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1. Peculiarities of the ITEPproton clinical beam and 

special means of clinical dosimetry. 

In this report we will concentrJlte only on the beam parameters wbich 

infiuenced considerably on the choice of means and methods of clinical 

~etry and beam monitoring. '.ITEP .syncbrotrone. proton beam has a well' pronounced pulse structure: 

spiUs -100 os long follow with -3 s intervals. Maximum spill intensity of 

_1018 prot/s and flux' densities of _1015 - 1016 protl (cm2s) are characteristic 

values. As a rule, other machines used for clinieaJ appUca~ons operate at . 

intensities 105 ~ 109 times lower than ~that of ours. Extremelyhigb pulse 

intensity Of tile beam determined tbe· choieeof a mC,lDitor to control dose in a 

treatment session and the choice of a standard dosil1'\ctry system. Another 

circumstan~ethat had to be taken into account, was a considerable 

eIectJ'Omagnetic noise. Because of these two difficulties, at the time when the 

concept of 0Ul' clinical dOsimetry has been fOlming, we had to decline the 

traditional ionization melhod. Semiconductors and' photographic films could not 

~ty be employed. eRhfi. 

2. Absolute dosimetry: a method of induced activity. 

In J960-S,Wben it became necessary to measure tbe absorbed dose to 

tissue with an accuracy sufficient [or clinical application. calorimeters had not 
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been 'developed to? a proper extent. Gamma-ealibrated ionization cbaJnbers rouJd 

not be-used, either, because of s~c parameters 'of the ITEP beam. Owing, 

to these Objective reasons and becctuse or the fac~that it was' physiCi~ who' 

challenged the proble~ a method of ind~d activity by the 12C(p;pn)IlC 

reaction was chosen to meaSure the number or particles in' the beam. It.· has 

become a standard dosimetry system at .Iq'EP. 

This· choice came from the fOllowing considerations, 

- the measurement technique was well-known and wide-spread;' 

the excitation function of the rea£tion was ,available from nterature [l,2) 

and had been claimed to hnve an uncertainty not more than ±5% in all 

range of interest (Le" for proton energies from 40 to 200 MeV); 

- 1~ C is a pure positron emitter 'and this fact. allowed us to 

design an· induced activity measuring instrument. It employs tbe. method of 

{J-r coincidences, and its design eliminates the necessity to determine 

accurately the counting efficiencies for eitber of cOunting channels; 

- a laget in which activity is induced, is a solid piece made of 

scintillation polystyrene an~ therefore. it is not subjected to el~tromagnetic 

noise. The size of the target may be varied widely providing greater 

convenience of work;· 

- proton stopping power, dE/ dx is known as a function of proton eneTgy~ 

With a good accuracy [3,4], while the energy of particles can be 

determined accurately by their residual range. 

Taking all this into account, one had a real possibility to work OUt 3 

method of the determination of absorbed dose to tissue, which wouJd betiased 

on the meastlrem~nt of ,th.e number of particles using the induced· activity 
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,~~ The overaD. error was estimated 10 be ±7% [5) and" was considered 

1(1) be sufficieddy sman 10 start patientlreatments. 

3. Beam monitor: a Current Monitor. 

Spill ,dwa1ion being very short, the beam current is- sufficient to use a 

meabodolmatnetic Induction 10 masure the number of particles. Hence. a 
., 
" QJI1WIt monitor bas been developed to monitor the beam. It proved to be' a 

simpleanet quite reliable-- instrument which' .operates on the principles Of a. 

CUI'ROttranstormer. EIedromotive, force renerated in 'Iht winding of, CM by 

. 'Cbe protOn beam is proportional to the number or particles having 'traversed 
, 

dJe~1 measurinB aperture [6J. Current monitor can be independently 

aJibr'ated. against a .mctroJo&icallytested pulse 'geoerator wilb a wire' put 

dIrouCb, die monitor"s aprrture .. fORmulate the beam. Bcine ac:rompatrled by a 

.prediiod .aanOsec:ondpu1se gerierator, die clllTmt, monitor can 'probably compete 

willi _, Paraday·. all' {Fe), wbidI is a traditional .means of .beam monitoring.. 

Now die desip of the cUrrent monitor's readinl circuit is improved 

'. so as to,·tnoaiIor die beam. just downsti'cam or the final (patient) collimator 

17j.Tbe .en-or 111. rdativemeasUremenfS is estimated lobe. :t3%. Absolute 

4.·Phantom dosimetry: dose distribution measuremen~~'· 

To in'diare ,die tar~t properly. o~ebas to know ·ctose dfstrib.udcm 

era.rl•. " 1issue-equivalent. phantOID -by .the bcaRLMost otten. Iucite and 
... 

.---.'"''''".have a high spatiaJ resolution and linearity of response to the absorbed dose 



4 
4.1, PbotograIJbii tethnjqpe. 

T~y, most of the measurements are performed with a photQgraftc fi1Jn 

detector [8}. A photo-densitometric method comprising 3-D computer 

reconstruction of dose distributfon has been developed. Non-linearity of 

emulsions' energy response is corrected with the. resulrs of the measurements -taken with a wide-aperrure parallel plate air."Ued ionization chamber. 

4.2. Silicon detec:tnfs~ 

Our cooperation with Gustaf Werner Institute (Sweden) resulted in the 

development of a p-Si semiconductor dosimeter capabltp .of working in beams 

with a high spill dose rate [91. The semiconductor technique is quite helpful 

in many cases. However, low radiation .stability of Si along with the time 

structure of the ITEP beam, limit potentialities of. the method. Additionally, 

non-tissue-equivalence of Si must distort the results of depth-dose distoourion 

,measurements in the Bragg peak region. So, much hopes are pinned on a 

natural diamond-based detector. which must be, free from the drawba~ 

inherent in silicon dosimeter. 

4.3. Ionization chambers.
 

Ionization method in dosimetry has been developed at ITEP in a special way.
 

According to Boag's theory, for an'. ionizatiori chamber to be efficient in a 

beam like the· one at ITEP, it has to operate at the ultimate tension of the 

electric field. In this case the chamber must have a linear response to the 

absorbed dose, and no corrections in the working range should be applied. We 

use air-filled parallel-plate ionization chamber with' electrodes made of //-... ­
r 

/ 

aluminum-coated Mylar. The chamber has an aperture big enough t«1 overlap 

tbe wh~le beam; the gap between .the electrodes is 1 mm wide. The chamber 
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is- destined to operate in pulse beams, measuring not the charge collected on 

the eleCtrodes, but a value proportional to it 

Scientific cooperation with the Institute of High-Energy Physics has yielded 

ionization chambers of different design. These are a multi-strip parallel plate 

ionization' chamber and a small-volume parallel plate chamber with the walls 

made of tissue-equivalent plastic. 

The multi-strip chamber has glass walls, each having a series' of sixteen 

5-mm wide aluminum strips coaled upon' them. The series of strips are 

arranged orthogonally to each other. The chamber may, thcrcfo~e, serve as a 

profilometer, providing information on horizontal and vertical distributions. An 

integrated output signal can also be measured. Hence, the chamber'on also 

be used as a second monitor of the beam additionally to the current monitor. 

The small-volume i()nization chamber has' electrodes 5 mm in diameter and 

a gap of -0.1 mm between them. Constancy of volume is one of the 

advantages ~f the chamber. The chamber's design permits the _instrument to 

operate in a water phantom• 

.The prototypes of these two moods of ioni7~tion chambers are currently 

passing vadous tests in the proton beam. LoJter the chambers will hopefully be 

included into a range of field instruments used for the purposes of clinical 

dosimetry at ITEP. 

4.4. Tht'rmoluminescent dosimetry. 

We have some experience in using of TLDs for dosimetry imcrcomp<lrison; 
--~, 

'$e\lcral sl~ries of such expc.'riments werr' carried our in the USSR at ITEP, 

Cenlral Scientific Institute of X-rays and Radiology, and Ihl~ Institute for 

, 
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Nuclear Research (both St.Petersbu!'l) Hn} and at the GuSlaf Werner Institute.
 

Paul Tod~ during the RBE measurements at ITEP in 1977. performed a test
 

measurement using ~LDs [ill. Dosimeters were suPPlied and the .resul~ were
 

read by the Department of Radiation Medicine of the Massachusetts General 

Hospi~l•. 

At prescnt, however. ITEP' docs not poSsess of any of TLD equipment. 

4.5. Photoluminescent dosimetry. 

The maio advahtage of l'hotoluminescent dosimeters (PLD) [12] is that 

information may be read for many times without erasnre and that it can be 

preserved for years. Therefore. PLD may be used as witness dosimeters and 

they may be arranged in a kind ot a dosimetry, "library". One 'of the 

drawbacks of conventional PLDs is rather big dimentions (12x12 mm, 4 mm 

. thick). 

5. Beam delivery techniques and concepts of dose' 

calculation. 

At present. dose -distributions are formed in a trivial way: after the (, 
beam is scattered. the central part of it is collimated to obtain a uniform 

lateral distribUTion. A method of beam delivery subsequently used depends on a . 

specific patient treatment technique. 

A variety of clinical rrcatml.'rtt techniques is used at our three~room facility. 

Applications vary in complexity (and, therefore. in time of accomplishment) 

J /-..

from a trivial single-field. appHcat10n ((j the Bragg peak irradiation of / ' 

intracranial targets using converging beams of different diameters. TO- pr()vi~ a 
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substantiat n~of patient rreatmedtS pet. daY we IIave" to Ifdd. 

-. tainc:teasetbe ~ of patients- -treated one bas ID use • set of 

pre-destgned field applications;
 

- to obtain a better alignment of a fJdd application to a specif~ target
 

each patient should be treated indivi~.
 

In fact, we use both of these concepts and their combination in our
 

practice: in common cases pre-designed faeld appt~tions are used, wtUle
 

patients with exotic targets are treated individually. In iaterme<ftate cases
 

calcuJations are needed to predict the result
 

Let us consider two genera!, but characteristic, bt'.am delivery teehoiq~
 

employed in irradiation of intracranial ta~
 

5.t. Narrow beam "througb-oaf'" irradiation of intracranial targetS. 

The target is itmdiated convergently with abeam 5 to 15. mm in' diameter. The 

number of converging beam directions may vary from 16 to 15 [13,14J. The 

variety of these directions is implemented by the robtion of a stereotaxic 

device. The eneqpr of the proton beam at the centre of convergence is 

-150 MeV (this value is considered in the text below). Having been 

. diverged	 by the scattering targets with a total thiCkness of -1 g/cm2 the beam 

is shaped hy tire primary and patient collimators. Dose delivered to the cenire 

of convergence is determined analytically; 

D == f Di,
i::1 

where n is the number of beam' directions and 
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dE/c!X red, (1) 

where. dE/dX is the prown mass stopping power for Ep .. 156 MeV (proton 

energy is 'obtained from tables (3). provided the iIli1iaJ proton energy Eo is 

200 MeV and the depth of the targc~ is known). Sis a 50% - isodose area 

of a single beam at the centre of convergence, i.e. at 75 mm depth in 

tissue; F is the number of particles measured with the Current Monitor just 

downstream of the· patient collimator. 

Analysis of the formula (J) shows, that the method of dose calculation 

contains certain assumpt!ons and inaccuracies. The patient treatment technique 

was developed 20 y~rs ago. and though sUbsequently it, has been criticized, 

no conedion has been made yeL 

S.l. B@gg·peak irradiation·or intracranial targets. 

Modified depth~dose distributions (spread-out Bragg peaks) of a single 

beam ace, formed by ridge fitters of original design lIS}. Proton range adjust 

is pCrfo~cd by a variable thickness water range degrader. The beam J5 to 

30 mm in diameter Is delivered to the target from several directions (16]. 

Diameter of the beam, beam directions, their number and· relative c()r1tribution 

are d~[crmined proceeding from the size and shape of the target. Dose, 

deJtvered to the target is calculated according to the roll~)wing formulae. 

Pi - 1.0 . 10-8 
S 
F . dE/dX • rad, (2) 

and S arc determined just duwn:,;trcam of the paljCJ~/ 

cOllimator. In this cas.e dose at the maximum or the field is, 
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;1 . Dl 

Dmax Hmax (3)-
j~ Pi 

where n is the number of beam directions, Pi is the fluence from 

related to the minimum nuence of an directions (Pi ~ 1), Hmax is the 

relative height of dose distribution at the maximum of the dose· fiekl related 

to the dose at zero depth· of the variable water degrader (provided that' P-t).. 

Catculations are performed for homogeneous medium. 

This method of dose calculation is· free from the drawbacks inherent in the 

"through-out" calculation method. All parameters in the formula (2) are 

determined for the same geometrical point; in the formula (3) Pi accounts for 

the relative variability of proton fluence from different directions.. and Hmax 

accounts both for the Bragg curve relative increase (for a single beanO from 

the point of beam monitoring to the point of the target's !ocatioo. and for toc 

geometrical parameters of beams· composition ~t a given depth. 

This patient treatment technique is most preferable for the beginning of the 

unification of our dosimetry protocols, in accordance with the recommendations 

of the "European Code of Practice.•.'· (17) and of AAPM Report No.16 (l81. 

6. Conclusion. 

Today, there is an understanding that cooperation between differem proton... 
.......
 

'_ clinical facilities cannot progress witbout a thorough analysis of results. The 

''-. ~r analysis, in its turn, necessitates coordinated methods of measurements. 
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For this purpose, we at ITEP see it necessary t9 jojnoneof the 

international'dosiqletry ,protocols (17.18]. Ihat baye been 'W~ed out, ,spec;rJC3Jll" 

for proton. dinical facilities and summarize Jhe experience pined 10 dale in 

the rleld. We wiD have to fulfill the reco..nmendations of tbeprotocols 

regarding the methods Of beammonifQri", and the accuracY Of dose 

measurements. In particular. tbemethods or absolute dose measuccments using 

lbe indueecl activity' method must be inctea.sed .. 10 ±S%, and the dev.ices of 

two different,ty~ must be 'used tomonitorlbe cxttacIecI beam. 

Our recent progrCss in ionQation Chamber's design.' as well as Ihc ~inary 

results Of aR~RussiaJ1 dosimetry intercomparisons '(featuril:JgITEP. Duima and 
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