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Clinical evaluation of fast neutron therapy

Hiroshi Tsunemoto

Division of Clinical Research, National Institute of Radiological Sciences

Research Code No.: 600.2, 603.2, 604.2, 605.2, 611.2
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Fast neutron therapy has been advocated by the radiobiological features of high LET radiation, i.e. low
oxygen enhancement ratio and reduced repair capability of the irradiated cells. Whereas, it is also known that
the potentially lethal damage of the cells irradiated during Go stage will be enhanced when high LET radiation
is applied. Hence, it follows that the tumors with hypoxic cells or those characterized by the rapid repair from
the radiation damage may be more effectively controlled by applying fast neutrons than use of photon beams,
but that the complication of the normal tissues following fast neutron therapy will be more marked.

In this clinical trial, the indication for fast neutron therapy and the complication following fast neutron ir-
radiation were mainly studied.

During the period from November, 1975, to December, 1980, 679 patients with locally advanced and
radioresistant cancers were treated by fast neutrons wich was produced by bombarding a thick Beryllium target
with 30 MeV neuterons.

The results of clinical trials with 30 MeV (d-Be) neutrons suggest that high LET radiation can more effec-
tively contribute to improve cure rate of cancers compared with the conventional radiations. The results suggest
also that normal tissues can well tolerate fast neutrons if the treatment schedules applied are appropriate. With
regard to local control of the tumor, carcinoma of the larynx and the esophagus, Pancoast’ tumor of the lung
and osteosarcoma were considered suitable for the applications of fast neutron therapy. For advanced car-
cinoma of the uterine cervix and the tongue, the brachytherapy was necessarily applied, because the tumors
were considered to be hardly controled by the external radiation therapy alone even when the fast neutron
beam become available. On the other hand, further studies are necessary to evaluate the effect of fast neutrons
for glioblastoma multiforme, especially with regard to the treatment policies and the complications. When the
tumor cells spread superficially into the skin, it is suggested that malignant melanoma could be controled by
fast neutron beam alone, while combination with surgery is indispensable to manage such radioresistant tumor
when the cells infiltrated deeply into the subcutaneous tissues. It is concluded that the usefulness of high LET
radiations in radiation therapy can be enhanced more definitely, if high LET radiations with better depth dose
distribution become available.
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ko, MfkicimAREL B ok & ioES
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BEER RO LR L R DS T
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BRIz AL, £LT,
Bt HE o Hammersmith JEECXER 1 2
rbr A XK, BERETRO BRI T
THRNFOEROCHEI RS L), H
FE TR PR OHUHR X » LRI FE Oxygen
enhancement ratio (OER) AME <, i EEIE
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TF#o OER Offiirl.6, XHHTX2.8L7ch, &
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tz 1 % o MREMI anoxic cell MFEFEL 735
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EEMESEEE o RE R, HPiETFHRBAC X5
THELLLIMH S h 5 HEY D B0 T, ERHELKC
WA HEP T ROBELRD TR B D,
X B BT slow repair %3 L < I3
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HERIC BT 5 B8 T H % D1 LTl Rk B
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5.
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MATRZERT OREDD, RUOHRA¥ERSEZE
it (BRD CBEHSA 2 e+ e vAEA &,
HERBFCLk19754E11 A5 H30MeV d—Be
BE VT, ERIFcizldMeV d—>Be duif: T4
THRWTIITEEIL M S, ThXhbliihs
Etitoit.
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fo. BEENRCk *Co v MRIBE I ILET 5 IR
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MRHRE 2 WTRE 7x nERR S LT h A Y v CFS #
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Table 1 Charcteristcs of isochrenous cyclotron
installed at NIRS.

Particles | Energy
Proton ! 6—100MeV
Deuteron | 12— 43MeV
Helium— 3 18—100MeV
Helium— 4 24— 86MeV

TALTHha o it INEREEINT 51
Wb, =2—-brveairv—x—L,EEOR
BiTTR o 1oy, TEHHE & FER b P ST
MRIGHRERIR b % 4 7 L OBER K32 & A B
ThaH LTI RBEADHEN IS i,

1. DEENHE

(D) FEPHETFHREFRHA 2 2 -2 — it
Eii}
BRI O R TR b BB B L P T
MIERA 2 ) 2 — 2 —0@itchoe. BlE, 2
B =& ¥ — BRI BT 5 St
LT, FIARRER TR B ek 2
&, FIRERHEDL, 0000 D 1 LLF &5 B
HRTVBA, HhMTEL & O TR LR
12T BARE 7 BIE 13 7o', Hammersmith
s WTER ST\ 16MeV d—Be ik
FHREGFEA 2 ) 2 — 2 —0BA, st okii
FIRARSED 2 i<, Ale LdbZhll ko
HERRER BT 52 ) A —x —wBHTHZ L
WBEGeft L T o T
EPHETRAER T2 E LT3 vy 2
A (AR, #EL. 4g/em®), WOLIZHE D
EWEHAHVBR, b, Figo 1 @R
FHC <Y Vv A x— 5y b AT
IV oy 2 Am—YOERH & LTFIH & h, RER
JREEF I 0 —YGEERUH & LTS 8 gkl i
DR RV ED AT RECBRED b L F Shic. &
2 ) 4 — & — O 13 SSD 200cm, 11.4x
11.4em @RS OBE, FIRIRSESN OFRENT,
2~~3.5% Lich, A0 BEYTowisL,
KEYEEPFZEAT (NRL) ©35MeV d—Be HipkF
MIEE =) 2 -2 — LB LT HREO RV AR
AHETHENELMT S5 T, X hmx —
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Fig. 1 Schematic drawing of collimator and its shielding.

First collimator.
First gamma-ray shutter.

Second collimator.

1
2
3. Neutron beam monitor (Transmitted type ionization chamber.)
4
5

Third collimator. Field size definition is provided by 8 couples of ion leaves which

are usually motor driven.
6. Field illumination lampsystem.
7. Second gamma-ray shutter.
8. Opening window for neutron beams.
9. Gantry.

10. Turning gear. This provides to rotate collimator system around beam axis.
11. Motor driving system of multi-leaves collimator.

12, Lamp for source-skin distance indicator, (SSD:=175¢m).

13. Lamp for source-skin distance indicator (SSD==200cm).

7o FVEHTEXR =) £ — 2 —DEScFhFh
ERBO > v v # —%EF L, HifliE O
He B LR, BHERC2 ) 2 —x—
EDWTREER T AT BifliED
BRITIE LA EEr IRV 0 E T 5 121,
Aal 2—g-CXosTHBhLEPHETHRD
WESHLHE SRV O LI, Tiebb,
HEPETRO AL F7 v SIS/ 7 v b —
A D4~Bbmm PRIV TRA LD (Fig. 2),

SSD 175cm, HREIEFI0x 10cm iR/ 73 SSD
&0em, MRSEFIOx 10cm D& THIE X i: ©Co
T BOSICERT 5 o L ER S hiahd, ©—
AOFMCEZZT 5 A CHE L EGRIR oG E
ARk A EATH B Fig. 3), Wb T4
DET — sHRIET % v ORI SAREBIE
HOFRAEICH LTS % Th -1, FEHETF
FROEER b 5 4 7 Aci330MeV (i s 730 ¢A
DN HFEOEBFRENSY VA4 b
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d(30) Be-neutrons @ MRS
*® TAMVEC
Co-60 gamma rays 4+ theoretical
© ocbserved

normalized to 1O at peak depth

TE Plastic Thickness in gem™?
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
| | L L 1 1 1 |

Fig. 2 Dose build-up curve of the fast neutrons,
30meV (d-Be), in a tissue equivalent (TE) plas-
tic phantom.
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@) #EhETHo LET 496
WEIR b 7 4 7 Mz v B ic30MeV (d—»Be)

AT D = & L F —fit 5 linear energy trans-
fer (LET) FEN T Y BORIRES R Yo
% Table 2 /"RT &b ThB. Yr XMk IE
BEhizi ¥ —y ol k- TS 3 h
Bk ¥ - DEGFES MR RTOT, Fa
2 MREFD RIS OTFEHE & b RIR kD
A Yo OF K&l & e B, EhET
o LET (HIXEBTO= R ¥ -2 X » T
D, BEHRETHRO=FAF-RREL LB ICOh
T YF OfipvhE < fep R, WNEE Yo off
PRE LI B0, BRI FET B = 1%
— AT P ADHNAL I BN L THB™.

Table 2 Linear energy transfer (LET) of neutrons
produced by Be (d, n) B reaction (in air).

Distance  from Central Axis fem
] 5 Q -3 I
x Hamree? x cl
Cobalt 60 gamma-rays 100 % L 4
\--____@_ | 50—
\“'-‘ﬁ_qq../ Is
g
50| so ~ 3
10
50| 50— g
{2
0| 2— 13
5
le
| 30— 3
—30] iR
420
5| g 4
\ | 20— 1 ~
13
40 | ]
{25
10x 10 cm 10 x 10 cm
S50 80 om SSD 175¢cm|
10 20

Fig.3 Isodose curves for fast neutrons, 30MeV
(d-Be), at SSD 175cm, and for Co-60 gamma-
rays at $SD 80cm, measured with 10 10cm fields

CliZEs ¥, Be (d, n) BRIGIKX > THDLAS
EPETFRS AV bR, HBEE7 7 v —
AR THIE S W iR E R SSD 200cm, fRAITF
11.4x11.4cm D 4eff46rad/min (0.46 Gy/min)

ThHh- T,

Deuteron Energy I Yr Yo
(MeV) (KeV/u) (KeV/p)
16 | 8.9 3.7
22.5 | 6.3 44.8
26 | 5.5 44.4
30 6.2 50.9
35 52 | 830

HEWD BEER » 54 7 A v btz 30MeV
(d-Be) r: T8> LET 4k Yr 6.2keV/p,
Yo 50.9KeV/e T 1.
EA RO LET 3oRE X X5 L%
5. 30MeV (d—>Be) Hip:F » LET Yr {#i
10ecm EED 7
7 Vb — A4 IMeV/p Lie b JHEE Lica,
ZAVEEPETFHROE LET a0 xnnciz

1% in air 6.2MeV/ip ThHbH,

Table 3 Linear energy transfer (LET) of neutrons
produced by Be (d, n) B reaction (in phantom).

Deuteron Energy; 30MeV i
Depth in phantomi YF Yo !
(cm) | (KeV/u) (KeV/u)
0 ! 5.4 48.2
5 i 4.4 42.3
10 | 4.1 42.5
In air | 6.2 50.9
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LlcdrExHh% (Table 3), = OFE ALK
DI £ TR 81T 5B TR O &M Rk
MBI EREWT B, Hela S; fllfinizxf4 5
ZhRA 200KV X L HEE L T Red e TR
@ RBE X7 7 v b — 2 0FEHE &L 10em FHT
ThZn1.57, 2.03 W ESCIECERET
WL, BRIRM K E R0 EEL
BRI, Lo, HEHR © BEER i
10% A EDBE 235 5 &L BRIRINC R THETH
D, M) pEPHETHRO RBE OfRat
FERIC T B A O P B R b 5 4
TADFERC L s TORABLNITIRDTHAS S,
—7, EPMETEO = 3 v — b B eEs
FEDE B Lizods Table 4 ThH5B., =
Sk ) A —x -0 R & UTH Wi 8k,
BORR vy 7 Au@l Uiz #piEF#o LET
Hfi Yo LAGERBQO VR Shp. 30MeV
(d—Be) Ak FRO IBEAREIC 2>\ THIE L ki
BRBWLT THY, EPETRO = 4F —2ME
WEBEIERAEE LET #5234 <, #ERED
KEWEZEBLDEEZ LR B,

Table 4 Microdosimetric quantities and average

quality factors for leakage radiations through
collimator materials measured during fast neutron

irradiation.
Ed | Material yD | Q@
(MeV) | (keV/p)

- Tron | __ 63.5 .i 8.1

Benelex | 58.2 | 7.8

Iron 51.0 I 7.9

26 Benelex 49.8 5.8

%0 Iron 52.2 7.3

| Benelex 50.6 7.2

. Iron 44.9 ' 4.9
Benelex 49.3 | 5.2 |

(3) REEWE X %P ETHROMS
PP TFRRK X D b IR RIS h B R
NEL, BREBOWT EY. TR kT 5
Co v FEOWINA1.0L Lich4E, HpiTHIT
JERE O R T, 0113 YT 5 BIRE 5
T30 TT. ETHREOMREEOBENER I

HAREFERA 2SN S48 Hon

T, =7, EPETFE?ZD 5 E ORI
#Co-y $i0.62~0.73L 75 %%,
fifivx BTy 7 slow growing tissue T %78,

fifi#AfRC 317 % S P TR 0 SRIE U D R TE I 1
TAR B0z ¥ @ TEHZ LD DA
t (Fig. 4), Tissue equivalent plastic material2®
WL TE bR Immg OHIK* o 1o HE
& o THEEN0.3 U T B 77 v h—a%k
fEBLL, MSRFMpECliz 7 v b — stk
LIzgfEo b & ToREfE, TAR ETFHL
FECEBD TR —FHT B L2001, 7
fedh, CT ik o ChlioMimEic it % target
volume DZMIAFEET L, FORHEICHT 3
EFEETROBIGRELIEL FHETE 5 2 &A%
RERTH5.

'BE(d.n)"B S5D =175¢n

Ed =30MeV Ay =10X10e
100 fo—a
50 .\ ——-= calculated by TAR method
80 \ ®  messured
n 2
R
g SN
3 e
£ *n N\(
3. M =
) “\ \
g v = ~
H
w0 N
TEP TEP TEP
p=] #=0.3 ] p=1 |

1 . .
0 2 4 B B [ 3 (L[] B2 2 4

depth in cm

Fig. 4 Comparison of the measured and caluculat-
ed values of central axis depth doses for 30 MeV
(d-Be) neutrons in the lung phantom.

30MeV (d—Be) wh#:FHoFE, IR s

2 WIGR R B3 5 R B ARSI T h 5.
(4) EPHETFREFIC ST 2 HEIE

Fig. 1 wiRLAzdBh A 2V 2—-2 -2
BRHED T = 2 —FRAMERAEh T3, =
2 =PI R oGEHTh D, target X DY
S0cm DfIEiz, Xz current integrator
Bie=%— 1 LT target O FcEHL, @EE
FoOEREME T2 R & » CHEREr <=
& — Shic. HEpTRERY EET 5% -
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TR, SEEEEHACTHREINESXH, ==
2 =R g hiet,
FOEORERBRIC I BE, T1.0%LTF OH%E
O b Lie#EPHETFRIZE =2 —-XhTW3C
EMRERTWS (Fig. 5).
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i \/\/\ /‘*N ’ v’
0.74

0.73
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1.04f
1.03 »
-
1,02} A sttt s
gy
101}
1.00F

0.99%
0,78

0.7T7F
0.76F
0.75F A o
0.74F e’ “r’ \" ‘\'-‘.". R e
0. 7131

RAD/C. I.

RAD/132B

132B/C.1.

...................

0.72 ; .
1981 o 24 He i Ake oot s a6 S s
Fig.5 Results of calibration of the fast neutron

doses, showing that the fluctuation of the daily
doses was estimated less than -+0.19%,

2. EYEHTE

WP TRERIEIR 54 7 A0S hs 0
CTHAL - THAPHETROMBLR, BaRRE»
HoEE, HEAERHREOMIHREM O LT
FHIE L /s » T\ % mixed schedule (2pg3
AR FER S R
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1) @R (OER)

200kV x# 2.8MeV (d—Be) dpEF-# (mean
energy 2.0MeV) T 0t 30MeV (d—Be) wap:T-
@z STk bit: OER o fif (3 Table 5 =
AT EBYTH BH. 200kV X o OER (% in
vitra 8 in vivo Rz 2T 42.0~3.0D [
Vo3 LTV B A%,  Burkitt lymphoma ffiffgic -
WT DB D EE & T o 1250,

Figdt, Burkitt lymphoma (LXERITH LT
b RIFCEERETT 0 LELbRD. —T,
P T#RO OER OfE X X h ES, &
51c2.8MeV (d—Be) T OER {Hi%30
MeV (d—Be) fEFH LD I HIEL TS |
FRRERT B,

2) B RGO EIE

30MeV (d—Be) rhi:FHivk IS L1 Ml o
TP FENESE Sublethal damage O[E{E (SLDR)
i3, Hela 83 fifg, FoU'Adsko Oat cell carci-
noma i (OAT—1975)%*? 0% human kidney
T, cellP? o b3 L <M Sh s @
LR g

Lo L, PE{ERYELEEE % Potentially lethal
damage O (PLDR) 13, Mrbi:T s st
Lz CH = v 20 ¥ bk NR-SICi
FEELIH Eh s 0K LT, OAT—1975/
BB awizmi Eha o Ll (Table
6).

BEEFEE MR BT 2 RERT O
ErZ 5\ VBRI oT, BH S i@« ol

Table 5 Oxygen enhancement ratio (OER) for x-rays or fast neutrons (NIRS).

Biological system t Energy Observation end point i OER | Investigators ]
“HeLa S3 cells (in vitro) 200kV Cell survival (Do) 2.6 2.9 Ohara & Inadd (1974)
| HelLa 83 cells ( ~ ) ” " 20)(107) 2.1, 1.94 Inada et al. (197
Burkitt lymph. (  » ) ” ” ; ” 1.16, 1.33
HMV-1 cells ( » ) ” ” " 2.94, 2.26
Mouse B-16 melanoma tumor| » TCD 50 1.9 Koike et al. (1975)
Fish eggs (Oryzias) Hatchability (HD 50) 2.4 Etoh et al. (19771
Fish eggs (Oryzias) 2 MeV | Hatchability (HD 50) 1.4 Etoh et al. Q977
NR-S1 tumor cells (in vivo) | 30 MeV | Cell survival (10™'%) 1.7 Urann & Koike (1979)
| HeLa 53 cells (in vivo) 30 MeV | Cell survivals (Do) | 1.79 | Ohara et al. (1979
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Table 6 Effect of 30 MeV (d-Be) neutrons on cellular repair.

Biological system Neutron doses end point ! gzﬁﬁgitiwun) I Investigators
HeLa S3 cells 3.75+3.75 (Gy) Cell survivals (SLDR) | 50% | Ohara et al. (1979)
OAT-1975 cells 2.0 +2.0 (Gy) P (SLDR) 75% | Ohar & (1977)
Human kidney T1 cells | 1.05+1.05 (Gy) Cell survivals (SLDR) | 100% | Raymond, U. et al. (]1979)
” 1.44+1.44 (Gy) ” C») 100% | ”
NR-51 mouse tumor 13.3 (Gy) TD50 (PLDR) 100% | Urano & Koike (1979)
_ OAT-1975 cells 110.0 (Gy) Cell survivals (PLDR) |No inhibition' Ohara etal. (5178
Table 7 RBE values of 30 MeV (d-Be) neutrons relative to x-rays.
Blological system End point , RBE Investigator
L5178 ¥ cells | Cell survival (Do) . T1.33 | Watanabe  (1977)
P3HR-1 Burkitt Lymphoma # 2.12 Inada (1977
HMV-1 Human Melanoma ” 2.5
HeLa S3 Cells " | 2.0 Ohara (1979)
Cell survival (10%) ; 2.0 (Oxic) Urano (1979)
?Rm;lsolr Mouse Squamous o 1.9 (Hypazic) :
Tumor growth delay 4.2— 2.2
A N Eeally effect 1.72 Tsunemoto (1978)
Skin Recection
| Late effect 1.68 i

DRBCRFT BEM S Y, HBFCREE O EHE
OHE LY X ORBEBBRCHMELEF 1L
DTHHH.

3) HEAEmAhREE (RBE)

Table 7 12i3200kV X§RAHR I L TR ®
30MeV (d—Be) thif:F» RBE ofinimzh
%. Do Offi%#RE L L4, L-5178Y cell 2%
1.330f %R LicD %k & % Offi 133XT2.0%
BB RER L e 5 Ty 52008

Tz, ¥ v AD NR-S4FF L pryss o
4, in air, JO* hypoxic & Fo RBE {1+
REh2.0£1.9L7c5% growth delay Zefoii
ik F§Ro RBE 134.2~2.2& 755 O THEb#:TF
MOBFRIIAREL 0B ETFRHEh B,

—77, EPETFR X b K§RIG © RBE %
. CGH =yaps\wikes s, BHFEE (BH
B®1 2 AUAORIE), ROBIIEIG (R 1
#RXD10H Bl 5 RIE) wowTEFhE
N1.72, 1.68&7ch, BEHIIED RBE offinF
WIRIEDER EM AR & 137c o TWhig®, =
v A QKT RO IEDIEARY e K8 & 1

BLTAVZ &b, EPETHRIC X 2 EEBEIIE
J&D RBE % £ 45 KA & otc % 2T
5. L, ZoFEXF-BEoHE EH©
HNEIEHABRRE LB NREIE»Esz L%
ALTWA.

4) Mixed schedule = [-4- % S8

AT RARTRC I, TR RO M
W, BEREARIRA r 2 o - Ak 5 AR, &
Ho 2fraction % 3Echik TS i B % 2 2
mixed schedule 73 FRf:T§E D boost 53T & ki
EELHERE O 12 LTHAVLRATWS. L
7L, mixed schedule % 5[ U 7354 o [E5 511
B % BIRE B G 5 BER e BAED & = A4
T, M CH/He —~ v 2 OfiHEATEY
T mixed schedule i-:BE'?"Z,f%ﬁﬁ&ﬁotﬁi,
ZDREFEOBMEILLTD L) THB.

Fig. 6 135l HET#8, W0z *°Co v % 1 [H
RS LIca, Bor24is IR © 5 mo-#R s L
TR R S ho B AR R & R & oBIfRe
ARLTWA., EpHETFREXBErrhEh | ER
S LB ORESEMoEEIACTHY,
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Fig. 6 Dose response curves for tumor control pro-
bability of a murine fibrosarcoma (NFSA) irra-
diated with either 30MeV (d-Be) neutrons or -
rays, single doses or five fractionation scheme.

50% aRRER A IEE & L o Eo i T§i ORBE
DEX 3.0 7 ote. LaL, EhiEFEY 5o
Ay SRS U oy 0 f BB R g AR D AN 1 IR S
OHFELELLIRVA, vHERATCL 5ESEIL
oA R0 EFh g i b, 1 ERHO
R XD SBeCERHEHRMET T30
EPICERECIEL2EIRES hotk., 54%
BEA UicBrofirhi F#2o RBE *[EE1250%
[EBERMEREIRE L LTHET % & £ Offix
3.0 1.

Fig. TIQEEIR N A TAMEBTBAF & 2 —
nERERIC, AREH LR CEPETRY, £
DD 3 HiEE v #% RS Lo B hETER
LIE L OEENARIRTWS, KWEHTRL
TofifR (expected) 1%, RBE ofiiaFAEic LTF
x5 mixed schedule OFFFFREZRL T
57, REE (observed) Fl L7cZhR & B
TRE—FHLTWBZ EXgh5, Ehicr i
5 Bl SRS Lk B EhicERED -~ 5 v
% (% mixed schedule [z L THELL{HEHETES
R N R

ZOERIT X 5T, 24FENCERIE U 7 ReiiREFE
DO E@E D 3, } T mixed schedule FRE2 1T foi
&, EPETROZHFL additive THBM, 7R
BRHEOBE X H IEMRARIEE S,
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BEZRE X DR L TFHTEL.

< TIC, mixed schedule OPE I HETFRIEE ©
[ER 4 fe R 2 & o CE RS FiR 2 BHT 5
&, TOFHRIXGE LA additive THB =
EHFES HRTVB | —J5 mixed schedule
ko THRIEFDHRENTEE X R D & LAERME h
TWBH, HhE TR | &6t « R IR
I 5 L koTEFEMR ¢ GO filan
BEMBIEREERED capasity HFE Shbz L
1276 b, mixed schedule 12 X -, T{EHEZ R A ok
FEIhBFIEcEL LD LELLRS.

Fig. 8 i3 Ml RE O HUHRES & K\ REIT
ALERFHEL PR EIRT W5, EhiET
BB L » TS hs & EABaEShT W
LR SHERE AW &2, BIESREYR X
X5 LT 50H mixed schedule #4EFH3 5B
BB E T 5 T 5.
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Fig. 7 Tumor control probability of a murine
fibrosarcoma (NFSA) irradiated with the mixed
schedule of fast neutrons. Solid lines (5D, 5¢)
were taken from the previous experiments shown
in Fig. 6.

T hic, TR X 2 BHIEEEH O
BRI X a2 BHT % J7kic X % mixed schedule
EbEZbh50, EFEAKROEBEGYEES Gk
FRIEh %O CHEBEPIRC X b B3 2 LLE
ThHHH.

3. EPMTFRELEDYHROBEILE

B EFREAERIL, ook TREE L
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Fig. 8 Schematic illustration of the gain for the
mixed schedule compared with gamma-rays.
Solid lines and dotted lines indicate local control
of the tumor and complications, respectively.

W T vy = 7 VR E TR TV B, BRIR
FEATARRHGCERTWARTFRO =R L F —
NERLhE S T %0 T & A W3R E O
Fifi— Lt L OBy FRE R Ui bl
Bighr. UiS.-Japan Cooperative Cancer Research
Program o —Fte LT, HEPETHREGTROM
B EAEWRRE A LREOR T HIERR & o
i CEh ThERLE S .
TR BIL T B A L KE o] ©t
1.5% OREE CIERECIIE ShT\5 2 L2 »
29 4 Cha
HPEFRESHL RS Wi &> &
Bl E S in vitro B2 MR (Chinese hamster,
V79 cell in culture, CHO cell in culture), JF0
= v ADKEMRIG, /I crypt cell DAL,
BHoOBEERY, KU DNA BEOZBLEEC L
THIELHM S iz, 30MeV (doBe) hpETHo
RBE ¥, 4k, ERHF (16MeVd>Be), 7o v
b vkEE (22MeVd—Be), KEYGENFZCAT INRL
(385MeVd—Be) X b b ZhZh23~31%, 8~
16%, 2%1&<, MD. 7v&—v v fEkE (G0
MeVd-+Be) F;7F Fermilab (66MeVd—>Be) I b
TR TNh3~11%, 4~8%KEEERT =
ENF ot XHICEEBRD=2) 4 —x =2
BRI TV B IREFFOHE A THio RBE $30MeV
DEETZ WELTH bhs0w b 63, 35
MeV BT % BT\ % NRL Ok

HARESR MRS &ML $428 o m

=2 & D BH0ZEMETH B Z EHTER ShT
VB,

T0MeV [T X BEREE b 5 4 7 A2t BEFN54
FI0A BRI hic?, BFROFREKE, ~
— /3= FRFEDIOMeV [GFH & DRl 1 D
FETWESh, EHBRLBDTR—FHLT
VB LA BRI,

OL et FiRAMIC BT B EERRAT R

P T RREIR A PR T 5 0w ki - T, [t
EOhER TG ARAS ] DRI h, E
TR R BT 5 fo b i LB I B s
BOL L1, & OF BE ik BRI REIE o fiic
HEHRERCBIET 2, &Y, REFEOEM
ROBARD b, EPEFROBETE, ¥
DI IREREC >\ TR R 1T 5 Lk, 1A
PR RHET 5 & L it ot

EPETRIGIRIIBZRESOED BB Lokt
- THEDd BRI, JHFTEFHE locally advanced
cancerJf O i SRS BT RS radioresistant cancer
MHERORNGUCIEI N . BETE &, RS
FEOFIHRAME b ARREE OB R LT
B,
AT RRIEEN DR E:TREEZ ) = 0
FIA T AEE] TR THER X,

1. AmAE

HPETFHREFRC 3HEEDOR r v 2 — b
Wbk, Fiobh, BPHTRBHRGEE fast
neutron only, {E&ME4 mixed schedule, j#EdR{:
T X B 7 — A {4 fast neutron hoost 71%
RENES, WO ZDFREBLOBEIETT
EHA S hic (Table 8), jrpih: FiRBSMIAROH
w5y, 1,560rad (n, 7)/12 fractions/dweeks, 3.
BT HREHREEIR b 5 4 7 Ak S 3B A 0%k
BAF L 2= THD, Fhit TDF (time dose
and fractionation factor) D100i{HY4 3 2R T
H5.

bz, WEEZRLE G L OBREHETET B
& LTAEYFMEE TOF A Shict,
FIEBIFE®, WO KRR X > T, KO
B ECBT 2 HFP T O RBE #1.8LEW,
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Table 8 Treatment schedule for fast neutron the-
rapy.
I : Fast neutron only:
A) 130 rad x 12 fractions/4 weeks
B) 110 rad x 15 fractions/5 weeks
C) 90 radx 18 fractions/6 weeks
I : Mixed schedule:

iFMon: E Tue: ‘Wed: | Thu | Fri.
Radiation N X X | X N
Dose 72 | 170 | 170 | 170 | 72
5 weeks or 6 weeks)

I : Fast neutron boost:
K-rays: 4,000-5,000 rad/4-5wedks.
Neutrons: 1,500 rad x-ray equivalent dose in
1.5-2 weeks (shrining field)

 DEMEFRIEM TOF kit 5 R EAS
DEHEL Te o 7c (Table 9), Liz&kic, EPHETF
#110rad %3 ERH T5 A7 2 2 —AntE W
bhic#E& D RBE (38,127, 72rad o
FHrGE 5 HEBH Eh 5 &, o RBE (33.37
EHEE &t

Table 9 Biologically equivalent TDF for use in
fast neutron therapy.

X-ray Equivalent TDF for Nenteons (TDF xuqyn):
TDF (xeq)n = 3G'-0:£TDFM
iZi

(Example)
Neutron dose (rad) RBE ‘
110 (3 fraction:s.,l’week) 3.10
72 (5 fractions/week) 3.37 ‘

HPETRSEE, YO EFERRCEETH
R, WEYTHKLFET 5 HEE LT, 5EHED
AT VAT ARERA IR

BB O BESHEUE % & 5 ML,

1) Bt L,

2) RIErBDHLNBNEELBEE Uiy,

3) —HHNCEEA N T T,

4) FERA IR LE T FUE.

5) [EHERATEET: K.

THY, B ROBEKRORES A MkEhT
FRERDA 2 7EINED SR,
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ES 25, DToM#c X - TR
Ehic.

1) Complete regression [ 45241274 4.

2) Incomplete regression [EJH 524 M AT
u,

3) BEAHET5HOKX E3012HT kis
ke ?‘C@”S‘ .

4) [EFOHMER’ RS bhaBRPDOKE
EDI2IELIL.

5) WIS TERIHEALTVS.

BErhETREOR I, BEENI BE X
n, 2 2-z2— LR UENENREL O =
SV—2—OXRE L, BRC-Aticls
HES 7 4 v 2 X o THRHTFOMR LEBIENT
b,

2. AEERE

BEANS0FEI1 A X D FEFISSE12 5 % T1e6794 ©
BAED30MeV (d—>Be) fhFiire X » THEX
hic. 67980 EES, FEHEFIX5074THY,
THRETEMOT4.6 %V K2435 (Table 10),
Table 111z i3 HiBERERIS074 DIEF D Fe & 2%
RERTREINT VD, BEEEE T 5 7o
A REMIRNC IR E L T oo,

Table 10 Number of patients treated with 30 MeV

(d-Be) neutrons: NIRS, November, 1975-Dece-
mber, 1980.

Nor Patients

Previously Untreated Patients 507 (74.6%)

|
% Patients with Recurrent Tumor 172

Total 679

TR TFARRIRIEER - 54 7 ADORBIT - 1o
FIEWREOBRFBAILLTO LB Th 5.

1) BREEHE

a) WEEASE

WESRRE T, %6, WO T, EGIoF T EEEK
BV AR IEESE M o> (B E G 2 3 R o TR R
X E L, BEIR b5 4 7 AR B Rk
HPE L OEBELBHOS LeEREhi. BEHE
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Table 11 Distribution of the sites of tumor of
the patients with previously untreated disease
refered to clinical trial during November, 1975~
December, 1980 (n: 507)

Site No. Patients i
Head aud Neck _1 69 |
Parotid Gland 13 |
Fixed Lymph Node 19
Lung | A7 ‘
Femal !
Gynecological Organ 113 |
Esophagus 67 |
Stomach : ! 7 |
Prostate Gland 22 |
Urinary Bladder 11 |
Osteosarcoma 42 |
Melanoma 35 |
Soft Tissue 28 .
Brain | 16
Skin 5
~ Others _ 13 ;

(December, 1980)

D FE#IL X #54,000rad/20 fractionations/4weeks
DFRREZ RS L 1 i EAPMETAR % boost fR g
L, target volume j= TDF 110~120i 43 %
MEVE X Oh BT8O0 b Lefiiebhie. Ef
PEF#R% boost fRM L it DIEHAROBMALE
HFThotc. Fig. 9 3x0 18ITH5.

Table IZWLEFHETH, WORCXFER LT

Table 12 Local control rates of carcinoma of the
larynx treated with either fast neutron boost or

xrays.
x| Fmew
Glottic T1 [77/101=76.2% 1/1
T2 (19/ 41:=46.3 2,2
T3 |5/ 34=14.7 01
T4 |0/2=0 0
Supraglnttici T 1 | 8/ 16==50.0% 0
| T2 |23/ 47=48.9 2,2
T3 |8/ 30=26.7 | 274
T4 |5/ 24=20.8 | 12
Subglottic | T3 |0/ 6 = 0

(Kamata, S., December, 1980)

AAREZRERF ST $402% Hog

.-lnll

5

Fig. 9 An example of the case suffering from car-
cinoma of the larynx treated with fast neutron
boost. The fast neutrons were irradiated in addi-
tion to the target volume following 4,000 rad of
x-rays. A: Before treatment, B: After treatment.

- TR OWEEED RFTHIEE ch 5. Th Ty O
S EEEHE SN 5 HrpH: RO BB RIZX
BEOTERDPEHRIT X B IRFREHE L B LT 3
BB T LTI, RHEY IR RS 0 IR FREE
byt = AN NG R A G AT fA TR

—77, BAERAREY AR CIRE L SR
iR, NEREAY NS L UTEW Shi salvage
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operation DR ITMDTKEL, FhciHit 2B
LMD capacity RE IR TB & Lk Firbi
THEEYE Db d KEEE chs. £
Bric, ZEAMETFHGEY 17 /oo Bic salvage
operation % {T7¢ o P-MESRRRIED O RIS R 11k
PREETHEHALBRDONB LOD, FHHIAR
MEET K, WABRRLY +OZE L THRELTR
ZNGEAPHE TR AR 1T & 1o 4 salvage
operation [XFE3 &k b iEH T X 1.

b) FEEREE Y v ff

HEL Y v HERRAE (N3) 156071061 (66%)
PEFHTFEBRIRIC L - CRATEES R, Hrhi:
FHEIWC XA U D OB ENFET X 1D,

c) Zoff

HETERRES (T3) %ot & UCHPHTHE
Wb 1B, Fili, MR X 5 88NR
Betti+ 5 L RERAIRECE  fodic b
BThh, THIERCOWT bRk HaHE A
% RIS AT RBIROS R RED &L = A
ZINTWiLL,

Z OO FALOFEFET AL T, FASEFM
FHRROBBEERIED A 7 O CIRHFN R O S
SHBIEZDZERT\ 5,

2) Bififa

FHE R OIS, RPEEAE (stage T~1), ¥
PR v = — A MR A TR AR O &
Wit ot AP FRRIA IR A 5E 1 o T Rl i
BHEONT, BRETHR Y ABHE LR
PrilisRix14/23 (60%) Ehote. Hcsva
— A PR O\ TEP ST AR AN E B
b, ZORFHERERL7/90R T LRV ERD 8
RYHEREFTHS. EPEFREECS >S5 E
EBRioAtHEL 3L DEE (13%) i in b
hic (Table 13). Fichb i 2 4] (BRED
B, Wotic TDF 200+ 28 E» B X
NIGEFIOE 1 F), WOk 0L
fifige D 1 BIA: 3 Bl EPHREOFICEEThT V5.
LirL, ZThbHoEHHERMI b BEOREY K
BTHZ Lk - CHIBBTREMENRKE L, I
FEOH DY FRREFICB LTk isE 0%
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Table 13 Local control of the tumor and comp-
lications observed in the patients suffering from
carcinoma of the lung following fast neutron

therapy.

‘ ‘ Local control | Complications*
Squamous CA 2.7 | L7
Adeno CA 5,7 2/7

‘ Pancoast CA 7,9 09

' 14,/23 3/23

e (60%) (13%)

*Complications mean the life threatening disease,
(Analyzed at 6 months after completion of
therapy)

NaeiabF s &N ECH 5.

Fig. 10y3irp#:-F4i% boost RS L T4 2
18 & BB B D FEF = 5 5.

3) B

FOBRED TEARTH B A& R EE, BIFH
ROBEIBENZ L THY, LkdaT, W24
B BIEE T KRR FHcE 3 o
&, WO REREOEE O R R BEx
W, EOABIMEBRTRIBIC - TV s %0
& TEPEFREBEORRELETET 5 b
STbLVRBRLEEL Hhi.

OB, EPETROBBBH &, fiBs
LT X o THES R, BrcATaniBet s c B
SHIHEBETR L F#H LoPE EBR T5C
EDERBIR N 54 7 MR B2 EESEE e w
e

RIGAES M F R BB B LT, Mixed
schedule L3421 X 5 boost J&#EHH
bh, FhFh TDF 100~1101 40243 2 i ot
target volume (CfEHT X tz, Fig. 1Rk
HP TR 2 e RERAEE O B 5 44
FERI26% LIt ), EROBSHEIRE LY S
BlD5.9% L1k, FOEIREEE VA E
FPIETHRRIC X B IREREE B AT, X
bz, FuEfRCK T 5 AR OB R L mos Y
XA RA& U LT Grade 1735 Grade V ¥
TD 5 BFED score i3 THET B L2 L,
HPHETRR & Rk o SRR R T3 %
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Fig. 10 A case of adenocarcinoma of the lung:
The patient, 76 year old male, suffering from
adenocarcinoma of the lung was treated with a
total 5,580rnd of x-rays in 30 fractions and with
an additional 300 rad of fast neutrons in 3 frac-
tions. The patient was quite well at May, 1982,
following January, 1978. A: Before treatment,
B: After treatment.

&, Table l4jz 341z Grade 1, T I2/B3 5E%
BlE P FRGEL 2T RS, EPET
B RPTRESRCES T B LT AR RE VY.
—75, REEOFEEMRFITEE (a~as)
&, Wi 2R EfL~Ef) toBReLls

AAESHU R SEE Wk BoF

100
o FAST NEUTRONS
e » PHOTONS
w
&
2% %
3 :::""h  26.0%( n : 25)
.
A
- 2 5.9%( n:38)
[1] 1 L i
4] 1 2 3 4

YEARS AFTER START OF THERAPY
(Ishikawa, T : March, 1981)
Fig. 11 Curnulative survival rate of the patients
suffering from carcinoma of the esophagus treat-
ed with either fast neutrons or photons.

Tzble 14 Effect of fast neutrons or photons on
carcinoma. of the esophagus classified by x-ray
finding.

| Fast Neutrons | Photons
| (n:25) | (n:38)
Grade T | 10/25 (40.0%) | 18/38 (47.4%)
Grade T | 11/25 (44.0%) | 7/38 (18.4%)
Grade T | 4/25 (16.0%) | 13/38 (34.2%)
| Grade IV - — - —

| _Grade V _ - - -
Grade ]: Complete regression,

Grade I1: Incomplete regression
Grade [[: Volume decreased,
Grade IV: No change

Grade V: Volume increased

L, Ef,, B Ef 12X TEHLIhBEDHHAD
R, FHEEOMR a, RO a, © fEFlic Bl
LT, HEPEETHRBERE T1380% L fth, TEXR
OREHREIERE D B 52%) XV hTW5
(Table 15). = OEFETFIIC X 5 RFTHELD
BIATRTIBE % 5200 o FOBRERES © BB 4 AT
£35.6%D PR IhoohbEFHILTW5
(Fig 12),
4) TEIE
TEHEE T3, Tda B lcBELFFA T
DG L 7. $iie, FEBRE T3 EMAOFER
BRABROEECKET AL LANRKEL, R
FrglfR L iET 5 = L0REREEA EE 3
koo kEitBEFEL-TW5B™,
FEHEEOBEL, TDF 7T0ciiy+ 2 HE
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Table 15 Effect of fast neutrons of photons on
carcinoma of the esophagus classified by patho-
logical finding.

Fast Neutrons( n :22)1 Photons (n : 70)

|
| No. . No. ] !
| Patients | Ef, [EfuBl) Dotiens| B [EfuEf;
412 8/12 9,722/13,722
E“ﬂ’ u| v HaS) 2 |aie s
! 2,/10, 8,/10 23,/48(25,/48
|2 3| 10 ‘czp_v/g).l_(s_;o%).' 8B [(18%)1(52%)
(Ishikawa, T. 1981)

100% v 22

g

\:\o-——o 35.6%

SURVIVAL RATE (%)

=]

1 2 3 4 ()
YEARS AFTER START OF THERAPY
(March. 1981)

Fig. 12 Cumulative survival rate of the patients
suffering from carcinoma of the esophagus treated
with preoperative irradiation of fast neutron only

(TDF 60).

MRFER Y G & TP mixed schedule iz
L oTHRE Eh, Adrizl,300rad pifENMRE X
htz. Mixed schedule @ RGN RIFEL A
B U AOREABEE A XTI % ooic
EEARFIRRORERIEMS hic.
Table 16\ 3#APHETHR, B\ IR O BUHHRIC
Table 16 Local control rates and complications

of the patients suffering from carcinoma of the
uterine cervix treated with either fast neutrons

of x-rays.
Tumor | Radia- | No. | Local | Complic- |
_Volume tion ‘ ]‘_’_aﬁgr_:;l Control | ation
' ' 12 4,18
. X | B 1 63.2% | 22009
Middle | 6 l//é_
N T | 8.7% | 16.7%
| o 12 5,13
. X | 2 | 5459 | a35%
arge | 5 /10
N | 14 o /58
50.0% | 50.0% _

*Evaluation was done in the patients, who survived
over 3 years. (Arai, T.: March, 1981)

&37—(15)

X o TR Z T 1o T EEE O R HlER & s
DG RBH Y chZPhRLTW5. Tk,
[EEARHI0ecm?® Ll FofE (large) 1=2o\W Tt
A TR & XBEHET & o RFTHHSR o %
A EDBREh o1z, Fhih bEEOERE
ANEL TR & (middle) FErpi:FiRCHREE L1
FEOREE (85.7%) X XHRIAFER: (63.2%) % L
5Ty 5. Large FEic 2 CEPEEFROZE
PARE T VB O 1 D XERHARERE & D LR
L7 REGIASHE AR M TR X - THEYZ Tz L
BEz bh, RO Lighin large Fro kit s
BOHEREPE TR CHERL SO L RCHEL K
¥ lgote. —J, middle B Bl L= & BHE
DFEE TR R ERE D RIC 21358 b s
V. EHICEHHEOHE X mixed schedule |z
v bRt EdfETH raction O »in
Y RKELBE AR L TR 20 5
totz., TrTrRB<iX 51, W ik mixed
schedule AT 813 1fraction 24 80rad }
Lichs (series 1), Table 17vcimd-EEic B4 Pl
r DR T K & L, IEINS34E10H
LIBEix 1 fraction 24 b P47 R % 10% 9
LT72rad k35 EcLiz (series ), FoDi
B, BRSO FE I IERE L ARE L e, |
BB RESRC DR IRO bhith st L
2L, ETERERESEC OWTILEPETEE

Table 17 Incidence of complications observed in
the patients suffering from carcinoma of the
uterine cervic following either fast neutron the-
rapy or photon bearn therapy.

Fast Neutrons
————————————| Photons
Series ] |Serie:; I
Rectum (Moderate) 579 | L/14 | 3/35
Bladder (Moderate) 4,9 1,714 | 4,735

Complication

Intestine (Ileus) 2,9 i 1735
Intestine (Severe) 1,9 — 1/35
Fibrosis (Subcutaneous) 6,79 2/14| 2,735
Portio (Ulcer) 9 | — 1/35
Series 1: Fraction size of neutron......80 rad.

Series [[: [Fraction size of neutron...... 72 rad.
(Arai, T.: March, 1981)
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A TR b b, KERETED S
9 mixed schedule FECi132/14& 7 b, FEkED
TR X B4 HE (2/35) DRI2fEOfEL MR-
T4, 30MeV (d—Be) fap:F#Ed maximum
build-up DOFENIET 4mm O¥EXwwH b, KM
10MV X# o build-up (3FEHA H20mm DX
CHAET 5 O & b BT RO R E R SE T
KRR < 7R » R RR O g ieidhidis
Bigl. fThicLTh Zh &3 1210% DR
DENE 2 B EEOFE 1 mixed schedule |z
DThfe b eritical THofzZ LML
Twa. Fio, EPETRIGREAGT RO LT
BEABEZEME BRI R R T &
Hohicins TEl. FHEBBOMEBMAMSR
squamous cell carcinoma, prickle cell carcinoma
T or reserve cell carcinoma @ 3Pyt Hh b
A% reserve cell type DFFIL, B ED B
W | Mixed schedule & X 458 & 5h 84 igirh
R Ui E A e o\ T HlE T % &, reserve
cell B L T62.5% DEZh{H A mixed schedule
TIAELh, ThicRUTXRBARETII20% 0
EHBI Lo Tent, T OMMoFREEKREOR TIX
mFOMI K& It {EFEIROE 3R D Hhicy
(Table 18), Stage Il ®F =¥ O el b T
MEEORSRT R A EAVREEFRTVBE L
Bicic - o

Table 18 Pathological findings examined in the
specimens obtained from the patients suffering
from carcinoma of the uterine cervix treated eit-
her fast neutrons or photons.

Squamous | Prickle Reserve
Cell type céll cell cell

Mixed 4/5 5/13 5/8
Schedule (%%LJ(%%)(&j%)

) 6,7 3/5 /5
s (86%) | (60%) | (20%)

(Arai, T.: March, 1981)

5 HHE

BABEIBEHGERZ I ME L, 2T Lic
FRc i3+ ciclikifia s £ R L RPTETR
FEThb, EREBLTFHERS. LichisT,

HAREFRERESME $428 Hog

T LWk X0 (LHRER (7 F) 7=qv
Y, AV P UFe—- b E) RBELCBERE
FRIBIRET, SFIEFEEE LB U CER
DEHBATAFL D TTE DS LR 5470
witd, BIEOEFZHBC Lic L. FERmHE
1%, TDF 120143 % i 4% BE 4l 8 5
=% (B

RE S EEFRE Fig. IBRT X5 1c,
HTFREER A2 1o 763.3%, TERD TR
Lo THRBELLRE T, 17.6%ThD, ZOEFF
RBOEIVEOBETHAETH - o FehdETi
BREZ cRFREREOLTFRN M E L &
B L TR o s U (L ik o F 5 2 B
AR EI bWz L3R TH BN,
P TFRRRAT R R PER DR L D bR T
B bbb REIBHELEBS. Tiobb, W
BT LicBie, * BB iR L -
JEEE DR EAGETR RAVRT X 5w, dHhs:TEmn
A F T 1o BECiL good response (no viable tumor
cells) & DHIFEIL66% DIEPIICERD Hh, X
BCIRA S st LT X ) EPETFHRTER
[EDBEC Ea 4T o LOERR TE - (Table
19).

S, EPETHRO XT3 RBE offi
3, BRRANC D, EBSHBREEA 12 35.0
Y5 L@mEIhTW3B™,

—77, BOHERC X 5 RIS OM S = B AER

100
\\D FAST NEUTRONS
ﬁ ———,
0 \ Te——— 6.%
= "\ —— —
-4
E
N
&
F v PHOTONS
|\
- 17.6%
—
e S,
L L L 1 L J L
] T 1 3 T ; 3

YEARS AFTER START OF THERAFY
(TAKADA, M & NAKAND. M. Narch , 1981}

Fig. 13 Cumulative survival rate of the patients
suffering from osteosarcoma treated with either
fast neutrons or photons. Chemotherapy was com-
bined before and after the radiation therapy.
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Table 19 Pathological findings of the specimens
obtained from the patients suffering from osteosa-
rcoma treated with either fast neutrons or photons.

Response
No. cases Poor Good
(1—3)1(4—5)
Fast %5 12 23
Neutrons (34%) (66%)
10 7
Photons 17 (59%) (41%)

(Takada, N:March, 1980)

: Non-destructive tumor nest.

: Destructive tumor nest*

: Non-viable tumor cells.

: Atypical cells. 5: No tumor cells.

*
—_

[ o]

FEShc oW THET 5 &, HPETRBSY S
BB S W RIRIG D 2 - TXRR A
FLIYIEXS5ER2 50, BRHIRIG ClfE
Ol EIZ D bRl fcotz (Table 20). L
L, ETHRCRETERETFROBEIIRE
CH RO build-up DX DER Y FE
W ANRT S EP TR 2 Z 0 Efic s T
ZHTHY, BEHOBEFHALHII S5 BRI
o LMAHELY JIicED B LERH B X 5 1B
z .

Table 20 Skin reactions following either fast neu-

tron or photon heamn therapy observed in the
patients with osteosarcoma.

No Complication i
cases Early Late |
Reaction Reaction
Fast 15 / 28
Neutrons 37 3 (8%) (G54%) |
P 7/12
Photons 17 5 (29%) (58%) ‘

(Takada, N: March, 1981)
*Patients received amputation were excluded.

6) FfETE

B EBE R - 7134 © B »1 mixed
schedule, # f-i3dirpid:THED boost JGEEZ ST
fo. AP FHE boost FHIBE L, JRREE
P SO Xt %:4,000rad  JRE L7ctk 12X
#1,500rad 1o #HY § 5 AT EY, target
volume WP TRE T LicLi. £LT,
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SR ALY TDF 90w #Y 3 5 E% Bl 67w
Bz, OB LERNREOKE S0
®, ERMEFIXERREREROBETOIREAL L
TEEH Lis i Uz, Fig. ks s
PR AT - B EBIERRA O A FR SR X
N, BARBEEE GO B S o iR R R
B A FOMBE L L™, WEofEy g3
%L, EPHTRBEY T - e OETFRILEE
% 3 M BRY Bl - T\ 52, ZOHOE
BT BR L b b\,

“\h
N
N\

S ———

) ey NELITRONS - MRS - 11)

100 ¥
L —— FHOTONS - JAPAN(n 115

SURVIVAL RATE (%)
g

— T ———
I T I B I AT D R AR B R WY e
MONTHS AFTER START OF THERAPY
(Hoki_ ¥ : March, 1981)
Fig. 14 Relative survival rate of the patients suf-
fering from glioblastoma multiforme treated with
either mixed schedule as well as fast neutron
boost or photons.

WA 35 1) B TEME PRI IE 0 SR i T AR VA R R
K+ 7 47 VOB L B SRR L o) B
FE OB L IERD AT X > THEL IS A
I LEHCHS., Linl, EPMETERBHAY
it T B MBS T, Epk
FigA2MBHT s L Licr 34 7 1+ ik
RERCELEVHBEESRD - EAEHE L
T, BfETITEPHETHRD boost FRSHH EMEFHRE
BIE w3 % Fiic fo iRIE T8 & 7n o 15959,

7 EHERAE

EE B AR B ED 1 T
HBD, T ORFHRES O RELE L+
BahTuwiew., ABROEHRCEMRYER
LTk reffiafifaE AR i g o 77 (shoulder) 23
KEWZ Ebb, HEHRRES OO RIENEE
T LB R A O BRSO FR RS 5
HTwied?, co B 13370 EfEGORE
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BT HEHHE TR A2 - T in vive s}
ZEMRAEMRD BBS EE Sheft ik
757 Utedi o T LET BiHRo Bk BaE
T A RBESRYBR T AHAE, & LET
RO LR L B EAaEO#RHEX L
HEHREEOR L DB#ELY B R T HLENTTL
5.

Table 213 HE¢: B EE O FEEREF 24Fic 2T
A Lol P FRIBEORBTH 5.
HPETRETRC X - TERRERE24FF176)
PRI RPTHE & HE Shicat, Tol2flk
RIS % 1o DI B DA B LE % iz 5
DERH 5 1o, '

Table 21 Local control and local failure of mali-
gnant melanoma following either fast neutron or
photon beam irradiation observed in the patients
with previously untreated tumor.

Local Control ‘ Local Failure
RT only] mtgry ‘R'I‘ only| g‘]ﬁ‘;‘;w
Head & Neck |
mucosa 1 o¥ 4 —
skin —_ 2 — -
Trunk — — 1 —
Extremities 4 5 1 i
5 | 12 6 1
Total | 17 (70.8%) 7 (29.2%)

*Criosurgery was applied in 2 cases.

FREERI A Lo B B EE A T
THRMES 5 LR B THRGE R
THREME O REEOB A IIFMHOMAINLE
Thas. LinL, thi CoFMRERO R X
h Sem o iR A YBRT B HEFTIT bh T
2, HPEFREDRT S 2 &2 X - THIEREIFE
X KIBCHNT 2o MR TEDL L.

Fig. IS ZEEIIBMN T etk Licr 57 —~
H A TFE1,770rad (n, v)/13F/31days @ &
Ca—ADh LITEBELIBOFRRAYSRL, Tk
ﬁzﬁ:r 13 viable tumor cell #3Z i T\ix

. —, AERICIRA LT R R AE
ﬂ,ﬁ¢ﬁ%ﬁhﬁmﬁ(mv)&ﬁ%b,%%

HAEZRHBREENEE H42% Hom

E

» # d. o J! F " T
ld o7y A 4 I €IS e
B

Fig. 15 A case of subungal melanoma: The pati-
ent, 68 year old male, suffering from subungal
melanoma of the left 3rd finger was treated with
a total 1,770 rad of fast neutrons under 13 frac-
tions in 31 days. The photograph taken just after
the completion of therapy showed the tumor seern-
ed to be destructive and depigmented (A). The
specimens obtained by the amputation indicated
that there were no actively viable tumor cells

(B).

##2,000rad %@ hnfBSF L oz & B3 Bdvic B
LT3, FATEE LiciEAd o BTk
{ensiETe & CRE L, YGRREYE N cx 57
EEEBEMAT T3 (Fig. 16),
BRI L T, EPTRREOEIG
FROFOFRHB IS DM EDBH I &
NURETHSD,
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Fig. 16 A case of nodular melanoma: The pati-
ents, 57 year old male, suffering from nodular
melanoma of the right neck was treated with a
total 1,210 rad of fast neutrons and with addi-
tional 2,000 rad of protons. The photograph
(A) shows the residual tumor with the skin reac-
tion scored 3, whereas the pathological pictures
show that the scattered melanoma cells surround-
ed the primary tumor nest were completely des-
troyed (B).
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8) Foff

a) MR R

PP T BB A AT - 1o RILIRE stage C 174
ELe21Blh, FI L 2ES oz E o bh,
TDF 1001z #H243 % 3 i T-HR R b M
HEESm e 5 2 830 —J5, BlE
DL TIEHEF R T RO OB BRI h
Twb,

b)) BRERAE ISP

ZAE ORI R %2 7T BT AR P IE B35 14
WP X AR IR R 1T 5 e
BT O T X FR LI 361% ik, TDF
80 AHY 3 % P FRIB A X » TEBE &
FPiTcE Bz LA oTz. LnL, TDF 100k
YT 5l P THBSC X - TV ET RO
BOHRBICASHBL U LIERID B b, BT MR~
OEPHETHROKEIE LET By L5 &
DHIBREZ T 1.

c) B

3 BIDOBERE w2\ T P T RIAHEE 28 i
B3, £ DFHEIXSBEOBEIK F 5 A 7 VBB
eirhudis iy,

3. HEOMAHE

AP TR IR A 1T - 126798 D BFE O T 1A
EVHEEDOA Y U o — At LD s TEREX
4004 DBEOWT, BE X sEBRIEN! I
FEC L S T\ 2 92ERI 2 S 0Y, F il odirbik
FHod T 5 AR EELAZEL .

SR RR B ARE, W ONT mixed schedule
oW T KD T EE D2 e (TDFtol) X fg
HEEH (A) LoBffixkcriEhs (Fig.
17, Fig. 18),

TP F AR B R

TDFtol=190 » A-%-202 ... D
mixed schedule :
TDFtol=128 - A-0-052 ... 2)

D, 2R Lo TREhi ERI0.1% 0 Gk
RTEBETHD, TDFtol ZiRkTEBIZFRER
TR AHEF A H{73100cm® L TDF 10023z X 5 TRE
haExE5. Titbb30MeV (d->Be) 3k
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15 _"‘“--——-._____________
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Fig. 17 Relationship between tolerance dose of the skin (TDEtol) and the
field sizes in the case of irradiation of fast neutron only.

200
- »
150 . s L]
— o080 ®
190 R Ly .
woj@r _—
5 o &
w S0 o o
o
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TDFtol=128 A -0
10 L | L
1 10 100 1000

TREATMENT AREA (cn?)
Fig. 18 Relationship between tolerance dose of the skin (TDFtol) and the
field sizes in the case of irradiation with the mixed schedule.

HEEFHRMMFRHE H442% Fo 5
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ko TilEdiedd, Zokthie ko,
oo EREREE X - THEMNT bR ik
5.

—77, EPEFHEEMBS O%E, TDFtol %
AT ERROBEFNL mixed schedule DEH LD b
R, EPETFREMBEC X > THET S
ARG OB mixed schedule O#EH LD
FEL bbb LFH IR

IvV. £ =

Bolf, MORBELELCHED X 5 L OKEN
BY EoT&l. L, Zo®mER, —F T
W, T B, LERE BT 2 ES I

ANThicds, FhPniic X s B it R
ERERBRAR S B ZE2WE-TWB VXX
5. HSHRIGE L T oMb cizinl, (bR Y
PR LB A ORI, ROLEFELRVTH
R D ECIRE SO D LBRD LR T
TR0 | SEd BIFTRRL S € 5 & & DR TA
DHBTHIE, BEORE = V¥ —HHRIEE
AL BB RESME, RITOREDEEY
15 B A EME R A T B BUHFI A 0o 8y,
RAHREFME OB T A LML) L E
ErRE e i by, L L, EREYH
SRBROBBRIFHEIHEECA > FTi DT
KED o IO TH L WHHRER O #IGL % e 5
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ERIRLFHROF T RN FI A TRE 7L - fol
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AFTHERD12% % K& Ells LG Shion
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BARO@E 1L/, 2 i - TEPH:FROBRK
IO ENVER I TS S h T, Rifici
o Tl < FEARFER DY R S h BEEAHME % mixed
schedule TEHE L 7o 1061% O /P2 18 5
Nicow WL, XEHEE C341% LRy T
D, ARG EPETRGEFEREO T R, Fic
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EMo M BT BEER + 7 4 7 ro g X
% &, BABRRE D B RE SR O U R R R &
5T,

—77, M.D. Anderson JFEEIZ 1T BEEK + 5 A
7 e X A & T B HEEMETIEF % mixed schedule
L REPIRS & OF U TR L &81% 0 Bl
HEI T BN, TERDHSHIC X 565% DR X
DRI bO Lt - TW502, Zhb ok
BT HHEPETFREROBMERAELTHRS &,
HAYET AR O FHEE R IEBHECEE 5 TV 5
ERF A\, L2 AT, HEP T O SR
DIRIEARC I LB VWA E eI Bl 121, ¥R
FREEE A b < B BEEAT AT R T i R R T
MNP TERRCHB EELHNRS.
HPHETARIGEL, BIRE 74 7 AR Lk
SRR R LT BB E R o hnsd ek 2 s
BENIBENE L, setting-up 1= IFEL B B K
v — ARGV O h, B0, HREERBR
ShicEBBFELBEIME= R ¥ — XX
DHixB0cE Y, BEOT ARG
iR CERd ot £25, BIRFS A4 70
OFHi% KEREE e b ow LT\v5. BE, B
THEA SR T3 ERER D b 28T
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build-up |2FHH H 2mm LAHDOEE X depth
dose 4, Tele-cobalt v i iiis\ . = D¥EESE
Db L TIEPETFRIGEERCBE S h DR
BEF A S h, HBEREIET T 504K
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SHICEKRMBED, hsoBincd 2%
Hob ke, BROBSHREERER RSk
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T X X 5 2BBHI AL LR TV B2, &
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AL, #EHT20138bchh, target volume
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slow growing tumor

well differentiated tumor
DR TFRIBEOR RIS = 0, Bk
i, '

salivary gland tumor

soft tissue sarcoma
DR RBRO WIS 5 & L0 B it
- THie.
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