Abstract
advantages of heavy ion beams in tumor treatment is described in detail with regard to both physical and biological char-
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APPLICATION OF HEAVY ION BEAMS IN MEDICAL TREATMENT

WEI Zeng- Quan  WEI Bao Wen
( Institute of Mbdem Physics , Chinese Academy of Sciences , Lanzhou 730000 , China)

Cancer therapy with heavy ion beams is a typical application of heavy ion beams in medical treatment . The

acteristics . Compared to photon radiation, therapeutic ion beams offer the advantages of a depth dose profile with a pro-

nounced Bragg maximum, a well- defined range , little lateral scattering, an increased biological effectiveness and a de-

creased oxygen enhance ment ratio towards the end of the particle range . Little repair of halflethal damage is required

and the radio sensitivity is independent of cell cycle progression. A 3D scan device combining lateral deflection and enr

ergy variation of the ion beams to realize dose conformation and in situ PET monitoring can be used to improve and comr

trol the precision of the tumor irradiation. Current progress at home and abroad and future prospects are overviewed .

30

(2001

Key words heavy ion beam, cancer therapy, application
) ;
( ) ,
, (
1997 ,2000 ,
140 , 200 t (1)
s N 7( 2) ( RBE) E}
(
* ( :85- 45- 01 - 3)
’ (KI952 - Sl - 424)
70 % > 2000 - 12 - 11 ,2001 - 02 - 07
40 %" . 1) . 145
(X R R 2000 9 ., 6
4

) 8

( Bragg)

85 ¢



(OCER)  5(3) ;(4)
( PET) 5(5)
;(6) ;(7)
2
(LBL) 1946
LBL ( BEVALAC)
, 1975 He ,C,Ne
, 1992 2487
[2—4]
70
.1994
, ( NIRS)
( HIMAC) "™
, 2000 8 829
1998 50
, 2001 781
70 ( GSI)
( UNILAC) ,
90 ,
(SIS) , ,
1997 , , 2000 7
72 [9.,10]
1)
(

. 486 *

N ) s s
2)[11]
,1988 >
1989 (IMP)
1995 “
» (B) «
7 . , 1999
. . .RBE( ) \OER
( ) 3)[12—14]
2000 9 , 7
145 , . .
4)
3
3.1

1)  Proposal for a dedicated ion beam facility for cancer therapy . Gross K
D, Pavlovic Meds. DKFZ- GSI- FZR, Darmstadt, Sep. 1998
2) The ADRIA Proposal , LNL - INFN( REP)58/92, March 1992, 1 - 1
The RITA network and the design of compact proton accelerators . Amal-
di U, Grandolfo M,Picardi L eds. Aug. 1996 ,3
) 7 ( B «
» ) ,1999 9 21

4) . 145
2000 9 12 14



(X Y ) k)
[15] T T T T T T
. 1r !-._--\—M E
Bethe - Bloch /ﬁf
2 4 2 08 P i
(- dE/dx) =(4Tz7 e NZ/ mv') - !
{(In[2mo/I(1 - /)1- 4- QZ, gos ; '
~
(1) o oal REFENA —— | |
Z 2= (1 - exp ' WA LR - meme b
(-12527 ") 1;7 e el ]
N, Z ; m, A A ,
0 10 20 60
;=Y c,v ;C ; C AHREEE /mm
1 2
, X N'S s
3.2
F — AT A ot m 2
| i 477 e NZ[1+(7ml+mz) Z]lx, (2)
m nmy s
x
” 10cm s
+§ 1.0% 0.3%, lmm
z 0.3mm.
(0
LR /em () = nze Z N4 Mu'sin'(42), (3)
Ny b M o
1
(1 22MV X 02 3 ,
350MeVu 4 200kV X 50 OCovy 16 4mm
2 MV 7 185MV ) (FWHM) , ,
20cm  ( 350 eV
s u) , 25%,
> 170 % . 15cm s
) ) I mm, Smm,
[16]
> 3.3
2 ,
30 (2001 ) 8 e 487 -



( passive)

HIMAC

(active)
SRR Bk
4
3.4 PET
11 C IOC
IZC
PET

GSI

FR
C
CD
= Bk
S
: lT . TR *
BIRSE

1
[22—24]
1
NZ NZ
' H( ) 1 - - -
* He 4/4 — — —
"c 11/36 20. 3 min
2¢c 12/36
e 10/36 19s
BN 13/49 10min
4N 14/49
c 11/36 20. 3 min
50 15/64 2.05 min
e} 16/64
BN 13/49 10min
19 Ne 19/100 17s
P Ne 20/100
7F 17/81 64s
* A ,Z
4500
4000 |<iC Ak i
3500 EBTREE ﬁi(_ N
& 3000 il
e L
= 2000 . e
1s00F By \\il -
1000 Hcmwm)/r/ VL oo R )
500 [ &
0 L oy
20 40 60 80 100 120 140 160 180 200
RFEE /mm
3.5 (RBE)
b
b
b
b
5
9 9 1 9
9
6
[25]
3.6
b
3.5:1 s
s .
DNA ( DSB)
1)
, 1999 1



i / l
Gl k\\ -
¥ AT HL
ANEYRESES
1 Eiill 1 > &
g LR ST 0.1 \\
001y A%t A=HIR K ~1 001y Mt E>1
R
1 1 > F&E
4
® oo 0.1
% 901 0.01
1 > R
oo HIH<3
‘i&-’ 0, N N,
0.01 [ pry 2 0,
40 i A Sy S

f;\ _

1 ) — ; L 1 1 [ ).‘
G S G:M H G S G:M

2:1, DNA
3h 6: 1
7 DNA

30 (2001 ) 8

DSB 7% /%

3.7

(

60

40 [~

7

T
— |

195MeVu '2C

10 % )

6) ,

2.5—3.0.

60keVum
200keVpm

3.8

3.9

HFEEE /mm

CHO

3h DNA

s

5% —20%.

. 489 -



: - ]
L St -O- & ]
R -]
AN ]
3
W 0lf k|
e f ]
LA o 1
0.01 L L L Lo L TN
0 1 2 3 4 5 6 7 8
& /Gy
8
3.10
4
LBL (" Ne)
, 87 %(14/16) 79 %(11/14) .
92 %(12/13) 58 %(21/36) ; X ,
21 % 28 % 60 % 28 % 1.
NIRS ("0 . .
. 12
83 % .75 % .92 % .70 % 85 % 7. GSI
1997 1998 46 (
) 91.3 %(42/46 ) ,

[30]

.+ 490 *

( Heidelberg) ( Hyogo)
s CNAO, Milan
Pavia s
AUSTRON s
21 R
1999 , HIRFL
(CSR) s 2004 s
900 MeV/u, s
2)
> HIRFL
2005

[10]
(1]

Raju M R et al.Radiat.Res . ,1996 ,145 :391

Castro J R et al .LBI=5610 , April 1977 ,198

Sisterson J.PARTICLES .Sisterson J ed .July 2000( 26) :14

Blakely E A.Book of Abstracts for 7th Workshop on Heavy Charged
Particles in Biology and Medicine . Kraft G,Langbein Keds . Germa-
ny : Darmstadt ,Sep .2000 ,6

Kawachi K et al.J.Jpn.Soc . Ther.Radiol . Oncol . ,1989 ,1 :19
Hirao H et al .NIRS M103 , HIMAC 008 ,Nov .1994 ,1

Tsujii H et al. Book of Abstracts for 7th Workshop on Heavy
Charged Particles in Biology and Medicine . Kraft G, Langbein K
eds . Germany : Darmstadt ,Sep .2000 ,55

Amaldi U.Book of Abstracts for 6th Workshop on Heavy Charged
Particles in Biology and Medicine . Kraft G,Langbein K eds .Italy :
Baveno,Sep .1997 ,11

Schulz Ertner D et al . Abstracts of PTCOG XXX III. Germany : Ber-
lin,Sep .2000 ,23

Debus J et al .GSI Scientific Report 1999 , Mar.2000 ,160
Mandrillon P . Nucl . Phys . ,1993 , A533 :349c¢

( 495 )

1) In: Proposal for a dedicated ion beam facility for cancer therapy . Gross

K D, Pavlovic Meds. DKFZ GSI-F FZR, Darmstadt, Sep. 1998

2)

145
, 2000 9, 21



