: . 7 1A% 1S
gvﬁjﬂx
PROPOSAL FOR

PION BEAM CHARACTERISTICS AND TREATMENT PLANNING

TO BE PERFORMED BY:
Los Alamos Scientific Laboratory
University of California
Los Alamos, New Mexico

Under AEC Contract (WE7405-ENG-36)

for the

American Cancer Society

Prepared by:

Approved by:

eorge L, QEEHET_H.D., LASL
Health Division Leader

G ) W Loic.

Austin D. McGUire, Ph.D., LASL
Special Project Office

LASL #P-115 March 1972
ReFoMTORY ZSF¥%)L-}ﬁZC'

FILE BARCODE  eouscna i O T lec . COPIED
e 3711 D-28 FOR

' HSPT
00133194 romen [N)ES 200 & [12-7/n2_
| {] (% ZZ ES {] [] ’ ' ) 00133194.001 '




"-00.704; ARV, -84 NCTICE OF RESEARCH PROJECT "E we.
;'— JZNCE INFORMATION EXCHANGE

SINTHOONIAN HIETITY TION

ABENECY NG,

—

SUPPORTIMG AGENCY: AVMERICAN CANCER SOCIETY

TITLE OF PAOJECT:

PION BEAM CHARACTERISTICS AND TREATMENT PLANNING
Give nomes, dogpermments, end olficiel titles of PRINOPAL INVESTIGATORS end ALL OTHER PROFESSIONAL PERSONNEL ongeged on the projact.
Chaim Richman, Group Leader, Pion Radiobiology Group, H-9
MM R. hj“' Stlff Scilntilt, H-g

NAWE and ADOACSS OF BTITUTION: Los s Scientific ratory

P. O. Box 1663, Los Alamos, New Mexico 87544
SUMMARY OF PROPOSED WORK - (200 werds or lo9s.) = in the Science informmonen Enchange summeries of wark in pragress we eschenged wih

t«—mn‘nmgménm'nﬂ-‘ 0o lorassded 1o investigeters whe requett cueh inlommstion. Your sumwnery 15 10 bo veed
these pusposes.

A beam of T -mesons is being designed for radiothearapy at the
Los Alamos Meson Physics Facility. Wwhen this beam goes into operation
measurenents will be made of the slectron and muon contaminations and
the spatial distribution of the pions.

These measurements together with Monte-Carlo calculations will be
used to do treatment planning for various lesions. The use of belus,
wedges and collimators will also be studied for the best treatment plans.

;
ATUR e ..
PRNCIPAL mvssmma_&_‘"'f ____«_:‘.__ .
PROFESSIONAL SCHOOL AR -
(medicei, graduete, orc.) L > e D S e, ”~
COPIED FOR
HSPT

109250 . 00133194.002



COST ESTIMATE
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3.
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PUBLICATIONS

Deuteron Disintegration by Electrons, with B. Petars, Physical Review, 59,
804 (1941)

Angular Distribution in Deuteron Disintegration by Electrons, (A), Physical
Review, 61, 203 (1942)

The Producticn of Slow Neutrons in a Carbon Block, with T. Snyder and R. W.
Williams, U.S. Atomic Energy Commission Report MDDC-302, Sept. (1946)

Drift Tubes for Linear Proton Accelerator, (A), with F. Oppenheimer and
L. H. Johnston, Rhysical Review, 70, 447 (1946)

Initial Performance of a 32 MeV Proton Linear Accelerator, (A), with L. V.
Alvarez, H. Bradner, H. Gordon, L. C. Marshall, F. Oppenheimer, W. K. H.
Panofsky, R. Serber, C. Turner, and J. R. Woodyard, Science, 106, 506 (1947)

On the Neutron-Proton Scattering Cross Section, with D. Bohm, Physical Reviaw,
71, 567 (1947)

Resonant Cavities, Electronic Lecture Saries, BP-94, September 17 (1947)

Control of the Field Distribution in the Linear Accelerator Cavity, with W. K.
H. Panofsky, Physical Review, 73. 535 (1948)

Apparatus for Measuring Proton-Proton Scattering at 32 MeV Using Proportional
Counters, (A), with B. Cork and L. Johnston, Bulletin of the American
Physical Society, 24. 214 (1949)

Berkeley Protaon Linear Accelerator, with L. Alvarez and others, UCRL-236
(1949)

An Experiment for Measuring Heavy Meson Production by High Energy Particles,
(A), with H. Wilcox, presented at the December 29-30, 1949 meeting of
the American Physical Society at Stanford Universitv, Physical Review,

78, 85 (1950)

Measurement of the Production of Positive and Negative Mesons by 345 MeV Protons
on Carbon, (A), with H. A. Wilcox, presented at the December 20-30, 1949
meeting of the American Physical Society at Stanford University, Phvsical
Review, 78, 85 (1950), also Classified Document #LA-38, Lawrence Radiation
Laboratory

Production Cross-Sections for T+ and 7= Mesons by 345 MeV Protons on Carbon
at 90° to the Beam, (L), with H. A. Wilcox, Physical Review, 78, 496 (1950)

The Production of T+ Masons by Protons on Protons in the Direction of the Bean,
(L), with F. Cartwright, M. Whitehead, and H. A. Wilcox, Physical Review,
78, 823 (1950)

Proton-Proton Scattering at 31.8 MeV Proportional Counter Msthods, with B. Cork
and L. Johnston, Physical Review, 79, 71 (1950)

Production of a m*Meson Beam Using the Deflected Proton Beam of the l84~inch
Synchrocyclotron, (L), with M. Skinner, J. Marritt, and B. Youtz, Physical
Review, 80, 900 (1350)

Scattering of T+ Mesons on Carbon, (A), with M. Skinner, Physical Review, 83,
217 (1951)

On the Arjular Distribution of the T+ Mesons from 341 MeV Protons on Protons,
(L), with M. Whitehead, Physical Review, 83, 855 (1951)

On the Angular Distribution and the Polarization of the Deuteron in the Reaction
Pp+p=+d+ n+, with X. M. Watson, Physical Review, 83, 1256 (1951)

The Production of T and T Mesons by 340 MeV Protons at 90° to the Beam from
Carbon and Lead, with M. Weissbluth and H. A. Wilcox, Physical Review, £5,
161 (1952)

The Production of Positive Pions by 341 MeV Protons on Protons, with W. F. Cart-

i wright, M. N. Whitehead, and H. A. Wilcox, Physical Review, 91, 677 (1953)

The Berkeley Proten Linear Accelerator, with L. W. Alvarez, H. Bradrer, 5. T.
rinch, H. Gorden, J. Gow, L. C. Marshall, P. Oppenheimer, W. K. H. Panao{sky,
and J. R. Woodyard, Rev. Sci. Insti., 26, 2, 111 (1955)
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PUBLICATIONS (Cont‘'d)

On the Dosimetry of Negative Pions with a View Toward Their Use in Cancer
Therapy., with H. Aceto, M. R. Raju, B. Schwartz, and M. Weissbluth,
Spring 1964, Semiannual Report Biology and Medicine, 114, Donner Lab,
University of California, Berkeley, California

The Therapeutic Possibilities of Negative Pions, Preliminary Physical Experi-~
ments, with H. Aceto, M. R. Raju, and B. Schwartz, American Journal of
Roentgenol

Pion Studies with Silicon Detectors, with M. R. Raju and H. Aceto, Nuclear
Instruments and Methods, 37, 152-158 (1965)

Lithium-Drifted Silicon Detector Used as a Pulse Dosimeter, with M. R. Raju,

E. J. Lampo, S. B. Curtis, and J. M. Sperinde, UCRL-16924 (delivered at
the 1l3th Nuclear Science Symposium on Instrumentation in Space and
Laboratory, Boston, Massachusetts) (1966)

7= Mesons, Radiobiology. and Cancer Therapy, C. Richman, Proceedings of the
Tirst International Symposium on the Biclogical Interpretation of Dose
from Accelerator-Produced Radiation, 346-348 (1967)

A Raview of the Physical Characteristics of Pion Beams*, with M. R. Raju and
8. B. Curtis, Proceedings of the Pirst International Symposium on the
Biological Interpretation of Dose from Accelerator-Produced Radiation,
349-367 (1967)

Studies of Vicia Root Meristems Irradiated with 7 Beam, with S. P. Richman,

M. R. Raju, and B. Schwartz, Radiation Research, 7, 182-189 (1967)

Effect of Negative Pions on the Proliferative Capacity of Ascites Tumor Cells
(lymphoma) in Vivo, with J. M. Feola, M. R. Raju, S. B, Curtis, and
J. H. Lawrence, Radiation Research, 34, 70-78 (1968)

Physical and Radiocbiological Aspects of Negative Pions with Reference to Radio-
therapy, with M. R. Raju. Presented at the XII International Congress
of Radiology, October 6-11, Tokyo, Japan. GANN Mcnogrzph on Radiclogy of
Cancer, No. 9, 105 (1970

The RBE of Negative Pions in 2-day-old Ascites Tumors, with J. M. Feola,

M. R. Raju, and J. H. Lawrence, Radiation Research, 44, 637 (1970

The Oxygen Effect of m° Mesons in Vicia faba, with M. R. Raju, N. Amer, and
M. Gnanapurani, UCRL-16644, Radiation Research, 41, 135-144 (1970)

Regative T Meson Therapy: Physical and Biological Considerations, with M. R.
Raju, Chapter in Current Topics in Radiation Research, edited by M. Ebert
and A. Howard, to be published by North-Holland Publishing Company,
Amsterdam (1970

Recommendations for Implementing Radiotherapy with Negative Pions at LAMPF,
LAMPF Biomedical Steering Committee, Chaim Richman, Los Alamos, LA Report
1872 (in preparation)
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1. AIM and METHOD of STUDY

There is now being constructed at our Laboratory at Los Alamos
an accelerator (LAMPF) which wiil give a2 current of one milliamp2re of
800 MeV protons. One of thec main purposes of this accelerator is to pro-
duce intense beams of negatively charged pions, and one of these beams
is designed to be used fnr pretherapeutic radiobiology aud then radio-
therapy. In connection with this beam a facility is now on the drawing
boards for this work. A photograph of the machire and drawings of all
of the facilitivs r~ing built and plann~d can be fovnd in ths snt of rerom-
mendations prepared by the LAMPF Usasrs Biomedical Steering Committae
attached to this proposal.

When 8C6 M=V protons impinze on a target, negative pions are
produced in all directions. To collect and focus the pions properly a series
of magnets, both focusing and bending magnets, is used to briwug the pions
to the viological test object or the patient. This beam has now gone thru
a2 number of designs, and it is expacted that it will be ready early in 1973,

The aim of this work is -

1) To measure and study the origin of any electron and muon
backzrounds in the beam.

2) To study and obtain the becam distributions produced by
cdifferent settings of the target arnd the magnets.

3) To obtain beam configurations usiang bolus, wedges, and
phantoms which are appropriate for the irradiation of dilferent turuors
guided by our experience with supervoltage therapy and especially electrca
beam therapy.

The technique that will be used in this work will be the semi-
conductor position sensitive detector which is a very versatile and linear
detector. Its range of response is weil known to be from minimum isniz-
ing particles to heavy charged particles so that it can detect elecircus,
muons, and pions and with a proper converter even neutrons.

At a recent meeting of our dosimetry advisory subcommmitiee,
there was a strong expression of the fact that un several occasions when
new machines were brought into therapeutic use the weork was rushed and
the machines were used in therapy beiore sufficient expericnce and lhinow-
ledge was obtained. We want to avoid this in ecvery way at LAMPF. A
basic nced, both for radiobiolegy and of course for therapy, is the full and
detailed know'ed e of the herrm,

With a new radiatiuvn like pions this knowledyc is especially imi-

portant: Fions are lightly ionizing pariicles witich can be v.elkdirected
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but stop at a finite range, whereupon the pions cause the break-up of
nuclei with the emission of short range alpha particles and protons.
The stopping region should be the treatment volume. Therefore the
cnergies of the pions have to be chosen properly for each tumor and
for each patient by mesans of the magnet settings and the slit openings.
All the parameters have to be checked experimentally.

The break-up of the nucleus results in radiation being produced
of a character entirely different from the pion. Up to now the pion in
traversing the nzalthy tissue has becn a lightly ionizing radiacaon (for
much of its path it is at minimum ionizztion); thus the healthy tissue in
{ront of th: tumor expervicsnces low dosage. The reclease of the short
range nuclear fragments, especially the alpha particles, gives a much
higher dose in the tumor region. From the radicbiological standpoint,

a profound change has taken place. ¥rom z radiation with an REBE of
about 1. 0 like Co-60 or electrons, in the healthy tissue, a dose is now
given to the tumor region with an RBE about 2.0 to 5.0. This greatly
enhzuces the tumor to healthy tissue effects. Another effect is that

from a radiition with an oxygen enhancement ratio (OER) of 3 in the
hecalthy tissue, the radiation now has an OER of 1.5 to 2, and this means
that much of the protection that anoxic cells have had with low LET radia-
tions will be removed and the chances of these cells regrowing the tumor
will be greatly lessencd.

Several different approaches have been described for studying
the beam characteristics. One approach is to use a tirae-of- flight msthod
to separate the pions and the background particles. This is a2 good medhed
but it reqguires very fast timing (nanoseccond electronics) to accomplish
and is not so suitable for distribution of particles. Measurements of total
dose are essentiul but do not identify the backgrounds. The lithium driited
silicon detector can give dose distributions while at the same time identi-
fying the particle by m=ans of pulse height or if necessary in combination
with enesgy loss in a small detecter telescope. In addition, from a prac-
tical point of view, this employs conventional slow timing and stardard
pulse amplifiers. This method in combination with absolute dose mzasure-
ments will go a long way in giving us a picture of the kinds of beams that
we have.

Before therapy can begin, the data that will be obtained in the
radiobiological experimants on the RBE for different tissues will have
to be folded into the dose measurements. The data with silicon detectors
also give a measure of the LET distributions for various beams; conse-
quently the RBE incasurcments will tliea be correlated to the LE'T infosma-
tion and a sensible picturc will be obtained of how the RBE varies wiih
di{ferent momentum spreads of the beam.
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Treatment Considerations and Treatment Planning

At this time, the therapeutic beam is being designed, and it is
clesar that the beams will be essentially parallel, which is good. With
Co-60 machines, the beams come from a point source so one gets high
dose overlaps in using adjacent fields and cold spots near the surface.
With pions, there should be no adjacency problems, and the uniformity
over the field will be measured.

Of course there is lacking sufficient practical experience of the
behaviour of this radiation in bone and in fat and its scattering in inhomo-
geneities. As part of this program calculations will be made to supple-
ment the measurements of these practical and important properties:

R. G. Alsmiller and T. W. Armstrong at Oak Ridge have a Monte-Carlo
code which they have used successfully for calculating pion doses in
water for a therapeutic beam. With such a code inhomogeneities are
easy to follow since in the Monte-Carlo method sach pion is followed
separately and the statistics are accumulated by the computer.

The fact that there is very little exit dose beyond a range that
is chosen makes pions similar but even better than electron beam therapy,
and we can be guided by the experience and problems that have takecn
place in this field: It has been found that lung inhomogeneities may result
in complications from overdosage or recurrences from underdosage.
Chest radiographs have shown radiation pneumonitis and pulmonary
fibrosis in electron beam therapy of the chest wall, A careful study will
be made using the Monte-Carlo method; and subsequently, phantom meas-
urements will be made of the behaviour of pions around inhomogeneities.

In treating with electron beams behind bone, there is some evi-
dence that the dose is significantly decreased. This comes about because
the scattering in calcium is much higher than in surrounding tissue and
it therefore depletes the beamn. Workers at M. D. Anderson Hospital and
Tumor Institute have observed several recurrences of oral cavity and oro-
pharingeal lesions located immediately behind the mandible. It is well
known that electrons, because they're so light, undergo much more scat-
tering than protons or mesons; nevertheless, the effect of bone with this
new beam will be calculated by the Monte-Carlo method and will be meas-
ured when the beam becomes available.

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-
sticial insertion of radioactive sources {(as for floor of mouth and tongue
lesions). This could be used then to treat the floor of the mouth with good
control of the total volume brought to a high dose. Such a technique would
lead to a greater dose bomogeneity than is achievable with interstitial
sources and should produce better results. This shaping will be studied
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in a phantom to see how far this could be accomplished by control of the
magnets, especially so since special controls for this shaping will be
included in the machine now,

The clinical use of pions brings with it some other basic issues
that will be worked out - a) How is the dose distribution altered by angu-
lating the field? b) What is the effect of a wedge on the field? c) How
can two wedges be used to get special distributions of dose? d) How
should bolus be used? And of what material?

As an example of the examination of lesions where pions might
be useful let us take tumors of the nasopharynx: It is customary in
treating tumors arising in this region to use a high dose volume extend-
ing from one side of the patient's head to the other and often, through the
use of anterior angulated fields, to have the high dose zone extend for-
ward to the skin surface of the cheek and posteriorly even into the brain
stem. The incidence of complications in successful treatment of naso-
pharynx cancers has been rather high. These complications include cen-
tral nervous system damage, difficulties in motion of the jaw due to high
dose irradiation of the tempero-mandibular joints, hearing loss due to
high dose irradiation of the auditory mechanism, loss of taste and dry
mouth, and many others.

With pions, we will start with a high dose zone more generous
than the size of the nasopharynx itself, but not so generous as the high
dose zone in conventional treatment. This could be carried to doses
approximately 75% of the final tumor dose, and at this time the fields
in the phantom will be tailored more closely to the nasopharynx. The
entire neck should be irradiated bilaterally; this will be done with the
phantom with sparing of the spinal cord.

Treatment planning with pions will be developed and it promises
to be simpler in nature than planning with X-rays because in general
fewer fields are necessary to achieve a good distribution.

First, good isodose distributions will be generated theoreti-
cally and will be measured experimentally when the beam becomes avail-
able. Then the superposition of two fields can be done even without com=
puters to study good treatment plans. At the present time most electron
beam treatment planning is done by hand for the same reason.

There is available at this time, a compilation of preferred treat-
ment plans for many types of lesions. The work will begin here with see-
ing what pions can accomplish in the way of improving these dose dis-
tributions. In this way a good feeling will be attained about what pions can
do for different lesions.

Electron beams are now used primarily for head and neck lesions
and breast cancer; the reason for this is that the cut-off for electrons is
a sharp one only for the lower energy electrons and therefore for limited
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penstration. For energies of something like 30 MeV electrons, depth
doses begin to look like X-ray distributions. With pions this isn't true:
The range cut-off remains intact even for high energies. ' Consequently
a new range of treatment plans can now be considered, that is a sharp
cut-off radiation for deep-seated tumors. Here we will arrive at new
possibilities of irradiation of different lesions and with greater comfort
for the patient and with far fewer undesirable sequelea than with present
modalities.

2. Work Accomplished

For the past year and a balf, committees have been set up to
study the various problems connected with therapy with patients. Of
particular importance have been the requirements on the beamn line: The
parameters of the beam line determine the type and location of the differ-
ent magnets and the very large amount of shielding necessary to protect
the patient and the workers from the ambient neutrons at the machine.
These decisions involve great expenditures of funds and once they are
made, fix the therapeutic constraints.

Furthermore, in the studies of the groups, we have arrived at
a much clearer picture of the various tissues that should be investigated.
Particular importance was placed on skin, cartilage, spinal cord and
heart and preliminary preparations are being made for these radiobio-
logical studies. The dosimetry and the problems of treatment planning
have also been set forth with great clarity and with very good advice.
The entire set of deliberations and recommendations are given in the
document enclosed with this proposal.

Our previous studies with the w~-beam at the Berkeley 184" syn-
chrocyclotron have been written down and are contained in the reprints
attached to this proposal. The data show that silicon detectors work well
with pions and the beams can be characterized with these detectors. They
also give depth dose distributions and isodose distributions.

We have also studied in a preliminary way some radiobiological
effects of " -mesons. This was done with a weak beam (~ 50 rads/hr)
and are not applicable for therapy. They will simply serve to guide the
future radiobiology of the intense beams at LAMPF. Preprints are in-
cluded in this work.

3. Facilities Available

The LAMPF machine is now in construction in our laboratory
and it has reached an energy of 211 MeV protons. It is expected that
- 800 MeV will be attained this summer sometime. The biomedical channel
is now in the final design stages and the magnets will be ordered very
soon; the channel will be ready early next year,
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A radiobiology and treatment facility is now on the drawing
board and construction is expected to begin this summer, however work
on the beam can begin early next year by using trailers to house the
equipment and the people.

The electronics equipment for the silicon detectors is being
assembled and tested and already approximately $30, 000 has gone into
this area of instrumentation. We have the support of the Electronics
Division which is now designing the scanner for moving the detectors
in the beam by remote control.

The beam channel and the console for controlling the beam is
being built by members of the MP Division at Los Alamos.

4, Time to Accomplish the Work

The length of time estimated to complete this research is
three year. _ .
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UNIVERSITY OF CALIFORNIA )
LOS ALAMOS SCIENTIFIC LABORATORY  #
(ConTRACT W-7405-2N0-36) ,l"
P. O. Box 1663
Los Alamos, New Mexico 87544

-,

IN REPLY
azrex 70: SPO March 23, 1972
mercarony LAHUL [ RC
Dr. John Totter, Director OOUECTION .DW' O\:(l (-t /Q_s_
Division of Biology & Medicine é'!l D"Zo
U. S. Atomic Energy Commission BOX Ne. - bt

Washington, D. C. 20545 cosen NES 200 2/72- 2 Iz

Dear John:

Attached is a proposal (LASL #P-115) requesting continued
financial support from the American Cancer Society for the work of
Dr. Chaim Richman at Los Alamos in Pion Treatment Development and
Planning. As you may recall, we have just been advised that the ACS
has provided funds to support about one year of Dr. Richman's work.
The attached proposes that the financial support be extended over an
additional two year period. The first year of work is described in
proposal #LASL-P-93,

The Los Alamos Scientific Laboratory would be very pleased
to undertake the work described under ACS sponsorship, and can do so
without interference with AEC commitments 1f funding of $138,000 is
provided for the two-year period indicated. (Calendar 1973 and 1974).
We would appreciate your review of our proposal, and hope for your
endorsement of it to the ACS.

As you may recall, the Albuquerque Operations Office has been
very helpful to us in negotiating the transfer of funds from the ACS
to the AEC for use at LASL. We assume that, pending AEC endorsement,
ALOO might assist us again by transmicting the proposal to the ACS and
arranging for transfer to LASL of any funding which might be provided.
Accordingly, we have provided copies to ALOO for their review and
consideration.

Further correspondence regarding the proposal should be addressed
to A, D. McGuire of the LASL Special Projects Office.

M Sincerel
O
Eglllli / ;
= . M. Agnew o
n Director R
=2 Attach: LASL #P-115 (3 copies)
’ -S’, cct A. D. McGuire, SPO, wo/attach.
_v_-g _Isp-5, wo/attach. _
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