolic rate of glucose (LCMRGIc) using an * FDG
positron CT-image. They calculated LCMRGlc
from the equilibrium distribution of ** FDG, and
their method has become a standard technique.
But it has two problems, one of which is the
necessity for Cp*(t), that is " FDG concentra-
tion in arterial plasma as a function of time.
The other problem is the use of normal values
of rate constant k;* — kg*, which results in
significant errors in low metabolic states, such as

ischemia. In this report, we proposed a new
method by which LCMRGIc is analyzed from
time variations of '®FDG distribution after
injection. With our method, normal rate con-
stants are not necessary and Cp*(t) is needed at
only one point in time. We analyzed some cases
with Phelps’s method and our method. The
results are as follows. 1) There was a good agree-
ment between both LCMRGIc’s. 2) In our
method, the calculated results were fairly stable
against variations of measuring parameters.
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Usefulness of Fast Dynamic Study in

Cardiac Positron CT

Nobuo Fukuda, Toshiro Yamasaki, Yukio Tateno,
Katsuya Yoshida*, Toshiharu Himi*

Division of Clinical Research

* Chiba Univ.

The purpose of this study is to evaluate the
possibility of utilizing the Positron CT (PCT)
approach to the investigation of dynamic physi-
ologic processes of the heart. Serial 6-second
PCT scans for 2 minutes (fast dynamic study)
were performed in 4 normal cases after bolus
venous injection of *NHj.

On the first image (0—6 sec), N activity
was primarily in the right atrium and ventricle.
On the third image (12—18 sec), it was primarily
in the left atrium and ventricle. After clearance

1. #&

R oy CTiE Y LHOBM L, X%
BT A Z AR N TS, ez Enzd
BT E>? A5 b L—H—THEBN-T %
=7 (5NH,) ##MAL X F 2> CT T dinamic
study 17> C b L —H—DIHAEEZ S5
FITBSHT WD, BNH,D & 5 I GE~DH ) 5A

i

from blood, the left ventricular myocardium
was well visualized. Myocardial time-activity
curves were derived from these serial PCT images
after correction for cross-contamination from
blood to myocardium. Blood pool time-activity
curves were determined by assigning a region of
interest over the left atrium that had no effect of
spillover of radioactivity from myocardium.

Our preliminary work indicated the potential
usefulness of fast dynamic PCT for the observa-
tion of physiologic processes of the heart.
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Clinical Values of Adrenal Scintigraphy
by #1-6-5-lodomethy-19-Norcholesterol
(**I-NCL)

Yukio Tateno, Fumio Shishido, Itsuma Kamoi*, Keiichi
Matsuura*, Yaeko Takagi**, Shozo Hashimoto**,

Toshiko Hotta*** Noboru Arimizu***, Kiyoshi Fukushi,
Toshiaki Irie, Tatsuo Idot, Masaharu KojimaT¥,

Minoru Maedaf T, Hiroshi Ogawat 1 and Takayuki Itoht T

Division of Clinical Research

* Kyushu University, School of Medicine

#% Keio University,
#%% Chiba University,
+ Tohoku University,

11 Kyushu Univeristy, School of Pharmacy
1171 Daiichi, Radioisotopes Laboratories Ltd.

Clinical evaluation of 237 labeled 6-8-Iodo-
methyl-19-Norcholester-5  (10)-en-3-01 (**I-
NCL) a carried out on 44 cases, which included
10 cases of Cushing syndrome and 12 cases of
primary aldosteronism. The images obtained
were supperior to that of **!I.NCL. The average
dose of administered '?3I-NCL was 6.0 mCi,

which gave an absorbed radiation dose for the
adrenals smaller by the factor of 1/25 as com-
pared to the standard 3! I-NCL dose of 1.0 mCi.
The scanning time was 48—72 hrs post injection
as opposed to 6—8 days with *'I.NCL or '3'I-
19-Iodocholesterol. This is a great convenience
since it allows the examination of the patient
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in a shorter intervals.

Judging from all these findings, it was con-
cluded that "*I.NCL is a useful radiopharma-
ceuticals for adrenal scientigraphy.
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Table 1

No Name Age Sex Date Dosis ‘Diagnosis
1 Ho TI 52 m 78.10.27 2.6mCi  Normal adrenals
2 Ho YI 65 m 78.11.10 6.7 Normal adrenals
3 Ky TS 45 f 78.11.22 7.0 Primary aldosteronism
(Postoperative state)
4 Ho HO 52 f 78.12. 8 5.3 Cushing syndrome
(Postoperative state)
5 Ky OK 76 m 78.12. 8 7.0 Normal adrenals
6 Ho 10 33 f 79. 2.23 5.5 Cushing syndrome
7 Ky OR 36 f 79. 3.10 7.0 Normal adrenals
8 Ho 10 33 f 79. 6.29 5.5 Cushing syndrome
9 Ho 10 33 f 79. 7.27 6.0 Cushing syndrome
10 Ky (o} 33 f 79.10.31 7.0 Primary aldosteronism
11 Ke TN 32 f 79.10.31 6.0 Cushing syndrome
12 Ky WU 51 f 79.11.10 5.2 Primary aldosteronism
13 Ho YT 52 m 79.11.10 4.6 Primary aldosteronism
14 Ch ™ 62 f 79.11.10 8.3 Normal adrenals
15 Ch HG 48 m 79.12. 8 8.5 Normal adrenals
16 Ch MK 48 m 79.12. 8 8.3 Normal adrenals
17 Ho Al 34 m 79.12. 8 6.5 Normal adrenals
18 Ke KY 31 m 79.12. 8 7.1 Bartter’s syndrome susp.
19 Ke HI 54 m 80. 2.16 7.2 Hypertension
20 Ch HG 48 m 80. 3.15 5.8 Normal adrenals
21 Ch HM 60 f 80. 3.15 5.6 Normal adrenals
22 Ke YS 20 f 80. 3.15 5.0 Cushing syndrome
23 Ky MT 1 m 80. 3.15 3.0 Normal adrenals
24 Ky KK 27 f 80. 4.12 5.0 Primary aldosteronism
25 Ch HM 61 f 80. 4.12 5.0 Normal adrenals
26 Ho YI 56 f 80. 4.12 7.2 Normal adrenals
27 Ky MS 30 f 80. 5.31 5.0 Addison’s disease, susp.
28 Ch MY 28 m 80. 5.31 12.5 Normal adrenals
29 Ky KM 33 f 80. 7.12 7.0 Primary aldosteronism
30 Ho ST 36 f 80. 9. 6 7.2 Normal adrenals
31 Ke EE 33 f 80.9. 6 6.7 Primary aldosteronism
32 Ke NO 29 f 80.10.25 3.0 Cushing syndrome
33 Ke TK 42 f 80.10.25 3.0 Primary aldosteronism
34 Ke KN 44 m 80.10.25 3.0 Primary aldosteronism susp.
35 Ch KI 66 m 80.10.25 52 Normal adrenals
36 Ky MT 42 f 80.10.27 7.0 Cushing syndrome
37 Ky (O] 33 f 80.10.31 7.0 Primary aldosteronism
38 Ke KH 28 m 80.11. 8 6.0 Juvenile essential hypertension
39 Ky MT 56 m 80.11. 8 5.0 Primary aldosteronism
40 Ch TK 55 f 80.11. 8 7.5 Cushing syndrome
41 Ch MM 30 f 80.11.22 7.5 Primary aldosteronism
42 Ho YW 44 m 80.11.22 7.2 Normal adrenals
43 Ky AA 30 f 80.11.22 6.0 Cushing syndrome
44 Ky KN 75 m 80.11.22 4.0 Adrenogenitalsyndrome

Enzymetotal deficient
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Ren Iwata Kazuhlko Tamate*, Kazutoshl Suzukl*

Takashi Nakayama*, Toshiro Yamasaki, Toru Matsumoto,
Yuuko Murakami**, Hazutoshi Ikehira, Akira Kurisu**

Division of Clinical Research

* Section of Cyclotron, Division of Technical Services

** Division Hospital

Serial renal scintigraphy using I-123-Ortho-
iodohippurate (I-123-hippuran) was performed in
cases who had been suspected of abnormality in
renal function. Iodine-123 of high purity was
produced by the cyclotron in our institute, and
I-123-hippuran  was synthesized by melting
method. Dynamic renal images, subtracted reno-
parenchmal images, regional renograms, and
functional renal images were processed from

“serial scintigraphic data after intravenous injec-
tion of about 2 mCi of I-123-hippuran, and were
compared with the ~time-activity curve con-
structed for entire kidney.

Serial ‘dynamic renal images with 3 minutes

—323—

intervals were indicated the morphological

~ informations of shapes and sizes of kidneys.

Regional renograms on renal parenchyma and
pelvis were useful for distinguish from each
function, and renal functional images were also
important for assessment of regional function,
as condenced into one picture. We conclude
that these images and timeactivity curves pro-
cessed from dynamic renal scintigraphy with I-
123-hippuran provide a useful method to assess
renal regional function.

Key words: regional kidney function, 1-123-
hippuran, dynamic image, functional image,
reregional renogram.
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Table 1 Subclassification by regional renograms

Subelassification Machida’s Whole kidney Parenchyma Pelvis
classification oy /2 Tmax T1/2 Tmax T1)2
(I) Normal N-type N N N N N N
(II) Slightly delayed excretion N-type N N N P NorP NorP
N N P NorP
N N NorP P
(III) Delayed excretion-I Mi-type N P N P NorP P
(IV) Delayed excretion-II Mi-type P NorP N P NorP P
(V) Delayed excretion with M;: or Ma-type P P P P P P
parenchymal disorder
N: normal P: prolonged
Table 2 Results of regional renograms
Case Machida’s Whole kidney Parenchyma Pelvis Subclassi-
No. classification Tmax T12 Tmax T2 Tmax T2 fication
1. Rt. N 3.7 7.0 3.8 6.7 4.2 6.1 (48]
Lt. N 4.2 7.4 4.4 7.2 4.3 7.0 (€]
2. Rt. N 4.7 8.6 4.4 9.0 4.6 7.6 (¢))
Lt. N 3.2 9.7 3.2 9.3 3.2 8.6 O
3. Rt. N 2.4 6.5 2.0 4.9 2.6 6.0 [49)
Lt. N 2.8 73 3.1 7.0 2.8 75 €0
4, Rt. N 54 9.7 3.6 8.5 6.9 8.7 (Il)
Lt. N 4.0 5.1 39 4.4 4.3 34 (¢3)
5. Rt. N 5.0 11.3 2.6 13.1 8.1 8.1 (I
Lt. N 2.7 11.7 2.3 11.3 6.6 8.2 (1D
6. Rt. N 5.1 10.4 3.5 11.3 5.0 10.7 (¢))
Lt. M; 4.9 23.0 4.9 12.4 6.7 (29.2)* (1
7. Rt. N 5.0 11.3 3.0 12.5 8.2 7.4 (II)
Lt. Mi 8.4 (34.2)* 4.2 (24.8)* 10.1 (41.2)y* (1v)
8. Rt. M: 8.1 (29.9)* 3.7 24.5 8.1 (30.4)* (Iv)
Lt. M 3.9 23.1 3.8 22.4 7.2 17.6 Iin
9. Rt. M1 10.8 6.8 3.1 14.1 10.9 6.5 avy
Lt. N 6.0 5.8 38 7.8 6.4 5.2 (1)
10. Rt. M 14.8 e 8.8 — 204 — V)
Lt. M 19.4 — 9.9 . 20.6 — V)
11. Rt. Mz 9.6 — 6.5 (41.5)* 15.2 o V)
Lt. M; 5.0 15.7 39 12.8 9.4 13.0 am
12, Rt. N 4.2 10.3 2.5 10.1 59 6.9 (D
Lt. Me 20.3 — 6.4 e 20.3 — )
13. Rt. L — — — — — — L
Lt. M1 4.3 3.1 3.3 14.0 4.3 12.7 (11
14. Rt. M 11.0 17.7 8.6 20.1 10.6 17.3 V)
Lt. L _ — — —_ — — L

* calculated from the value of T 3/4

— 326~



EERL7z, Tild BRI REE» /L T
7o AlZIZIZHI—ZH AR L T2,

MBTIIEEBEEEL ) $HEER T Cmax
NA A= IIBROBILICHMEDFHERL 12,
Tmax DEFEENSHIIBTELTI TR ALK
%D, T, b BBy REELRLTWA,A,TY
BEIELNL LI, BEERIZ A,DEN
2 ERRIAYERD BT,

M, Tl Cmax DA A—V£EKIzAhH 7> b ps
KCBRBEICRREWELZRTY, 330 —7%4
HTH b, Tmax, TipldRE L L WEREIITE A
ET— S INERMTH L0 TEESLELLN, &
LBNT L =25 —LTIEEAEIHDLENT
Wk, ALIIELIRE LT, EENL I LERE
o Tnh,

LETRBNOHRIMIPEET» DL /77 L0
IZEAETFETH D0, BiEf A — 2 2T
LB ERETH - 72,

4. & @

FEFEDEBEL L TUITHLNLTWEFHE LV
MEHGREIC L - TAGHE:L L CRBREEL &
UZNIC LB BRIEDETIROLENEY, Ih
SOEICHTAIRBEZENFH L L T
hippuraniC L 5 Vv / 77 A BETH A Z L
WEINTWS, L LB2BBLUZ0RED
HEr o LBl T L E 720, BAERE
BELEHUETEEL 0ENEEET, Fred
ATIEDEEEA A~ THMBEEEZ 51T
BY, T/ F ¥ -hippuran  HW/2 884 £ —
Sy, BV TS A, BEEA A=V TEC
£ BT ENBRRERORE I EH LN TV D,

LA L hippuran 2 I\ 3 - @2 DM E
BB, £Z Thitbitld, hippuran # &5
L, BREICIEL 2T -2 bBenEifks
AA, FEHERELHLELT REBEEBL
UBHEEROFMICGHEL, 20BEREHRHL2D
FTTH b,

BEA A~V TIHBEENW, K&E&, BLVY
FHOK, KESHFHELHTH B, T12KkINLT
EH2h, BEHE, BEOBOBODEHMD RI
activity NBNEEZ 25 Z X2 & » T, FDEED
WREEMET L I L LR TH -2,

WELBIZL > THLNAEEEA A =2 E
BICBEENALRRL TV LDO»E»IIHELT

Elpofzht, BEHE, BHOBRRSMICHEEL
THEEEA A — U n—TELEZ b, BERDFHIEIC
BFHEEZEz N7, Ly LEoF.LEpREEL,
BHEIVBDA A=V OFRIIMET S &9 2%
B2, ZOFERICE-TBEEOREESRMS
ZrREELBEbn,

BELrEEHLBERD 2 OIS L TiT- 2 Bfr
VT TLIZEDT, TNETDOV /774 TIE
BRI HETH- - BEEEES L BRIREROE
MEE L DER I RE & o2, Wang 1131
hippuran # W TEBEH, BHE, THEREBRD
Bty /77 L kB L, AREZHCTW LA,
ROIDE ) 72 I H b, bilbiLid®l-
hippuran # FHWBIEEA A~ L BEH, BRI
ROI ZEXEL TV B DT, HEENFE L ERICIE
BLTD2LE W) TAT, Wang b0 FHELN L
FTNTnb, BEE, BHlw)—D0REEE
RMOBEBIARHMBRTHE2 L, BOBNTT
Reno-parenchymogram, pelviogram, &2
ENTELLNTHA ), ZHFELHNL L,
INETOL 7L T BEEBENEE
DHELHERETH - ZERTLEHTETH-
oI EAWLZINETOV /77 4TI, B
DEREVET L, RIOHHEBEE?H 2 &, BRI
EBWLZRIAYL I8 BEToE 60k E
< 7%, Renoparenchmogram ##i-»CTL E 97
DIZEF SR L > Tnd e FEZ N5, T
bbb, BO—HOFEEIKE LB L, 0SS
DEHRI P CENTLE I RHEHHTE S,
SEbLNLOLNITELE BEEH BHN3O>DL /
7oL HHEHEE TR, BEEEENN Y w45
AT 1205 BRIV /7T ATRE—D/ Y —
YTHY), BEEoOVv /7T LDRAEDE N &
EZ 5N, INLRE—DFEEETLIVEEL
Nbd, 72, FHbNLIDIT- REHTIZEL
Lo 728, BEED Tmax DIEE—TT %
bLBEEEENDIZELENL /77 4Tl
BEBRIPCENTLE I BEADTFELE LS
M, ZOL)LPNZLREEIRENTHA ) L&
5itb,

bbb NDIT - 28R A =P DT A= 13
Cmax, Tmax, T,,A, THBH, ZTNHEEDE
FrE9IC RIER D &7 28U 0H#E, RI DI A
ARENEENHTE, RI Dk #E, MITHE
DEEITRELZNTED, INLD¥T2—F

—327—



DGHHEEZ bNE, BROPFHEENRED
BE&ICmax PBHRICEBL TR EHLIC
Tmax DEEEIFEHZICEDHLNL LI 1% -
T B, ELICHEEELE T, NBEHICY
BB LT 2T, BEHIIRATH,
LV EBER LB EEZLNE, SEbNLLAD
TolERN L S CRBROBHEE»B L 43
BT, A, DEEEOSARIIV /T T LEEE
EX ) HEEERDEFICHARD LN T 5,
ZOL ) ICHBEOERE —DERI 1RO A —
PELTEREINDLEZHIHiEA A — P DEH
BERBD LN,

COBRBERRIBEOMEELERO 2ENRL S22
BMEPMD ZEDTRETH -2, BENL I ITK
B BEEOFME L L THEER RERE
Ez bz, TR ERLEmE By, e
HATA A=V IR E L -2 2 EDRE D
BR:Z-TBY, RIERLEWOFREZR
FTHLOTHA I,

5. #& @

2L hippuran # A L, BHREROPRHESE
PEOLNLEMEEIC, B >F7 774 247~
2o BOLNLBEEEN LT —2I2L T &, BifES
A=y, BERBEICLLIBEEA A -2, BTV
27T o, BEEA A—UERERL, k25T
NTwaV /77080, ZOBRRIERE

TRE L&A, UTOMGKZER.

1. L-hippuran % 2 mCif2ERESE L TELN
BB ATV T T A A~ R L 1,
BoWERER, BREOFLRE IR T
Holze TRWERBICLEBELEA A— 7
LEEHOMEE, MENBKNBEZEICLLERT
Ho 726

2, BV 770588 T L, BEHELE
FIREROBEE S 5B L TRMT 5 2 LA WHET
HY, BEEOFEICITARLEELEZ LN
72

3. BB A=V IRV 77 L0 EHRE 1
oA A= LTEHL, BELLZLDEL
THRKRLEEE:BEbn/:,

4, Utk iz 2 mCiBEN?-hippuran %
AT BL v F 777 40 5B5 15807 —
ZEFEL, BaoT — M L2479 FikiLEE
FEFICERENENEEZ LN,

SE M

1, BEXE, #%28, Bt F ALEE,
=W, EFENE, #HARNE, R g,
LR MER, ®A &, HLEETF, TS
¥, Eii
125f b OB b ) T AN & B BEHRENET
i
BE% 19, 1001~1010 1082.

— 328—



IT—c—11

B EZNEEF ) 7 A & B BAE AR R
— By /77 LB LUE Iﬁl(/m/f A= DNWT{—

MFER, #¥28, KFExSE (BRIREHR)

Evaluation of Transplanted Kidney Function
with **I-Ortho-lodo-Hippurate

Hiroo Ikehira, Yukio Tateno, Fumio Shishido

Division of Clinical Research

A non-invasive study for evaluating trans-
planted kidney function was developed using
123 1ortho-iodo-hippurate (OIH) with radio-
nuclide image processing technique. Twenty
patients with transplanted kidneys in few weeks
to several years after transplantation were imaged
after the administration of ImCi ***I-OIH. Func-
tional images with 4 kinds of parameters were
processed and evaluated. The one with a para-
meter of regional counts in early secretory phase
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of renogram, multiplied by the effective renal
blood flow (ERBE), seemed to be the most
promissing indicator for the function of trans-
planted kidneys. The ERBF was calculated by
counting 5- and 25-minute blood samples. The
functional images representing regional function
of blood flow and secretion of kidneys add
another valuable information to the conventional
serum creatinine and BUN values.
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Fig.15 Fig.16

Fig. 5 Case No. 16. Functional image of the peak counts. Fairly uniform function in

the kidneys were observed. Fig. 14
Fig. 6 Case No. 16. Functional image of the blood-flow-phase counts. ERBF this case

was 650.3 m//min.

Fig. 9 Case No. 17. Functional image of the peak counts. There are no localized ab- Fig. 15
normal accumulation and defects. Color distribution accords with the thickness
of the kidney.

Fig. 10 Case No. 17. Functional image of the blood-flow-phase counts. Comparing
with the case No. 16, there was uniform decrease in blood flow, but the pare- Fig. 16

nchymal blood flow was fairly well maintained. His ERBF was 487.8 m//min.
Fig. 13 Case No. 5. Functional image of the peak counts. Massive accumulation in
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the pelvis was observed.

Case No. 5. Functioal image of the blood-flow-phase counts. Comparing with
case No. 16, there was uniform decrease in the bood flow. His ERBF was
263.4 ml/min.

Case No. 4. Male, 21 years old. His left kidney was transplanted 2 weeks ago,
and his right kidney 5 years ago. Functional image of the blood-flow-phase
counts showed uniform decrease of blood flow in both kidneys. His ERBF
was 273.7 ml/min.

Case No. 20. The functional image of the same patient at 2 months later. There
was no change of blood flow in the right transplanted kidney, but there was
severe decrease in the left kidney. FRBF of this time was 225.5 mi/min.
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Fig. 7 Case No. 17. Dynamic images of the transplanted kidney of a 39 year-old male in
2 years after ion. Good ion and excretion were observed.

Bottom spots are the urinary bladder.
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