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APPLICATION FOR A RESEARCH OR CLINICAL INVES? GATION GRANT 

SUILMARY OF RESEARCH PROPOSED 

Ghaim Richman, Staff Member H-10 

w w  and Adhe.  J Appk. .r  QIandntka 

U. S. Atomic Energy Comrnisrion, Albuquerque Operations Office 

(for the Lor Alamos Scientific Laboratory) 
’ Albuquerque, New Mexico 87115 Attrr. Mr. J. Cotton 

Uring the biomedical pion beam at  the Clinton P. Anderson Meson Phyricr 

Facility (LAMPF), we will  make further meaouremeato of the dose dirtrib- 

in phantoms as well as the b w  and hieh J Z  T components of the dose. 

collaboration with other LASL staff members, we will  determine the. optbum 

retting8 of magnet currents to  produce dore distributions suitable for the 

treatment of tumor volumes at varying aepthq from the skin. Biological matrrkl  
will  ala0 be used to measure RBE and- and thereby determine the therapeutic 

charrcterirtico of the beam. W e  wi l l  advise as to rrpecific dose distribution# 

which can be achieved by the magnet settings and the collimator configurationr 

In 

when patients are brought to LAMPF for treatment. 

._-.. . . .  .. .. .- 
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Principal Investigator . 
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APPLICATION Fur{ A RESEARCH QR CLINICAL INVESTIGATION GRANT 

BIOGRAPHICAL INfORMATlON 

Mat he mat ic a' 
Mathematics and Phyri 

W. D. Physics I -  

.-. . 

Staff Re rearch Scientirt. Loa Alamoa Scientific Laboratory 

Director of Rerorrch, 
Proferror of PhyriC8, 

' Proferror O f  PhydC., - 1  
Dr. Richman rtrrted work on pionr at'the -164-krch rynchrocyclotr 

ogram on radiotherapy with pioar a orrirr 
Thir program involved varioua cxperhent r  

ative pions. Since 1971 he bir been at - 

tho Lor Alamor Scientific Laboratory. 
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1. Aim and Method of Study 

The first two patient8 have been treated at the C. P. Anderson Meson 

Physics Facility (LAMPF). In these first cases metastases from a breart  tumor 

and gartro-intestirul cancer were exposed to negative pions for tumor rcgrersioa 

studies. 

modality in comparison to conventional irradiation controls. 

There irradiations initiate studies on a variety of tumors with this new 

For almort 15 yearr a background for pion radiotherapy bar been built 

up. The accelerator for producing the beam has been under conrtruction far &bod 
10 years. We have finhhed the accelerator, the pioa beam transport system, and 

the treatment ficility. For the past s i x  months the data needed for these human 

utposures has been assembled. 

Of all the elementary particles in nature, the pion ir best suited lor therapy: 

Firrt of all it  b a penetrating and lightly ionizing p o r t k h  whose range is clearly 

defined. 

entrance dole and practically no exit dose. 

the pion i8 captured by the oxygen, carbon and other nuclei to produce short range, 

medium and high LET fragments (called a star). 

RBE and a decreased OER. 
convinced from our data, is leading us to a possible unique and potent tool in the 

treatment of cancer. 

This meanr that definite localized lesions can be irradiated with little 

Secondly, in the treatment volumo 

There fragments give an increared 

The combination of these features, we a re  becoming 

Tbe pion therapy program is a combined effort of the Cancer Center of 

the University of New Mexico Medical School and the U.S. Atomic Energy Commhsion 

at the Los Alamoa Scientific Laboratory. Dr. Morton M. Kligetman is the principal 

invertigator . 
The aim of the total effort is to assemble the following data for pion 

rrdiothe rapy. 

a) Tuning of tho mrgaetr to  produce variou8 beamr. 

b) Studies of the coatamirutions, the total dose, and the different 
LET componentr for the treatment situationr . 

c) Radiobiology of pions for cell ryrtems and for solid tumors in 
oaimalo. 

d) Response of selected tumors in patients. 
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The aim of all the rtudier is to combine and coordinate the work 80 that 

good therapy i r  carried out. 

ryrtem PI to how the beam is corning down through the magnets. 

drawing of thir rystem. At present the boom has an intensity of 5 radr/min. It 

i r  focured to a region jurt beyond the collimator. The tumors treated are close 
to the akin and the irradiation timer are about 30 minuter. There beam rtudier 

lire being made with large multiwite proportional chamberr which by mean8 of an 

on lhe  PDP-11 computer give an instantaneous picture of the particle dirtributionr. 

The farhioaing of a good therapeutic beam beginr with the finding of ruitable 

Thir require8 first of all good data from the trrnrport 

Figure 1 is 8 

retting8 of the mognatr that give a beam of the right energy, energy rpreada and 

Dprt i .1  distribution for the type of patient to be treated. There 88tunes's, om they 

are called, are then investigated dorimttrically and radiobiologically. (J. Helland, 

M. Paciotti). 

The Electron and Muon Componentr 

It i s  rhoayr true that in the actual therapeutic situation, the problems 

encountered are gomewhat different than had been envisaged before the beam war 

rvailobh. It ha8 turned out happily for example, that the electron and muon 

contrxninationr are only 14% of the particles in the beam. In treating rmall tumors 

d e r  the 8 k b  with a narrow pion peak, these contamhationr have only a rmaU 

effect. 

When treating large regions of ray 10-15 cm. in depth, these c o n ? a d n a t ~ r  

have a rignificrntly greater effect. 

out over l a rge  regionr wherear the contaminations, having a long range, already 

urirt over large regionr. For any YuneI8, we w i l l  mearure these contamhationr 

with silicon detectors and scintillation detectors and determine their contribution 

t o  the dose. 

T h i ~  i r  true because the peak has to be rpreod 

The Three Pore Components 

Tiamus-equivalent ionization chamber8 are used to measure the total dose. 



1 

0-Quodrupok mogMt 
T- pkrr production target 
B-Brrdlng magnet 
D- Momentum dkpurian plane 
W- Wdge Wrgy -der 
M-Beam monitor 

I Metar - 4p" 
Folre floor 

THE SYSTEM OF MAGNETS FOR TRANSPORTING THE PION BEAM 

FROM THE TARGET TO THE PATIENT 

Stutnwt fhor 

Figure 1. 
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W i t h  pion8 the rituation ir more complex. Contained in the total dore a re  errenthlly 

three kinds of doser: a low, a medium, and a high LET dose. 

maasured by urbg rilicon detectors of different thicknesses. 

give different @ire pulses ia these detectors. 

eaergy contributions and then integrated to obtain the different LET contributions 

t o  the dore, This entire procerr is done as a function of position of the detector. 

In thir way we w i l l  arrive at  irodore dirtributions for the different LET COXnpO~tlt8 

in addition to  the isodore curves for the entire dose. 

by the complete d o e h e t r i c  picture as well as by the radiobiological data. 

These will  be 

The different particles . 

There pulser a re  analyzed for their 

The therapist can be guided 

The dome measurements and dose characteristics survey6 will take much 

of our time since they form the basis of the radiobiology and treatmentr. The 
low LET do80 conristr of the primary beam of parsing electronr, muop., and 

piOn8. 

produce the field of medium and high L E I  dose in the treatment volume. 

The disintegration products of protons, a-particles, and r ecoil partichr 

The three componento of dome have in general different distributionr, and 

the placing of the tumor in the beam depends on which component dominates in i t s  

affect. ‘If for  exPmple, the RBE for the high LET component i s  very high, it wi l l  

dominate the therapy. W e  w i l l  meamre these components and compare these with 

the radiobiological data. 

Another question of importance is the following: In the present therapy 

collirnatorr arc used with circular openings of 5 cm., 4 cm,, 3 cm., and 2 cm. 

in diameter. Much more detail is needed on how these collimators affect the beam. 

We will continue our studies of the beam under these collimators. 

J. Dicello, T. Lane, H. &nols). 

(C. Richman, 

Sc8nnhg a Large Treatment Volume 

With our mystem of magnets the pion beam produces a peak of dore at  the 

end of its range which is ahawn in Figure 2. 

3-5 cm. 

The peak coverr a region of about 

To treat  large regions, a variable absorber will be introduced into the 

COPIED FOR 
HSP1Do’33’86’0’4 



- 10 - 
bo8m to movo th8 p88k back and forth over the treatment volume. Thir varirbb 

abrorber, in the form of a cylinder of light oil 10" in diameter, ir now on the 

dr8whg bo8rdr. 

abroluhly aafe for the patieat. Dorimetrically it rnurt move the peak around in 

such a way thrt the toto1 dome dirtribution i r  uniform. 

must be filled and emptied at a nonuniform rate. 

of the cylinder wi l l  be about 1.4 rtcondm per cycle. 

both total rad in LET wil l  be mearured with our prober and the entire rcheme will 

be 8tudiad experhentally. (D. Lirka). 

The ryrtem brr many requirement8 to fulfill. Fkr t ,  it murt be 

This mean8 that the cylinder 

The rater of filling and emptying 

The resulting dore dirtributbnr, 

Another quertion a r h e r  in treating k r g e  regiom. When the pion traverser 

healthy tirmue on the way to the treatment volume, it produces by nuclear interaction 

a perceatage of high LET component. This wil l  also be measured for different 

the rrpeutic rituationr . 

W e  come now to more complex treatment8 where we have bone or lung or 
both preaent in the field. W e  have built a k r g e  water phantom with cooling coilr. 

In thir phantom we w i l l  mount various arrangements of lung and bone equivalent 

mrter ia l  in water and rcan the dirtributionr in and around these materials. The 

c o o h g  keep8 the noise level i0 the detector8 down to a minimum. W e  have a180 

fioished 8 very accurate r c ~ ~ l l e r  for moving the probes around which i s  now in ure 

8nd will be used in the future mearurementr. 

The data is taken on a multichannel analyzer and then transferred to magnetic 

This tape ir then taken over to our large computer where the data is analyzed trpe. 
and the dirtribudonm are printed out. 

Radiobiology and Therapy 

The program in radiobiology is to UIC human kidney, T-1 cellu, and CHO 
calla t o  r r c e r h i n  the effective distribution8 of the beam and to mcamure RBE'r 

8nd OER'B. 

of pions. 

Moure tumor cell8 will also be urcd to mearure the effectivener8 

The distributions in depth under each collimator and laterally to the 

COPIED FOR 
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collirnatorr will alro be determined with T-1 cello. 

M.R. Raju). 

(M. Kligerman, D. Peterron. 

The therapy program is now well underway. Carefully selected patientr are 

being treated with both pions and conventional radiations to ascertain the advantrger 

of pionr. This program has just begun and will  be expanded in the future. 

encouraging h c t  that the machine is now running well enough so that patients c m  be 

traatod a b o r t  every night during our running cycles. 

It ir an 



- 12 - 
2. Work Accomplirhed 

The accelerator ir now fully operational and is producing a proton beam . 
adequate for the biomedic81 program. A dore rate in the treatment room of 

5 radr/mh of pion8 in the peak is  available. 

operational and is computer controlled from the control room. 

The beam transport system is fully 

Tbe treatment building ir finisbed and patients a re  nuw being treated 

conveniently with excellent care for their comfort and rafety. By means of closed 

circuit TV and audio hookups we are in full contact with the patient during treatment. 

Carbon target8 a re  used to produce the pion beam. In an effort to increase 

the dore r'.tb, an Al 0 target was tried but was l e a s  matirkctory bec8ure more 

contmaination war produced and the proton beam underwent more multiple 

rcat terhg and activated the detection equipment at  the end of the accelerator. 

W e  have stayed therefore with carbon targetr. 

2 3  

Total Dose Distributions, Contaminations, and Dose Components 

The firrt meorurement of therapy is the central oxis depth dose. We have 

ured standard tirrw-equivalent ionization chrmberr and have determined thir dore 

dirtribution in a water phantom and under the four collimators. 

dirtributionr have also been determined. Figure 2 is a plot of the doae as a function 

of depth in a water phantom. 

The lateral 

The narrowing of the peak to attain the higher dore rate ir clear. All of 

our measurementr give a full width at  half maximum (FWHM) of about 2.8 cm. 
It meam that the tumorr murt be placed carefully in the beam with due rttent*n 

to any bolus being umed. 

equivalent. 

The peak is at a depth of 18.8 cm. of water or water 

Silicon detector8 have been used to reparate the different particles in the 

beam. Figure 3 is a rpectrum of the pulres produced in a 5000 micron detector 

by the beam at P depth of 8 cm. in a water phantom. The electrons, muonr and 

pioar a re  distinguirhabb. 

particler in the total beam at entrance. 

The meaourcments give 4% electrons and 9% muon 
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Ia thc rtapping region ( r k r  region) the detectors g i n  the pulrer produced 

by the primary particles (electrons, muon#, pions) and the rtarr. 

the 4 cm. collimator ir rhown in Figure 4. W e  conclude that under this collknator 

the proper place for tbe tumor is at the peak of the total dose, not dirpkced deeper 

into the phantom .I had been thought earlier. 

The data for 

R rdiob iolog y 

The rtudier of RBE have begun with T-1 and CHO cell8 urhg stand8rd 

tirrue culture mcthodr. W e  find some variation in the RBE and the rerultr to 

date give an RBE between 1 . 2  and 2 .0 .  More studies are needed at this point. 

The dore distribution rtudier with cella have so far s b m a  a xrwcimurn effect 

about 0.5 em. from the peak of the dome, in contradiction to the physical mearure- 

mtntr. 

in progrera. 

Huwever. the data here is ar yet incomplete and more experiments are 
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* 3. Facilitier Available 

The accelerator ir now operating well. A proton current of about 5-7 

microamperes is reliably available and the pion dose rate i s  about 5 radslrnh 

at the peak. 

well. We have good electronics and shop facilities to support the uperimsntr  

aad the merruramentr. We also have elaborate tisruc culture laboratorier &ad 

animal holding bcil i t ier  to do the radiobiology. 

analyzing data a re  extensive and we have good support from the people in the 

computer divis ion. 

The treatment facility is able to accommodate the patients very 

Our computer facilities for 

4. Time to Accomplish the Work 

The accelerator is virtually complete. During the next year it is plaaaed 

to provide higher dose rater at the Biomedical Facility and also to provide 

improved shielding ar required. I now believe that the role of pions in radiotherapy 

can be evaluated on the basir of 8 rignificant amount of data and experience within 

t(Ro to three years. 
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