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cxfmicwtusncs 0~ A 62Mt;v PROTON THERAI’Y BI:AM 

D.E. Bonnett, A. Kacperek and M.A. Sheer 
MRC Cyclotron Unit, Clatterbridge Hospital, Bebicgton, 

Wirral, Merseyside, L63 4JY, U.K. 

This paper describes the 62MeV protor. therapy beam 
at the MPC Cyclotron Unit at t.hc Clatterbridge 
ilospital. The charscteristics of the beam are 
reported in terms of range, beam penilmbra, the 
variotior in output with field axa, and beam 
shaping. 

Introduction ~~ 

The 62MeV proton beam pxduced by the Scanditronix 
MC60 cyclotron at the Clatterbridge Hospital has 
been usen in the treatment of eye tumours (ocular 
melanoma) since June 1989, and to date a total of 
73 patients have beet treated. The beam line is 
shown in figure 1 and consists of a double 
scattering foil system iacorporating a central 
stopper, parallel plats ionisation chambers, range 
shifter ar.d beam modulator together with anti- 
scatter collimators. The scattering foil system is 
used to provide uniform beam profiles over an area 
of 3Omm i? diameter. The foils are made of 
tungsten snl are separated by a distance of 30Omm. 
The first fzil is 0.017mm thick and the second 
0.027mm thick and the central stopper has a 3.05mm 
radius. ‘These parameters were calculated using the 
method de:xribed by Cottschalk (1986). The overall 
length of the beam lice is 1.8m and the distance 
from the final collimator to the isocentre is 70mm. 
Both range shifters and beam modulators are 
constructed fxm Perspex (Lucite). ‘The rarge 
shifters define the maximum penetration of the beam 
for a qiven patient treatment. The modulators are 
stepped VRC~S which rotate in -he beam to produce a 
uniform dose distribution across the target volume 
from the protm Bragg peak (Koehler et al 1975). 

The purpose of this paper is to report the 
ctm~ncterjstics ::f’ this beam lice in terms of 
range, beam penumbra, the variation of output with 
field area and heam shaping. 

Range 

The beam line was designed to minimise energy 
losses in orde? to treat all possible sites within 
the eye. The advantage of this system over a 
single foil system is illustrated in table 1. The 
distance c’f t,hr double foil system is measured from 
the first foil to the point of measurement. In tt:c 
case of the single foil this distance was increased 
ur.til the flatness of the two beam lines was 
comparable. The depth of penetration is measured 
to the distal 93% isodose line using a small 
silicon photo-diode ! type BPW34). It car. be seen 
that the double foil system gives an extra l.&nm 
of range compared with the single foil. The 
maximum lx~tn range required so far has been 28.‘/mm 
of eye tissue compared with a final measured 
maximum range for the beam 1 ine of j0.4'0.2mm. 
‘The maximum required range is in good agreement 
with the value of 28.6ma (eye tissue) for 99% of 
the patients t,reat,eli at the llarvard cyclotron 
(Coitein et al 198-j). 

Beam Penunbra 

In order to achieve maximum range the n::dulator* and 
range shifter were place? 6OOmm from the final 
collimator to maximise t.he length of the beam line 
in vacuum. Measurements of beam penumbra have hcen 
made in a water phantom using a small tliolle ( BASll) 
and a three dimensional scanner. For the current 
position the penumbra measured between 90% and 10% 
isodose lines varied from ?.3'O.lrwn to j.btO.lmr, 
as the effective thickness of Perspex (i.e. 
thickness of range shifter + ! thickr.ess of’ 
modulator) was increased from ‘1.5 to 23.8mm. If. 
however, the modulator and range shifter were 
placed further upstream, tllat is .jast after t.he 
scattering foils then the penumbra was virtually 
independent of the thickness of i’erspex and 
measured 1 0~0.2mm. . _ In order to achieve this 
position the mount of heam line in vacilum wa:; 
shortened and consecjuently the maximum range was 
reduced to 29.7’0.2mm. This would still be 
ade luate to treat al I p;iticnts seen t.c) d;iL(:. ‘I he 
improvement in penumbra can easily he understood 
in terms of geometri.cal considerat ions. An 
improved penumbra would reduce the required :;af’ety 
margin. This latter quantity is cnlculal.ed as the 
90% - 50% penumbra + 1.5mm to allow for mjcroscopic 
spread of disease and positionicg err*or. 

Variatior! Ir. Output with Field Area - __- 

The treatment. of cxular mclano.xi incoqwr;ltcs the 
use cf irregular shaped collimator:;, catch mille.? 
from a design produced by the pLnr:ning proparr 
(Coitcin R Miller 1981). Calibration, of the beat: 
is normally carried out using a 25mm diameter 
collimator and R 0.1~~ thimble ionisatior. chamber. 
CI”ar West ‘Technology type lC-18). ‘l’he variation i II 
output with field size was investigate3 using a 
small diode and a selection of‘ patient collimators. 
The output was normalised to the 25mm collimator 
and the results shown in figure 2 both for a 
modulated and unmodulated (full energy) beam. The 
modulated beam is the normal condition and the 
variation with field area is (1% for a 
representative range of patient collimators, 
therefore no output corrections are made to the 
charr.ber calibration. A much l:~r,ger variation ‘was 
seen in the case of the ur.mrxiulate~l beam indicatir:g 
that the scntterini: out of the beam is much more 
dominant ir, thi.s case. 

Ream Shayi~~l; -____. 

The planning program incorporates the facility for 
shaping the beiur; with the use of’ aluminiun: wedges. 
These are placed 4Omm downstream from the 
collimator to minimise perturbations of the ben-n 
relative to tne target volume (f’.gger p1‘ivat.e 
communication). Figure 3 shows a set of isodose 
curve!; measured in a water’ phar.tom for a wedge 
with a nominal angle of 25’ in eye tissue and 
compares with a measured angle of 22’. 
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Figure 2: The variation of output in terms of dose with 
respect to coliimator area ( modulated beam, unmodulated beam) 
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Figure 3: The isodose dsitriution for a field 
half covered by an aluminium wedge givingan 
effective wed=-a_nle of 22 in eye tissue -. 
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Conclusions 

'The current beam line design has been able to treat 
all cases of coular melanoma that have been 
presented to date. Improvements ir. the penumbra can 
he made with an ncceptnble loss of penetration. It 
has also been shown that there is a negligible 
variation of output with field srea and that shaping 
of the hesm can be adequately achieved by the use of 
alunir:ium wodgrs. 
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Table 1 

A comparison of sicgle and double tungsten foil 
scattering systems for a 62 MeV proton beam 

1 

Condition 

No foil 

Single W foil 
(0.15mnl) 

Double W foil 
(0.044mm) 

Distance Flatwss Depth in Eye Tissue 
(mm) (90X/50%) (mm) 

__-..-.----- 

-- -- 31.0 
to.4 

2200 93*1 29.3 
to.4 

1500 94tl 30.7 
jo.4 
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Figure 1: The proton therau beam line at 
Clatterbridge 


