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APPLICATION FOx A RESEARCH OR CLINICAL INVES11GATION GRANT

SUMMARY OF RESEARCH PROPOSED

dome aond Olizial Title of Principsl investigeter

Chaim Richman, Staff Member H-10

Nome end Addrose ol Appiicont Orgenization

U.S. Atomic Energy Commission, Albuquerque Operations Office
Albuguerque, New Mexico 87115 Attn, Mr. J. Cotton

(for the Los Alamos Scientific Laboratory)

Title ol Projost
Characteristics of the Pion Beam in Therapeutic Applications

Use this spate te summarize concisely your prepased ressersh. Ouiline sbjsctives ond mothods. Underscore the Kay werds (net 10 suceed 10)
in your abetrner.

Using the biomedical pion beam at the Clinton P. Anderson Meson Physics
Facility (LAMPY'), we will make further measurements of the gggg_d_i_g_mﬁgng_
in phantoms as well as the Jow and high LET components of the dose. In
coﬁaboration with other.LASL staff members, we will determine the optimum
settings of magnet currents to produce dose distributions suitable for the
treatment of tumor volumes at varying depths from the skin. Biological material
will also be used to measure RBE and Q_Q and thereby determine the therapeutic
characteristics of the beam. We will advise as to specific dose distributions
which can be achieved by the magnet settings and the collimator configurations

when patients are brought to LAMPF for treatment.
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APPLICATION Fuit A RESEARCH OR CLINICAL INVESTIGATION GRANT

BIOGRAPHICAL INFORMATION

(Give the lollowing information tov all prolessionsl pereannel lun“ an page 3, deginning with the hm!,.! Inveotigoier. Use comtinuation
Pagee and loliow the same general ( Sor snch p )

MNAME .. TISLE BIRTHOATE (Ne., Doy, ¥r.)
Chaim Richman Staf{f Member, H - 10
PLACE OF BIRTH (Cup, Siets, Countey) PRESENT RATIONALITY (M new-US. cltszen|SEX
cate kind of vive and espiretian date)
f‘ U.S. A. el DFemaie
EDUCATION (Gogin with bacenlawsaie training and include posideciocel)
YEAR SCIENTIFIC
MSTITUTION AND LOCATION DEGREE CONFERRED FIELD
B.A. Mathematics
M. A, Mathematics and Phyn
Ph, D. Physics

igma Xi; American Physical Society, Fellow
Ethel M. Rubelson Lecturer, Department of Radiology,
University of Minne sota Medical School

Chairman LAMPF i gers Steering Committes 1970-1972
MAJOR RESEARCH INTEREST ROLE IN PROPOSED PROJECT
Pion Physics and Treatment Planning Principal Investigator

RESEARCH SUPPORT (See inatructions)
The Cancer Center of the University of New Mexico Medical School and the

Los Alamos Scientific Laboratory Health Division and MP Division have a
grant of about 1. 2 million dollars per year for the overall investigation of
pion treatment.

RESEARCH AND/OR PROFESSIONAL EXPERIENCE (Startmg with present pocition, {igt treining end sxperience srelovent to arce of
Poojoel, including lesching and slinisal responcibilitiss. Livsl all sx moet regrecseniative publicstions.

Staff Research Scientist, Los Alamos Scientific Laborato

r
L‘octurirl Assistant Professor and Associate Professor, _

ember,
Director of Research,
Professor of Physics, |
Professor of Physics,

Dr. Richman started work on pions at the

184 -inch synchrocyclotr
1949. =197 a program on radiotherapy with pions a&
from thW This program involved various experiments
on the dosimetry and radiobiology of negative pions. Since 1971 he ha's been at

the Los Alamos Scientific Laboratory.
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" 1. Aim and Method of Study

The first two patients have been treated at the C. P. Anderson Meson
Physics Facility {LAMPF). In these first cases metastases from a breast tumor
and gastro-intestinal cancer were exposed to negative pions for tumor regression
studies. These irradiations initiate studies on a variety of tumors with this new
modality in comparison to conventional irradiation controls.

For almost 15 years a background for pion radiotherapy has been built
up. The accelerator for producing the beam has been under construction for about
10 years. We have finished the accelerator, the pion beam transport system, and
the treatment facility. For the past six months the data needed for these human
sxposures has been assembled.

Of all the elementary particles in nature, the pion is best suited {or therapy:
First of all it is a penetrating and lightly ionizing particle whose range is clearly
defined. This means that definite localized lesions can be irradiated with little
entrance dose and practically no exit dose. Secondly, in the treatment volume
the pion is captured by the oxygen, carbon and other nuclei to produce short range,
medium and high LET fragments (called a star). These fragments give an increased
RBE and a decreased OER. The combination of these features, we are becoming
convinced from our data, is leading us to a possible unique and potent tool in the
treatment of cancer.

The 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 Commission
at the Los Alamos Scientific Laboratory. Dr. Morton M. Kligerman is the principal
investigator.

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

a) Tuning of the magnets to produce various beams.

b) Studies of the contaminations, the total dose, and the different
LET components for the treatment situations.

c) Radiobiology of pions for cell systems and for solid tumors in
animals.

d) Response of selected tumors in patients.
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The Magnetic Tunin‘

The aim of all the studies is to combine and coordinate the work so that
good therapy is carried out. This requires first of all good data from the transport
system as to how the beam is coming down through the magnets. Figure 1 is a
drawing of this system. At present the beam has an intensity of 5 rads/min. It
is focused to a region just beyond the collimator. The tumors treated are close
to the skin and the irradiation times are about 30 minutes. These beam studies
are being made with large multiwire proportional chambers which by means of an
on line PDP-11 computer give an instantaneous picture of the particle distributions.

The fashioning of a good therapeutic beam begins with the finding of suitable
settings of the magnets that give a beam of the right energy, energy spread, and
spatial distribution for the type of patient to be treated. These 'tunes', as they
are called, are then investigated dosimetrically and radiobiologically. (J. Helland,
M. Paciotti).

The Electron and Muon Components

1t is always true that in the actual therapeutic situation, the problems
encountered are somewhat different than had been envisaged before the beam was
available. It has turned out happily for example, that the electron and muon
contaminations are only 14% of the particles in the beam. In treating small tumors
under the skin with a narrow pion peak, these contaminations have only a small
effect.

When treating large regions of say 10-15 cm. in depth, these contaminatiqns
have a -ignificantl); greater effect. This is true because the peak has to be spread
out over large regions whereas the contaminations, having a long range, already
exist over large regions. For any "tune', we will measure these contaminations
with silicon detectors and scintillation detectors and determine their contribution

to the dose.

The Three Dose Components

Tissue-eguivalent ionization chambers are used to measure the total dose.
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With pions the situation is more complex. Contained in the total dose are essentially
three kinds of doses: a low, a medium, and a high LET dose. These will be
measured by using silicon detectors of different thicknesses. The different particles .
give different size pulses in these detectors. These pulses are analyzed for their
energy contributions and then integrated to obtain the different LET contributions
to the dose. This entire process is done as a function of position of the detector.
In this way we will arrive at isodose distributions for the different LET components
in addition to the isodose curves for the entire dose. The therapist can be guided
by the complete dosimetric picture as well as by the radiobiological data.

The dose measurements and dose characteristics surveys will take much
of our time since they form the basis of the radicbiology and treatments. The
low LET dose consists of the primary beam of passing electrons, muons, and
pions. The disintegration products of protons, g-particles, and recoil particles
produce the field of medium and high LET dose in the treatment volume.

The three components of dose have in general different distributions, and
the placing of the tumor in the beam depends on which component dominates in its
effect. 1f for example, the RBE for the high LET component is very high, it will
dominate the therapy. We will measure these components and compare these with
the radicbiological data.

Another question of importance is the following: In the present therapy
collimators are used with circular openings of 5 cm., 4 cm., 3 em., 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. (C. Richman,

J. Dicello, T. Lane, H. Amols).

Scanning a Larje Treatment Volume

With our system of magnets the pion beam produces a peak of dose at the
end of its range which is shown in Figure 2. The peak covers a region of about

3-5 cm. To treat large regions, a variable absorber will be introduced into the
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beam to move the peak back and forth over the treatment volume. This variable
absorber, in -thc form of a cylinder of light oil 10" in diameter, is now on the
drawing boards. The system has many requirements to fulfill. First, it must be
absolutely safe for the patient. Dosimetrically it must move the peak around in
such a way that the total dose distribution is uniform. This means that the cylinder
must be filled and emptied at a nonuniform rate. The rates of filling and emptying
of the cylinder will be about 1.4 seconds per cycle. The resulting dose distributions,
both total and in LET will be measured with our probes and the entire scheme will
be studied experimentally. (D. Liska).

Another question arises in treating large regions. When the pion traverses
healthy tissue on the way to the treatment volume, it produces by nuclear interaction

a percentage of high LET component. This will also be measured for different

therapeutic situations.

Tissue Inhomogneitie s

We come now to more complex treatments where we have bone or lung or
both present in the field. We have built a large water phantom with cooling coils.
In this phantom we will mount various arrangements of lung and bone equivalent
material in water and scan the distributions in and around these materials. The
cooling keeps the noise level in the detectors down to a minimum. We have also
finished a very accurate scanner for moving the probes around which is now in use
and will be used in the future measurements.

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

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

Radiobiology and Therapy

The program in radiobiology is to use human kidney, T-1 cells, and CHO
cells to ascertain the effective distributions of the beam and to measure RBE's
and OER's. Mouse tumor cells will also be used to measure the effectiveness

of pions. The distributions in depth under each collimator and laterally to the
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collimators will also be determined with T-1 cells. (M. Kligerman, D. Peterson,
M.R. Raju),

The therapy program is now well undérway. Carefully selected patients are
being treated with both pions and conventional radiations to ascertain the advantages
of pions. This program has just begun and will be expanded in the future. It is an
encouraging fact that the machine is now running well enough so that patients can be

treated almost every night during our running cycles.
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2. Work Accomplished

The accelerator is now fully operational and is producing a proton beam
adequate for the biomedical program. A. dose rate in the treatment room of
5 rads/min of pions in the peak is available. The beam transport system is fully
operational and is computer controlled from the control room.

The treatment building is finished and patients are now being treated
conveniently with excellent care for their comfort and safety. By means of closed
circuit TV and audio hookups we are in full contact with the patient during treatment.

Carbon targets are used to produce the pion beam. In an effort to increase
the dose rate, an Ale3 target was tried but was less satisfactory because more
contamination was produced and the proton beam underwent more maultiple
scattering and activated the detection equipment at the end of the accelerator.

We have stayed therefore with carbon targets.

Total Dose Distributions, Contaminations, and Dose Components

The first measurement of therapy is the central axis depth dose. We have
used standard tissue-equivalent ionization chambers and have determined this dose
distribution in a water phantom and under the four collimators. The lateral
distributions have also been determined. Figure 2 is a plot of the dose as a function
of depth in a water phantom.

The narrowing of the peak to attain the higher dose rate is clear. All of
our measurements give a full width at half maximum (FWHM) of about 2.8 c¢m.

It means that the tumors must be placed carefully in the beam with due attention
to any bolus being used. The peak is at a depth of 18. 8 cm. of water or water
equivalent.

Silicon detectors have been used to separate the different particles in the
beam. Figure 3 is a spectrum of the pulses produced in a 5000 micron detector
by the beam at a depth of 8 cm. in a water phantom. The electrons, muons and
pions are distinguishable. The measurements give 4% electrons and 9% muon

particles in the total beam at entrance.
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In the stopping region (star region) the detectors give the pulses produced
by the primary particles (electrons, muons, pions) and the stars. The data for
the 4 cm. collimator is shown in Figure 4. We conclude that under this collimator
the proper place for the tumor is at the peak of the total dose, not displaced deeper
into the phantom as had been thought earlier.

- Radiobiology
The studies of RBE have begun with T-1 and CHO cells using standard

tissue culture methods. We find some variation in the RBE and the results to

date give an RBE between 1.2 and 2. 0. More studies are needed at this point.

The dose distribution studies with cells have so far shown a maximum effect

about 0.5 cm. from the peak of the dose, in contradiction to the physical measure-
ments. However, the data here is as yet incomplete and more experiments are

in progress.
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" 3. Facilities Available

The accelerator is now operating well. A proton current of about 5-7
microamperes is reliably available and the pion dose rate is about 5 rads /min
at the peak. The treatment facility is able to accommodate the patients very
well. We have good electronics and shop facilities to support the experiments
and the measurements. We also have elaborate tissue culture laboratories and
animal holding facilities to do the radiobiology. Our computer facilities for
analyzing data are extensive and we have good support from the people in the

computer division.

4. Time to Accomplish the Work

The accelerator is virtually complete. During the next year it is planned
to provide higher dose rates at the Biomedical Facility and also to provide
improved shielding as required. I now believe that the role of pions in radiotherapy

can be evaluated on the basis of a significant amount of data and experience within

two to three years.
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COST ESTIMATE

Estimated Start Date: July 1, 1975

MSPT

Duration H Two years L o e e oo o mem s oan = e
FY FY FY Toral
: . - . ' :
MAN-YEARS (12 mo) (3mo) : (9 mo)t
[} ]
. Scientific - -0- : -0- : -0- : -0~
: 1 | I .
Otherx : - -0- -0- -0- : -0-
‘ .
! . t
] ! '
COSTS ($K) . L ;
- . . . .'
Direct Salaries s0- v -0- 20- L a0- ¢
. : ' . . .
]

Haterials & Services : 9.7 1 2.4 4.8 : 16.9
Consultants ; 20.8 s.0 ; 13.8 ' 39.6
Computer . | 8.7 ' 2.5 , .15 , .18.7

. . ] . .

' ' ! '
| ] !
' b
! 1 ’
! ' L
A : 0 '
Labor Burden ' -0- -, -0- : 0= : -0-
: ) ¥
. ' . ' ' .
. A | *
Sub-Total 39.2 : 9.9 26.1 « 75.2
. 1 .
. [} | '
Major Equipment 11.4 7.6 7.0 ! 26.0
. : : .
] s : :
TOTAL : 50.6 , 17.5 . 33,1 ¢ lol.2
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