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APPLlCATlON FOR A RESEARCH OR CLlNlCAL INVESTIGATION GRANT 

SUMMARY OF RESEARCH PROPOSED 

maim Richman, Staff Member H-10 

N.u 0.1 AUiraor of AppIi..ol Qlmia.#*u 

Lor Alamos Scientific Laboratory 
P. 0. Box 1663 
Los Alamor, New Mexico 87544 

Titk of Prqnc 

Studies of the Pion Beam for Radiotherapy 

In v u  oknrr1. 
uU ebi. . p c o  (0 s ~ m u r h o  ewci ro l r  y a w  ).o).sd wsooreh. O U ~ I B M  .C$eccw.r o d  m o t h o h .  W~IICOI. tho roods (n.1 to mscood 10) 

The present  proposal describes research  to  be conducted during calendar yearr  
1974 and 1975, the third and fourth years of an American Cancer Society sponsored 
project at the Los Alamos Scientific Laboratory of the U. S. AEG. 
of the project is to develop and demonstrate methods of treatment of human malignant 
tumors by irradiation with negative pi-mesons. Treatment of patients is planned 
uBing apparatas  presently under construction as par t  of the U. S. AEC's Clinton P. 
Anderson Meson Physics Facility, Los Alamos, New Mexico. Patient treatment is 
planned as a joint activity of the U. S. AEC and the University of New Mexico Medical 
School. 

From January I971 to the present, grant support from the American Cancer 
Society hae been used at Los Alarnos to develop instrumentation necessary in  patient 
t r eatrne nt for: 

The general  goal 

. 

1) Alsuring that the pi-meson beam entering a patient is not unduly 
contaminated with undesirable particles (i. e. electrons, mu-mesons, 
m d  neutrons). 

2) B y  direct  dosimetry measurements in a phantom, prepare tho pi-meror 
beam in both energy and spatial distributions optimum fo r  the i r radi-  
ation of particular tumors. 

At present ,  an  instrumentation system consisting of several  solid-state radiation 
detectors and electronics to present a spatial distribution of dose delivered in a variety 
of phantoms is being assembled. 
the fall of 1973. 
phantoms wil l  begin when the beam is available. 
and operate a complete instrumentaiion system as required to prepare and monitor 
the pi-meson beam in human therapy. 
efficacy can presently be anticipated in the 1976 to  1979 time frame. 

Availability of a pi-meson beam is anticipated in 
O b s e r ~ t i o n s  and measurements using the pi-meson beam entering 

During 1974 I propose to construct 

Clinical trials of pi-meeon therapeutic 
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i ; American Physical Society, Fel low 
rer ,  Department of Radiology, 
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I 
S E X  
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MAJOR RESEARCH INTEREST 

Pion Phys ics  and Trea tment  Planning 

RESEARCH SUPPORT ISrr tnatruerron.j 

none 

ROLE IN PRCPOSED P R O J E C T  

Principal Investigator 

Staff Resea rch  Scientist, Los Alamos Scientific Laboratory 

Dr. Richman s ta r ted  work on pions at the 1-#synchrocyclotron in 
1949. 
from the 1-1 This program involved various experiments 
on the dosimetry and radiobiology of negative pions.  
the Los Ahmos  Scientific Laboratory. 

F r o m  1961-1971 he directed a program on radiotherapy with pions at- 

Since 1971 he has been at  
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.l. AIM and METHOD of STUDY 

At this time an accelerator,  the Clinton P. Anderson Meson 
Physics Facility, is being completed in our laboratory, which will produce 
a beam of negative pions of sufficient intensity SO that human neoplasms can 
b e  treated for cure. 
brought to bear  on the treatment of human cancer. 

This wil l  be the first time that negative pions will  be 

Many yea r s  of studies with weak beams, in this country and in 

The physical advantages of pions a r e  
Europe, have led to  the opinion and the expectation that negative pions should 
be useful in improving radiotherapy. 
very clear  and there is no doubt on this score. Pions a r e  lightly ionizing 
particles which can be directed in a well-defined beam and stop a t  a finite 
range. Wherever the pions stop they cause the breakup of nuclei with the 
emission of short  range alpha particles, protons, and recoi l  nuclei. (The 
pion produced nuclear breakup is often called a "star". ) 
should be the treatment volume. 
for each tumor and for each patient by means of the magnet settings and the 
slit openings in a magnetic system called the beam line o r  beam channel. 
t raversa l  and stopping of pions is very much sharper and better defined than 
for CO-60 or  neutrons o r  electrons.  

The stopping region 
The energies of the pions a r e  chosen properly 

The 

The breakup of the nucleus results in radiation being produced 
of a character  entirely different f rom the pion. Up to  now the pion in t taver -  
sing the healthy tissue has been a lightly ionizing radiation (for much of its 
path it is near minimum ionization): thus the healthy tissue in front of the 
tumor experiences low dosage. 
fragments gives a higher dose in the tumor region. 
standpoint, a profound change has  taken place: F rom a radiation with an 
RBE of about 1.0 like CO-60 or  electrons, in the healthy t issue,  a dose is 
now given t o  the tumor region with an RBE of about 1.5  to 3.0. 
enhances the effectiveness of pions in the tumor region. Another effect i s  
that the plateau region of the dose distribution has an OER of N 3,  however 
the peak region has  an OER of 1 . 5  to 2. 
that anoxic cells have had with low LET radiations wi l l  be removed and the 
chances of tumor cells regrowing will be lessened. 

The release of the short  range nuclear 
F rom the radiobiological 

This greatly 

Consequently much of the protection 

Because of the phenomenon of reoxyienation the advantages of 
pions against anoxic cells may not be as clear as has been postulated; never- 
theless a localized high LET dose is being invoked here  which in principle 
could be much more effective than low LET radiations. 

The accelerator  produces 800 MeV protons which impinge on a 
target  and produce negative pions. To collect and focus the pions properly 
a clerics of focusing and bending magnets will bc used to bring the particles 
t o  the biological tes t  object OT the patient. 
a number of designs, and it i s  expected that it will be ready this fall. 

This beam has now gone througtr 
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The objectives of this work a r e  to characterize the physical pa r r -  
me te r s  of the pion beam for radiobiology and then continue to fashion various 
configurations for therapy. 

The specific a ims  a r e  the following: 

1) To measure the numbers and dosage of electrons,  muons, 
and pions in the beam. 

To measure the fractions and distributions of low LET 
and high LET dosage in  the beam. 

To study attenuation and scattering in different mater ia ls ,  
especially mock-ups of lung, bone, muscle etc.  

To obtain beam configurations using bolus, wedges, and 
various phantoms which a r e  appropriate for the irradiation 
of different neoplasms a t  different anatomical s i tes  guided 
by our experience with supervoltage therapy and especially 
e le c t r on be am the r ap  y . 

2) 

3) 

4) 

The main technique used i n  this work is the semi-conductor silicon 
and germanium detectors which a r e  versatile and linear detectors. 
of response is well  known to be from minimum ionizing particles to heavy charged 
particles so that they can detect electrons,  muons and pions, and with a proper 
c onve r t e r , e ve n neutrons . 

Their range 

At a recent meeting of our dosimetry advisory subcommittee, 
there  was  a strong expression of the fact that on several  occasions when new 
machines were  brought into therapeutic use, the work was rushed and the 
machines w e r e  used in therapy before sufficient experience and knowledge 
was obtained. W e  want to avoid this in every way a t  the Meson Facility. 
basic need, both for radiobiology and for therapy, is the full and detailed 
knowledge of the beam. 

A 

In preparation for therapy, data will be obtained in  radiobiological 
experiments on the RBE for different t issues and this will be folded into the 
dose measurements.  
distributions i n  the beam: therefore correlations will be possible with the 
values of RBE, and a sensible picture will be obtained of the various beams 
that can be fashioned. 

Silicon detectors also give a good measure of the LET 

A cutaway view of the treatment room now in construction is shown 
The shielding around the pr imary beam can be seen a s  well  a s  

Figure 2 is a detailed drawing of optical paths that the pions 
(The actions of quadrupole and bending magnets on particles is 

in Figure 1. 
the beam line. 
wil l  travel. 
similar to  the actions of lenses on light; therefore optical language is frequently 
used in  describing the paths of pions in the beam line. ) 
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. CUTAWAY VIEW OF THE TREATMENT ROOM 
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More Detailed Treatment Considerations and Planning for Treatment 

The therapeutic channel has been designed to produce an  essen-  
tially paral le l  beam of emerging pions. The parallel character  of the beam 
is of great advantage whenever one is irradiating an extended target volume 
and adjacent fields need to be used. With $-rays from point sources (e. g. 
CO-6O), the beam is cone shaped and one can therefore get hot spots and 

- 
cold spots i n  using adjacent fields. 

The channel gives a narrow distribution around a single pion energy 
This resul ts  in the well-known entrance plateau and a peak dosage 

The scheme being worked out 
of 90 MeV. 
a t  a depth in unit density t issue of about 25 cm. 
now is a scanning technique whereby a variable absorber wil l  be used to vary 
this range in  a specified way so that the treatment volume is covered, 
the plateau region of the dose is low LET and the peak contains the high LET 
dosage, i t  is necessary that the detection scheme check out the rat io  a t  every 
point in a phantom EO that treatment is given in a specified way corresponding 
to the radiobiological test  data. 

Because 

The total dosage (of low and high LEI) will  a l so  be measured with 
rtandard ionization chambers.  

There is of course s o  f a r  no practical experience of the behavior 
of this radiation in lung, bone, fat, ctc. 
shop, tissue-equivalent mater ia ls  in sheets that will go into thc phantom and 
the practical  distributions in these various tissue-like mater ia ls  wil l  be inves- 
tigated. 

Good lessons and good experience is available f rom electron beam 
therapy. The electron and the pion have equal negative charge; they a r e  both 
particles and have finite ranges. In a limited a r e a  the particles a r e  similar. 

So we a r e  now making, in our plastics 

The fact that there  is little exit dose beyond a range that is chosen 
makes pions similar but better than electron beam therapy, and we can be 
guided by  the problems that have been found in this field: It has  been observed 
that lung inhomogeneities m a y  result  in complications from overdosage o r  
recur rences  from underdosage. Chest radiographs have shown radiation 
pneumonitis and pulmonary fibrosis in  electron beam therapy of the chest 
wall. Theoretical calculations a r c  being made using a Monte-Carlo code 
available at Oak Ridge, and subsequently phantom measurements will be 
made of the behavior of pions in and around inhomogeneities. 

* 

In treating with electron beams behind bone, there is evidence 
that the dose is significantly decreased. 
scattering i n  calcium is much higher than in  surrounding t issue and it there- 
fore depletes the beam. 

This comes about because the 

Workers a t  M. D. Anderson Hospital and Tumor 
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fnrtitute have observed several  recurrences of oral  cavity and oropharingeal 
lesions located immediately behind the mandible. 
tively light particles and they scatter easily i n  the Coulomb fields of nuclei. 
The pion is about 275 times heavier than the electron and is much less prone 
to  this kind of scattering. The behavior of pions in bone will a lso be calcu- 
lated by the codes mentioned ear l ie r  and will also be studied in phantoms. 

Electrons a r e  compara- 

. 

It is expected that the pion beam can be shaped to almost  any 
desired region of tissue wherein a high dose or  a "boost" dose is required. 
If such shaping is indeed possible, pions may be expected to  replace inter-  
r t i t ia l  insertion of radioactive sources (as  for floor of mouth and tongue 
lesions), 
control of the total volume brought to  a high dose. 
lead to  a greater dose homogeneity than is achievable with intersti t ial  
sources  and should produce better results. 
in a phantom to see bow far this can be accomplished by control of the beam. 
Special controls for this shaping a r e  being included in the machine naw. 

. This could be used then to t rea t  the floor of the mouth with good 
Such a technique would 

This shaping will be studied 

The region of stopping of pions in  a phantom is determined by the 
momentum distribution of the beam. 
with variable absorbers  and bolus. W e  will use thin silicon detectors of about 
SO,&for this purpose. In such a detector a large pulse of the order  of 5 MeV 
or more  means tha t  a pion has  stopped and a heavily ionizing fragment has 
been produced. Passing electrons, muons and pions give much srnallcr 
pulses, of the order  of kilovolts. 
high and low LET components. 

This distribution is basic to  the work 

Consequently this  method separated the 

In thicker detectors of the order  of millimeters electrons and 
pions can be separated by their energy loss, a t  least for energies  from 
70 MeV down. 
vide a basic  picture of the beam as needed for radiotherapy. 

Therefore these detectors with the associated electronics pro- 

Treatment planning with pions wi l l  be developed and it promises 
to be  s impler  in nature than planning with X-rays because in  general fewer 
fields a r e  necessary to achieve a good distribution. Firs t ,  good isodose 
distributions wil l  be generated theoretically and will be measured experi- 
mentally. Then the superposition of two fields can be done even without 
computers to study good treatment plans. 
beam treatment planning is done by hand for the same reason. 

At the present time most electron 

There is available a compilation of preferred treatment plans for 
The work will begin here  with seeing what pions can, many types of lesions. 

do. for different lesions. 
& 
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Electron beams a r e  now used primarily for head and neck lesions 
and breas t  cancer: the reason for this is that the cut-off for electrons is 
a rrharp one only for the lower energy electrons and therefore for limited 
penetration. 
begin to look like X-ray distributions. With pions this is not true: The 
range cut-off remains intact even for high energies. 
range of treatment plans can now be considered, that is a sharp cut-off 
radiation for  deep-seated tumors. Here we will  arr ive at new possibilities 
of irradiation of different lesions, with greater comfort for the patient and 
with far fewer undesirable sequelae than with present modalities. 

F o r  energies of something like 30 MeV, electron depth doses 

Consequently a new 
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2. WORK ACCOMPLISHED 

Progres s  on the Machine and the Beam Line 

Tn July of 1972 the Accelerator produced a beam of protons of 
the maximum design energy of 800 MeV. 
ml microampere.  
devoted to achieving high currents.  
come the problems of radioactivation of the accelerator  s t ructure  by possible 
llspill" of beam at high currents .  

The currents  so far have been low, 
In the immediale future accelerator  development will  be 

To do this one must  understand and over- 

4' 

Construction of the biomedical treatment room is progressing. 
The bas ic  design of the magnets for the biomedical beam line has  been corn- 
pleted. 
for the magnets have been ordered and testing of assembled magnets is scheduled 
to begin in the summer  of 1973 a t  Los Alamos. 
line support s t ructure  is progressing, and i t  is anticipated that the pion beam 
will be available in August of 1973. 
dosimetry can begin. 

Most of the detailed drawings have been completed. Iron and copper 

Detailed design of the beam 

The intensity will be sufficient so that 

InstrumcnLation t o  Measure the Electrons, Muons, Pions and Pion Stars 
Simultaneously 

The pion beam will  come off at a n  angle of 70' to the proton beam, 
and this large angle insures  that the electron contamination w i l l  be at  a low 
level, not more than 10% of the pions. W e  have se t  up silicon detectors 
followed by  the necessary  electronics and readouts which makes it possible 
to identify and count all the particles. Radioactive sources of low and high 
energy electrons and of QC -particles have been used to tes t  the system. 

Bismuth-207 is a radioactive bismuth isotope (with a half-life of 
28 years)  which emits  a number of photons and four strong monoenergetic 
conversion electrons of 0.482, 0.554, 0.972 and 1.044 MeV. The spectrum 
of thcse lines obtained with our detection system is shown in  Figure 3. The 
two highest energy electron Lines are both around 1 MeV and a r e  minimum 
ionizing particles.  They can therefore be used io approximate the 200 MeV 
electrons that wi l l  occur i n  the pion beam, since these wil l  a lso be a t  mini- 
mum ionization. 

The electrons f rom the bismuth source go through a thin (AE) 
detector and then stop in the thick (E) detector. 
in the E channel is se t  to choose only the highest energy electrons and the 
energy loss in the AE detector is studied for these electrons.  

. 

The single channel analyzer 

The spectrum 
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of energy losses is  then obtained and this is shown in Figure 4. We have also 
rtudied the x - p a r t i c l e s  f rom Am-241 and Pu-239 to chcck the techniques for 
measuring the heavily ionizing fragments from the pion star. It is clear therc- 
fore  that the detector8 can detect both light and heavily ionizing particles and 
count them. 
energies  a r e  the relative doses. 
a r r i v e  a t  the absolute doses in tissue. 

The integrals under the peaks shown weighted by the appropriate 
A certain amount of theory is necessary to 

To improve the resolution, the detectors have been cooled down to 
-2O'C; and in this way, the noise limitations of the detector and the electronics 
have been approached . 

f i  
To further identify the electrons a Cerenkov counter has been built 

and wil l  be installed above the phantom. 
counter and covers the entire beam. 
en te r s  the phantom and can therefore be used to  gate the electronics for sub- 
sequent diffcrcntiation between the electrons and the other par t ic les ,  

The t e renkov  counter is a large 
It gives a fast pulse whenever an electron 

A scanner has been designed for solid phantoms and is in the shops 
now. Also phantoms a r e  being built to study the distributions for therapy. 

W e  are beginning to get some insight into how treatment planning 
will be done with pions: Since experimentally we can separate the high and 
low LET dose, i t  makes sense to  give the therapist the isodose distributions 
of these two components, These two components behave biologically quite 
differently in  t e rms  of OER and RBE. 
of these two contributions i n  a treatment volume? At f i rs t  hand one would be 
inclined to  say no, because the peak to plateau ratio is fixed. However, our 
beam is essentially monoenergetic and a treatment volume is covered by 
scanning. 
spent by the peak and plateau in a given region can be changed, 
a cer tain extent we may be able to vary the relative amount of low and high 
LET dosage in the tumor. 

Now, can one vary the relative amounts 

By using multiple ports  to scan from different directions, the time 
Therefore to 

A recent paper summarizing our work at  Berkeley on pion radio- 
therapy is appended. 
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3. FACILITIES AVAILABLE 

The meson facility is now being completed in  our laboratory and 
it has a l r t ady  attained its design energy of 800 MeV. The biomedical channel 
is well underway and will  be completed this fall. A radiobiology and treatment 
facility i o  now on the drawing boards which will  adjoin the treatment room. If 
all goes well,  construction should start on this buirding this summer. 

W e  have tested and built our electronics for these experiments 
over the last  few years ,  and we have the support of the Electronics Division 
for maintenance and advice. W e  have the machine shops to build the scanning 
equipment and a plastics shop for the tissue mock-up materials.  

It is a fa i r  statement to say that we have or are building everything 
needed to do the work. 

4. TIME to  ACCOMPLISH the WORK 

The schedule that can be foreseen at this time is romething like this: 
The beam will  be available this fall a t  fairly low intensity but a t  full energy. 
beam diagnostics work and dosimetry can begin right away. As the intensity is 
increased and we learn  more  about the operation of the beam line,  radiobiology 
will  begin and continue for many years.  Around 1976 or  so a program of human 
trials wil l  be inaugurated that will  show what r e a l  advantages pions can effect 
O Y ~ T  the other radiations. 

The 

Thio phase of the work, of studying, characterizing and fashioning 
the beam for different treatment situations will continue through the clinical 
trials. 
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