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I'reatment planning method in the use of the TDF biological
equivalent concept in fast neutron therapy.
Yuzuru Kutsutani-Nakamura
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Anagawa, Chiba-280, Japan

Research Code No.: 600

Key Wara’s i«m neutron t:‘fempy, Tmtmenr pfmmme. TDF biological cquivalent

The object of this paper is to establish a criterion as a basis on which to assess the biological
effect of the widely varied [ractionated 1egimes in fast neutron beam therapy including mixed and
boost use with photons. These assessments are based on a scale of the biological iso-effect of
normal tissue for dose measured both for neutrons and X-rays. A TDF biological equivalent
(TDF (peqy) was introduced for this purpose. The TDF g, is a generalized form of the empirical
equations of the nominal standard dose (NSD) described by Ellis and the time, dose and fractionation
(TDF) factor described by Orton. The properties of the TDF geq, function were examined in some
detail, and its application to various clinical situations are described and illustrated by numerical
examples. RBE formula estimated by the TDF peq, function is compared with experimental data
published. The evaluation of various fractionated regimes used in fast neutron beam therapy at the
NIRS hospital is being done by the use of TDF heq). Al the present time, treatment schedule calculated

by the TDF 4., method is a reasonable response for clinical observation to certain normal tissues.
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Table 1 i@ (R TRENDHEPHTHROME 3
[E17 5 O $ L, RS ERG 3 2 4 5%l TDF
Offiz T . BHBERIFEEE LD, t=2.335
L LTRic, Table 1 Hb 1 [EI§ER0rad DR,
full tolerance |ZHi243 % fRG[BI%322[E] (51H)
Tita.

- Table 2 X-ray equivalent (dose .q,) and]
RBE for neutron dose (d,)

Interval

d, (rad) t=1 day t=3 day

d(xc:ﬂ)n d (xeq)n
Gady | RBE | =gt | RBE

10 53.2 | 5.32 54.7 | 5.47
20 9.4 | 4.52 93.0 | 4.65
90 123.2 | 4.11 126.8 | 4.23
40 153.6 | 3.84 158.0 | 3.95
50 182.1 | 3.64 187.3 | 3.75
60 209.4 | 3.49 215.4 | 3.59
70 235.6 | 3.37 242.4 | 3.46
&0 260.9 | 3.26 268.4 | 3.36
50 285.5 | 3.17 293.7 | 3.26

100 309.4 3.09 318.3 3.18
110 332.8 3.03 342.4 3.11

120 355.7 2.96 366.0 3.05
130 378.2 2.91 389.1 2.99
140 400.2 2.86 411.8 2.94
150 421.9 2.81 434.1 2.89
160 443.2 2.77 456.0 2.85
170 464.3 2.73 477.7 2.81
180 485.0 2.69 499.0 2.77
190 505.5 2.66 520.1 2.74
200 525.7 2.63 540.9 2.70
220 565.5 2.57 581.8 2.64

240 604.4 2.52 621.8 2.59
260 642.5 2.47 661.1 2.54
280 680.0 2.43 699.6 2.50
300 716.8 2.39 737.5 2.46
350 806.5 2.30 829.8 2.37
400 893.2 2.23 919.0 2.30
- 450 977 .4 2.17 1005.6 2.23

- 500 1059.4 2.12 1090.0 2.18
600 1217.9 2.03 1253.0 2.09

700 1370.3 1.96 1409.8 2.01
800 1517.6 1.90 1561.3 1.95
900 | 1660.6 1.85 1708.5 1.90
1000 1800.0 1.80 1851.8 1.85

HAEFRMRF ML W38 105

Table 2 1z (11) 5, (13) K TRI NS
MEFiRoME T 5 XSl & L0 RBE %
BHMERY 1 HE 3 HELEEATOWTRT.
TR EAME C 7 h & RBE @< b, gt
MIfEAS 1 H D84y, 500rad 2,1, 200rad ¢2.6,
100rad 3.1 %< 7 b, MMM 3 Hicicd
& RBE X #5 B L.

Table 3 T (14) X T& T #HpiEFHo full
tolerance 1 ~LCO AHyEEH 1+ % RBE %
R SEEEAHT L RBE IGkE{eh, 5

Table 3 RBE values for the number of
fractions in fast neutron therapy

Number of RBEy
fractions RBE,=1.80 RBE,=1.53

| ex=0.24 |  ax=0.31
1 g 1.80 1.53
2 { 2.07 1.84
3 2.24 2.06
4 2.38 C2.22
5 2.48 2.35
6 2.58 2.48
7 2.66 2.58
3 2.73 2.67
9 2.79 2.76
10 2.35 2.84
11 2.91 2.91
12 2.96 2.93
13 3.01 3.05
14 3.05 3.11
15 3.09 3.17
16 3.13 3.22
17 3.17 3.27
13 3.21 3.33
19 3.24 3.37
20 3.28 3.42
21 3.31 3.47
22 3.34 3.51
23 3.37 3.55
24 ; 3.40 3.59
25 3.43 3.63
26 3.45 3.67
27 3.48 3.71 I
28 3.51 3.74
29 3.53 3.78
30 3.55 3.8,
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1D BHAFY 2 —ALOHE
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P TR A A 3 B = — A CI5EIB S TR
FELI, BRIV B,
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(f#) 1. Table 175 15[EIEH T TDF (neqy %
100123 % 1 e iil10rad THS.

2. Table 175 110rad, 10[EIf&H CD TDF peq
1366.7C %% O, T, 4EMBET TDF geq, 33.31C
% 1 Bl E12133rad THS.

H2. FEPHETRROXEE L © boost 5

XHRiEH & 1 BfRE200rad, 85 EIEH = — =
T20[8] % CHASS Urc. ElrpikTiea il 3 EIR A
2 —AT6HBHTHELLG. BEIWIBR
Lizh X,

(#8) X#3200rad, 20[EIf 5> TDF (beq) 13.66.7
TH5HOTHEPETFEREY 6 BIIRS T TDF peqy %
33.3 7% HEPMETHE 1 EEFREIL Table 1 235
94rad L75%.

3. ERMETHOXEE & @ mixed beam 5
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1o GEPEEFHERIME, XE2E (1 EERE200
rad) O 5 [AfES © mixed beam JEFHIC I\ T
XERAHE 1 [Ef##200rad, 5 EES = — A
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B (10) KAEH132rad g,
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Fig. 1 12120° 3 FIE4 OB o ik 71§ &
TV asn b riROWENRESfEYRT. HE
WFREEMEST, FurvaSi bk ri A
BICRLTHBEN, BESMITIEELL, 45
HBETHD. ok, PFABHOBEZL TR,

Figs. 2 JO* 312120° 3 MBS OB oo
% TDF A THEMZ b0, HEP.Or
TDF %100, EP% full tolerance dose # M1
A% mRd. Fig. 2 11 H 3P4 BH Li-)
/T, Fig. 3 1 HC1M%&@aE 1L, 3ETS3
PIRH S hBaTHS ., mMRIESL, ROKE
PEPETR, BESET v S v i
BHOBETHS. 1 iz 3% BE L1 Fig. 2
DFHR1H 1% BHE L Fig. 8 wh-, jHk
CEtEAER L, ERHERoOMEY D 354
TEAT5,

R EE(G TDF RO OF M ts
T HEA D U, EFAKOREDRE Y ik
5.
Table 4 12120° 3 PR D& & 51 2 FIRE S
OO Figs. 1~3 1R Lic BEERNEANE
ORRA O (LUF, A6 &R oW
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Dinttumony &3 403, A4S TDF OFE/-E
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Fig. 1 Physical dose distributions of cyclotron neutrons and Telecobalt y-rays on
a cross section through the central axis in a three field arrangement of a single
anterior port and two lateral-posterior ports angled at

8cm field size)

1o 10 5 BxB{

Cobalt

+120° on both side (8x

15Em

nngonoNn;
Ona0NI0;

annonondid

i
naonnan)oocy

ﬂnmmuuunﬂ
nnnann

Neutron

Fig. 2 TDF biological equivalent distributions for the treatment schedule of all

field per session in the case of Fig. 1
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Fig. 3 TDF biological equivalent dis

Cobalt
tributions for the treatment schedule of one

field per session in the case of Fig. 1

Table 4 Relative integral TDF biological equivalents and physical doses on a cross section through
the central axis in a three field arrangement of a single anterior port and two lateral posterior
ports angled at + 120° on both sided and parallel opposed fields (88 cm field size)

3 fields Parallel opposed fields
neutrons cobalt y-rays neutrons cobalt v-rays
~ whole | treatment whole | treatment whole | treatment | whole | treatment
body region body region body region body region
Integral TDF .q,
One field per 138.1 31.4 138.7 31.6 114.4 31.5 113.7 31.6
session
All field per
session 123.1 31.3 100 3l.1 112.0 31.4 106.7 31.3
Tutcgral pliysieal 105.6 | 24.8 | 100 24.9 8.9 | 24.8 85.5 | 24.6
|

LicidfETH S .

FREP © TDFine BO° Dime 1 EF RO 7 v
250 b v f, 7o B UNC120° 3 FIRRE B ORTE 2
MBFci b FES T, £h¥hdl.4, 24.8TH
5. L, EEAEofEzRins.

120° 3 PRGSO &, T4 D Dintboayy 1
FrasabrorhE k<6%% . 1H
3FIREF D TDFintmeay, (LFPHETFREOT T v

20y #RED23% & <DL, 1 H MR
D TDFinthoayy CRMHZ LR UETHS.
A 2 PR G OB, HFP TR Dintboayy 13
FrasatryBOThED 4% %\, 1H2M
8BSt D TDFint(botyy CTIEEAPMETHILTF v oS
by E N, EBREEBIERLC 5% SV,
1 H 1985 D TDFinthoayy TIETTE & I3 IFEE
L, W@ 2PBeE 1 B 2R LTh 1M



958—(28)

BHLTH TDF DfE~DFEI i,
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TI2120° 377, 1 A 3MIREEOHFN I EE 2
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Fhill, BEEHE BV TIREEN L BRI
TDF 73#fi, BOTh b O E2EEeRke,
FTBC ERMETHS,
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