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tumor tissues in experimental animals, and are proposed to assess mutagenicity and
| oncogenicity of pions and to determine wnether there i5 a correlation between tumor
: differentiation and response to pion radiotherapy.
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Moseley, Robert D., Jr., M.D.

BUDGET JUSTIFICATION
CLINICAL INVESTIGATIONS: RADIATION ONCOLOGY

A. Salaries and Wages

Salary for TBA co-principal investigator, radiation oncologist is
requested at 75 percent, because LANL participates in pavment of his/her
salary (approximately 25 perceat) via a purchase agreement with UNM. A radi-
ation oncologist, Dr. Gilman, will be based permanently at Los Alamos, and
will travel to Albuquerque to work with follow-up pion protocol patients at
the CRIC during periods between cycles. All CRTC radiation oncologists spend
varying amounts of time in Los Alamos in at least one-day periods to participate
in planning and conduct of the pion studies. The FIE complement of radiotherapy
staff is high in relation to routine work for two reasons: (1) the optimal
pion treatment day is 16 hours long, as opposed to B hours for conventional
radiation; and (2) pion patient care requires far more time by the radiother-
apists than does routine patient care in terms of daily observation of tumor
and normal tissue responses and greatly increased complexity of treatment
planning. It is anticipated that the LAMPF accelerator schedule will permit
patient treatment over 24-30 weeks/year in Years 01-03, with early accession
and carryover of patients receiving planned supplementary coaoventioaal ir-
radiation up to 4-5 weeks preceding and following each treatment cycle. The
accelerator and channel reliability factor during operation is approximately
85 percent for treatment day. While the accelerator is in its production
cycle, the biomedical pion channel is used 24 hours per day, usually 14-16
bours for patient treatment and 8-10 hours for physics and biology experiments.
The patient trestment hours can be extended as necessary in case of accelerator
down time. Accelerator operations schedule is tailored to accommodate patients
optimally, consistent with maintenaance requirements. It should be anoted that
maximum cost effective operation is 36 weeks per vear.

No funds are requested to support activity by the Diagnostic laaging
Section because the imaging studies performed are routine and customary, and
reimbursement for services will be sought from third-party payers. Costs of
CT scans and routine imaging studies are covered under Patient Costs, with
factors applied to estimate cost recovery. Professional fees are budgeted

under Patient Costs, Consultants, for those costs which cannot be recovered
from third parties.

Salary is requested for two radiclogical technologists to perform
simulation and treatment set-up, to perform orthodiagraphic and conveantional
port films, and to assist in fabrication of immobilization, collimation, bolus
and other devices for pion patients. A 75 percent cast and mold room tech-
nologist has primary responsibility for fabricating custom casts, boluses, and
collimators for wide-field and cope-down treatments. A radiological technologist
is requested to operate the CT scaanner for pion patients receiving pretreatment
and follow-up diagnostic scans, as well as patients who are receiving scans
during treatment to assess the need for modifications to their treatment plan.
Salary levels for these positions are based on current experience with UNM
staff and knowledge of the job market elsevhere.

A Chief Nurse is to be employed full-time to perform inventory
control, development of nursing procedures, aursing care of follow-up patients,
and nursing-related research including, for example, literature review and

-l3-
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Moseiey, Robert J., Jr., M "

development of appropriate nutritional management techniques for pion patients.
One other nurse is to be employed full-time, while other nursing staff will be
employed on a part-time basis, $o that they work when patients are being

treated and do not work when patients are not being treated (except for planning,
restocking apartments, etc.). In addition to performing clinical nursing
functions at the Biomedical Facility, these individuals perform home nursing
care for patients at the outpatient apartment units next to the Los Alamos
Medical Center and take on-call duty while patients are in Los Alamos.

Salary for 2.6 FIE patient set-up aides is requested to support
operation of the prior immobilization and positioning (PIP) system, whereby
one patient is set up as the previous patient is wheeled ocut after treatment.
This procedure is documented in the text of this application and optimizes
pion beam time for actual patient treatment (by a factor of 1.5 to 2.0); it is
essential to the success of this project. The 2.6 FTE's will be split among
four persons, each at 65 percent time, so that there will always be one radio-
logical technician and two patient set-up aides to work the PIP system over
the 14-16-hour treatment day. The 65 percent time-factor is used because
these individuals work oaly when the patients are being treated, and do not
work during down-times.

Salary is requested for a department secretary/receptionist to
perform typing and filing of patient-related notes, correspondence, progress
reports, and other clinical material, as well as scientific documentation of
clinical results and to assist patients in the waiting area, call for traas-
portation, assist with outrition for patients, and handle phone calls for UNM
and LANL staff based at the Pion Biomedical Facility.

Salary increases for UNM staff in Years 02 and 03 are based om 10
percent per year, in accordapce with guidelines issued by the UNM Medical
Center Comptroller's Office. Fringe benefits are based on 15 percent of
salaries and wages.

B. Supplies

The estimated cost of climical supplies (e.g., dressings, instrument
‘trays, etc.) for pion patients under treatment at Los Alamos is based on
current experience. Supplies to maintain patients at LANL apartments include
such items ag detergent, disposable dishes, cleaning agents, and similar
items. The photographic supply costs are based on current experience with
clinical photography and graphics requirements for documenting research results.
Patient trestment fields are photographed periodically during treatment and at
follow-up visits. Immobilization, simulation and radiation treatment supplies
for 70 new patients are budgeted based on actual costs.

Cost of supplies for the CT scanner is estimated based on prior
experience.

Increases in supply costs for Years 02 and 03 are estimated at 10

percent per vear for inflation.

1a- C.
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Moseley, Robert D Jr M.D

C. Travel

Funds are requested to support travel by radiotherapy, techaician,
and nursing staff to and from Los Alamos and Albuquerque. All travel costs
are escalated 10 percent per year for inflation.

Costs for professional staff travel is greater than for nurses
and technicians since their visits tend to be longer and, therefore, involve
more per diem payments.

Travel costs are also requested to send CRTC radiotherapists to
other cities (estimsted four trips per year) to perform follow-up examinations
of pion and coatrol patients in regional catchment areas (e.g., Los Angeles,
New York, Denver, etc.), in an effort to save patient costs for transporting
all patients back to Albuquerque and Los Alamos for regular follow-up. Support
1s also requested for two scientific meetings per year.

D. Patient Costs (Grant Reimbursement)

Patients accessed to the pion protocols will be billed for costs of
physicians' services, clinic fees, treatment fees, and CT fees on the same
basis as they would be billed if they were to receive conventional therapy.
The amounts collected from third parties are reimbursed to the grant to offset
the costs of salaries and wages, supplies, and maintenance expenses associated
with these aspects of pion patients' medical care. Amounts not collected are
written off to research support. Past experience has shown approximately a 70
percent collection factor for billings to pion protocol patients. The amount
anticipated to be collected against billings for Radiation Oncology services
is shown in the Radiation Oncology budget as an offset against the total
request. The billing component of the pion program is anticipated to start
prior to May 1, 1982.

E. Other Expense

Funds are needed for processing color slides of patient treatmeat
fields, and for communications and reproduction costs. Funds are also needed
to provide our CT scanner maintenance through a contract with Omnimedical and

to support of publication costs. These estimates are escalated by 10 percent
per year for inflation.
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Clinical Investigations:

EE

Patnology

Robert O, Mgseley, Jr., M.D.

BUDGET ESTIMATES FOR ALL YEARS OF SUPPCRT REQUESTED
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Yoseiey, Robert O., Jr.l ﬂlil '
BUDGET JUSTIFICATION

CLINICAL INVESTIGATIONS: PATHOLOGY

Support for the Pathology Section includes reviewing histology specimens,
performing autopsies, and preparing reports. Time required by Drs. Black,
Kornfeld, and Anderson for this activity is budgeted at 15 percent of an FTE.
A morphologic technician at 50% of an FTE is reguired to prepare the various
wmorphologic materials for evaluation. Fringe benefits are calculated at 15
percent of salaries and wages. Costs are escalated by 10 perceant per year for

Years 02 and 03, based on guidelines from the UNM Medical Center Comptroller’s
Office.
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BUDGET ESTIMATES FOR ALL YEARS OF SUPPORT REQUESTED
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Yoseley, Robert D.l JiII ilil
BUDGET JUSTIFICATION

CLINICAL INVESTIGATIONS: PATIENT COSTS

1. Data Used for Projected Patient Costs

A. Patient Categories

1. New Pion Patients: Those patients evaluated, treated and followed
during grant year in which accepted in program.

2. Follow-up Pion Patients: Those patients in second year or later
after pion treatment.

3. Evaluated and Rejected Patieats: Those patients whose tumors
were found upon evaluatiocn to be unsuitabie for study.

B. Patients Per Locale

Total Patients: 44 perceat from New Mexico, 56 percent from out-of-

state.
C. Escorts

Some patients require medically authorized escorts for whom expenses
will be paid.

D. Food

Costs are based upon actual patient expenditures within the University
of New Mexico's meal reimbursement limitation of $18.50 per day.

E. Inflation Factor

Costs for Years 02 and 03 are based on estimated costs for Year 0l
and increased by an inflation factor of 10 percent each year.

F. Patient Travel

A contract ($7,200) has been negotiated with Yellow Cab Company for
van service between Albuquerque and lLos Alamos.

— -
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2. Projected Number of Patients

Based on the number of new pion patients., follow-up pios patients. and
evaluated and rejected patients, the total gumber c¢f patients for each granmt

year can be projected. The following chart shows the -otal oumber of patients

per grant year.

TOTAL PATIENTS/GRANT YEAR

New Follow-up Evaluated
Grant Year Pion Pion & Rejected TOTAL
01 70 96 3 169
02 70 103 3 176
03 70 109 3 182
TOTALS 210 308 9 527
-22-
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Moseley, Rebert D., Jr.l H.i.

PATIENT COSTS DETAIL: YEAR 01

I. Consulting Physician Fees
A. New Patients - Pion (70) = $16,855
B. Follow~up Patients - Pion (96) = 1,220
C. Evaluated and Rejected Patients (3) = 54
TOTAL CONSULTING PHYSICIAN FEES 518,129

The consulting physician fee budget is used to pay physicians
for services rendered to our patieats.

-
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Moseley, Robert 2., Jr., 4.D.

PATIENT COSTS DETAIL: YEAR 0l

IIA. TRAVEL - MILEAGE, AIRFARE, AND CABFARE

A. New Patients - Pion i70) = 5 54,124
B. Follow-up Patients - Pion (96) = 60,862
C. Evaluated and Rejected Patients (3) = 1,543
TOTAL $116,529

C. o
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IIB. TRAVEL - ALBUQUERQUE - LOS ALAMOS

PATIENT COSTS DETAIL:

A. New Patients - Pion (70)

B. TFollow-up Patients - Pion (96)

Moselev, Robert D., Jr., 4.D.

YEAR 01

C. Evaluated and Rejected Patients (3)

10G13bo

TOTAL

-25~
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se._ayv, 2cdert ., Jr., M.0.

PATIENT COSTS DETAIL: YEAR {1

III.  OUTPATIENT COSTS

A. New Patients - Pion (70) = 534,304
B. Follow-up Patients - Pion (96) = 5,123
C. Evaluated and Rejected (3) = 229
Subtotal 39,656
D. Grant Reimbursement (19,828)
TOTAL 519,828
C.
-26-
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Moseley, Robert D., Jr., M.D

I v sdadd e

PATIENT COSTS DETAIL: YEAR 01

IV. INPATIENT COSTS

A. New Patients - Pion (70) = $18,041
B. Follow=-up Patients (96) = 0
C. Evaluated and Rejected Patieats (3) = 773
TOTAL $18,814
. COPIED FOR.
HSPT
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‘cse mv. chert T.., .r “.D

PATIENT COSTS DETAIL: YEAR 0!

V.  SUBSISTENCE

A. New Patients - Pion (70) = § 79,089
B. TFollow-up Patients (96) = 32,383
L. Evaluated and Rejected (3) = 0
TOTAL $111,472

C. . T
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Physics - UNM
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PERSONNE (Aoslicant ergenizenen oniyi (See nstaverans) Tuf EFEORT RAINGE
g CRIN -
NAME . TITLE OF POSITION d “:'.'..“' S BENEFITS i
Moseley, R.D., Jr., MD _ srcieal mvesigorer )
TBA Lo Principal Jpvest -
Smith, A., PhD Lhief Biomed Phys/LAi 100 - 40
Hilko, R., PhD Sr. Res. Scientist 100 . 40
Zink, 5., PhD Asst.Prof.Radiglogy - 100 40
TBA :Biomed Engineer 12C 40
TBA Treat.Plan.Tech, 100 - 40
TBA IResearch Technician 100 - 40
TRA Treat.Plan, Physicist 100 : 40
SuBTOT 4 S » 236,331  30,95C 237,281
TONSULTART COSTS (Sew rnstructione .
ESUIPMENT remige *
See suppliemental page . 51,200
SUPPLIES (lremize by cotegeryi Dosimetry supp]ies 5,000 |
Electronic supplies 2,500 |
Mechanical supplies 2,500
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(DOMESTIC  Sep supplemental page ! 3,474
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Equipment maintenance 4,620
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DETAILED BUDGET FOR FiRST 12 MONTH BUDGET FERIOD
DIRECT COSTS ORLY

PERSONNEL (Asslicont srgeni30%0a omiyv] [See 1nsirctrons! ToME ESFCRT
AL AR SMNGE TTSTaALS
NaME TITLE OF POSITION s "':"'._"' IENZEITS
Pringrper invastigater
EQUIPMENT
Calibration- Replacement ion chamber 1,000
Dosimetry- MICA chambers (8) ‘ 6,000
New MICA etlectrometers (7) 3,500
Tissue Substitute Lab- Vacuum degasser 3,500
Treatment Planning- Color printer 15,000
Lasers- Replacement for C7 4,500
Treatment Verification- In vivo ion champer 7C0
Microdosimetry- Rossi LET chamber 2,000
Replacement NIM moduies 2,300
MCA interface 2,500
Positron Visualization- Electronics 2,000
Crystals 7,000
Total Equipment 51,200
TRAVEL
Domestic 12 Los Alamos/Albuguerque @ 97 1,164
3 Scientific meetings @770 2,310
Total Travel 3,474
C.

-30-

1091371 00133521.031



Physics - UNM
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BUDGET ESTIMATES FOR ALL ¥
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Yose.ey, Robert U., Jr., 4.D.
UNM PHYSICS EQUIPMENT BUDGET
Year
R 2 3
(02 (10) _ayn
Calibration
1. Replacement ion chamber 1,000 1,100 1,200
2. Calibrated pico-amp source 2,275
3. Standard cpacitor 1,200
Dosimetry
1. MICA chambers (8) 6,000
2. Replacement MICA chambers 2,000 2,200
3. New MICA electrometers (7) 3,500
4.  Replacement MICA electrometers 1,000 1,000
Tissue Substitute Lab
1. Vacuum degasser 3,500
Treatment Planning
1. Color printer 15,00
Laser
1. Replacement for CT, simulation, 4,500 5,280 5,800
set-up & treatment rooms (3/yr)
Treatpent Verification
1. In vivo ion chamber 7,00 770 350
2. Replacement aluminum activation 1,500
crystal
Microdosimetry
1. Rossi LET chamber 3.300
2. Replacement NIM modules 2,500 2,750 3,025
3. CAMAC modules 2,000 2,200
4. MCA interface 2.500
Positron Visualization
1. Electronics 2,000 2,200 2,400
2. Crystals 7.000 7,700 8,470
Total Physics Budget 51,200 29,778 27,145
-32-
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Yoseley, Robert D., Jr.l nln.
BUDGET JUSTIFICATION
UNM PHYSICS

A. Salaries and Wages

The request for staffing is based on the minimal level of personnel
required to support the program project. The research and development activities
include no individual or basic research. All projects are directly related to
the clinical program and are implemeated to address specific needs.

The personnel budget for Years 02 and 03 reflects increases of 10
percent each year and, ir addition, indicates changes, discussed below, due to
termination of other funded projects from which some staff are partially paid.
Fringe benefits are calculated at 15 perceant of salaries and wages.

1. Alfred R. Smith, Ph.D., Chief Clinical Phvsicist, CRTC/Los Alamos

Dr. Smith is respousible for the overall clinical physics
program and for liaison with and coordination of all LANL physics activities
as they relate to the clinical program. He also is responsible for the physics
aspects of radiation biology programs related to the program project. To the
exteat that Dr. Smith is supported from other sources (20% from another grant--
AAPM Charged Particle Beam Dosimetry Task Group (terminates Summer 1983)--of
which he is principsl investigator and a pending grant--NCI-CM-17482-22,
Evaluation of Treatment Planning for Particle Beam Radiotherapy) his budget in
this application will be reduced accordingly.

2. Treatment Planning

Sandra Zink, Ph.D., is the leader of the treatment planning
section.

3. Physics Technical Support

Primary responsibility is direct coatrol of all systems during
patient treatment, including verification of beam tune and all interlock
svstems, patient monitoring, daily calibrations, dose calculations and patient
treatment records. Since patients are nominally treated 16 hrs/day, two
people each cover one 8-hr shifc. i

4. Development and Qualitv Coantrol

a. Robert Hilko, Ph.D. is primarily respoasible for in vivo
dosimetry systems, microdosimetry, neutron spectra measurements, positron
emission visualization and developmental dosimetry. He has extensive training
and experience in both nuclear and medical physics and is a valuable addition
to the project.

b. Support is requested for a biomedical engineer to be
responsible for quality control of the EMI 7070 scanner, calibration of UNM
pbysics lab equipment and maintenance of all patient treatment devices and
laser alignment systems. He will also assist with patient and developmental
dosimetry.
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B. Equipment
1. Calibration

This equipment is necessary to maintain the calibrations and
standards for the overall pion dosimetry project. lIonization chambers receive
extensive use, and our experience has been that we break or otherwise render
useless about one ion chamber per year.

A calibrated pico-amp source and standard capacitor are re-
quested in Year 02. These items are necessary to calibrate our electrometers.
The standard capacitor we now have is borroved from the LAMPF equipment pooi.
We have an older pico-amp current source, but it often gets used for a utility
current source and camnot be relied upon for calibration standards.

2. Dosimetry

The multi-ionization~chamber array (MICA), which we have devel-
oped for rapid dosimetry measurements, incorporates any number of chambers in
a linear, planar, or volume array. We presently have sevea chambers in a
linear array. In Year 01 we wish to purchase additional chambers (8) and
electrometers (7) to expand our system to a planar array of 14 chambers (this
will give us one spare chamber). In subsequent years we request fuads to
purchase two chambers and two electrometers per year for replacement and
expansion.

3. Tissue Substitute Lab

We have initiated a program of studies of various tissue sub-
stitutes, liquids and solids, oa both the CT scanner and pion therapy beam.
We have had some difficulty in making some of the solid materials, and we
request 3 vacuum mixer/degasser in Year 01 to support this activity.

4. Treatment Plaaning

We will initiate three-dimensional treatment planning calcu-
lations and will bave the capability to display patient anatomy and isodose
distributions in three dimensions. This program is necessary to coaplement
our efforts in beam shaping in three dimeasions using dynamic treatmeat. To
support this program, we request funds to purchase a printer in Year 01 to be
used with the color terminal purchased from another source. We feel that
color display is essential for three-dimensional viewing because of the complex
array of data that must be visuaslly integrated. Without the color terminal

and the printer, such of the utility of three-dimensional graphics would be
lost.

S. Lasers
We have three alignment lasers each in the CT, simulator, and
set-up rooms and six lasers in the treatment room. These lasers are essential

to easure that patient alignment is accurately transferred from one site to
another. We request funds to replace two of these lasers each year.
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6. Treatment Verification

To support our overall in vive dosimetry effort, we request
funds to purchase equipment as follows: (a) A replacement in vivo iomization
chamber each year. These chambers are used extensively because we take measure-
ments several times on each patieat treatment field. The chamber suffers from
chewing (intra-oral measurements) and general trauma. (b) We request funds to
replace the Nal crystal ia our aluminum activation system in Year 02. This
system is used for in vivec measurements of the high-LET dose.

7. Microdosimetry

Ve bhave oot had our own capability to perform microdosimetric
studies, and the need for these studies is increasing. Microdosimetric data
are pnecessary for our understanding of the pion beam and for the biological
models that we are developing. We request funds to epable us to implement
this capability and to replace some NIM modules that we curreatly have borrowed.
The CAMAC modules are needed for interfacing the microdosimetry system to the
multichannel analyzer, which has a programming capability to implemeat these
modules. The Rossi chamber is an essential component of the microdosimetry
systenm.

8. Positron Visualization

We request funds to enable us to continue the studies of pion
stopping visualization in patients by positron imaging techniques. We wish to
develop a simple system coasisting of a rectangular array of four crystals for
head scans and a simple 2-crystal system (using larger crystals) for body
scans. This will require a total of 6 crystals - we already have three and we
request funds to purchase three more.

C. Supplies

Supplies for physics, iacluding dosimetry, electronic, mechanical,
microdosimetry, tissue substitute, and graphic supplies are estimated based on
actual expenses in the past. Costs for Years 02 and 03 are escalated by 10
percent per vear for inflation.

D. Travel

Support is requested for three presentations of pion physics data
at scientific meetings. Other travel support is requested for 12 trips between
Albuquerque and Los Alamos, based on current experience.

E. Patient Costs (Grant Reimbursement)

Patients accessed to the pion protocols are dilled for costs of
treatment planning, central axis depth-dose calculations, design and fabri-
cation of treatment devices, and other physics charges normally billed to
patients receiving conventional radiation therapy. The awounts collected from
third parties are reimbursed to the grant to offset the costs of salaries and
wages, supplies, and maintenance expenses associated with these aspects of
pion patients' medical care. Amounts not collected are writtem off to research
support. Past experience has shown approximately a 70 percent collection
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factor for billings to pion protocol patients. The amount apticipated to be
collected against billings for clinical physics activities performed in Los
Alamos is shown in the UNM Physics budget as an offset against the total
request.

F. Other Expense

Construction of special equipment is estimated on an average basis
of $1,925 per month. This averages less than 1-1/2 weeks of shop construction
per month. The anticipated physics activity for the three years of the grant
period predicts this rate at which special equipment construction will coatinue.
Equipment maintepance includes the contracts for maintaining the film processor,
both the treatment and simulator roowm couch systems, snd the x-ray systems in
the simulator room. Publication costs are based on actual experience.
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PHYSICS - LANL

smINZIPAL NV ELS 34722 P6osRaw - 22272e Robert D. Moseley, or., M.D.
——— et

DETAILED BUDGET FOR FIRST 12 MONTH BUDGET PERIOD
DIRECT COSTs ONLY

Fasm T=AsLoH

12/1/82 i 11/30/83

COLLCAR AMOUNT REQJUESTES ‘Cmit comrs,

PERITNNE L "Apslrcont 8rgeniantion envys (See insrrverions: TimE EFEDRT

ERINGE -~
MAME P rrie of sosiion el SaLany SENERITS TeTALS

MQS,E_’LEV 2N Nid M0 Bingioni investigeter :

IRA iCo Principal Invest i
gragbury, J.M., Ph.D. iGroup Leagder 40 :

Warner, R.F. Asst. Division .dr. - 5§ ;
Berardo, P., Ph.D. Physicist 100

TRA Staff Programmer 100

Paciogtti, M., Ph.D. Physicist 100

wing, J. ‘Engineer 100

i

i : uSTSTacs > 350,000
CONSULTANT C2578 (Sew instructiony ;

EJSIPMENT (itemine: *

Computer peripheral/interface equipment 85,300

Nuclear electronics modules $.000 '

Channel control hardward 6,300 i

(spot beam dynamic collimator) 16,000
SLPPLIEL (Hiemize by categery; ;
Electronics parts 19,500 Dosimetry/electron:cs 18,700 |
Computer expendables 13,100 Control haraware 23,100 |
(disk packs, tapes,etc) Office materia’s 5,300

Photographic materials 4,400 Miscellaneous 5,500 92,000
Chemicals 2,200 !

TRAVEL ,————fg:ﬁgf 4 ll #-080_
BATIENT CAéE CosTS pmPAzIENT ;

T "CUTPATIENT

A_TERATICNS AND RENOVATIONS (f1emize oy cwogery:

SONTRACTUAL l
oR {See )
THIRD PARTY m.mtnud' ;
CosTs ‘ '

CTRER EXFENSES (Twmize by corevery/ ADP equipment maintenance & repair ¢, 00U
Computer facility charges 10,000 Communications 20,000 |
Electronic/instrumentation 2,000 Contractual services 3,000

maintenance & repair Burcen (see next cage)* 274,750 | 229,750
Machine shop 11,000 |
i
TOTAL DIRECT COSTS (hlse enter an soye I, i1om 8) —is 790,830
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DETAILED BUDCEYT FOR FIRST 12 MONTH BUDCET PERICD
DIRECT COSTS ONLY

SZLLAK AMCUNT SECUESTED (St conra,

PERSONNEL . Aspiicont ergenizenen eniy) (See 1atirveriens) TIME SFEFORT ERINGE
v ERIN .
NaME TITLE OF POSITION = T e BineRITs oL

Mncpley. RO, Jdr,. MD ) Prne.pal investigarer
TRA { £o Princinal lnyest
~BA L Elecsronic Tech 100 j
TBA ! Systems Tech 100 :
Swenson, 3. ! Proqrammer __100 :
Rivera, 0. ! Mechanical Tech. 100

|

i
*Burden %
Indirect 56.0
Program Management 7.5
Supp. R & D 12.0
General indirect & recharge equipment 3.0

78.5
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BUDGET ESTIMATES FCR ALL YEARS OF SUPPORT REQUESTED

DIRECT COSTS ONLY

Vet BUDGET
PERIOD
‘{from pege 4!

SUSGET CATEGORY
TCTALS

ADDITICNAL YEARS SUPPORT REQUESTES

eng icg i Lo

SIIICNNT . ‘Soiery end
iringe ponefirs, )
( LAomlicont argenissmren only)

i
| 350,000

385,000 23,500

CIONSULTANT 22878

16,000

ESUIPMENT i

18,000

SUPPLIES ! 92,000 104,000 £18,000
| DCMESTIC 3,080 3,388 z,328
TRALVEL
TezREIGN
=.aTENT INPATIENT
Brvek]

SUTPATIENT

ALTIRATIONG aND
AENTSVATIDONS

329,750

DTMER ExTENSES !

362,725 398,998

TCTAL SIRECT COSTS

790,830

873,:13 364,225

TITAL FCRENTYIOF BROPOSED PROJECT PERIOL (Alse entoronpuge . rtem ~ e—meemme g 5 2,628,168

JUSTIFICATION (Use continvetion pages if necsssery): Brially ssscbe e speerhre tunetions of Mo sersennai end consuitents, Sor ail veers,
iustriv any costs o1 whith the need mey As! be ebvious, 3uch 8 savidment, isrgign 1*ovai, iterstiens end renevetions, end contractval o1 Mird
oarty cosrs. For tulure veors, (vattiv SRy 31gMIiiCONT (ACTeRses '~ any ce'ogory it aavtvon, tor COMPETING CONTINUATION espiicniians,
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| i ad

LANL PHYSICS EQUIPMENT BUDGET

YEAR
1 2 3
(09) {10) {11)
Computer Peripheral/Interface Equipment 5,000 5,000 5,000
Tape drive, CAMAC, microprocessors
Nuclear Electronics Modules 5,000 5,000 5,000
ADC, crate coatrollers,
D/A coaverters
Channel Control Hardwar 6,000 8,000 10,000
Spot bean dypamic collimators
Helium bags
New entrance slit
Total 16.000 18,000 20,000
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BUDGET JUSTIFICATION
LANL PHYSICS

A. Salaries and Wages

The organizational structure for the LANL group providing develop-
mental physics and technology development/operations support to the pion
biomedical program is shown in Figure 2. The staff requested is the minimum
necessary to pernit efficient channel operation and development, determination
of therapy beam properties, facility operation, and treatmeat planning code
development. Personnel costs are escalated 10 percent per year for Years 02
and 03. Responsibilities of individuals are listed below.

P. Berardo Three-dimensional treatment planning code development,
physics computer modeling, code efficiency, multisystem configurationm.

TBA, Staff Programmer System programming, ongoing support to appli-

cation programmers, system software support. new software installation, techaical
programming.

M. Paciott:y Development of therapy beams, documentation of beams
for input into treatment planning code, conceptiop and supervision of channel
development projects.

J. Wing Facility engineering, liaison to other Medium Energy Physics
Division (MP) groups for techmical channel support not covered by internal
staff, safety officer, technical writer for subsystem procedures, chaanel

svstem documentation (wiring, cables, etc.), backup system operator, facility
interlock system.

TBA, Electronic Technician Electrical, electronic, and electromechan-
ical repair, design and improvement of channel hardware and instrumentation.

TBA, Svstems Technician Computer svstem routine backups and system
redressing; hardware, software and computer System support.

0. Rivera Mechanical techmician provides mechanical design and
fabrication of equipment for dvmamic scaaning and cbannel devices.

B. Swenson Programming assistance 1n treatment planning code project.

B. Equipment

The only major equipment item is development of a spot beam dymamic
collimator which is required to provide dose distributions with as sharp edges
as possible in dynamic trestment. Other equipment is primarily for replacement
of worn-out items and items on loan from other LANL units. Costs are escalated
at approximately 10 percent per year.

C. Supplies

A large component of supply costs is allocated to purchase of materials
used to fabricate hardware for upgrading the chaonel and control systems and
for fabrication of clinical and experimental apparatus. These costs are
escalated 10 percent per vear for inflation.
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Moseley, Robert D., Jr., 4.D.

D. Travel

Funds are requested to support 5 trips per year to scientific meetings
for LANL staff assigned to this program, and costs are escalated at 10 percent
per year for inflatiomn.

E. Other Expense

Other expenses for LANL are primarily computer facility charges for
the patient treatment plamning and other calculations performed on LANL's
large CDC computers at the Central Computing Facility (small because of the
availability of the LAMPF VAX computer), and labor costs associated with
fabrication of equipment, electronics modules, and other hardvare. Funds are
also needed for communications, equipment maintenance and reatal, and contractual
services. These costs are escalated at the rate of 10 percent per year.

IT 1S IMPORTANT TO NOTE THAT THE LANL PHYSICS PORTION OF THE BUDGET
INCLUDES AN ITEM CALLED "BURDEN," WHICH IS A DIRECT COST TO THE PROGRAM, SINCE
THE LANL PHYSICS EFFORT IS PAID BY SUBCONTRACT. The burden is calculated at
an average of 78.5 percent of perscanel costs for all three years, and includes
the following items: 1indirect costs, program management COsts, support re-
search and development costs, and general indirect and recharge equipment
costs, as noted on the budget detail sheet.
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DIRECT COSTS ONLY

2w AR AMOUNT FESUESTED (Cmir coms.

PERSONNE . . Apsiicant srgumizunon eniy) 'Soe iagtryctinns’

TimE SEEQRT

TaNSE

NAWE | TITLE OF POSIm1ON i tacaRY  IUNSE TzTals

Mose1ey. R.D. 9 JY‘. " HD Prncipgl Investigninr

TBA Co Principal Invest

Rajy, M.R., D. SC rellow 25

Tokita, N., MD: PhD ‘Staff Member 25

Carpenter, S. Statf Member 29

Bain, E. Cell Culture Tech 25

Administrative costs prorated to all programs

for secretarial, clerical, and general support

from group and division office staff. VAR

SUBTOTALS — . 94,418

CONSULTANT CO875 (See instasctrons) ‘
ZCLIPMENT (Iremese = .

Isotope detector for kidney and liver s:tudies ! 4,000
SUPPLIES (itemize oy cotegany) 1

Mice (purchase $3,000 / maintenance $16,000) $19,000

Rats {purchase §9,000 / maintenance $21,000) 30,3500

Cell culture materials 6,000

Miscellaneous supplies 3,600 i 338,600

! DOMESTIC
FCREIGN

TRAVEL

el
-

. | INPATIENT
FATIENT ZARE 20STS

fouTPaTienT

LLTIRATIONS AND REMOVATIONS (fremese by covegory)

CONTRACTUAL
OR {See
THIRD PARTY ingrructions)
COS8TS

CTHER EXPENSES (lremize by corege

Burden (see next page) *s542,718

42,718

TOTAL DIRECT COSTS(Aise enter on poge 1, o= 8!

J_ 162,556
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T+ 5780 PAGE 4
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.~
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Moseley, Robert D., Jr., M.D

BUDGET JUSTIFICATION
LANL BIOLOGY

The biology component is conducted from the Life Sciences Division of the
Los Alamos National Laboratory (LANL), with the exception of pathology studies
conducted by members of the UNM Pathology Department. Leading the biology
team is Mudundi R. Raju, D.Sc., Fellow of the LANL Life Sciences Division and
Adjunct Professor of Radiology and Director of the Division of Radiobiology in
the Department of Radiology, UNM School of Medicine. For budgetary purposes
only, the biology effort is shown in two parts: UNM Biology and LANL Biology
because some of the personnel are employees of LANL and some are appointed by
UNM. However, resources are pooled as indicated by project need, and for that
reason all supplies are listed under LANL Biology.

The hours of 8 a.m. to 10 p.m. or midnight on Tuesdays through Saturdays
are allocated to patient treatment. (Mondays are reserved for routine accel-
erator maintenance.) Therefore, biclogy experiments are performed on weekends,
usually starting at 9 p.m. oo Saturdays and contipuing until 8 a.m. oo Mondays.
Fractionation experiments are also conducted during weekdays beginning about
10 p.m. and continuing until abour 8 a.a. the following day. Media exchange,
animal care and feeding, and scoring of cell cultures and experimental animal
radiation symptoms are performed during weekdays and on weekends as needed.

For conduct of radiocbiology experiments, two persons must be present at the
Pion Biomedical Facility for logistical and safety reasomns. Posteirradiation

care and scoring of cell samples and experimental animals is divided among the
UNM and LANL technical staff.

A. Salaries and Wages

Funding is requested for 25 percemt of Dr. Raju, who is directing
the biology effort and who is personally respomsible for the cell culture
studies. Tunding is requested for 25 percent of N. Tokita, M.D., Ph.D., a
radiotherapist and radiobiologist. He will be responsible for studies of pion
acute effects (skin and intestinal crypt) and late effects (mouse lens), and
for coordipating the laboratory studies with the clinical studies.

Support for 25 percent of S. Carpenter (to assist with mouse skin
studies and tissue culture studies and to assist with pion exposures and
colony counting), aad 25 percent of Elvira Bain (to prepare cells and materials
for tissue culture studies and to perform colony counting), is also requested.

These staff will also provide backup toc the UNM biology techmical staff as
needed.

Salaries are escalated 10 percent per year for Years 02 and 03 for
inflation. Fringe benefits are calculated at 15 percent.

B. Equipment

The equipment requested is needed to carry out the biology experiments
as presented in the text of this application.

cC. Supplies

Funding is requested for supplies necessary to do the experiments
described in the text of this application. The requested amounts for each
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vear after Year 9 are escalated by 10 percent for inflation Animal maintenance
is estimated to cost 9¢/day per mouse and 18¢/day per rat.

D. Travel

Travel funding is requested for 10 trips between _os Alamos and
Albuquerque, in additiom to two scieatific meetiangs. Costs for professional
staff are greater than for technicians since their visits tead to be longer and

therefore involve more per diem payments. Costs are escalated 10 perceat per
vear for inflation.

E. Other Expense

IT IS IMPORTANT TO NOTE THAT THE LANL BIOLOGY PORTION OF THE BUDGET
INCLUDES AN ITEM CALLED "BURDEN," WHICH IS A DIRECT COST TO THE PROGRAM, SINCE
THE LANL BIOLOGY EFFURT IS PAID BY SUBCONTRACT. The burden is calculated at
an average of 78.1 percent of personnel costs for all three years, and includes
the following items: indirect costs, program mapnagement costs, support research
and developwent costs, and geperal indirect and recharge equipmeat costs, as
noted on the budget detail sheet.
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yan der Kogel, A.J., PhD :Research Scientisr 100 ' 40
Pigrotti, D, Research Tech, 100 40
Sherman, G, ' Research Tech, 100 -~ 40
TOTALS INCLUDE SUPPLEMENTAL PAGE —
SUBTCTALS . (5,725 9.853% 75,584
CONSULTANT COSTS (See instrverians: .
See supplemental page 3,410
ESS I PMENT (ivemize *
SUPP_IES (1temize Dy conegory) .
J:
|
' DOMESTIC See supoliemental Dage 2,985
TRaAVE| FFOREICN 1
PLTiE - . llN’LT!ENT
ATIENT CARE COSTS  OU-PATIENT
ALTERATIONS aNT RENODVATIONS (remize o coveopory) i
|
I
I
!
]
SONTRACTUAL I
OR (See i
THIRD PARTY ingmuchons) |
COsTS ' :
! |
STRER EXPENSES (Teomize oy cotogery/
Pion exposure gadgets 8,000 : B
Publications costs 1,500 cop v
Histology expenses 7,000 IED F
Shipping of animals 5,000 HQHLOR 21,588
TUTY
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ERDMm CTmAQ Sm
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DIRECT COSTS ONLY OOL. AR AMQUNT REQUESTED (Omir comvs)

PERSONNEL (Aaplicont vrgongenon oniy) (See inttrsctions) ! TisE/EPFOAT |

NAME

. ERINGE '
SALARY I TOTALS
TITLE OF POSITION 3 - e e i SENERTS

Prncipsl invertigeres

CONSULTANT COSTS

E. Travis, Ph.D.,

Radiobiologist, Department of Radiation Therapy, M.D. Anderson Hospital
Houston, Texas

Per diem : 16 days @ §52/day 832
2 trips : Housten, Texas to Los Alamos R.T. 928
Cab fare : 50
Consulting fees: 16 days @ $100/day 1,600
Total 3,810

TRAVEL
Domestic - 5 trips Los Alamos/Albuguerque @ S 97.00 485
2 Scientific meetings @ $770.00 1,540
Total 2,025

c. RN
-5Q0-

- 00133521.051
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Biology - UNM

ZEINT PAL NvEST SeTIF TITSSam D 81T ot ] Robert 0. Mcse1ey, Sr. M.D,

BUDG:TESHMATESFORALLVEARSOFSUPPORTQEOUESTED

DIRECT COSTS ONLY

3UDGET CATEGORY
<6TALS

‘et 3UDGET ADDITISNAL YEARS SUPPQORT REQUESTED
PERIOD
‘fem page 4) ne tre am 1y

PERSCNNEL ‘Saiory end |
tringe Senefire,) |

{ Aasircant ergenizarran enly) N

75,584 33,142 ‘ 91,45

ZONSULTANT COSTS {

3,410 ! 3,751 4,126

ETUIPMENT

SUPPLIES l ! !
1 . Y
‘somesme | 2.025 2,228 2,451
“RAVEL
FOREIGN I
AT EINT NPATIENT
caas - -
[l 4
578 TCUTPATIENT | '

ZRATIINS ant
ENCYAT'INS

SINTRACTLAL SR THMIRD
2137y C28TS

ITHER EXPENSES !

21,500 23,650 26,015

TSTAL CIRECT €ISTS -

102,519 122,771 123,048

T3TAL FOR ENTIPE SROPOSED PACIECT BEOIDL ‘Aie wrrer an poge | tom — § 339,338

JUET!FICATION (Uss matinuetion seges if nesessaryi: Bnefly descrive the sesciiic iunctions of Mo persennsi eng consuitents, Fer ail veors,
vatity gny coars for whigh the need may et be ebvieus, Wk ¢1 squipmen?, (ereign treve:, siterstions and renevetions, snd cONEEN i of “hird
oer'y conts. For future yeors. vatity any signilicont .ncreases n env cotegery. 'n sasivon for COMPETING CONTINUATION soei cotions.

Let ity any n’ni-g.ﬂl INCIARIPS GVEI CUItOnt «@ve: 87 1udPert. | g recurting ERAUE! ACreese N JETIENNE! CEITY 3 SANCISBIvE, §'ve sercentage.
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. Sy e s

BUDGET JUSTIFICATION
UNM BIOLOGY

The biology component is conducted from the Life Sciences Division of the
Los Alamos National Laboratory (LANL)}. (See the Budget Justificatiom, LANL
Biology, for a full justification of the biology program.)

A. Salaries and Wages

Salaries are requested for 1.0 FTE Ph.D. level scieantist (Albert ..
van der Kogel, Ph.D., Research Scientist) to continue leading the CNS studies
and vith Dr. Raju, to coordinate other late effects studies proposed in this
application. Although assigned to UNM, Dr. van der Kogel is based in Los

Alamos with office and laboratory space being provided by the LANL Life Sciences
Division.

Technician support by UNM :s budgeted at 2.00 FTE (D. Pierotti and
G. Shermaan) at the Pion Biomedical Facility in Los Alamos under the supervisioa
of Drs. M. Raju, N. Tokita, and van der Kogel. Costs are escalated 10 percent
per vear for Years 02 and 03. Fringe benefits are calculated at 15 perceant of
salaries and wvages.

B. Consultants

Consultant funds are requested for E. Travis, Ph.D., of the M.D.
Anderson Hospital, Houston, to perform late effects studies on lung tissue.
These costs include transportation, consulting fees, and per diem at rates

allowed by the University of New Mexico. Similar coasulting requirements are
aaticipated for Years 02 and 03.

c. Travel

Travel support is requested for 5 trips between Los Alamos and
Albuquerque and for two scieotific meetings per year. Costs are escalated 10
percent per year for inflation.

D. Other

Other expenses include pion exposure gadgets, publication costs,
histology expenses, and shipping of animals. These expenses are necessarvy to
run the proposed biology program during the iife of this grant.

5=
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Core: Administration

srmnCIPAL INVESTIGATCR PR05Ram siReCTSr _Robert D. Moseley, Jr., M.D.

DETAILED BUDGET FOR FIRST 12 MONTH BUDGET PERIOD '

DIRECT COSTS ONLY

e ———
HER" PIJUCH

12/1/82 i 11/30/83

COLLAR AMOUNT RESUESTED ‘e gonrys

PIASTNNEL (Assiicent seqganizomen aniys (See instretiens)

T'wE EEEQORT i

ERANGE

SALARY 1 pd . TeTaLs
NAME | TITLE OF POSITION - ey e | SENERTS
Mose]e!, R.D. 2 Jr. 2 MD i Brngioal Investegurer _
TBA iCo Principal Invest
_Davidson, K., MS 1Pronram Manager ~ 100 a0
T8A -Grants Mgmt. Spec. : 100 40
. |
i
1.3TCTAS —=: 35,310 . 5.297 ¢ 30,807
SSNSULTANT C25TS (See instauctiany |
Meeting of External Advisory Committee, visiting physicians and general |
) cansultants | 17,500
EL2U PMENT lltemizer
i
SLRPL.ZL iirervise by curegerys
terical supplies 3,200
]
N : DOMESTIC >ee supplemental page ¢,310
ATER TECREIGN
sicignt "55 S {INPATIENT
- R oUTPATIENT
A.TIRAT ONS ANC AENQVATIONS flremize by coreperys '
TANTRACTUAL
OR (See
THIRD PARTY instruchons/
C38Ts !
|
CT=ER IXFEINSES (Iremize by corogoryl
Mag card maintenance 1,550
Typewriter maintenance 200
Xerox and communications 2,424 4,174
TITAL TRIIT COSTE Ales enter en soge !, rten §) :!3 67'997
Ps.308 R
tev .20 PAGE « - COP|ED FOR

1391394

'HSPT

00133521.054
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-~ - PRINCIPAL ‘NvTT™ S477C 9QrTgay T 3€sce OJBT. . o3T LY, (7., ‘.
DETAILED BUDGET FOR FIRST 17 MON"K BUDGET 2ERICT e e
: T RIS RV :1/30/83

DIRECT COSTS ONLY OCLoa® amQUN " FESLESTED (Camt contes

PERIONNEL ( Asslicant ergemizenen ey} (See 1nsrnvetions) CmE SEEANY :
av SINGE X ~e
NamE TITLE OF POSITION - ":'.'“"' Ao JAENERITS ! TeTALS
i Pringigel (nvertigurer -
|
! :
|
[
I
1
TRAVEL
Domestic - 18 tr'igs Los Alamos/Albugquerque @ S 37 1,746
1 Administrative meeting @ $77C 770
Total Travel 2,316
_54_
00133521.055
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Core: Administration

SWINCIPAL 'NVESTICATIR PRSGRAm iREZTCR

Robert J. Moseley, Jr., M0,

BUDGET ESTIMATES FOR ALL YEARS OF SUPPORT REQUESTED
DIRECT COSTS ONLY

TOTALS | {from soge 4} - lae Sre o ’ S
FERSTNNEL (Seary and | 4 ’
' benefirn,) ! 5 '
[ ol ieat o'::vus-ion oniyi | 40,607 i 44,668 49,135 :
CONSULTANT COSTS i 17,500 | 19,250 21,175
ELIPMENT }
[

SUPPLIES 3,200

3,520

3,872

!ocu:s'nc 2,516

TRAVEL

2,768

3,045

'
" FCREIGN

PaTiENT INPATIENT
<ARE

So8TS ' QUTPATIENT -

- s

a.TZ%aTIONS AaND
IENSYATISNS !

IINTAZTUAL OR THIRD
2427v CogTy :

CTMER £xPENsES f 4,174

5,051

TETaL SIRECT 208TS i 67,997

82,278

TSTAL SSRENTIOF FROPOSED PRCIECT PERIDIL (Alge wrier sn poge |, rem T

. s 225,072

JUSTIFICATION (Use smntinuation peges if necessary): Brieily sescribe e speaiite lunchions of Te persenne: end consuitents. For ail vesra,
watify any couts for which Mo nend mey net be esvievs, Juch B8 sauiament, forergn *revel, siteretions ong renevartions, SN conrractvel or thirg
serry z3ste. S3r iunure vears. (wanrly any signilicont increases 1» any cotegery. In sativen. ‘or COMPETING CONTINUATION eaplicotiens,

Lektiiy BRY SIgRITICENT INCISEIEL BYRT CUITEAT (gvgr 8f suBpErl. it @ reCUITING BANUG! NCIREI® 4 PE’IENNG! COBTE B SANICISEINd, §:ve sercaalage.
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BUDGET JUSTIFICATION
CORE: ADMINISTRATION

A. Salaries and Wages

Mr. Davidson and the individual to be appointed will handl: the
administrative requirements for the CRIC scientific and clipical sta:f pased
at or rotating to Los Alamos, as well as housing, travel, and other -equirements
for visiting scientists. These individuals will also handle purchas.ag,
personnel, budgeting, patient cost reimbursements to health care providers,
subsisteace reiabursements to patients, and similar duties, as vell is liaison
with the NCI, LANL, The Los Alamos Medical Cester, and other agencies concerned
with or participating in the pion clinical trials.

Personnel costs are escalated by 10 percent per year for Years 02
and 03. Fringe benefits are calculated at 5 percent of salaries and wages.

B. Consultaats

Consulting funds are requested to pay for travel, per diem, and
consulting fees for members of the External Advisory Committee, and general
consultations. In addition, physiciags from other imstitutions who are refer-
ring patients for pion treatment and/or treating piom protocol control patients
at their own institutions are occasionally brought to Los Alamos for technology
exchange, to improve comparability of data for piom versus cooventional therapy
patients. Their travel and per diem expenses are paid from consulting funds.
Two consultants will be brought to Los Alamos in Year 10 to perform calorimetry
measurements needed for the studies designed to more clearly define absorbed
dose for pions. Measurements will be made by a representative of the National
Bureau of Standards, using a water and a carbon calorimeter, and by Joseph
McDonald, Ph.D., of the University of California/Los Angeles, using a tissue-
equivalent calorimeter. This work is necessary to test calculations of the
conversion factors for iomization chambers of different materials, gases, aand
geometry, as described under Section V-B, Physics. Consultant costs are
escalated 10 percent year for inflatioan.

C. Supplies

The cost of clerical supplies is escalated by 10 perceat per year
for inflatioa.

D. Travel

Travel costs are requested for one administrative meeting at the
national level (e.g., with representatives of the NCI and/or the RTOG), and
for 18 trips to snd from Los Alamos and Albuquerque. These costs are escalated
10 percent per year for inflation.

E. Other Expenses

These expenses include maintenance for magnetic card typewriters at
the Los Alamos administrative office and the Pion Biomedical Facil.ly. Xerox
and communications Costs include printing and distribution of updated material
for the pion protocol and procedure manuals, as well as routine Xerox, phone,

and postage expense. These costs are based on current experience aad are
escalated 10 percent per year for inflation.

-58~
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Core: Protocol Support PRINCIPAL INVESTICATCR. 3@acram 2082755 _Robert D. Moseley, Jr., M.D,

SaACM - TRROLGM

DETAILED BUDGET FOR FIRST 12 MONTH BUDGET PERIOD ' \2/1/82 ‘
DIRECT COSTS ONLY L 12/1/ i 11/30/83

© ZCOLLAR AMOQUNT RESUESTED (Zmir gonras

PERSCNNEL ‘Asslicont arganizenen sniy! (See sagtrvcnony) TIME ESFORT | caiNGE
. iN !
: - SALARY . . TCTALS
NAME | TrrLE oF sosiTiON o | Hews e | | sENEmTS |
1 ! esw ' .
Moseley, R.D., Jr., MD : *nnecieslinvesugerer : ‘ '
1BA ‘Ca Principal Invyest ‘
Garcia, A 'Program Specialist 00! 40
TBA Program Specialist : S0 20
T . i
! i . i
1
SUBTOTALS . 27 998 i, 880 27 564
IINSULTANT COSTS (See instavctianw |
!
SSCIPUENT iremire ¢
|
I
!
SUPPLIES tivemize by caregary/ I
!
Clerical supplies 1,500
TRavEL “o0MESTIC  See supplemental page ! 1,934
EOREIGN :
. L INPATIENT !
SATIENT CaQg £I3TY ,
CUTPATIENT
ALTIAATIONG AND RENOVATIONS (fremere by carepery |
|
CONTRACTVAL
SR [Sew !
THIRD PARTY marrverone |
CasTs .
|
]
CT=EI IXAENSES (romize o+ cotegery
TOTAL DIRECT COSTS/Liem enver oneye I, rtem D) | $ 31,028

PrS.108

e ract - COPIED:FOR
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P —
Tatm EETS)

DETAILED BUDGET FOR FIRST 12 MONTH BUDCET PERICE 211/82 1./30/83
DIRECT COSTS ONLY

ITLLAR AMOUNT REQUESTED Gt comen)
PEASONNME L [ Apeiicont orgenizenen aniy) [Ses ingtrsgtions: TME - EPECARY i

SNNGE !
NAME TITLE QF POSITION - -q.::.”.., SALARY "N':,,.,s # TOTALS
ML R.D,, . Jr . MO Prineipgl lavastsgerer :
T34 {Co Principal [avest |
l .
; ]
! i
{
i :
! : ] ]
i
TRAVEL
Domestic - 12 trips Albuquerque/Los Alamos @ S 37 1,164
1 trip to RTOG meeting 3 §770 770
Total Travel 1,934
~58-

- 00133521.059
109134979



Core: Protocol Support

P26 ®al iNvEt™ -z 3aCGRam .2eC*ch  Robert 0. Moseley, Jr.., M.D.

BUDGET ESTIMATES FOR ALL YEARS OF SUPPORT REQUESTED
DIRECT COSTS ONLY

AUDGET CATEGORY | '$t BUDGET ADDITIONAL YEARS SUPPORT REQUESTED
TOTALS ! PERIOD
| (from pege 4) Ine lre o Sen

oA TOREL (Swery wne 27,594 ' 20,353 33,388

{Apsiicamt srgenizerien saly) |

CONSULTAMNT COSTS l

ESUIPMENT

SUPPLIES 1,500 ; 1,650 ' 1,815
' >ouesmic 1,934 2,127 2,340
TRAVEL
EQREICN ,
samignt | INPATIENT . |
“ZARE
Z38TS uTeATIENT |

ALTISATIONG aND
SINQVATIINS

IINTSACTLAL 2R TMIRD
Pa37TY 287

STHER SXPENSES

TeTaiziascTessts 31,028 - 34,130 37,543

"

1
TOTAL FCRENTIOE PROPOSED SROJECT PERICE (Alse onter on poge |, 11em = ————c———————e., 102,701

JUSTIFICATION Use auntinverian seges if necesseryit Bnetly éescribe the specthic hunctions of me aersenne! snd consvitenrs, For all yeurs,
ratify eny costs ior which the need may net be sbvisus, JUCH S8 SEVIBMOnT, ‘GreIgn travel, Siterations end renevanient, end sentracivel or third
serry zeets. Fur iuturg yeurs. wenhiéy eny significant ingreases 'a any cotegery. 'n egsition, ‘ar COMPETING CONTINUATION essiicanens,

1By GAY $19N1TICENT INCTEEIEE SVEr CulionTt iovel of 1us8er! f g reCurring GAAUE: PCIOEIE (N PErSONAE! CESIY 13 SNNICIG0Id, Jive sersentage.
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Moseley, Robert D., J:.I ilh
BUDGET JUSTIFICATION

CCRE: PROTOCOL SUPPORT

A. Salaries and Wages

Support is requested for 1.5 FIE program specialists for this core
component to provide the minimum staff support for data management activities;
patient scheduling, liaison, and counseling; transportation and housing arrange-~
ments; collection and transmission of patient records and films; maintenance
of study forms and film files; and related duties.

Salary costs are escalated 10 percent per year for inflatioa.
Fringe benefits are calculated at 15 perceat of salaries and wages.

B. Supplies

Supplies are mainly clerical supplies for the significaat paper load
associated with the activity of this group in support of the pion clinical
trials. The estimates are considered minimum amounts, based on curresnt exper=-
ience, and are escalated 10 percent per year for inflation.

C. Travel

Travel support is requested for one trip to an annual RTOG data
managers’' meeting for training and coordination on forms and reports. Travel

support is also needed for periodic travel to and from Los Alamos (one trip
per month).

D. Other Expense

Phone expenses were budgeted based on actual use and projected for-
ward at a 10 percent increase each year

-60-
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33N RaL NLTETSATTY 297034m T 30700

JETAILED BUDGET FOR FIRST 12 MONTH BLDGE™ PER'CO

DIRECT COSTS ONLY

.sllon

11/30/23

I3 oA AamMOud

CLLESTEID Cmir zomvgy

PIISONNEL [ Asei.cont orgenisurren onivi (See rastructions:/ TmE ZEETRT

TITALS
NamE TITLE 58 CSITICN %
See ind'ividuﬂ budqets 3.ingrgel Ineaet gorer
i
SuBTOTALS 783,340

SINSULTANT (2575 (See ingtructionw

! -
See individual budgets . 39,039
ZLL.PMENT iremizer *
|
See individual budgets 51,200
SUPB_ES (lremize by categery)
See individual budgets 73,679
TRaveL LSoMesTic  See ingiyidual nudgers 145,468
TE0REICN

. e m [ INPATIENT i { g . 18,814
PATIENT CARE C2573 iOUTPATIENTSee individuyal budgets c(114.297)
ALTIRATICNS aND RENOVATIONS (Jremize by cmegury
DY S See individual budgets for Los Alamos

THIRD PARTY  .nsevesenw| National Laboratory (LANL) Physics

=337 and Biology 954,156
CTRER ZXPEINSES (Hremeze by caregeryd

See individual budgets 233,256
TITAL TIRECT Z25TS (Al enter on sege 1. rem 8) s 2,182,833
ug.308
Rev. 5/80 PAGE 4

~-51~-
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TOTAL SUMMARY

s3I PAL INVEITGATZR mecsAaw - 3s2-ca Robert 0. Mgselev, Jr. . M. 0,

BUDGET ESTIMATES FOR ALL YEARS OF SUPPORT REQUESTED
DIRECT COSTS ONLY

schETCATEGORY i 'I-;%%iggT ‘ ACDITIONAL YEARS SUPPQRT REQUESTED
TOTALS | (fram poge &) Zne 3ee am i Sm

FEIISONNEL (Seery and ! ) : X
e erensan aniy) © 751,340 | 864,041 1 293,647 ‘{
cewsuLTaWTCSTS i 39,039 ! 44,343 17,237

SCUIPMENT i 51,200 | 29,775 27,145

SUPPLIES 73,679 i 81,047 i 89,152 :

- ! _
somesme | 145,468 160,015 176,017
TRAVEL
SOREIGN

paTignT NPATIENT 18,814 20,695 22,765

CARE ”

cesTs suteamisnt ¢ {114,297) (125,727) +..3,300)

ALTISATIING AND

2ENC VLT .INS

FENTRGRANI R 1 954,156 1,048,372 1,157,010
SHER £1AENSES i 233,256 1 256,582 282,200 :
Totazasztcasts | 2,152,655 . 2,379,743 2,656,913
TOTAL FSR ENTIOE PROPOSED PROJECT PERIOL (Alse wrier on poge |, rom T *l s 7,189,311

JUSTiPICATION (Use cuntinverien pages if necessaryl: Brgily cascribe e speciire hunenions oi me persenne: ene consuliants. Ber alt yoers,
uatify any casts for whiCh The Reed MEY neT be sbvieus, such s equipmen?, ‘areign rave:, SlIBrenens snd rensvetiens, snd contracrvel or Mird
surty costs. For ‘uture vears, (ushiy any significent increasen A ony cologery. 1n eadinien for COMPETING COMTINUATION ssnncetions,

wshty any si@niticent (ACreEses Over Curtent 1@val ol 1weper! .| ¢ (RCUIIING INNUE! TCTESSE N BEISEANE! CRBIT I SANICIPETEE, PIVe percentege.

The contractual or third party costs include both the Biology - LANL and the Physics -
LANL budgets.
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PRINCIPAL INVESTIGATOR ®0GRAn oiagz-0R _Joners o, Mgseiav, S~ M D

OTHER SUPPORT
{USE CONTINUATION PAGES |F NECESSARY)

For each of the professionals named on page 2, list, in three sepcrore grouss: (1) senve suppory; {2) applications
pending review and/or funding; (3) spplications pianned or being preparea for submission. Inciude gil Federai, non-
Federal, and institutional grant and contract suppart. If nane, stare ‘NONE.'' or each item give the source of suppert,
identifying number, project titie, name of principal investigotor/ pragram director, time or percent of effert on the project
by professional nomed, ennual direct costs, and entire period of support. -1f part of g larger project, provide the tities of
both the parent grant and the subproject and give the annual direct costs for each.; Briefly describe the contents of sach
item listed. |f any of these overiep, duplicare, or are being reploced or suppiemented by the present appiication, (ustity
and delinecte the natre and extent of the scientific ond budgetary overiaps or boundaries.

PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR: Robert 0. Moseley, Jr., M.D.
(1) ACTIVE SUPPORT: None
(2) PENDING SUPPORT:
NIH application "Observer Performance Evaluation of Imaging Technology”, Robert D.
Moseley, Jr., M.D., Principal Investigator, 20% 515,300 {vr. l).

CO-PRINCIPAL INVESTIGATOR: TBA

{1) ACTIVE SUPPORT: )
Los Alamos National Laboratory, Purchase Order 4-121-2460V: Professional Services:
Pion Bfomedical Program Direction, TBA, Co-Principal Investigator, 25%, $25,000,

(renewable annually). Support from LANL fcor oion program direction; does not dupli-
cate funds requested here.

CHIEF, CLINICAL PHYSICS: Smith, A.R., Ph.D.
(1) ACTIVE SUPPORT:
Mational Cancer Institute S ROl CA 22286-04: AAPM Charged Particle Dosimetry Task
Group, A.R. Smith, Ph.D., Principal [nvestigator, 20%, $53,754 (Yr. 4), 1 Acgust
1280 - 31 July 1983. Support for charged particle intercomparisons and development
of charged particle dosimetry protocol; does not duclicate funds requested here.

(2) PENDING SUPPORT:

National Cancer Institute, RFP # NCI-CM-17482-22: <Evaluyation of Treatment Planning
for Particle Beam Radiotherapy, A.R. Smitn, Pn.J., Principal [nvestigator, 15%
$28,720 (Yr. 1), $250,020 (Total). Evaluation
of treatment planning techniques for national narticle intercomparison. If approved,
release time from this project will be replaced with a tecnnician (.30 FTE total:
Smith (15%), Hilko (20%), TBA (15%) ).

FELLOW, LOS ALAMOS NATIONAL LABORATORY: Raju, M.R., J.Sc.
(1) ACTIVE SUPPORT:
National Cancer Institute 5 ROl CA 17290-06: Comparative Studies of Heavy Particles
in Radiotherapy, M.R. Raju, Ph.D., Principal Investigator, 70%, $i82,160, 1 August
1981 - 31 July 1983. Does not duplicate funds requested here. Release time from

this application will be used to obtain additional tecnnical support for comparative
studies until completing renewal.

CHAIRMAN, PATHOLOGY UNM SCHOOL OF MEDICINE: Anderson, R.Z., M.J.
(1) PENDING SUPPORT:
National Cancer Institute 2 ROl CA 13805-08: Radiation Injury in Suboopulations
of Lymphocytes, R.E. Anderson, M.D., Principal !nvestigator, 25%, $60,457 (Yr. 1),
§358,892 (Total), 1 January 1982 - 31 December :386. DOoes not duplicate funds
requested here; effort does not overlap.

—~ - -
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PUINCIBAL INVESTIGATOR/PRocRAM OIRECTOR: _Robert D. Moseley. Jr. M.D.

RESOURCES AND ENVIRONMENT

FACILITIES: Merk the facilitios 's bs used and briefly ndicare their capecities, pernnenst cepebiiines, relarive prozimiry ond
extent of avasiability 10 the preject. Use ‘erher’’ t0 dosenbe facilitian ot emer serfermance sires i1a10d 17 [tem 9, poge |, end ot
sites for fiald stvdies. Using continvanen peges if necessory, nclude o aeacrintion of the nerure of any coilabarerien with orner
organizeriens and previde further 1niormenan 1n the RESEARCH PLAN.

E Lovererery: The Pion Biomedical Facility at LAMPF is equipped with a small tissue
culture laboratory. Complete tissue cuiture facilities are availablie at the CRTC/
Albuquerque and the Los Alamos Nationai Laooratory for backup as needed.

The 8500 square-foot Pion Biomedical Facility is equipped with outpatient
[33 Clinicel: examination, CT scanning, simulation, set-up and treatment facilities for

patients. Outpatient housing is available by lease from the Los Alamos Medical Center.

Inpatient facilities are available at the Los Alamos Medical Center and at the UNM
Hospital (an 8-bed cancer research unit). A ful® range of outpatient clinical facil-

—~— ities is available at the CRTC in Albuguerqgue.

LL ammei: A small animal holding facility is available at the Pion Biomedical Facility
at LAMPF, Larger backup facilities are available at the CRTC in Albuquerque, at the
Los Alamos National Laboratory (including a holding area for large animals), and at
the UNM Medical Center Animal Resource Facility.

(X Comsuter: The Pion Biomedical Facility at LAMPF is equipped with PDP-11/45 and 11/70
computers and an array of peripheral devices (terminals, CRT displays, printers,
microprocessors, CAMAC modules, etc.). Purcnase of a POP /AX computer for the
facility with DOE funds is being explored.

EZ: ofice: Qffice facilities for research and administrative staff are available at the
Pion Siomedical Facility, an adjacent office building, and the Accelerator Technology
building approximately one block from the Pion Facility. Jffice facilities are
provided at the CRTC in Albugquerque for staff basad there.

r"—'.
L Cthar ! ):

MAJOR EQUIPMENT: List the mest impartent equipment items eireedy aveiiadie for this preiect, neting the iscarien, ang pertinent

conshilities of seche Clinac 6 acceleratar (Albuquerque)

90 McY negative pion channel (fixed vertical beam) {linac 18 accelerator (Albuquergue)

2 EM1 7070 whole body scanners Picker Simulator (Albuguergue)
Philips Medio 5500 simulator Jdrthovoltage, superficial and

GE 300 kVp Maxitron x-ray unit (for biclogy) cobalt machines {Albugquerque)

Equipment for physics dosimetry, microdosimetry, Implant sources (Albuquergue)
in vivo dosimetry, visualization, and Word processing equipment (Los
treatment planning Alamos and Albuquerqgue)

Compyter equipment as described abgve

ADDITIONAL INFORMATION: Provide any ether infermatian describing the snvirenmen? far e preject. ldentify susperrt services
such o3 consuitants, secretanial, machine shep, sne slecrrenics shep, ond the extent m which they will be avariable e the praject.

The Pion Biomedical Facility includes an electronics shop and medical physics laboratory.
Complete shop services and electronics instrumentation services are available through
LANL. The LANL Central Computing Facility is available for treatment planning and other

applications. The complete clinical and laboratory facilities of the CRTC in Albuguergue
are also available for diagnosis, supplemental treatment, and ‘ollow-up.
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RESEARCH PLAN

I. INTRODUCTION - STATEMENT OF OBJECTIVES

A Objective

The primary objective of this program is to coaduct the necessary
physical, biological and clinical studies to evaluate the efficacy, potential
benefit, and role of anegative pi mesons (pions) in management of solid tumors
anot well managed by curreat methods.

B. Background

Radiation therapy used alone or in combination with surgery oc
chemotherapy is an effective curative modality for a large number of patients
with localized and regional cancers. Considerable progress ian the last two
decades in the treatment of cancer with radiation therapy has beean due to
a better understanding of cancer biclogy and the radiation tolerance of
oormal tissues, advaances in radiation dosimetry, increased use of careful
treatment planning, ind the use of megavolrage radiation sources (x-rays,
gamma rays, and electrons) with improved physical dose distributioans. Despite
these advances, it has been estimated that approximately 100,000 deaths occur
annually due to failure by all means of therapy to control local-regicaal
cancer. Improved local control would aid not only these patieants, but
also patients with those types of solid tumors in which systemic adjuvant
therapy may control distant metastases. Any modality that will enable the
radiotherapist to increase the effective radiation dose to the tumcr while
maintaining or reducing the effective dose to critical normal tissue will
enhance contzol of large lesions. Coatrol of the local lesion will enhance
the benefit of systemic therapy on disseminated subclinical disease.

Because of the unique physical and biological properties of particle
radiations, it has been proposed that their use will significantly enhauce the
ability to accomplish uncomplicated local coatrol of cancer. To ctest this
theory, the National Cancer Institute has supported several projects to explore
and exploit the theoretical advantages of beavy particles ia radiotherapy,
including oeutrons, protons, heavy ions, and negative pi mesoms (pioas).

In terms of biological effectiveness, radiation may be classified as
low lipear emergy transfer (low LET), such as x-rays, gamma rays, electroms,
protons, and negative pious in their plateau region; or high LET, such as
neutrons, heavy ions, and pions in their stopping region. High-LET beams
differ from low-LET beams in the greater density of ionization deposited in
tissues, which leads to greater destruction of criticzal molecules, and thus
increased cellular lethality.

Beams of heavy charged particles have a characteristic absorption
curve with a finite depth of penetration. The depth-dose curve of heavy
charged particles has two portions, an initial relatively low-dose plateau,
and a high~dose terminal peak (Bragg peak) in the stopping region. The depth
at which the Bragg peak is located within the absorbing medium depends on the

091400 00133521.066
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ipitial momentum of the particles. As the particles lose epergy, slow down
and stop, a proportionately greater amount of energy is absorbed per unit
volume of tissue, creating the high-dose peak. The greater the dose at the
peak stopping region in comparison with the plateau, the greater the poteatial
improvement in the ratio between dose deposition in tumor and adjacent normal
tissue. The depth-dose characteristics of a heavy ion beam, a proton beam
(even though it is low=LET), or a pion beam can be modulated to fit a tumor,
thus minimizing the amount of energy deposited in adjacent normal tissues.

The more the radiation can be limited to the tumor volume itself, the higher
the dose that can be delivered, thus increasing the probability of destroying
all tumor cells. The physical dose distribution combines with increased RBE
to enhance cell killing in the stopping or peak region. Despite sophisticated
isocentric equipment and computerized treatmeat planning, conventional super-
voltage radiation and neutron beams (even though they are high LET) cannot be
localized to the tumor in the same manner. Particularly io the case of deep-
seated tumors in proximity to normal tissues of greater radioseasitivity thaa
the neoplasm, it is pecessary to limit the dose of radiation to levels known
to be suboptimal in terms of eradication of the disease.

The pegative pi meson, or pioa, a subnuclear particle with a mass
approximately 1/7 thbat of a proton, behaves as low-LET radiation in the plateau
region, but in the stopping region, the effective dose is high for two reasons.
One is the increased ionization caused by the charged particle slowing down
and stopping, as mentioned earlier, so that increased energy deposition per
unit volume of tissue octurs in this peak region. However, as these negatively
charged particles lose energy in the peak region, they are captured by the
nuclei of atoms, principally carbon, nitrogen, and oxygen. This causes aa
unstable condition ip the nuclei of the atoms, which then undergo fragmentation,
with the production of alpha particles, large auclear fragments, neutroans,
protouns, and a small percentage of gamma ravs. The ionization pattern of this
fragmentation, the "star,” contains the high-LET portion of the pion beam, and
it augmeats the primary ionizatioz in the peak region. Part of the fragmeats,
including neutrons, are high-LET radiation. The pion peak, therefore, has a
mixture of low- and high~LET radiation.

Generally, normal cells have a greater capacity to recover from the
damage caused by low-LET radiation than do tumor cells arising in tbose normal
tissues. The increased ability of normal cells to recover from sublethal
damage makes cure by radiation possible, since the sensitivity of normal and
aeoplastic cells to cooventional low-LET radiation is about the same. lMultiple
small daily fractions of x-rays (< 200 rad) permit a greater degree of recovery
in normal cells than in neoplastic cells in a specific time period. The
reduced amount of recovery in gsormal tissues that occurs with a pure high-LET
radiation may overcome the differential recovery favoring the normal tissues
and thus may mitigate against the favorable effects of low-LET fractionmation.
However, the LET differential betweea plateau and peak for pions should partially
overcome this dissdvantage by confining the high-LET radiation to the tumor
volume, provided the tumor can be adequately localized for dose delivery and

that optimal techniques are employed in contouring the dose distributioan to
the desired treatment volume.

Two radiobiological principles common to high-LET radiation may act
to increase cell killing in the peax region: (a) high-LET radiation has been
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shown more effective in killing the hypoxic cells which are present .n :he
majority of tumors, and (b) variations of cellular radiesemsitivity witlin -
cell-cycle phases have beea shown to be less marked with high-LET -adiatzon.® *

The fundamental nature of the negative pion and its interactiom at
rest with nuclei have beea known since 1947 when Powe:l and his group .a
England first observed these particles. In the early 1960's, Fowler, Richmaa,
and others suggested the use of these particles for cancer therapy Fowler
and Perkins were the first to make calculations of the dose distributioas of a
pion beam.3 Further expe::mental work ensued with a beam of low intensity at
Berkeley,% 3 but a beam or sufficient intemsity to perform medical testing was
not available until the biomedical pion channel of the 800-MeV proton .inear
accelerator at the Clinton P. Anderson Meson Physics Facility (LAMPF) was
activated in early 1974.

In September 1972, the University of New Mexico (UNM) and the Los
Alamos Natioual Laboratory (LANL), then called the Los Alamos Scieatific
Laboratory, proposed to the National Cancer Institute (NCI) a joint research
program of preclinical physics and biclogy studies for pion radiotherapy,
based on the planned availability of a pion beam more than 100 times as intense
as that produced at Berkeley. The biomedical pion channel and biomedical
facility at LAMPF were thenm under coostructiom ¥ith funding from the Atomic
Energy Commission and the NCI. Funding for the preclinical research project
was approved for a three-year period, starting July 1, 1973. The following
moath (August 1973), the 800-MeV proton accelerator at LAMPF produced its
first pions, although activation of the biomedical piom channel did mot occur
until February 6, 1974. Under a grant to support the climical activity (CA-
16127), awarded May 1, 1974, four patients were treated with pions during
October-December 1974. The proton accelerator was then shut down for about 15
months for exteasive refurbishing to tolerate high inteasity beam operatioas.
Clinical treatment resumed in June 1976, although beam intensity was then at
only 10 microamperes (1/100 of the planned design intensity of 1 milliampere).
Beam current was gradually escalated, as was the oumber of operating weeks.
Current was raised to 500 microamperes in the summer of 1979, and receatly
escalated to 600 microamperes. An increase to 750 wicroamperes is plaaned for
the summer of 1982. Each increase in beam current produces a linear increase
1n pion flux, so that patient treatment time is proportionately reduced. With
the increase planned for the summer of 1982, it is estimated that it will be

possible to treat 20-25 patients per l6-hour treatment day, compared with
15-18 at preseat.

The two grants for preclinical studies (CA-14052) and clinical
studies (CA-16127) were combined May 1, 1979, into a single grant to support
clinical, biological, and pbysics studies related to pioa radiotherapy. This
application represents a new application for the period December 1, 1982,

through November 30, 1985, to replace a disapproved application (2 POl CA
16127-09).

oY
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II. INSTITUTIONAL ENVIRONMENT AND RESOURCES

The UNM and LANL have been engaged since 1972 ia a joiat research effort
to test the radiotherapeutic potential of pions produced by the 8Q0-MeV proton
linear accelerator at Los Alamos. This accelerator is the ouly oce in the
U.S.A. routinely producing pions at sufficient intensity for medical testing,
and physicians throughout the pation are sending appropriat2 patiemts to this
facility for pion radiotherapy.

A. Cancer Research and Treatment Center. Albuquerque

The pion research program provided the impetus for the creation of
a regiounal cancer ceanter in Albuquerque, the population center of New Mexico
with approximately one-third of the state's 1.3 million resideats. The center
was coostructed with a $3.375 million grant from the NCI aad $1.5 million in
matching funds from the state, couaty, and UNM. It was opened for cliamical
operations in January 1975. The CRTC has developed programmatically into
a2 multidisciplinary center, involving physiciaas, basic scientists, epi-
demiologists, and others. The CRIC is the oaly facility exclusively devoted
to cancer research, treatment, education and coatrol activities in a geo~
graphic area bounded by Houston to the East, Tucsoa to the West, Denver to
the North, and the United States/Mexico border to the south. The center is
operated by UNM as a facility to serve the entire State of New Hexico and
contiguous areas of surroundisg states. The center has been ideatified by
the New Mexico Health Systems Agency (HSA) and the Navajo Natiom HSA as
the central cancer facility for the State of New Mexico and the Navajo
Nation. The patient catchment area for the center is depicted in Figure 3.

The CRTC is an outpatient hospital, with 56,975 net square feet of
space for diagnostic, clinical, laboratory, epidemiology, and administrative
activities. Iopatient facilities are provided by the UNM Hospital/Bermalillo
County Medical Center adjaceat to the CRTC, and by the UNM-affiliated hospitals
(Lovelace-Bataan Medical Center and the Albuquerque Veterans Administration
Medical Center). These hospitals bave a combined total of 900 beds. Ao
eight-bed research unit is available at the UNM Hospital for research protocol
patients of the CRTC. The UNM Hospital is connected with the CRTIC by a
common corridor at the clinic floor level. The CRTC alsoc has service tunnels
connecting with the UNM School of Medicine Basic Sciences Building and the
Colleges of Nursiag and Pharmacy. The UNM north campus health complex also
includes the Bermalillo County Mental Health Center, the New Mexico State
Laboratory Building (for Health, Enviroomental and Medicai Iavestigacion
laboratories), New Mexico Children's Psychiatric Center. a building housing
the departments of Family, Community, and Emergency Medicine and Psychiatry,

a nev medical library, and a dental hygiene building. A 359 million basic
research building is under coanstruction adjaceat to the CRIC and Basic

Scieaces Building, and will be coonected by the same service tunnel system
with the CRTC.

Approximately 31 perceat of CRTC caacer patients are Bermalille Couaty
residents, while 57 percent are New Mexico resideants of counties other than
Bernalillo and 12 percent are residents of other states. A total of 4,548
new and follow-up patients were saen at the CRTC in calendar year 1980, of
whom 559 were caancer patients seen in the Radiation Oncology Section.
Collaborative arrangements with participating institutioans throughout the
country are discussed in detail in Section V-A (Clinica. Ilovestigatioas).
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In addition to the pion research program, the CRTC's clinical investi-
gations include participation (with full membership) in the Southwest Oncology
Group and Radiation Therapy Oncology Group.

The clinical floor of the CRIC has been planned for ease of rapid
work-up and decision-making for patient treatment. A full range of diag-
postic, therapeutic and follow-up services is provided. The primary goal is
to provide rapid pretreatment evaluation for most patients. To improve effici-
ency, a compurerized system for scheduling patieats with various specialists
and specialized diagnostic equipment has been impiemented.

The center's clinical operations are organized under a multidiscip-
linary joint clinics concept, with patients seen in one area by physicians of
various specialties. In addition, a pumber of specialty cligmics are operating
at the center, including gynecologic oncolegy, colposcopy, gastroeaterology,
deatal oancology, psychiatry, and a pain comtrol climic. The ceater is designed
as an outpatieat hospital, since most radiation therapy and many chemotherapy
and mipor surgical procedures can be performed oo aom outpatient basis. A
patient holding area is available for patiegts who are recovering from minor
surgery or who are undergoing chemotherapy which requires a short stay at the
ceater. Patients may stay i1n the holding area for periods less tham 24 hours,
but if they geed inpatient care are admitted to one of the local hospitals.

Specialized equipment available at the CRTC includes a full range of
diagnostic equipment (with an EMI 7070 whole-body scanmer installed in february
1982), a Picker simulator, a Varian Clinac 18 linear accelerator, a Varian
6 MeV accelerator, a cobalt-60 teletherapy machine, an orthovoltage machine,
and a superficial therapy machine. Research laboratory and animal holding
facilities are also available at the CRTC, with additional animai holdiag
facilities available through the UNM Medical Center Animal Resource Facility.

The CRIC provides education through training rotatioas for medical
students, residents, and ioterns; conferences, seminars and lectures for
medical professionals; a residency program in radiation therapy and fellowships
or residency rotations in medical oncology, and gynecologic oncology; and
continuing education programs for paraprofessionals.

Outreach programs began in 1973 and are conducted in cooperation
with the New Mexico Cancer Control Program. Under the program, teams of
oacology specialists from the CRTC, other units of the School of Medicime, and
the community, regularly visit New Mexico communities for working tumor boards
with local physicians. These conferences are classified for Category IV
credit toward recertificationm of physicians for licensure in the State of New
Mexico. Telephone consultationm is also available for the state's physicians
on a daily basis. In addition to the outreach program and the CRIC's own
vultidisciplinary tumor boards (held weekly ia comjuaction with the UNM Hospital),
the CRTC is represented at weekly or bi-weekly tumor boards at Lovelace-Bataan
Medical Center, the Veterans Administration Medical Center, and St. Joserh
Hospital in Albuquerque. It is estimated that through the CRTC's own activity,
and through the outreach program and local tumor board participation, the CRTC
impacts on approximately SO percent of the state's cancer patients, who thereby
receive the benefit of multidisciplinary comnsul:tation.
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The New Mexico Tumor Registry, 3 unit of the CRTC, bas be
operation since 1969 and is a participant in the NCI's Surveillamce = ..
ology and End Results (SEER) program. The NMIR collects aad ana2lyz .
the incidence of cancer in the State of New Mexico and the Navajo N
through the cooperation of bospitals, climics, physicians, laborato -
radiation therapy centers throughout the region. The New 4exico He

Social Services Board has designated the NMTR as the official repos
cancer data in New Mexico.

B. Los Alamos National Laboratory, los Alamos

LANL is a multiprogram national research and development .aboratocy.
It is located on a 7,300-foot-high mesa in nmorthera New Mexico, 35 miles
northwest of Santa Fe and two hours by car or 30 minutes by air from Albuquerque
(Ross Aviation provides nine round-trip flights per weekday and two on Sundays
between Los Alamos and Albuquerque). Los Alamos County, which includes neardy
White Rock, has a population of approximately 20,000.

LANL was founded in 1943 to design and build the first atomic bomobs.
Following the completion of this work and the end of World War II, the United
States found it necessary to maintain continued auclear weapon development.
Coasequently, Los Alamos continued to functioa not only as a nuclear weapons
laboratory, but also as a basic nuclear science research iastitutioa to support
its primary role. The laboratory is operated by the University of Califormia,
under contract from the U.S. Department of Energy. The principal fields of
research today include nuclear, medium energy, plasma, and cryogeaic physics;
inorganic, physical, and nuclear chemistry; mathematics; metallurgy; earzh and
life sciences. These scientific disciplines support programs in auclear
weapons design and developmeat, in the use of nuclear energy for the production
of electric power, in nuclear safeguards, in controlled release of thermonuclear
energy both through magnetic energy confinement and through laser-induced
implosions, in development of geothermal and solar emergy utilizationm, in
biomedical applications of stable isotopes and meson therapy, in cryogenic
applications for electrical energy transmission and storage, in advanced
accelerator design and in other advanced instrumentation developmeat and basic

research in life sciences including molecular and mammalian biology and flow
cytometry.

Laboratory facilities encompass approximately 32 square miles of Los
Alamos County, with an investment in plant and equipment of approximately 5600
million. Laboratory floor space totals approximately 5 million square feet,

of which approximately 70 percest is dedicated to direct research and develop-
ment activities.

The Clinton P. Anderson Meson Physics Facility (LAMPF), which is a
unit of LANL, is one of the world’'s largest and most powerful auclear scieace
facilities. The heart of the installation is a linear accelerator (linac)
designed to provide a beam of protons of variable energy up to 800 MeV and an
average beam current of ] milliampere. It is a scientific community, and
provides a new and powerful means for carrying out an exteansive program of
research over a broad spectrum of scientific interests. I: is a tool for the
atomic, nuclear and elementary particle physicist, nuclear chemist, radio-
biologist, radiotherapist and solid-state physicist, and has important appli-
cations in medicine, isotope production, defense scieace, and the study of the
structure of materials.

-71-

! Oq 5 [* ! 2 00133521.072

e

"



Moseley, Robert D., Jr. M.D

Groundbreaking for the $100 million facility was beld in February
1968, and the first proton beam with an epergy of 5 MeV was achieved on
June 10, 1970. The full design energy of 800 MeV was reached oan June 9, 1972,
In 1974, the first full year of operatioa, beam was supplied to 65 experiments
involving 400 scientists from 56 institutioas.

LAMPT consists of a three-stage, high-inteasity linear proton
accelerator with experimental research areas, installationms for radiation
therapy and isotope production, and support facilities. The first stage is
the proton injector (a Cockroft-Walton generator), the second an Alvarez
drift tube accelerator which takes the particles to an energy of 100 MeV,
and the third (and longest) is a side-coupled accelerator which carrieg the
particles to 800 MeV. The side-coupled design developed for LAMPF: H ioms
(hydrogen nuclei c= protons), H ions (hydrogen atoms with an extra electron),
agd polarized H_ ions (with the _protoas spinniag ia the same direction). Both
H and either R or polarized H beams can be accelerated at the same Cime.
When the particles leave the accelerator, they enter the switchyard, waere
~ the particles are directed to various targets to produce new particles: pioas,

muons, neutrons, and neutrinos--research tools for varied experimental projects.
More than 10 experiments can be conducted concurrently at LAMPF iz the
various experimental areas. Thus, when the accelerator is ia its production
cycle, the pion biomedical chanmel is used exclusively {24 hours a day) for
biomedical research. Time-sharing with unrelated physics projects, as
is required at many major accelerator installations throughout the country,
is not necessary for the biomedical users at [LAMPF. To date, approximately
90 percent of available biomedical pioa beam time has been devoted to this
program, although other researchers perform biological and physics experi-
ments when beam time is available and their projects meet the required
criteria of scientific merit.

The biomedical pion channel is 33 feet long from target to treat-
ment room. The Pion Biomedical Facility, which houses the treatment room and
ancillary laboratory and clinical space and equipment, contains 8500 square
feet. Specialized equipment available, most of it purchased under this grant,
includes an EMI 7070 whole-body scanner, a Philips Medio 5500 simulator,

PDP 11/70 and 11/45 computers (the latter dedicated to treatmeat planning
applications), a small animal holding facility, and am array of physics,
biology, and clirical equipment for support of the pion prograa.
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II1. ORGANIZATIONAL AND ADMINISTRATIVE STRUCTURE

TBA co-principal investigator will be responsible for supervision of ail
components and directly responsible for the climical investigations component.
He/she will also direct the work of LANL staff assigned to the program (LANL
participates in salary support through a $25,000/annum purchase order =o UNM).

The organizational structure of the pion biomedical program is shown in
Figure 4. Christopher Gilman, M.D., Radiation Omcologist, will be based
full-time in Los Alamos and serve as deputy for pion clinical investigations.
William C. Black, M.D., Chief of Oncologic Pathology at the CRTC, is pathologist
of record for the pion clinmical trials, and Fred Mettler, M.D., Chief of
Diagnostic Imaging at the CRTC, is diagnostic radiclogist of record.

Alfred R. Smith, Ph.D., is Chief of Clinical Physics for the program, and
James N. Bradbury, Ph.D., is Chief of Developmental Physics. Dr. Smith also
holds an appointment as Associate Professor in the UNM Department of Radiology;
Dr. Bradbury is Group Leader of the Practical Applications Group 'MP-3) of
LAMPF. The UNM physics group is charged with clinical physics aspects, and
the LANL group with beaam development, channel operating systems, and computerized
treatment code development. The two units work together as a team on almost
all projects. An example is the development of dynamic scanning technology,
which involves close interaction among all member of the physics team. Since
the pion beam is operated 24 hours a day duriang treatment cycles, the physics
group aormally work approximately 350 hour weeks (and sometimes much more)
during patient treatment cycles. After the treatment day ends (between 8 p.m.
and midnight), physics dosimetry, beam characterization, and other experimental
measurements are performed with the beam. The balance of beam time after
patient treatment hours is devoted to biology research.

The LANL Medium Energy Physics Division provides additional support (for
wvhich no funds are requested from the NCI) to the pion therapy project including:

Computer/periphersl purchase, maintenance and repair
Magnet and magnet power system maintenance and repair
High-intensity targec development

Fabrication of entrance target triplet spare

New slit 1

. Management/adaministrative support (2.5 FIE)
Secretarial support (0.5 FIE)

. Senior designer support (0.5 FTE)

General engineering support

O 00~ O N W e

Biology is under the direction of Mudundi R. Raju, D.Sc., Fellow of
LANL's Life Sciences Division and Adjunct Professor of Radiology and Chief of
the Division of Radiobiology in the Department of Radiology, UNM School of
Medicine. Dr. Raju was instrumental in early radiobiologic and dosimetry
experimentation with pions at the University of Califormia, Berkeley, aand has
been associated with the pion radiobiology program since its inception, with
eophasis on studies comparing radiobiologic properties of a variety of particle
beams, including pions. A.J. van der Kogel, Ph.D., Research Scientist, will
lead the late effects studies with assistance from Robert E. Anderson, 4.D.,

P09ty 00133521.074

9 oer



M.3,

Moselev, Rc.ert D., Jr.

we1Foad jeagpomoyg vopd ‘aanjonas |PUOY wzyuefag Yy

Tevyie y
r1ers jormery

.u.-— ‘unspiarg y
110ddng jorerer)

LLARLER LI, 4}
“12%cury

ﬂw.cu

| I

[srvion) _

IVNII

_..H.M..u._.w.t

1t10agnonr. .m
_..:: vty

Yy “wieg 3
‘INV] “tagwadiey g
ermiang 9
LARLELAT I |
wyciBanmyiag

sreiforemy o) g% an ey g
sifngaipey BRIERIS 91020 21y

| .

A 03g e au ‘hay
Bueysny 0 u "espinr
ALY a'u CpEaniey

- H.— O @ N “ueriapuy

ﬁa:cou..; [EA1INDY

N

FO

adeee

<uIEAU|

QW Ity vop wea o
-0-"-" . -h-—U Ude

e

YT _

Tlatmen
I RN
T e a fenn ,,m_

9
¢..vl......;.4= ':| W ieoany

H o Cwi n_
LLIL U Y IRLE JIETTY

aandpg

DY 2 ) m~.:_¢©-

1 o

o

(18

(=]

w

a

. O

(&
T wesvang g
N Coprersg g
wande | 2a0g

-...cc-_.- -..ul-cu-—

0
yorwde|anag

“1nieyorg :‘
13wuey)/Buteng weog

_-Hm "afey AW

QN Cwrepry )
11T ung variripey Afejerqoipry ')Itq)

QW ‘aney gy
axpehng yeryueg) ‘gavg) sIye

oW .-...4... mlw
2

IR R

wileqagieg ‘g'Q ‘Wosraeny N JE .

Aeidageyivdernag Fn'w ‘F12jerey W eivay ¥

proday jo nilojoning ‘ogi ‘NOTIE A deryrnrag
£8njoqivy y

L

el st

-.ﬂﬂﬂ.-a-s wny .u..vmr ("7 1%
‘Mg CAriavey g
cingele yxaan) _1... :.:.. LA)

(1] .:..ul_c.u..ua gty
SO
willapnrprancnag ‘g W ‘139298 9
Pre13y §u 10iTemipry
yiienuleig @M [RAE BN |
Afequipeyg 31 )90wlrig

1

HSPT

001335621.075



Chairman, UNM Department of Pathology, along wich William C. 3lack,
Mario Kornfeld, M.D., Scoet Jordan, ¥.D., and Charies R. Key, M.D.,
UNM Department of Pathology. Dr. Black is also Chief of OQncologic
at the CRTC, and Dr. Key is Medical Director of the new Mexico Tumo
Dr. N. Tokita, M.D., Ph.D., of the LANL Life Sciences Division, is
acute effects studies and performing late effects studies on mouse

Adpinistrative officer for the program is Kincaid Davidson, Pr «:
Mapager. He also supervises the Protocol Support staff, which prov e -
tics support, data management, patient liaisonm and counseling, RTOG .: s:n
scheduling, and other services. Technical/fiscal monitoring; account:.x
purchasing; personnel management; budgeting; logistic support for s-ar:
patients and visitors; and liaison with LANL, the Los Alamos Medica. lenter
and other orgamizations contributing to the pion radiotherapy studies ire
performed by the Los Alamos administrative staff, with documentation :nanne:ed
through appropriate units of UNM.

The CRTIC is a discrete eatity within the UNM Medical Center, wita .cdepen-
dent lines of authority for allocation of funds, space, and persomnel icr
center activities. Physicians and some senior scientist perscanel >f the
center hold joint appointments in the CRTC and the UNM schbool of Mediciae or
other UNM academic units as appropriate.

An External Advisory Committee has been appointed by Dr. Napolitano, Dean
of the UNM School of Medicine, to provide consultation to the co-prinmcipal
investigator, and to the leaders of other scientific compoments of the program.
The committee, established in August 1980, 1s composed of the following persons:

Malcolm Bagshaw, M.D. (Chairman)
Chairman, Departmenc of Radiation Therapy
Stanford University

Luther Brady, 4.D.

Chairman, Department of Radiation Therapy

Hahnemann Medical College

(and Executive Director, Radiation Therapv Oncslogy Group)

Joseph Castro, M.D.

Department of Radiatiom Therapy

University of California/San Fraacisco

(and principal investigator of the Lawreace Berkeiey Laboratory
Heavy Ion Radiotherapy Program)

George Goodman, M.D.

Medical Director

Cancer Control Agency of British Columbia

(and principal investigator of the TRIUMPF Pion Radiotherapy Program)

David Hussey, M.D.

Department of Radiation Therapy

M.D. Anderson Hospital and Tumor Institute

(and principal investigator of .ue 1.D. Anderson Veutron Radiotherapy
Program)
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Carl voun Essen, M.D.

Swiss Institute of Nuclear Research (SIN)
(and principal investigator of the SIN Pion Radiotherapy Program)

Peter Tessenden, Ph.D.
Radiologic Physicist
Stanford University

Meetings are scheduled as needed, but are anticipated to occur 3 to 4
times per year.
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IV. PREVIOUS INVESTIGATIONS

A. Sumxary of Major Accomplishments

1. Clinical Investigations

Clinical aspects of the pion radiotherapy program have focused
on performance of clinical trials defining tumor response, normal tissue
reactions, and optimal time-dose~fraction relationships for piocm irradiation,
as well as definitioa of those disease sites and categories most likely to
benefit from pioa irradiation and compariscn of x-irradiation and piom irradi-
ation for such locally advanced neoplasms.

Phase II studies have been continued, with particular emphasis
on treatment of patienmts with astrocytoma, Grade 111 or IV, unresectable
carcinoma of the pancreas, and squamous carcinoma of the uterine cervix, Stage
III and IVA. Limited Phase III trials have been accomplished for squamous
carcinoma of the oral cavity, nasopharynx, oropharvyux, and hypopharynx;
inoperable or locally recurrent adenocarcinoma of the rectuam; and T3/T( traa-
sitional carcinoma of the urinary bladder. Accessions to these studies to
date totaled 154 (147 treated with pions, and 7 randomized to conventional
radiation arms of the oral cavity/pharynx, rectum, and bladder studies).

The concept of a Phase III trial i1s to compare the best experi-
mental therapy with the best conventional therapy. Pion therapy is not yet
optimized, since dymami¢ treatmeant has not been routinely implemented and
since alternative schedules of time-dose fractionation have oot yet been
adequately explored. Comparison between pioan therapy and conventional therapy
is prejudicial to the experimental technique until further development of pioan
therapy bhas occurred ia Phase II investigatious.

Referrals for noarandomized trials have been received in unprece-
dented gumbers. This increase reflects oot oaly an increasing interest on the
part of the referring physicians but also a wider base of referral (particularly
from Southern California and New York City). An additional aspect of increased
patient through-put is the increasing use of pions 1n treatment of malignant
gliomas. Conventional radiation doses of +000-3000 rad ia 4-5 weeks are
preceded or followed by treatmeat of cone-down volumes by 1200-1500 m rad,
maxioum dose. The possibility of brief (1%-2% week) boost treatments allows
accession of patients throughout the treatmeant cvcle and maintenance of the
maximum patient cegosus.

A pilot study of 21 patients with T3/T4 adenocarcinoma of the
prostate has been completed.

To facilitate interpretation of pion clinical data, a data base
system has been implemented that permits sequential compilation and analysis
of clinical data being accumulated by che pion project. The data base utilizes
eight different forms for initial observation, follow-up reports, and other
data. Detailed analyses have been performed with this nev system of all
previously treated cases with regard to demographic data, staging, previous
therapy, treatment parameters, supplementary treatmeat. survival, local control,
and type, timing, and severity of acute and chromic rescrions.
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A total of 230 patients have received pica therapy, aloane or iz
combination with surgery or conventional radiation through November 1981.
Nine patieats treated ig 1974 and 1976 received randomly assigned x-irradiation
or pion irradiation for multiple subcutageous metastases, a study which estab-
lished an RBE of 1.4 for pions, compared to 100 kVp x-rays, iz acute injury to
human skin. Trials with deep-seated tumors began in August 1976, and proceeded
with gradual increments in total pion dose and adjustments in daily dose for
each new type of tumor and anormal tissue irradiated.

Installation of an EMI 7070 CT scanner at the Pion Biomedical
Facility in Los Alamos in February 1980 has resulted in major improvements ia
many aspects of patient care, assuring vastly improved quality control in
regard to patient positioning and allowing implementation of a more efficient
and accurate treatment planniag system. The radictherapist may now superimpose
treatmeant volumes, skin surfaces, and critical organs directly on CT data by
use of region-of-interest software and the diagnostic console, which can be
translated into life-sized hard copy for treatmeat planning. The ability to
vary window settings and to superimpose treatment volumes on adjacent slices
allows improved delineation of the anatomy of interest. Op-site CT scaaning
also permits confirmation of positioning of bolus, frequent checks of changes
io tumor volumes and internal anatomy during the course of therapy, aad a
method of routine monitoring of ipaccessible lesioas such as tumors of the
brain and pancreas during the follow-up period.

The ability to reproduce patient position at each step of
treatment plaaning from CT scanning, through simulation, to treatment has been
thoroughly facilitated by installation of threse-point laser set-up systems in
the CT scaaning, set-up, and treatment rooms, obviating the oeed for immobiliza-
tion casts other than for head and neck and brain tumor patients. When needed,
immobilization casts are construcred from a fiberglass material (Lightcast II)
that hardens under ultraviolet light. The casts are made on the patient, then
bissected in the sagittal plane for lateral head and neck treatments to accom=
modate the vertical pion beam. Special oblique casts are made for specific
treatment situations. With on~site CT scanning, appropriate approximatioms of
field centers may be obtained from "scanogram” images, and use of a line-laser
system in the CT scanner permits marking and tattooing of the patieat's skin
indicating the direction of movement through the CT scanner and the plane of
the individual scans. These marks permit accuracy in subsequent repositioning
of the patient and alignment of beam-shaping devices.

After CT scanning and preparation of bolus and collimator
designs, patient and field positions are checked by orthodiagraphic films
obtained at final simulation.

Lengthy treatment times and set-ups necessitate patient posi-
tioning and alignment of beam-shaping devices in a staging area, thus reduciag
beam-off time while patients are exchanged within the treatment rooe. This
exchange time is routinely oa the order of five minutes. The impact of attention
to the technique of patient immobilization, simulation and transport is appareat
in the excelleat correlation of simulation films with post-treatment port
films obtained by orthodiagraphic scanning through the trestmeat collimator,

and in the predictability of in vivo dosimetric measurements, which are obtained
in every patient.
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All aspects of treatment plamning, dosimetric confirmat:.on,
channel tuning, and hardware and software interfacing have been implementec
successfully in the treatment of several patients with dynamic scaasing.

Under current treatment policies, maximum daily doses of 125
n rad are given for most sites, including brain, head and neck, and pelvis.
Minimum doses at the periphery of treatment volumes are routinely 30 percent
of the maximum dose. A brief experience with treatment planning to a minimum
of 90 percent resulted in greater acute and chronic normal tissue reactioas,
presumably related to the increased volume of normal tissue receiving relatively
high dose irradiation, and has been abandoned. A notable exception to the
routine daily dose of 125 K rad is in the treatment of pancreatic carcinoma.
For these patieants, 160 n rad is given daily irn two treatments divided by a
minimum of six hours. Oune hundred © rad maximum is given to a volume encom-
passing the entire pancreas, tumor, and regional aodes through AP:PA opposed
ports, followed at six hours by an additional 60 M rad maximsum through an
anterior portal to the site of radiographically demoastrable disease. A total
of 3840 n rad is delivered to the site of gross disease in 4% weeks, followed
by an additional 2400 rad/3 weeks photon irradiation to the entire liver,
pancreas aad tumor. The other example of routine combination of conventional
and piom irradiation is ip the treatment of maligpant astrocytomas, in which
couventional megavoltage irradiation of the wnole brain to doses of 4200-~4500
rad/4~5 veeks is combined with piron irradiation of cone-down volumes to doses
of 1200-1500 n rad maximum in 2-3 weeks.

This application details clinical observations of 196 patients
who have received pion irradiaticnm, with particular emphasis oa a group of 129
patients treated with curative intent and followed for a minimum of one year.
A group of 33 patients treated between June 13980 and November 1980 is included
io the analyses of survival, local control, and acute reactions, but excluded
from the analysis of late effects due to inadequate follow-up time. Excluded
from the total analysis are 23 patieants treated since January 1981 (due to
inadequate follow-up time), 9 patients treated in Phase I zrials for cutaneous
metastases, 15 patients with known distant metastases at time of treatmeat,
and 20 patieats receiving fewer thaa 2700 n rad msximum, that dose at which
complete tumor regression was first noted, for reasons including deliberately
Planned low doses in comgjunction with Phase I studies, macnine maifuactioa,
and interruption of treatment for medical reasons.

The distribution of 130 tumors treated with curative inteat
before November 1980 according to treatment modality includes 90 tumors (89
patients, one with simultaneous but histologically distinct prostate and
bladder primaries) treated with pions alone, 29 tumors treated with pions plus
external radiation therapy and/or implant, and 1! patients treated with pions
plus surgery. Except for six patieats receiving cone-down pion irradiation to
the brain, all patients received a minimum of 2700 ® rad. Only 49 were
treated to dose levels curreatly thought to approximate tolerance doses of
relevant normal tissues (approximately 4500 1 rad in 35 fractioas/7 weeks).

Crude survival statistics for the group of 129 patients treated
with curative intent are: head and neck, <2 percent (16 of 38 patients);
brain, 39 percent (14 of 36 patients); prostate, 90 percent (19 of 21 patients);
pancreas, 31 percent (5 of 16 patieats); and other miscellaneous sites, 353
percent (10 of 19 patients).
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Local control ia pion patients treated with curative inteat is as
follows: head and neck, 50 percent {13 of 38 patients); brain, 17 perceat (6
of 36 patients); prostate, 90 percent {19 of 21 patiests); pancreas, 0 percent
(0 of 16 patients); and other miscellaneous sites, 33 perceat (10 of 19 patients).
Local control is scored in the case of glioma only if the patieant has stable
neurologic syeptoas, no steroid dependence, and 0o evidence of coantrast eahance-
ment or mass effect on CT scan. Local control is scored in the case of pancreatic
carcinoma only if there is resolution of tumor mass as documented by CT scaoning
or autopsy confirmation.

Acute reactions recorded for the group of patients treated with
curative iateat are scored on & scale of 0-4 as follows: O - ail; 1 - skin
erythema, mucosal injection, mild dysuria or diarrhea < 4 stools per day,
etc.; 2 - dry desquamation, patchy mucositis, moderate dysuria, diarrhea with
mucus (>S5 stools per day), etc.; 3 - moist desquamation, confluent mucosit:s,
severe dysuria with bladder spasms, diarrmea with blood, etc.; and & - acute
necrosis. Average acute reaction scores were obtained by summing severities
of all resctions for individual anatomic sites as follows: head and neck -
mucosa, skin, salivary glands; pelvis - skin, rectum, bladder; thorax - skin,
dysphagia; abdomen - nausea, diarrhea; brain - skin, and dividing by the gumber
of scoring criteria for each category. For dose ranges <4000 n rad/(versus)
>4000 ® rad the average acute reaction scores were; head and neck, 1.7/1.9;
pelvis, 1.4/1.6; thorax 1.2/1.5: abdomen. 0.9/1.1; braia, 1.1/1.5. The analysis
shows a trend to more severe reactions at all sites i1n the higher dose range,
aitnough these data ignore such poteatially contributory factors as dose per
fraction, hyperfractionation, and volume. The average acute reaction score
10 11 patients (10 with carcipoma of the head and neck and ome with stomach
cancer) receiving more thanm 5000 1 rad maxaimum was 2.c.

Seventeen patients treated with pions were subsequently scored
as having severe chronic reactions (Grade [I] or greater. according to the
iate effects scoring system of EORTC/RTOG). Only four of these patieants had
such chronic effects related o pion frradiatioa alone. -, Case (N, 2

vear-old female had chromic, severe laryngezl edema af 5000 * rad for a
4 Squamous carcinoma of the laryux. Patiegr.h, Case had severely
symptomatic pulmo fibrosi er 4000 ® rad for a large adenocarcipoma of
the lung. Patient (Case developed necrosis of a portion of the
pharyngeal wall four months after 4600 n rad § TiNqoMg squamous carcipoma
of the base of the tongue. Pacient (Case“ received 4950 m rad in
140 * rad increments for a large pelvic recurrence of cloacogenic carcinoma

of the anus. Ten months later he deveioped small bowe. obstruction and bleeding
gecessitating ileostomy.

Average chronic reaction scores have been determined for various
treatment sites in a population of patients receiving pion irradiation alone
and followed for a minimum of one yvear. The analysis for doses <4000 n

rad/(versus) >4000 ® rad showed: head and neck, 0.7/0.9; pelvis, 0.3/0.9; and
other sites, 1.4/0.7.

The group of patients receiving therapy for pelvic primaries
has been analyzed for chronic effects as related to treatment plamming policy,
i.e., whether the minimum tumor dose was determined as 80 percent or 90 perceat
of maximum. The average chronic reaction score for patients treated at 80
percent is 0.6 (n = 6), while it s 1.2 :a = 3) for_those treated to 30 percent.
All patients received 4000-4500 1 rad at 113-125 7 rad per fraction. Four
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patieants treated with pioms alome for prostate cancer had rectal bleeding at
9-12 months after therapy, and two, both treated at 90 perceat, developed mild
to moderate rectal strictures after 4500 n rad 1n 125 T rad fractioas.

These data suggest that in the dose range above 5000 m rad, chromic iajury
increases disproportionately in comparison to acute .njury and may manifest
itself only after periods of 9-12 months.

2. Physics

a. Beam tuning and channel development. The catalog of broad
beams for static treatments has been expanded to provide fields with transverse
dimensions up to 20 cm at each of three momenta corresponding to nominal depth
penetration of 12 cm, 16 cm, and 23 cm. Fan beams for dynawmic treatments have
been prepared at several channel momenta, and extensive besm tuning and dosi-
metry have been performed. Measured beam data have been provided for PIPLAN,
with particles ideatified by position, angle, momentum, and type, i.e., pion,
muon, or electron. An experimental method has been developed for detecting
muons resulting from pion decay, using multiwire proportional counters located
before and after the beam-shaping section of the channel. Analysis of these
data has been facilitated by the use of a ray-tracing code. A new pyrocarbom
target has been installed in the biomedical channel, and is coasidered nearly
optimum for high-iptensity operations. The target cam be set by the operator
to maintain constant electron contamination. A multiwire chamber has been
constructed and tested for use as a beam profile momitor.

Considerable dosimetry has been directed toward providing
characterization for a large variety of patient beams: broad, essentially
parallel beams for static treatment; beams focused in one dimensioan and broad
in the perpendicular dimension for oane-dimensional dynamic treatment; and
beams focused in two dimensions for two-dimensional dynamic treatment. For
the static beams, three beam sizes (small, medium, and large) have been developed
and characterized for each of three penetrations. Target volumes requiring
larger field sizes are treated with combipations of abbutted fields.

Dose rates for the pion therapy beams are a function of
beam momentum, the beam tune (size) for a given momentum, and the size of the
spread peak region. Typical dose rates for the beams in use range from .02 to
.03 rad/min/liter for each microampere of proton beam current oo the biomedical
pion target. In the summer of 1982, the proton beam curreat will be raised to
750 microamperes, resulting in about 600 microamperes of proton current on the
biomedical pion target, yielding dose rates from 12 to 18 rad/min/liter. The
design current for the LAMPF accelerator is 1000 microamperes. The average
treatment volume is about two liters for single parallel-opposed fields (abutting)
during each treatment cycle, so that the overall average treatment volume is
probably closer to 2.5 liters.

b. Development of range-modulation functions. The narrow

Bragg peaks of the pion beams are spread in depth by the use of a dynamic
range-shifter. The range-shifter is computer controlled and cao be programmed
to produce spread peaks of varying dimension and shape, ranging in depth from
3 to 14 ca in l-cm intervals. A series of such range-modulation functions has
been developed for each momentum (148, 167, and 190 MeV/c). This is necessary
because the peak-to-plateau ratio, besm contamination (electrons and muons),
and momentum spread (resulting in differences in the full-width-half-maximum
of the spread peak) are different for each momentum. For each spread peak it
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is possible to tailor the slope of the physical dose, and cunsequently the
distribution of stopping pions. It is possible to produce spread peaks with

uniform total dose, uniform high-LET dose, or uniform biciogically effective
dose.

The range-modulation function describes the thickness of a
bellows-controlled column of oil in the beam path versus time. The racge-modu-
lation development code Cakes measured, ceatral-axis, uaomodulated total aad
high~-LET distributions, and applying time-weights, offsets each curve by
prescribed shifts in depth; sums all the offset curves together; and renormalizes
to obtain the resultant modulated total and high-LET depth-dose curves. The
progras then uses an RBE model to calculate the effective dose. The range-modu-
lation functions bave been completely redesigned, based on data obtained from
gel-tube cellular experiments designed to measure cell-killing uniformity, so
as to accomplish greater uniformity in biological effect for single-field
treatments and to confirm biological umiformicy of treawnments performed with
opposed, overlappiang portals.

c. Dosimetry. An automated data-acquisition aad analysis
system has been developed for dosimetry measurements on the pion therapy beam
using a PDP-11/70 computer and CAMAC interface. A multiple ionization chamber
array (MICA) system, with associated software control, has been developed for
dosimetry measurements. This system increases dosimetry data-acquisition
rates by a factor equal to the pumber of data channels in use. The system has
been tested and used with a linear array of 10 ionization chambers.

The object of patieat dosimetry is to determine the central-
axis depth dose and the output calibration (rad/momitor unit) at the maximum
of the peak dose, using the beam tune, range-modulation function, and collimater
assigned to a particular patient field with the geometry (air gaps) between
appliances and between the collimator and water phantom the same as that ex-
pected for the actual patient treatment. The channel is calibrated each
morning, and daily treatments are adjusted to this calibration. The depth-dose
curves are used as input to a code which uses the collimator geometry, multiple
scattering, beam emittance, and uncollimated beam dosimetry to calculate
isodose distributions, in water, for a plane corresponding to a CT slice in
the patient. These isodose distributions are then folded into the boius
design and CT data to calculate am isodose distributiom omn the patieat. 1In
addition to specific patient treatment measurements, routine measurements are
also made to determine the integrity (constancy of the individual beam tunes
used for patieat treataent.

To eliminate a large fraction of the maapower and beam
time used in the measurement of dosimetry for each patient field, a project of
extensive measurements has been undertaken from which models will be extracted
that will predict the depth dose for any given beam tune, collimator, and
range-modulation function. Depth-dose curves can be calculated for any collimator
size, taking into account the neutron spectra produced by pioans stopping
within the collimator. This process then results in a calculated depth-dose
distribution for any spread peak using any collimator cpening.

Accurate microdosimetry data are required as iaput to the
algorithms used in the calculations of RBE, pion effective dose, and range-shifter
functions. Such data are obtained from a variety of experimental techaiques,
including Rossi chamber proportiomal counters, solid state detectors (totally
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depleted lithjum-drifted silicon), and aluminum activation measurements.

Rossi chamber measurements are used as the primary source of microdosimetr:ic

data, but are time-consuming. Therefore, one or two Rossy chamber spectra are
obtained for each beam tune, and additicnal data are obtained from eitier solid
state detectors or aluminum activation, both of which permit rapid data collection.
These are normalized by comparison with the Rossi cnamber data to obtain compliete
information on the spatial variations of high-LET dose for a.l therapy beams.

To tailor beams for individual treatment situatioms,
studies have been performed of the effects of inhomogeneities, compensating
bolus, collimation and air gaps between patient treatment devices. To realize
the beam-shaping advantages of pions, the influence of tissue inhomogeneities
upon the dose distribution sust be understood so that adequate compensation
can be made to shape the stopping pioas in the direction of the beam. Beana
shaping in the transverse dimensions for patient treatments is achieved by use
of collimators individually designed for each patient. The penetratioa of the
beam to the distal surface of the treatment volume can be controlled by using
bolus, designed to compensate for all geometrical and tissue inhomogeneities
in the beam path. The proximal edge of the peak dose 1s coatrolled by properly
modulating the pion peak width using a range-shifter.

Measurements have been made for inhomogeneity aand bolus
compensation for pioa beams of differeat emergy; variatiom of the inhomogeneity
depth beneath the surface; air and Tefloa inhomogeneities to simulate lung aad
bone; bolus compensatiocn using a parallel beam model; and bolus-inhomogeneity
wisaligonment. Such measurements have shown it 1s possible to predict the
effect of inhomogeneities and to compensate for these effects in treatment
Planning. In designing patient bolus, one must compensate for skia comtour,
tumor shape, tissue inhomogeneities, movement of anatomy due to breathing, and
changes in anatomy due to fluctuations in bowel gas, and bladder or rectal
filling. At present, anatowy changes are handled by prescribing target volumes
that will encompass expected deviations. Considerable effort has been expended
to develop casting and immobilization techniques that minimize patieat movemeat
during treatment and that reproduce the treatment positions from day to day.

Stopping pions give rise to a variety of secondary charged
particles by virtue of their interaction with, and subsequent fragmentation
of, the auclei of the stopping material. Ionization chambers have become the
principal instruments employed for determining the absorbed dose ia tissue,
but require comversion factors that rest on physical interpretatioa of the
energy absorption processes and involve such consideracions as secondary
charged particle spectra, relative stopping power ratios, the energy required
of secondary charged particles to produce ion pairs in various gases, and
torrections for non-tissue equivalence of chamber walls. Precise information
required for these interpretations and considerations is not well known for
charged particle beams, giving rise to uncertainties (~10 percent) in the
specification of the absorbed dose in tissue from pica beams when ionimetry is
used. Calculations of the conversion factor for the cylindrical chambers
currently in use have been checked by direct comparison of the ioanization
chambers with a calorimeter. Messuremests were obtained 1n various positions
of modulated and unmodulated negative pioan beams. The differences between two
experiments conducted a year apart, using a different calorimeter and using a
different electrometer for the ionization chamber measurements, are withino
experimental uncertainty, and no systematic differences have been detected in
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the data. Based on comparison of these experimental resuits and recommended
values resulting from them, with the values that have been used for patieats
since June 1976, changes in our current statement of absorbed dose ia IE
plastic cannot be justified.

For biological experiments requiring special small-volume
beams, custom collimators and/or bolus have been fabricated for each experiment,
and dosimetry has been performed using a combination of ion chambers and
thermoluminescent detectors. Microdosimetric measurements have also been made
to aid in the interpretation of results.

d. Treatment planning

i. Previous methods of treatment planning. Treatment
planning for patients with and without the aid of CT scans has made it apparent
that adequate treatment plans cannot be developed without the use of CT scan
data. CT scans allow a three-dimensicnal tumor treatment volume to be uniquely
prescribed by the radiotherapist, nearby critical structures to be placed in
their proper perspective, and dose delivered to normal tissue to be minimized.
Information concerning the longitudinal dimension (parallel to direction of
incident beam) of the treatment volume can be obtained oaly from CT scaas, by
relating CT numbers to pion stopping powers. Probably the most useful information
obtained from CT scans is the quantitative description of inbomogeneities.

When a patient is accepted for pion therapy, the
first procedure is to prepare an immobilization cast of the patient to be used
during CT scanning and treatment. CT scans are taken at J.9-cm intervals
throughout the volume of interest. All scans are numbered in reference to a
tattoo for each series of scaas. After CT scaonning the CT slices are displayed
on a CT diagnostic console. The physician deiipeates, by means of a trackiang
ball, the skin contour, target volume, and critical normal structures. These
regions of interest (ROI's) are overlaid and stored oan the CT data. The
magonetic tape containing CT scan data is read into the bolus design computer
file. Additional input data are the appropriate beam penetration and range-
shifter fuaction. The bolus (Lucite) required to stop the pioans at the prescribed
target volume boundary is then calculated automatically by the computer programs
from examination of the CT data, and is printed life-size on a plotter. These
series of bolus templates are traced on a 2.9-cm-thick Lucite sheets, cut out
on a3 band saw, and glued together using as reference a common axis drawa on
each bolus design to form the three-dimensional bolus. Collimators are designed
directly from treatment volumes prescribed on each CT slice. The collimator
thickness is governed by the beam momentum and may varv from 2.5 cm to 3.0 cm
of low-selting-point alloy.

Presently, patient i1sodose contours are calculated
from dosimetry measurements that sizulate the patieant set-up. Dosimetry
includes a central-axis depth-dose scan, a transverse scan at mid-peak, and a
peak dose calibration for each static beam pioa port. Isodose distributions
are calculated ip the plane perpendicular to the central axis. The calculated
isodose distributions are then folded into the bolus design and patieant (T
data files to produce patient isodose distributions for any CT scan that the
therapist wishes to evaluate. <Calculations for several slices in the treatment
volume are done to evaluate the dose to adjacent critical structures.
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ii. PIPLAN--Three dimensional treatment planniag code.
Dynamic treatments require the use of the three-dimeansional treatment planning
code, PIPLAN. This code utilizes a ray-tracing model where actual pion trajec-
tories in the three-dimensiocnal volume represent pencil beams. PIPLAN calculates
a dose distribution by summing the coatributions of individual pencil beams as
they pass through various parts of the amatomy (determined by CT scaas) and
clinical appliances. The dose distribution for a pencil beam is predetermined
analytically in wvater as the sum of its separate components, including the
effects of in-flight interactions and straggliag. This dose 1s distributed in
depth as a function of water-equivalent range along the trajectory, and radially
as a function of amultiple Coulomb scattering (which is both geometry and
energy dependent). Distributing this dose entails accumulating at each poiat
of interest the relative amount of dose at that point from each pencil beanm.
Because the treatment beams contain spatially nonuniform ratios of pioas,
muoas, and electrons, and because each particle type has a distinctly different
dose distribution, separate calculations are required for each particle type.
To model an actual beam, then, requires an accurate phase-space representation
of pencil beams. PIPLAN uses individually measured trajectcries for each beam

tune, with the spatial coordinates, angles, momeantum. and particle type idean-
tified.

To improve the accuracy of PIPLAN, comsiderable
effort has been devoted to development and incorporation of sophisticated
models for beam smoothing, neutron dose due to in-flight interactions in the
plateau as wvell as in the peak region, multiple scattering through tissue
inhomogeneities and air gaps between treatmeant appliances, range-modulation
effects, external appliances effects (notably neutroas produced from pioas
stopping wvithin the collimator), improved spatial resolutioa, and contour
processing. A new computer code was written to recomstruct the same kind of
image as digital x-ray radiography froa integrated CT images, and automatic
methods and algorithms have been developed and implemented to traascribe
CT-scanner ROl's to vector comtours in treatment planning programs. A new
display capability was developed to superimpose pion dose distributions on
patient CT data oa the CRT of the EMI 7070 scanner. Two supportiang libraries
were coapleted: a beam-tune library and a range-shifter-function library.
New models vere also installed to account for the dose deposited by electroas
from muon decay in the patieant and by muons from pion decay both in the beam
chaonel and the patient. Improvements to the casefile system, where all
treatment-planning data for a given patient are collected; in resclution and
reduction of CT data; and in folding CT data iato pioa dose calculations wvere
also implemented. By the summer of 1982 it is expected that PIPLAN will be
capable of performing, in one 3-D calculation, all the capabilities of the 2-D
programs and the associated manual treatment-planning operations. This pro-
jection applies for both static and dynamic treatments and includes automatic
appliance design, range-shifter function selection, patieat orientationm,
positive pion beams, and effective dose. Extensive experimental comparisons
will be made for verification, especially for dynamic treatment.

iii. CT scanner. An EMI 7070 whole-body CT scaaner was
installed in February 1980 in the LAMPF biomedical area, and patient scanning
began in March. During the period March 1980 to March 1981, the scanner
software and hardware were updated several times. In March 1981, the machine
was accepted after having passed all acceptance tests. Ic February 1982, a
second EMI 7070 was installed by UNM in the CRIC in Albuquergue.
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e. Treatment delivervy and verification

i. Patient immobilization, alignment and transfer svstems.
These systems have undergone several changes during the past three years, but
the basic approach bas remained the same: (a) the patient must maintaia the
same position, and this position must be easily reproducible during CT scanning,
simulation, set-up, and treatment, and (b) patieats must be set up outside the
treatment room so that beam time will not be wasted.

The basic components of the immobilization system are
orthopedic casting materials and vacuum bags. Casts are used for patients
receiving treatment to the head and neck or the brain, while all other patients
are immobilized with vacuum bags alone. New laser alignment systems have beec
installed in the CT scanner room, simulator room, set-up area, aad treatment
‘room, and provide for precise reproduction of patient positioning in every
arsa. During the past year, the mechanism for supporting and aligaing the
patient bolus was completely redesigned. New treatment tables have been
installed on the two treatment modules. and an identical table has been in-
stalled in the simulator room.

ii. Dynamic treatmeat. A method for delivering pion
doses to deep-seated tumors that provides greater normal tissue sparing than
does the static treatment method has been developed and is designated the
"dynamic treatment mode." Implementation of this method of treatment has
required the development of special beam tunes in the pion transpert chaanel,
new treatment hardware, and a special computer-microprocessor-based control
systam. In addition, methods of treatment planning and dosimetry bave been
modified to accommodate this new treatmeant mode.

Two modes of dynamic treatment have been proposed,
one using a "fan" beam and another using a "spot” beam. The dynamic "fan"
mode one-dimensionally scans the patient across a bighly focused beam, which
is narrow in the y~dimension and broad in the x-dimension. The ability to
vary the range modulation as the patient is scanned along v allows beam shaping
of the peak dose in the y-z plane, but not in the x-z plane. In addition, the
ability to coatrol the weighting of each scaaning position permits the dose
profile in the y-scanning dimension to have improved uniformity. The dymamic
"spot” mode two-dimensionally scans the patient across a beam moderately
focused and narrow in both x- and y-dimensions. The ability to vary the range
modulation as the patient is scanned results in complete removal of constraints
on the width of the dose peak in the z-dimension at each x-y position. Also,
the dose profiles im both x and y will have improved uniformity with proper
weighting of the scan positions. The dynamic "fan" treatment mode has been
implemented, and three patients have received part of their total treatmeat
with this technique. The weight of each step ia the treatment is adjusted for
changes in RBE for peaks spread to different dimensioas, takiag iato account
the difference in both the neutron and charged particle components of the

high=LET dose. Measurements thus far have confirmed the treatment plan to be
accurate within 5 percent.

The next step in the development process is to implement
dynamic "spot" scanning in which the patient is scaaned in two dimensioas,
thus allowing for beam shaping in three dimensions. It is planned ultimately
to have all three types of treatment available. Patients will be treated by
whatever mode best suits the aceeds of that particular Ireatmeant.
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iii. In vivo dosimetry. In vivo measurement$s are routiaely
takea on pion therapy patients, with a small-volume ionization chamber. Taese
include skin dose at the center of the treatment fieid and at the edges of ke
target volume projected to the skin surface. For whole brain irradiationms,
measurements are taken on both eyes during treatment with right and ief:
lateral fields. Whenever possible, measurements are also taken at various
places in the nasal and oral cavities of head and neck patients aad .n the
rectum of patients receiving pelvic irradiatioms. On occasioa, tSermoluminesceat
dosimeters are also used to measure the total dose, and alumiaus peilets ace
used to measure the high-LET dose.

Thermoluminescent dosimetry (TLD) is also used exten-
sively to verify treatment plans, especially for dynamic treatment, in a water
phantom under conditions that simulate actual patient treatment. Because a
large number of dosimeters are exposed at one time, the required read-out time
is considerable. For greater efficiency, the read-out system has been automated.

iv. Positron visualization of stoppipg pionm distribution.
The method of positron emission tomography for visualizing the stopping distri-
bution in patients irradiated by negative pi mesons is under investigatica.
Five problems have been studied: (a) the correlation of positroa activity
with stopping pions, (b) the effects of biological diffusion of positron
emjtting isotopes froa the production site, (c) the development of amn experi-
mental positron imaging system, (d) the evaluation of the system using anoimals,
and (e) the clinmical evaluation of the system on patients. Preliminary measure-
ments with a positron detection system on patients with lesions of the pancreas,
rectum, head and neck, and lung indicate that diffusion rates of activity from
these sites should not be a limiting factor in messurements. Three Nal crystals
bhave been purchased and will be used to test the feasibility of a low-cost
cne-dimensional Anger camera for positron detection. Hardware tests for
determination of detector configuration to provide for optimal resolutioa are
in progress, as is software development for the data acquisition system.

f. Systems operation, development, and maintenance. A pionm
production target capable of withstanding very high power depsity has been
designed and installed. A computerized coatrol system is used for comtrol,
monitoring, and data acquisition (where appropriate} of all channel hardware,
and for treatment couch motion in dymamic scan treatments. A new air-operated
channel beam plug has been designed, fahricated. and installed in the chaanel.

The channel control coamputer was upgraded from a PDP-11/45
to a PDP-11/70 with associated improvement in mass storage devices. The
PDP-11/45 has been dedicated to treatment planming (with backup for peak
periods possible on the 11-70). Both systems are interconnected with a DECNET
communications link aad operate under an RSX-11D operating system. The CAMAC
parallel highway system has been upgraded, and a DEC graphics subsystem with a
PDP-11/04 wmicroprocessor bas been attached to the PDP-11/70 computer. The
RSX-11D operating systea was modified to improve central processing unit (CPU)
utilization by the addition of background priorities for calculational programs
which would otherwise place too heavy a load oo the machine to cc-exist with
patient treatment procedures.

it
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An improved range-shifter (for either backup or routize
use) was fabricated and is currently under test. Mechanical redesiga of the
Philips treatment couch feedback encoders bas vastly improved couch reliability
during dynamic treatments. Gray scale encoder linkages for the Philips treatment
table have been redesigned for increased mechanical resolution and reliability
during dynamic patient treatments.

A data base system to aid in analysis of clinical data
being accusulated by the pioa project has been acquired, modified, and installed
on a VAX computer at LAMPF. It is an interactive system, accessed by a dial-up
terminal from the Pion Biomedical Facility. The system, DATARIEVE, uses an
English-like command language combined with interactive data input to make an
223ily used data base system for those whose expertise does not normally
include computers, i.e., physiciaans and other health care workers.

3. Biology

Radiobiological studies of picn irradiatioa in both in vivo and
i vitro experimental systems bave been undertaken under the direction of Dr.
Mudundi R. Raju of the LANL Life Sciences Division. His group is involved in
the performance of detailed studies of the biological characteristics of the
beams used in clinical applications. Cell culture studies have focused since
that time on the gel-tube system, which is believed to be a more sensitive
iadicator of biological change than are multicellular tumor spheroids used
previously. Results with all these systems bave been reported (Yuhas et al.®9).

Using a sensitive gei-tube suspension system (Raju et al.),
cell-killing across the range-modulated peak for various beam tunes was examined,
along with differences in RBE amoang beams of different peak widths of a given
beam gize and differences in RBE among pion beams of different sizes but of a
given peak width.

The data showed uniform cell-killing across the peak of a pioa
beam of l4-cm peak width, of a tune (16B) designed for uniform biological
effectiveness from previously developed biological models, and identified
variations in cell-killing across the peak of other beams with varying slope
in physical and high-LET dose designed for use with opposed, overlapping
portals. Effects of collimation on cell-killing with these beams vere aiso
identified. For Tune 16B, studies indicated that biological effectiveness
decreases with increasing peak width (ranging from 6 to .4 cm).

Studies with a constant peak width, but varying beam size, did
not indicate significaat differences in cell-killing when beam size was altered
by collimation or changel tuning. Preliminary experiments have been done
using fractionated doses of pions on the mouse intestinal crypt cell system to
see if the biological effects of fractionated pion exposures depend upon beam
size when peak width is kept the same. The results indicated that the large
size beam was slightly more effective than the small size beam.

In in vivo studies, mice bearing the MCa-11 mammary tumor were
exposed to graded total doses of high-intensity peak pions or x-rays either as
single fractions or as three daily fractions. Delay in growth analysis showed
that pions were 1.2 to 1.4 times more affective thaa x-rays ia single-dose
studies, and that delay induced bv three daily doses of pions was almost as
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large as that induced by single pion doses, while that for x-rays showed far
greatar tumor recovery from fractionatioa.

Late effects studies on kidney have been conducted with 1, 2,
and 5 fractions, and resulted in RBE's of 1.18, ..23, aad 1.44, respectively.
Studies with 15 fractions are in progress. Spinal cord injury studies with 1,
5, and 15 fractions were initiated, and animals were observed weekly for sigas
of paralysis, for up to one year post-irradiation. The RBE for pions was
shown to increase from 1.3 for single~fraction exposure to 2.1 and 3.2 for 5
and 15 fractions, respectively. Fractionated studies with as many as 10
fractions have been completed on the colon and rectum in rats. The high total
doses required for the 10-fraction experimeat (2500-7000 rad) proved to be
problematic, as most animals in the high-dose groups died due to overexposure
of the gut before long-term colon effects could be assayed. Coosequently, the
experiment was repeated using an improved collimator design, and results are
being analyzed. These late effects studies have all been performed with small
pion fields with high dose rates but limited :clinical applicabilicy.

Mechanisa studies have explored effects of positive pions
versus negative pions, with results indicating that the "star" formatioa by
pions is largely responsible for the reduction in threshold seen with negative
pions versus X-rays or positive pions (which have oo high~LET component); and
radioprotection of cysteine against effects of negative pions, demonstrating

that cysteine is nearly as effective in protecting against pions as agaiast
X-rays.

4. Core

Mechanisms for billing appropriate medical costs for pion
patieats to third party providers have been streamlined to maximize recovery
of costs at rates comparable to those for routine radiotherapy, improving the
rate of reimbursement to the grant for appropriate expenses.

Facility improvements have been provided by LANL with funds
from the U.S. Department of Energy, including modifications to the Pion Biomedical
Facility to house the EMI 7070 whole-body CT scanner and peripherals and an
expanded treatment plamning area, the installation of a prefabricatzed building
for additional office space and conference space, and new air-conditioniag,
fire alarm and smoke detector systems.
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C. Projects Discontinued, Modified, or Completed

1. Clinical Investigations

a. This application encompasses no plans to initiate new
randomized trials, and protocol planning emphasizes development of additiomal
well-designed Phase II pilot studies to determine those sites for which Phase
II1 studies are best warranted. New sites added to those already under study
are inoperable epidermoid carcinoma of the lung and advanced, inoperable car-
cinoma of the esophagus.

b. Recent radiobiological evidence (Fowler, personal communi-
cation) suggests that if tumors can be identified which have not re-oxygenated
very well, they should be selected for clinical trials of high~LET radiation
and not all the tumors from a particular site. A simple technique to accom-
plish this would be to look at the size of a tumor, preferably by CT scanning
halfeway through treatment. If it has regressed well, assume it's reoxygenating
well and continue treatment with standard photoans. If it has oot regressed,
continue the pilot study with pioa radioctherapy. Such a protocol would assist
in optimizing patient accession and complete utilization of pion beam time.
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c. Shorter overall fractionation times should be .avesc:igaced
with pion and other high-LET beams (Fowler, personal communication: since
reoxygenation has less effect and since differences between early ind .ate
injury are less marked than with photons. The possibility of usigmg 10 or 2
fractions of pion radiatioa would also improve beam utilization and will be
expiored. Such small numbers of fractioas are currently being used witn
neutron radiation (Hammersmith and Fermilab) with satisfactory results. Short
schedules with doses per fractioan, not exceeding about 400 rad photon equivalent,

is going to be tried with geutroas and could, even more safely, be tried with
pions.

d. An amendment to RTOG 79-23 (nounrandomized pica therapy of
advanced/recurrent neoplasms), approved in July 1979, allows the planged
combination of pion irradiation as boost therapy with conventional irradiation
of more generous volumes. Conventional radiation doses of 4000-3000 rad ia
4=5 weeks are preceded or followed by treatmeat of cone-down volumes by 1200-
1500 rad of peak pions, maximum dose. An advantage of this treatment plaan is
that the benefits of dose localization and normal tissue sparing can best be
used for localized volumes. The number of lengthy, multi-port treatments of
the whole brain using pions can be reduced, and the beam time can be used in
treatment of more patients with localized, critical volumes. The possibility
of brief (14-2)% week) boost treatments also allows accession of patients
throughout the treatment cycle and maintepnance of the maximum patient census.

e. Treatment of pancreatic carcinoma has been radically
revised, in light of early experience with 18 cases, most of whom succumbed to
distant metastases asnd received relatively low doses as vwe were working toward
a tolerance dose. Pancreatic tumors are now being treated with higher doses
of pion radiation to the primary and nodal draipage area, preceded or followed
by prophylactic large field conventional irradiation to the liver and pancreacic
bed (including peripancreatic nodes). Patients are accepted only after meti-
culous evaluation for metastatic disease, including surgical staging with
wedge biopsy of the liver and a sawpling of the primary tumor mass and peri-
pancreatic, periaortic, and meseateric nodes. In addition, to avoid delays
and undesirable breaks in therapy, most patients require biliary aad GI bypass
procedures at the time of original exploration.

f. An External Advisory Committee has been established to
advise the principal investigator (see Section III). This committee supersedes
the Committee on Human Trials of Pion Radiation Therapy, UNM/LASL. which
formerly was both an advisory group and a referral group for the pion studies.
Previous experience has demonstrated that strong referral relatioanships were
not established as a result of membership on the Human Trials Committee but
have developed over the years as physicians have referred cases and expressed
a continuing interest in the program. Further, the most fruitful scieatific
guidance has been obtained from radiotherapists, physicists, and biclogists
knowledgeable about particle radiation. Thus, the External Advisory Committee
1s primarily a scientific advisory body, wnile other mechanisms have been es-
tablished to maintain ties with referring physicians, who are often surgeons
or other specialists rather than radiotherapists
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2. Phxsics

a. The pion patient data base system has been installed and
is fully operational.

b. A complete catalog of static pion beams bas been designed
and fully characterized.

c. Single-chamber dosimetry system software and hardware are
completed and in routine operation.

d. Patient alignment and transfer systems have been designed,
fabricated, tested, and modified, and are now in routine use.

e. EMI 7070 whole-body CT scanners are available at the
CRTC/Los Alamos and the CRIC/Albuquerque.

f. Hardware and software systems for implementation of dymamic
treatments have been designed, tested and implemented. Further development
and modifications are planned as described in Section V-B.

2. A new PDP-11/70 computer has been installed at the Pion
Biomedical Facility and linked to the PDP-11/45 via a DECNET data transfer
system.

h. A oew biomedical target assembly has been designed and
installed.

i. In vivo dosimetry systems for read-out of TLD and alumiaum
activation pellets have been installed.

j. Two-dimensional treatment planning systems are completed
and are in routise operation.

3. Biology

a. The in vitro system for studying biological effectiveness
across the modulated peak of various pioa beams used for patient treatment has
been changed from single cell suspensions and multicellular tumor spheroids to

the gel-tube system, as it appears to be a much more efficient and semsitive
indicator of cell-killing.

b. Biological characterization of the radiobiological effective-
ness of some of the pion tunes and peak widths in routine use with static treatmeats
has been completed, and data have been incorporated into beas range-modulation
functions.

¢. New biological assays for CNS, kidney, aand lung are being
explorad as part of the late effects studies (see Sectiom V-C).

4. Core

a. The operation of the Los Alamos administrative office has
been reorganized so that it is under a program manager with sole responsibility
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for pion activities, rather than an administrative ctficer tor all CRTC research
programs.

b. Development of a pion protocol manuai, piom procedure
manual, slide show, slide cataloging system, information packets for referrwag
physicians and potential referring physicians, financial guidelines for pat:.ents,
and other similar materials have been completed, and will be modified as the
need dictates in the future.
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V. RESEARCH PROJECTS AND CORE COMPONENT

A. Clinical Iavestigations

1. lovestigators

Name Title
Robert D. Moseley, JR., 4.D. Co-Principal Investigator, UNM
TBA Radiation Oncologist, UNM
William C. Black, M.D. Chief, Oncologic Pathology, UNM
Mario Kornfeld, M.D. Neuropathologist, UNM
Robert E. Anderson, M.D. Chairman, Pathology, UNM
Fred Mettler, M.D. Chief, Diagnostic Imaging, CRTC/UNh
Robert Seigel, M.D. Neuroradiologist, UNM

2. Introduction

a. Objective. <linically, this project is designed to study
systematically the applicability of negative pi meson radiotherapy in the
eradication of locally advanced human neoplasms that are not satisfactorily
managed by conventional therapeutic modalities. This objective requires
development of optimal techniques of treatment, definition of appropriate
time-dose-volume relationships as related to respoase of a variety of normal
and neoplastic tissues, and collection and analysis of clinical data as the
basis of a rational decision-making process regarding wider development of
such therapeutic technology in the interestc of the public health.

b.  Background. Failure to comtrol locally advaoced neoplasia
is 2 major source of morbidity and mortality in most industrialized societies.
All too frequently, surgery or conventional irradiation is unsuccessful ia
eradicating locally advanced tumors of a variety of sites and histologies.

Among these diseases are squamous cell carcinoma of the oral cavity and pharynx,
adenocarcinoma of the rectum, squamous cell carcipoma of the :terine cervix,
adenocarcinoma of the pancreas, squamous cell carcigoma of tz: esophagus,
high-grade gliomas, and epidermoid carcinoma of the lupg. Fivee-year survival
for advanced stages of these diseases ranges from approximately 0 to 40 perceat,
with corresponding local failure rates of 33 to 100 percent. Results for the
latter four sites show survival of 10 percent or less, with local failure

rates of 50-100 percent. Approximately 132,000 cases of these four diseases
were predicted for 1979, with anticipated mortality predicted for 114,700 of
those cases.!? Seventy-five to 100 perceat of all patients with carcinomas of
the pancreas, esophagus, and lung, as well as high-grade glioma, are unsuitable
for surgical therapy alone, as are virtually all patients with advanced tumors
of the head and neck. By definition, advanced (inoperable or usresectable)
adenocarcinoma of the rectum is not amenable to surgical management. Conventional
radiotherapy is also ineffective in controllipng these lesions in the vast
majority of cases. Detailed, pertinent background information is provided for

individual disease sites proposed for pion radiotherapy under Methods of
Procedure below.
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Given these considerations, clipnical trials commencad .n
1976 for treatment of locally advanced, deep-seated human aeoplasms of :=nese
and other sites using pion radiotherapy ia am attempt to improve local zontrol
and survival. A total of 196 patieats were treated as of April 1981 The
detailed progress report belovw enumerates the cligical results, includwag
survival, local control, acute and chronic normal tissue reactions, and rela-
tionships of tumor comtrol to treatment parameters iacluding fractionm size,
total dose, and treatment volume.

€. Ratiomale. The hypothesis to be tested is that pion
radiotherapy will prove more effective in Phase II trials than conventional
radiotherapy in the curative treatment of one or more of the following aeoplasams:

i. High-grade glioma (astrocytoma Grade III and IV),
ii. Ianoperable/unresectable carcipoma of the pancreas,
iii. Advanced carcinoma of the uterine cervix (Stage III
aad IVA),
iv. lnoperable/unresectable carcinoma of the esophagus, and
v. Inoperable/unresectable carcinoma of the lung (epider-
moid carcinoma).

It is postulated that inability to obtain local coatrol
with conventional radiotherapy in many advanced aeoplasas is due to a subop-
timal ratio between effective radiation dose to the tumor and to intervening
or surrounding normal tissues, i.e., a suboptimal therapeutic ratio. This is
most appareant in the situation of a2 deep-seated tumor surrounded by normal
tissues of greatar radiocsensitivity than the neoplasm itself, in which attempted
delivery of poteatially curative doses of radiation results in unacceptable
treatment-related morbidity and mortality. It is also postulated that failure
of local coatrol in such neoplasas may be related to the presence of a large
number of hypoxic cells that are relatively resistant to radiation injury by
conventional low-LET radiations, such as x-rays or y rays. Such cells may

then be a2 source of persistent or recurrent disease after maximally tolerated
doses of conventional radiations.

Negative pi meson irradiation offers potential solutions
to both of these problems in that it:

i. Offers more favorable depth dose distribution charac-
teristics than conventional radiatioas, with deposition of the majority of dose

in a confined region at depth (Bragg peak) and minimization of exit dose, allowing
sparing of adjacent normal tissues; and

ii. Contributes a significaat dose of high-LET radiatiom,
to which hypoxic cells are relatively more seasitive than to low-LET radiation,
in the region where the pion dose is maximal.

By application of techniques already developed in the
course of the project, it is possible to tailor the distribution of pion
irradiation to include appropriate treatment volumes with relative sparing of
neighboring normal tissues and to deliver localized high-LET radiation to
advanced neoplasms in those sites listed 1t:.e. Routine implementation of the

treatment techniques of dypmamic scaoning may be expected to improve the thera-
peutic ratio even further. bt
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Thus, the physical characteristics of pion irradiation
allow the delivery of higher doses of radiation with potentially more lethal
effect on hypoxic cells to the region of tumor involvement than is possible
with conveational radiations. For the same normal tissue toxicity, an increment
ino effective dose to the tumor may be obtained, with resultaat improvement in
local control and, therefore, survival.

Clinical aspects of the pion radiotherapy program have
focused on performance of clinical trials defining tumor response, normal
tissue reactions, and optimal time-dose-fractiom relationships for pion irra-
diation, as well as definition of those disease sites and categories most
likely to benefit from pion irradiation and comparison of x-irradiation aad
pion irradiation for such locally advanced neoplasms.

Phase II] studies will be contioued, with particular emphasis
on treatment of patieats with astrocytoma, Grade III or IV, unresectable
carcinoma of the pancreas, and squamous carcinoma of the uterine cervix,

Stage III and IVA. Limited Phase III trials were coaducted prior to 1982 for
squamous carcinoma of the oral cavity, anasopharynx, oropharynx, and bhypopharynx;
inoperable or locally recurrent adenccarcinoma of the rectum; and T3/T4 transi-
tional carcinoma of the bladder. Phase [II trials are not contemplated by

this application. Previous accessions to these studies are shown in Table 3.

(1) Planning and protocol development. Phase I-II
clinical trials will be conducted under RTOG protocois 79-23 aad 79-24 for
locally/regionally advanced and metastatic neoplasms, respectively.

Accession to the randomized protocols was slow
with only 10, 3, and 1 patients randomized toc RTOG protocols 78-28, 78-25, and
78-26, respectively. This problem was related to besm time availability of
the LAMPF accelerator and the necessity for a very large catchment area to
assure adequate numbers of patieats fulfilling all protocol criteria at approp-
riate times. In additicn, referring physicians outside New Mexico expressed
concern over the policy of bringing all patients to the CRTC iz Albuquerque
for randomization and plananing. To obviate this problem, the randomization
policy vas modified %o allow both randomization and treatmeat at the referriag
institution, provided that all diagnostic evaluatioa, pathology, conventional
treatnent plans, simulation films, and port films were submitted for review by
the Radiation Oncology Section of the CRTC and the pathologist of record for
the pion project. Only after an exhaustive diagnostic evaluation, including
CT scanning and localization steps similar to those employed for pion-treated
patients, were the patieats accepted to the study and randomized. Phase III
randomized trials are not contemplated in this application because of these
almost insurmountable difficulcies.

Accession of patieants to noorandomized trials is
to be continued with particular emphasis on patients with bigh-grade (Grade III
or IV) astrocytoma, unresectable adenocarcinoma of the pancreas, and advanced
(Stage III and IVA) squamous carcinoma of the uterine cervix. Referrals for
noonrandomized trials were received in unprecedented numbers, particularly
after July 1980. This increase reflects aot oaly am increasing interest on
the part of referring physicians but also a wider base of referral. Formal
ties were established with the Albuquerque Veterans' Administration Medical
Center with anticipation of a possibie ncationwide VA referral network. In

-100-
COPIED FOR
HSPT
10 q an u | 00133521.101



ACCESSIO
1 May 19
Protocol 1979
RTOG 79-23: Phase 11, 46
Miscellaneous
Advanced/Recurrent

Primaries (Pion Omly)*

RTOG 79-24: Phase II, 1
Miscellaneous
Metastatic Lesioas™*

RTOG 78-25: Phase III, 0
Rectum/Rectosigmoid
(Pion/Coaventional)

(Total)

RTOG 78-26: Phase III, 0
Urinary Bladder
(Pion/Conventional)

(Total)

RTOG 78-28: Phase III, 0
Pharynx, Oral Cavity
(Pion/Conventional)

(Total)

TOTAL 47
(Pion/Conventional)

*Accession started in 1976, although assigned official RTOG status in 1979.

10914z

TABLE 3
N TO PION PROTOCOLS
78 - 30 April 1981
1980 1981 Total
al 52 139
a J 1
1 2 3
(0/1) (2/0) (2/1)
0 1 1
{0/1) (o/1)
S 5 10
*3/2) (2/3) (5/5)
47 60 154
(44/3) (56/4) (167/7)
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addition, efforts to establish referral patterns with Loma Linda University
and the University of Southerm Califormia through their affiliated Community
Radiation Oncology Program (CROP), resulted in several referrals for the most
recent treatment cycle.

An additional aspect of increased patieat through-
put is the increasing use of pions in treatment of malignant gliomas. 4An
amendmeat to the Phase I-II protocols, approved ia July 1979, allows the
planned combination of pion irradiation as boost therapy with conventional
irradiation of more generous volumes. Conventional radiation doses of 4000~
5000 rad in 4-5 weeks are preceded or followed by treatmeat of cone-down
volumes by 1200-1500 rad of peak pions, maximum dose. This treatment plan has
tvo major advantages, the first of which is that the benefits of dose localiza-
tion and normal tissue sparing can best be used for localized volumes. The
number of lengthy, amulti-port treatments of the whole brain using pions cam be
reduced, and the beaa time can be used in treatment of more patieants with
localized, critical tumor volumes. The possibility of brief (1h-2% veek)
boost treatments also allows accession of patients throughout the treatment
cycle and maintenance of the maximum patient census.

An extresely importaot aspect of protocol planning, particularly
during Phase II studies, is the ability to efficiently review previous cligical
experience with regard to disease characteristics, treatment parameters, tumor
respoase, and normal tissue reactions. A data base system has been obtained
that would permit sequential compilatioo and analysis of climical data being
accumulated by the pion project.

The data base has been established on a Digital Equipment VAX computer,
using eight different forms for initial observation, follow~up reports, and
other data. The data base currently includes information oa 173 patients.
Experience in setting up and using the data base has been excellent, with no
major problems encountered. Installation of an advanced biostatistical package
for interactive statistical analysis bas been accomplished.

A total of 196 patients received pion therapy,
alone or in combination with surgery or conventional radiation, through April
1981. Nine patients treated in 1974 and 1976 received randomly assigned
x-irradiation or pion irradiation for sultiple subcutageous metastases. These
studies established an RBE of 1.4 for pioas, compared to 100 kVp x-rays, in
acute injury to human skin, and provided the basis for present Phase II pilot
protocols, as well as for Phase III trials iz certain anatomic sites. Trials
with deep-lying tumors began in November 1976, and proceeded with gradual
increments in total pion dose and adjustments in daily dose for each new type
of tumor and normal tissue irradiated.

Installation of am EMI 7070 CT scanner at the
Pion Biomedical Facility in Los Alamos in February 1980 resulted in major
improvements ig magy aspects of patient care. The presence of an on-site CT
scanner assures vastly improved quality coatrol in regard to patient positioning
and has allowed implemeatation of a more efficient and accurate treatment
planning system. The radiotherapist may now superimpose treatment volumes,
skin surfaces, and critical organs directly on CT data by use of region-of-
interest software and the diagnostic console. This information can be traas-
lated into life-sized hard copy for treatment planning. The ability to vary
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wvindow settings and to superimpose treatment volumes on adjacent slices allows
improved delineation of the anatomy of interest. Jn-site CT scaaoning also
permits confirmation of positioning of bolus, frequent checks of changes in
tumor volumes and internal anatomy during the course of therapy, and a method
of routine monitoring of ipaccessible lesions such as tumors of the brain and
pancreas during the follow-up period.

The ability to reproduce patient positioca
at each step of treatment planning from CT scanming, through simulatiom, to
treatment has been thoroughly facilitated by installation of three-poiat laser
set-up systems in the CT scanning, set-up, and treatment rooms. In addition,
implementation of this positioning system bas allowed development of a more
convenient and comfortable system of immobilizatioa for patieats with seoplasms
of the brain and head and neck, in which e cast of the shoulders and head
replaces a full torso cast. This also permits cmission of casts for treatment
of lesions of the abdomen and pelvis, resulting in improved patieat comfort
and ease of positioning. Finally, the three-point set-up system allows accurate
positioning of the height of the patient, a critical parameter in dynamic
treatment with focused fan beams. '

Immobilization casts, when ageeded, are made
from a fiberglass material (Lightcast II) that hardeps under ultraviolet light.
The casts are made on the patient, then bissected in the sagittal plaae for
lateral head and neck treatments to accommodate the vertical pion treatmeant beam.
Special oblique casts are made for specific treatment situations. The
casts are rigid, yet comfortable for the patieats, and they provide repro-
ducible immobility. With oa-site CT scanning, appropriate approximations of
field centers may be obtained from "scanogram" images, and use of a line-laser
system in the CT scaaner permits marking and tattooing of the patient's skin,
indicating the direction of movment through the CT scanner and the plane of
the individual scans. These marks permit accuracy in subsequent repositioning
of the patient and aligament of beam-shaping devices.

After CT scanning and preparation of bolus
and collimator designs, patient and field positions are checked by orthodia-
graphic films obtained at final simulation. This technique, which is necessary
to confirm the aligonment of fields treated with the non-diverging, static piom
beam, consists of timed exposure radiographs taken with very narrow collimation
along a central axis of the beam while the patient is moved along an axis
perpendicular to that of beam collimation. The result is a film sbowing ao
divergence in the direction of patieat movemeant, and a pair of such films
provides coafirmation, in x and y dimensions, of the accuracy of collimator
shape. The possibility of installing an x-ray tube in the beam area for port
films verification is being explored.

Lengthy treatment times and set-ups neces-
sitate patient positioning and alignment of beam-sbaping devices in a staging
area, thus reducing beam-off time while patients are exchanged within the
treatment rcom. This exchange time is routinely on the order of five minutes
due to further improvement in the table and trolley system in use for the last
three years. Improved maneuverability and decreased weight have resulted ina
more rapid transport with less patient displacement. The impact of atteation
to the technique of patient immobilization, simulation, and tramsport is
apparent in the excellent correlation of simulation films with post-treatment
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port films obtained by orthodiagraphic scanning through the treatmeat collimator,
and in the predictability of in vivo dosimetric measuremeasts, which are obtained
in every patient.

All aspects of treatment planning, dosimetric
confirmation, channel tuning, and hardware and software interfacing have been
implemented successfully in the treatment of several patients with dyuamic
scanning (see Physics). Further refipement of this technique and development
of necessary treatment planning computer codes for oonhomogeneous treatment
volumes are major priorities for the next year. Ia the iaterim, static beam
therapy will coptinue to be routine, as will staandardized localizing radiographic
procedures, including simulation and port-checks by orthodiagraphic scanning
as vell as in vivo dosimetry in all cases.

Patient safety has been a primary concern
in the design of Phase [-II trials and has dictated a conservative approach in
the incrementation of doses and volumes. Table 4 shows the evolution of large
field pion radiotherapy from 1976 through 1980 for both igitial and cone-down
volumes. The trend toward increasing volumes and doses reflects increasing
familiarity with normal tissue tolerance and patterns of tumor recurrence.
Average doses for 1980 are somewhat decreased from 1979 and reflect increasing
treatment volumes and an increasing proportion of patients receiving low dose
(1000-1600 m rad) pion irradiationm of cone-down volumes in the brain, aad the
combination of large-field conventional irradiation with cone-down pion irradi-
ation in the pancreas.

- Treatment policies are cutlined in Table 5.
Maximum daily doses of 125 n rad are given for most sitea, including braia,
head and neck, and pelvis. Minimum doses at the periphery of treatment volumes
are routinely 80 percent of the maximum dose. A brief experience with static
treatment planning to a minimum of 30 percent resulted in greater acute aad
chronic normal tissue reactions, presumably related to the increased volume of
normal tissue receiving relatively high dose irradiatioa, and has been abandoned;
this technique will be possible with dynmamic_treatment plaaning. A notable
exception to the routine daily dose of 125 ® rad is in the treatmeat of
pancreatic carcinoma. For these patients, 160 n rad is given daily in two
treatments divided by a migimum of six hours. One hundred T rad maximum is
given to a volume encompassing the entire pancreas, tumor, and regional nodes
through AP:PA opposed ports, followed at six hours Dy an additiomal 60 7 rad
maxigum through an anterior_portal to the site of radiographically demonstrable
disease. A total of 3840 n rad is delivered to the site of gross disease in
44 weeks, followed by an additional 2400 rad/3 weeks photon irradiation to the
entire liver, pancreas and tumor. The other example of routine combisation of
conventional and piom irradiation is in the treatment of malignant astrocytomas
in which conventional megavoltage irradiation of the whole brain to doses of
4200-4500 rad/4~5 weeks is combined with pioo irradiation of cone-down volumes
to doses of 1200-1500 n rad maximum in 2-3 weeks.

This report details clinical observations of
the 196 patients who have received pion irradiatiom, with particular emphasis oo
a group of 96 patients treated with curative intent and followed for a mianimum
of one year. Table 6 details the patient population of interest (excluding 23
patients treated since January 1, 1981). Thirty-three patiepts treated between
Junoe 1980 and November 1980 are included in the analysis of survival and local
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Year
1976-1977
1978
1979

1980

Number of
Patients

34
41
49

43

F0G14hUb

TABLE 4

‘sse’.ey, 3obert 3., Jr., 4.D.

EVOLUTION OF PION THERAPY

Volume Volume
(initial) (cone) Dose (Iaitial) Dose (Cone)

cec ce T Rad Max. n Rad Max.

715 372 24650 2827

1137 634 2682 3864

1540 783 3542 4274

1894 672 3233 4070

C:
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TABLE 5
TREATMENT POLICY

Maximum Minimum
Site Dese (n rad) Dose (1 rad) Fractions Days

Pelvis® 4500 3600 36 L)
Brain*

Whole 2750 2200 22 32

Cone-dowvn 4300 3600 36 30
Pancreas**

Whole 2400 1920 24 3s

Cone~down 3840 3072 PEA as
Esophagus*

Wide Field 3500 2800 28 38

Cone-down 4500 3600 36 50
Lung

Wide Field 3250 2600 25 35

Cone=dowvn 4500 3600 36 S0

*May be treated by conventional wide-field irradiation aad pion
boost (approx. 1500 n rad sax./12 fx/2% weeks).
**Combined with planned extermal beam conventional therapy.
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TABLE &

PION PATIENTS 1974-1980

Total Cases 173
Follow-up < 1 year 33
Exclusions:

Skin Metastases 9
Distant Metastases 13

Low Dose Pilot -

Low Dose Beas 10

Low Dose Medical 2
Total Exclusions i

Total Curative Cases 129
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coantrol, but excluded frow the analysis of chroaoic effects because of insufficient
follow-up time. Of 173 patients treated prior to 1981 (including one with
simultaneous primary lesions of the prostate and urinary bladder), 9 patients
treated in Phase I trials for cutaneous metastases and 15 patients with kanown
distant metastases at time of treatment are excluded from the population
treated with curative intent. In addition, 20 patients receiving less than
2700 ® rad maximum, that dose at which cozplete tumor regression was first
noted, are excluded for reasoas including deliberately planned low doses in
conjunction with Phase I studies, machine malfunctiom, and iaterruption of
trestment for medical reasons. Table 7 shows the distribution of patients
treated with curative intent before November 1980 according to treatment
modality. Except for six pstieats receiving cone-down pion irradiation to the
brain, all patieats received a minimum of 2700 X rad, although only 90 were
treated with pions alone. Only 49 vere treated to dose levels curreatly
thought to approximate tolerance doses of relevant normal tissues.

Data regarding 129 patients (with 130
primary lesions) treated with curative intent have been analyzed with respect
to survival, local control and acute reactions, while 96, followed for more
than one year, are analyzed with regard to chronic reactions. Separate analyses
are reported for patients receiving less thas 4000 T rad maximum and those
treated to higher doses.

Tables 8 aad 9 show crude survival and
local control statistics for the group of 129 patients treated with curative
inteat. In each of these tables is a separate analysis of six patieants treated
for high=grade gliomas using a planned combination of conventional whole brain
irradiation and pion irradiatiom (<2000 m rad) of cone~down volumes. The data
are also shown in Figures 5 and 6. Patients with primary neoplasms of the
head and neck comprise the largest single group, with 38 cases, followed by
glioms, 36; prostate, 21; and pancreas, 16. The "other" category includes
four patients with transitional carcinoma of the urinary bladder, and two each
with carcinomas of the esophagus and lung. Four patients with carcincma of
the rectum were treated, as were individual patients with carcinoma of the
stomach and skin. Three patients were treated for advaanced carcinoma of the
uterine cervix. Also in the "other"” category is one patient with carcinoma of
the anus and one patient with an ethesioneurcepithelioma. Three of four
patients with bladder lesions had local control, although ome expired of
unrelated, intercurrent GI bleeding, while the third survives with local
persistence. One patient with a Pancoast tumor survives without evidence of
disease at three years, but the second patient with lung cancer expired with
local recurrence at tvo years after therapy. Both patients with esophageal
carcinoma expired, although one was free of tumor at autopsy, having died as a
result of sequelae of chronic alchoholism. Two patients with rectal carcinoma
expired with metastatic disease, although one was free of local disease at
autopsy. 1Iwo others survive without evideace of disease. The patieamt with
stomach cancer died of local recurrence, while a patient with a large basal
cell carcinoma of the face, invading bone, remains free of disease at two
years. One patient with Stage IIIB carcinoma of the cervix expired with lung
metastases and apparent small bowel pecrosis one year after combined pioa and
interstitial templste irradiation. Review of autopsy material in determining
the role of irradiation in the small bowel injury is pending. Another patient
expired of progressive local disease and uremia, while the third has local
persistence of disease. The patient with anal carcinoma and the patieat with
ethesioneuroepithelioma are alive with no evidence of disease at ten months.
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TABLE 7

130 TUMORS TREATED WITHE CURATIVE INTENT

Pions alooe 90%*
Pions XRT 29
Pions + Surgery b
Total 130

*89 patients, one with simultaneous prostate aad bladder primaries.
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Head & Neck
Brain
Prostate
Pancreas

Other
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SURVIVAL OF PION PATIENTS TREATED WITH
CURATIVE INTENT BY SITE AND DOSE

TABLE 8

Moseley, Robert 0., Jr., M.D.

<2000 n° rad <4000 m° rad >4000 1" rad
- 6/12 10/26
4/6 3/16 Tild
. 4/5 15/16
- S/11 35
- 5/9 5/10
-110-

Total
16/38 (42%)
14736 (39%)
19/21 (90%)
5/16 (31%)
10/19 (53%)
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Head & Neck
Braia
Prostate
Pancreas

Other
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LOCAL CONTROL IN PION PATIENTS TREATED WITH
CURATIVE INTENT BY SITE AND DOSE

TABLE 9

Moseiey, Roberz D., Jr., 4.D.

<2000 ®  rad <4000 @ rad >4000 m_ rad
- §/12 3/26
1/6 2/16 3/14s
- /5 15/16
- 0/11 0/5
- 5/9 5/10
-111-

Y

Total
19/38 (50%)
6/36 (17%)
19/21 (90%)
0/16 (0%)
10/19 (53%)
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Figure 5. Survival of patients given pion radiotherapy
with curative intent
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130 Tumors Treated with Pion Radiotherapy
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Figure 6. Local control for patients given pion radiotherapy
with curacive intent
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Moseley, Robert D.I Jc.l M.D.

Crude survival rates are 90, 42, 39 and
31 percent for patients with prostate, head and neck, brain, and pancreatic
tumors, respectively, with corresponding local control statistics of 90, 50,
17, and O percent. Local contrel is scored in the case of glioma omly if the
patient has stable neurologic symptoas, no steroid depeandence, and no evideance
of contrast eshancement or mass effect on CT scan. Local control is scored in
the case of pancreatic carcipoma only if there is resolution of tumor mass as
documented by CT scanning or autopsy confirmation.

Acute reactions recorded for the group of
patients treated with curative intent are shown ia Table 10. Acute reactions
are scored on a scale of 0-4 as follows: O - nil; 1 - skin erythema, mucosal
injection, mild dysuria or diarrhea < 4 stools per day, etc.; 2 - dry desquamation,
patchy mucositis, moderate dysuria, diarrhea with mucus (> 5 stools per day),
etc.; 3 - moist desquamation, confluent mucositis, severe dysuria with bladder

- spasms, diarrhes with blood, etc.; and 4 - acute necrosis. Average acute
reaction scores vere obtained bv summing severities of all reactions for
individual anatomic sites as follows: head and neck - mucosa, skio, salivary
glands; pelvis - skin, rectum, bladder, thorax - skin, dysphagia; abdomen -
nausea, diarrhea; brain - skin, and dividing by the aumber of scoriag criteria
for each category (e.g. skin, oral mucosa, and salivary gland = 3 criteria for
bead and neck). The analysis shows a trend to more severe reactions at all
sites in the higher dose range, although it must be nooted that these data
ignore such potentially contributory factors as dose per fractiom, hyperfrac-
tionation, and volume. Of note is the observation that the average acute
reaction score in 11 patients (10 wvith carcinoma of the head and neck and one
with stomach cancer) receiving more than 5000 n rad maxizum was 2.2.

A separate evaluation of acute toxicity
data in head and neck patients was performed to examine the importance of
volume, daily dose, and total dose. Figure 7 shows the distribution of 36
patients treated before July 1980, receiving 3000 n rad or more for neoplasas
of the head and neck with summation of acute reactions recorded for skin,
mucosa, and salivary glands. Average values for fraction size, treatment
volume, and total dose were calculated for eaca level sf acute injury and
plotted with a3 line fitted to the data by the method of least squares. These
data are shown in Figures 8, 9 and 10 and suggest that acute reactions are
relatively independent of fractiom size and treatment volume, at least within
the ranges employed, but increase in proportion to total dose. The acute
tolerance of skin and mucosa is approximately 4500 °® rad in seven weeks for

usual treatmept volumes, with acute reactions increasiag rapidly above this
dose.

Table 11 shows a compilation of all patients
treated with pioans and subsequently scored as having severe chromic reactions
(Grade III or greater, according to the late effects scoring system of EORTC/

RTOG) . four pa ts such chroonic effects related to pion irradiation
alone. Cue “ ‘ear-old female had chronic, severe laryngeal
ed after rad for a T4 squamous carcinoma of the larynx. Patient

, Case had severely symptomatic pulmonary fibrosis 4000 m rad
for a large adenocarcinoma of the lung. Patieat {Case developed
necrosis of a portion of the pharyngeal wall four months after 4600 n for
a T3NzMo squamous carcinoma of the base of tongue. °auent. (Case “

received 4950 1 rad in 140 T rad increments for a large pelvxc recurrence of
cloacogenic carcinoma of the anus. Ten months later he developed small bowel

=114~ o
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ACUTE INJURY RELATED TO PION IRRADIATION IN DOSES >2700 ® RAD

Dose

Range
<4000 n~ rad

>4000 Rt rad

*See text for explanation of scoring system.

(09145

TABLE 10

Moseley, Robert

BY SITE AND DOSE RANGE*

Site

Head & Neck
Pelvis
Thorax
Abdomen
Braia

Head & Neck
Pelvis
Thorax
Abdozmen
Braino

Number of
Patients

14
1)

Average Acute
Reaction Score

-
-y

(T

Jr.

1.D

-
W nOhO
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Moseley, Robert D., Jr., 4.D.

TABLE 11
SEVERE CHRONIC REACTIONS IN PION IRRADIATED PATIENTS

Disease Case

Site Number Type of Reaction Comment
Bladder Vesico-vaginal fistula Persistent disease
Rectum Hematochezia Persistent disease
Anus (Recurrent) Small bowel injury PIONS ONLY
Prostate Lymphedema Previous lywphadenectomy
Cervix Small bowel necrosis Implant + pions
Head & Neck Skin atrophy XRT + pioas

Laryngeal edema

Head & Neck Mucosal necrosis Implant + pions
Head & Neck Mucosal necrosis Surgery + piocus
Head & Neck Laryngeal edema XRT + pions
Head & Neck Skin atrophy Previous surgery
Head & Neck Subcutaneous fibrosais Surgery + pions
Head & Neck Flap necrosis Surgery + pioas
Head & Neck Edema Persistent disease
Head & Neck Laryngeal edema PIONS ONLY
Head & Neck Mucosal necrosis [mplaat + pions
Head & Neck Mucosal necrosis PIONS ONLY
Zung Pulmonary fibrosis PIONS CNLY

1091Lbl
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obstruction and bleeding, necessitating ileostomy. Three patieats had zhronic
reactions that were co-existent with persistent disease, ana jge patient, with
a2 history of multiple previous surgeries for a large basal :arcinoma of the
face, d ski rophy after subsequent piom i1rradiatioa. Three patients
(Cases and developed mucosal necrosis after combined “herapy with
pions and supplemental interstitial implants or surgery; however, neal:.ng
occurred in each case. Six additioaal patients developed severe caronic
reactions after a combination of pion therapy with surgery sr with comventionmal
irradiation. Two of these patients are presumed to zave expired from treatment-
related complications. C.H. (Case #99) exsanguinated from a tracheal-ipominate
artery fistula twvo weeks after salvage composite resection for tomsillar
carcinoma persistent after 5000 X rad. Patient G.C. (Case #135) developed
small bowel obstruction and necrosis one year after 4500 n and 2500 rad by
template implant for Stage IIIB carcinoma of the cervix. Thirteen patients
treated for glioma have been autopsied, aod, although ail had gross or micro-
scopic evidence of residual tumor, cone had pathognomon:c histological evidence
of radiatiom injury to mormal braia.

Table 12 shows a comparison of average
chronic reaction scores for various treatment sites and for doses less than or
greater than 4000 m rad in a population of patients receiving pioa irradiation
alone and followed for a minimum of one year. The group of patients receiving
therapy for pelvic primaries has been analyzed for chronic effects as related
to treatment planning policy, i.e., whether the minimum tumor dose was determined
as 80 percent or 90 percent of maximum, The average chroaic reaction scores
for patients treated at 80 percent is 0.6 (o = 6), vhile it is 1.2 (o = 3) for
those treated to 90 percent. All patients received 4000-4500 m rad ac 115-125
n rad per fraction. Four patients treated with pions alone for prostate
cancer had rectal bleeding at 9-12 months after therapy, and two, both treated
at 90 percent, developed mild to moderate rectal strictures after 4500 n rad
in 125 _n rad fractions. These data suggest that in the dcse range above
4000 ® rad, chronic injury increases disproportionately in comparison to
acute injury and may manifest itself only after periods of 9-12 moaths.

Observations of acute reactions and the
pattern of increasing severity of chromic reactions with higher dose and
loager follow-up indicate that present dose-fractiomation schedules should not
be modified until additional follow-up of patients treated in this fashion is
available. Two studias are underway to further delineate chronic effects of
pions. Thirteen patients treated for glioma have been autopsied, and the
brains have been examined in detail, correlating gross and microscopic findings
with precise isodose coantours. A second study, just approved by the Human
Research Committee of the University of New Mexico, will involve sigmoidoscopy
and biopsy of rectal mucoss of age-matched pion and conventionally irradiated
patients with prostate cancer and will compare in a blinded fashion, microscopic
sorphology based on the system described by Black et al. 14 in an attempt to
establish relative biological effectiveness (RBE) for “chronic injury in a
normal human tissue. Sunder Mehta, M.D., of the Division of Gastroenterology,
Department of Medicine, is a collaborating investigator in this study.

iii. Publira*tioas

(1) Bush, Steven E., and Kligerman, 4.4 : Pi meson
radiotherapy for cancer of the pancreas. Cancer Clinical Trials, ia press.
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Hogseley, Robert D., Jr., M.D

i

TABLE 12

CHRONIC INJURY RELATED TO PION IRRADIATION ALONE IN
DOSES >2700 n RAD BY SITE AND DOSE

Average Chromic

Dose Range Site Reaction Score

<4000 n rad Head & Neck 0.7
Pelvis 0.5
Other 1.4

36000 ® rad Head & Neck 0.9
Pelvis 0.9
Other 0.7

122~
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(2) Bush, Steven E.; Smith, Alfred R.; St:
Patrick M.; Smith, Nancy; Stark, Richard; and Pannell, Alison: Clis
results of pion radioctherapy at LAMPF. Proceedings, Second Interma:
Meeting on Progress in Radio-Oncology, in press.

(3) Khan, K.M.; Bush, S.; Herzom, F.; and iermac
M.M.: Pi meson radiotherapy for advanced head and neck neoplasms: .. .parv
results. Head and Neck Surgery, im press.

(4) Kligerman, M.M.: Poteantial for therape..::> gair
similar to pions by daily combinations of neutrons and low-LET radia .,us
Medical Hypotheses 5: 257-264, 1979.

(5) Xligermaan, M.M.; Bush, S.; Kondo, M.; w:ison.
S.; and Smith, A.R.: Results of Phase I-II trials of pion radiotherapv.
Praceedings of the Second Rome Intermatiopal Svmposium on Biologica. Bases
and Clinical Implications of Radioresistance, in press.

(6) Kligerman, M.M.,; Sala, J.M.; Smith, A.R.; Knapp,
E.A.; Tsujii, H.; Bagshaw, M.A.; and Wilson, S.: Tissue reaction and ctumor
response with negative pi mesons. Journal of the Canadian Association of
Radiologists 31: 13-18, 1980.

(7) Xligerman, M.M.; Sala, J.M.; Wilson, S.;, and
Yubas, J.M.: Investigation of pion treated human skin nodules for therapeutic

gain. Inoternational Jourmal of Radiation Oncology, Biology and Physics 4:
263-265, 1978.

(8) Kligerman, M.; Tsujii, H.; Bagshaw, M.; Wilsocn,
S.; Black, W.; Mettler, F.; and Hogstrom, K.: Current observatious of pion
radiation therapy at LAMPF. Treatment of Radioresistant Cancers, M. Abe, K.
Sakomoto, and T. L. Phillips, eds. Amsterdam: Elsevier/North-Holland Biomedical
Press, pp. 145-157, 1979.

(9) Xligerman, M.M4.: von Essen, ..F.; Khan, M.K.;
Smith, A.R.; Sternhagen, C.J.; and Sala, <.4.: Experience with pion radiotherapy.
Cancer 43: 1043-1051, 1979.

(10) Kligerman, M.X.; Wilson, S.; Sala, J.; von
Essea, C.; Tsujii, H.; Dembo, J.; and Khan, M.: Results of clinical applications
of negative pions at Los Alamos. High LET Particles in Clinical Radiotherapy.
Oxford: Pergamon Press, pp. 61-65, 1979.

(11) Sala, J.M., and Kligerman, M.M.: Clinical
experience with negative pi mesons and other high~LET radiations. Advances

in Medical Oncology, Research and Education Vol. 6, Basis for Cancer Therapy 2,
M. Moore, ed. Oxfard: Pergamon Press, pp. 215-221, 1979.

(12) Tsujii, H.; Bagshaw, M.; Samith, A.; von Essen,
C.; Mettler, F.; and Kligerman, M.: Localization of structures for pion
radiotherapy by computerized tomograpby and orthodiagraphic prejection.

International Journal of Radiation Oncology, Biology and Physics 6: 319-325,
1980.
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Moseley, Robert D., Jr., M.D

3. Specific Aims

a. To conduct non-randomized trials of pion radiotherapy in
the management of high-grade gliomas (astrocytoma Grade III and IV), and
inoperable or unresectable carcinoma of the pancreas, esophagus, lumg and
uterine cervix (Stage III, IVA), comparing pion therapy results with best
conventional treatment results published in the literature over the past 5-10
years, as a means of rapidly identifying those sites for which Phase III
trials are most appropriate.

b. To proceed as rapidly as is warranted by data from Phase
I1 trials, in which patients have been treated to optimal dose with systematic
technique, to design of Phase III studies.

c. To continue observations of acute and chronic effects of
pions on normal human tissues including, but not restricted to, direct obser-
vations in the climic, serial radiographic follow-up (particularly using CT
scanpning), analysis of appropriate biopsy material, and examination and correla-
tion of autopsy findings with dose distribution.

d. To perfect available techniques and develop new techniques
to assure optimal delivery and monitoring of patient treatment iacluding, but
not restricted to, methods of immobilization, positioning, and port simulation;
application of CT scanning in definition of tumor volumes; monitoring of
changes ino extermal and iptermal bedy habitus; in vivo dosimetric measurement;
and routine implementation of dynamic treatment techniques.

e. To maintain, expand, and upgrade the data base cootaining
demographic, staging, treatment, and follow-up data on all pion patients, as
well as to implement such a system for conveationally irradiated patients at

CRTC/Albuquerque as an intramural comparison group for pion-related clinical
observations.

f. To foster relationships with institutioas aad individual
physicians as referral sources of patients for the study and sites for dissem-
ipation of pion-related patient care technology.

g- To maintain close coocperation with pion projects uanderway
at the TRIUMF accelerator in Vancouver and SIN io Villigen, Switzerland, and
to coordinate protocol design and correlate clinical observations to obtain
the maximum amount of information in the shortest possible time.

4. Methods of Procedure

3. General

i. Protocol design and implementation. The assessment of
potential efficacy of pion radiotherapy necessitates evaluation of the modality

in treatment of multiple tumor types and sites. Locally bulky and aecrotic tumors
and those that are deep-seated and/or in close proximity to radiosensitive normal

-124- v
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tissues might most reasonably be expected to respond more favorably
irradiation than to pboton treatment. Some anatomic sites in whickt
lesions arise apd ia which local control of the neoplasm is known t
significant factor in limiting survival include brain, lung, esopha.
and uterine cervix. Decisions regarding the feasibility and useful -
randomized trials for these sites will be delayed pending acquisit:
additional data.

Protocol design for the pion radiotherapy .: =.
necessitates consideration not only of ideal experimental design bu: i.sc
relevant endpoints for such technologically inteansive clipical iavestizat.iuco
and practical and logistic limitations inherent in such an effort. <Loasiaer-
ation wmus. be given to such factors as appropriate "control" groups optimization
of therapeutic technique in both experimental and control arms of the studv.
uniformity of treatment technique during the anticipated accession per:od.
adequacy of patient aumbers, and adequacy and reliability of beam productiosn.
The implicit premise that warraants the use of pion radiotherapy is tha: ocner-
wise incurable patients may be curable when treated by the experimenra. modalicy.
Confirmation of the premise necessitates treatment and evaluation of adequate
numbers of patients with tumors at multiple sites for which the theoretica.
advantages of pion therapy are anticipated and for which failure of local
contrel is an established impediment to improved survival.

ii. Statistical considerations. Statistical considerations
regarding the proposed Phase II trials are outlined in Table 14. The estimates
of the number of patients neceasary for each site are predicted upon calculations
according to the methods described by Schoenfeld.!® The major purpose of the
proposed studies is to evaluate pion radiotherapy in the management of several
disease sites which represent significant public health problems aund for waich
failure of local control is recognized as a significant impediment in curative
managewent. The Phase II trials will be used as a guide to the design of Phase
III studies for those disease sites showing some promise of improved results aed
no evidence of unacceptable morbidity.

Statistical assumptions considered in the estimate of
necessary patients include ag estimate of local coamtrol or proportion of
surviving patients at a defined interval following treatmeant and an arbitrary
estimate of "significaant” improvement. These proportions have been obtained
from the published literature regarding results with coaventional therapy and
from a conservative estimate that 20 percent improvemeat with pions is "signi-
ficant." In addition, factors are considered regarding the acceptability of
(1) proceeding to Phase III trials in the case in which the experimental
modality is not actually superior, or (2) rejecting such trials when the
experimental modality actually represents true improvement. The probabilities
accepted for these Phase Il trials are 25 percent for (1) and 10 percent for

(2).

iii. Anticipated accession. Based upon previous experience
and anticipated accelerator operating schedules, it is expected that approximately
70 patients will be trested annually (Table 15). An additional complicating
factor has been the cyclic operating schedule of the LAMPF accelerator, which
dictated that all patients intended to receive a derinitive, full-course series
of pion treatments must be identified withio a maximum of 2-3 weeks before an
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Site/Stage
Cervix III

Cervix IV
Pancreas
Esophagus
Lung
Glioma III
Glioma IV
TOTAL

local ¢

A

-4

[
Houwun

Parameter

Evaluated Reference
LC 49, 50, 52
LC 49, s
PS 1 66, 67
PS 1 80, 81, 83
PS 1 98, 104, 109
PS 1.5 86
PS 1.5 86

ontrol

TABLE 14

Moseley, Robert D., Jr., 4.D.

ANTICIPATED NUMBER OF PATIENTS

proportion surviving at 1 yr
proportion survivipg at 1.5 yrs
probability of local coatrol with best conventional therapy
probability of local coatrol assuming "significant” improvement with

pion radiotherapy

(¢]
-
[

better than conventional

o
[
nu

109 1bb1

-126-

NECESSARY FOR NONRANDOMIZED STUDIES

.25
.25

.25

& ¥
1 21
1 22

.1 23
! 23
.1 23
1 20

1 22

154

= probability of accepting a treatment for Phase III trials that is no

probability of rejecting a superior zreatment for Phase III trials
pumber of patients necessary to complete pilot study
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TABLE 15

ANTICIPATED TREATMENTS/YEAR

Ports/Year, Assuming: Ports/Treatment Course, Assuming:

27 weeks of operation/yr 28 fx/treatment course (avg 1/80-3/81)
x5.5 days of operation/wk x2.17 port/fx (avg 1/80-3/81)
149 days/yr 60.1 ports/treatmeat course
x16 hrs/day
2376 hours/year
x2.53 ports/hour (avg 7/80-11/80)
6011 ports/yr (100% efficiency)
x.71 daytime-evening efficiency
4268 ports/year

4268 ports/year + 60.1 ports/treatment course

= 71 treatmeat courses/yr

-127-
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Moseley, Robert D., Jr., M.D.

anticipated operating cycle and have all necessary diagnostic evaluation and
treatment planning completed by the beginning of the cycle. Two major changes
in policy have resulted in more continuous accessions and increased patient
through-put. TFirst, the accelerator operating schedule has been modified to
allow more or less continuous operation for the funded portion of each fiscal
year. This allows much greater flexibility in recruitment of "defipnitive"
patients. In addition, am increasing number of patieats are receiving abbrevi-
ated courses of pion therapy in which boosting doses of approximately 1500-2000 n
rad are delivered to localized volumes of radiographbically desonstrable tumor

in comjunction with planned supplementary conventional radiotherapy. This
approach bhas been used primarily in treatment of high-grade gliowas and unresec-
table pancreatic cancer, with such patients being entered on study at any time
during the treatnment cycle when available positions exist in the treatment
schedule. The treataent of cone~down volumes, particularly for deep-seated
neoplasms, is especially attractive in considering the theoretical benefits of
improved dose distribution. Protocol changes suggested previously involving
‘assessment of re-oxygenation with completion of therapy with standard photoas
and the use of shorter overall fractionation times improve patieant accession.

In light of the need to evaluate multiple sites and
types of neoplasms and the necessity for large numbers of patients treated in
a2 uniform manner in randomized trials as well as inhereat limitations on
patient through-put, it is necessary to consider alternative approaches to
collection of data useful in deciding the future of pion radiotherapy. The
method selected is nonrandomized trials in those sites with extremely poor
survival rates with coaventional therapy.

Nonrandomized trials will be continued uader RTOG
protocol 79-23 for those patients with high-grade glioma (Astrocytoma Grade
III and IV), iooperable esophageal carcinoma, inoperable epidermoid carcinoma
of the lung, carcinoma of the uterine cervix (Stages III and IVA), and inop-
erable adenocarcinoma of the pancreas. With the exception of Stage III cervical
carcinoma, the anticipated five-year survival in each of these diseases is
approximately 10 percent or less, and any significant trend toward improved
survival after pion therapy should be appareat with treatmeat of a moderate
oumber of cases and with relatively short follow-up. We do oot believe it to
be appropriate to proceed to Phase III trials 1o all sites until adequate
numbers of patients with each disease have been treated in a systematic fashion
to tolerance doses and analysis can be completed regarding unexpectedly low
survival rates or unacceptable morbidity as compared to conventiomal therapy.
In addition, it is necessary to compare optimal pion therapy with optimal
copventional treatment to obtain meaningful results, and this dictates the
necessity for routine dynamic pion therapy for most sites outside the head and
neck. Such capability is now available.

Adequacy of patient numbers is an essential aspect of
the clipnical program if the proposed studies are to be completed within three
years. Patient accession has shown a steadvy pattern of growth as a result of
improved cooperation with the medical community within New Mexico and development
of closer ties with referring physicians in other states (Table 16). The
necessity for recruitment from a wide population base follows from the oarrow
time-frame for accession with cyclic beam operation and protocol restrictioas,
particularly regarding limictation of sites to be treated and performance status.

-128-
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TABLE 16

PION REFERRALS BY STATE

Arizona 1
California 31
Colorado 18
District of Columbia
Massachusetts
Mionesota

Missouri

Montana

— W o O

New Jersey
New Mexico 99
Albuquerque (78)
Other communities (21)
New York
Ohio
Peansylvania
Texas
Utah
Wiscoasin
Wyoming
TOTAL 203

—
N = Uy W o
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Moseley, Robert D., Jr.l :.i.

With an increase in accelerator intensity, approximately 15 more patients can
be accessed annually. A log of rejections has been maintained since the
inception of the program, and analysis of the last three years showed approx-
imately 35 referrals per year of patients who would have been eligible for
study, but were rejected because of the maximum number of patients had been
accessed for treatment or because of beam down-time constraints. Therefore,
we anticipate no difficulery in accessing 70 patieats per year, as proposed in
this application.

The clinical trials outlined below are all active at
The CRTC, with the approval of the NCI, the RTOG, and the Human Research
Review Committees of the University of New Mexico and the Los Alamos Natioaal
Laboratory.

Carcinoma of the uterine cervix

i. Introduction. Although of declining incidence,
advanced stage carcinoma of the uterine cervix coatinues to be refractory to
satisfactory sangement by extermal irradiation and conventional radium systesms
and, therefore, continues to be a significant source of morbidity and mortality.
The published five-year survival rates for Stage III and IV cervical carcinomas
vary substantially, as shown in Tabie 8.

A major source of failure of conventional treatment
is in the failure to control local-regional disease. Jampolis preseated a
detailed analysis of sites of failure after definitive radiotherapy and showed
central and regional (gelvzc) failures in 33 percent of patients with Stage
I1IA and IIIB disease.>® Ejighteen percent of patients in these groups deveioped
distant metastases alonme. Failures wvere ascribed to unfavorable geometry for
intracavitary radium and inability to deliver doses in excess of 7000 rad due
to intolerance of pelvic organs. Tak also reported 33 percent pelvic failures
in Stage IIT patients.52 [n Stage IV disease this pattern is even more striking.
Million reported a series of 53 patients with bladder iavasion, with 36 of 4l
recurrences of disease in the pelvis.5! Prempree reported local failure in
only 5 of 31 patients with Stage IIIB disease treated with a combination of
external irradiation and parametrial radium needle implant.33'5¢ The compli-
cation rate was only 3 percent, and the appareant improvement im local coatrol
was ascribed to increased local dose.

(1) Para-aortic nodes. Systematic surgical staging
of patients with carcinoma of the cervix has shown that approximately 35 percent
of patients with Stage III and 30 percent of gatients with Stage IV disease
have involvement of para-aortic lywph nodes.®3 1In a study of 103 patients
having lymphangiography and subsequent surgical exploratiom, accuracy of
98 percent was obtained for histologic confirmation of a definitely positive
lympbangiogram.®® False negative studies occurred in 22 percent of proven
involvement. False positive rates as high as S0 percent have been reported.ss

Because of the frequency of para-aortic lymphaden-
opathy in advanced stage cervix cancer, various groups_have studied extended
field irradiation in an attempt to improve survival.>’ % In a selected group
of "evaluable” patients, Wharton$® reported 69 percent of failures were distant
metastases and the remainder were local pelvic recurrences, suggesting that
aggressive therapy might contribute to improved survival in only about onme-third
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TABLE 138
FIVE-YEAR SURVIVAL FOR ADVANCED CARCINOMA OF THE UTERINE CER' -

Institution
Royal Marsden*? M.D. Andersepn39'S! TuftsS? Marviand$3'54
111 16% 59% 62% 65% t3-yr survival)
Iv 6% 11-14% 23% -
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of those patients with nodal involvement. Low para-aortic failure as iaitial
site of relapse has been reported.®* Overall, survival in patieats initially
staged IIIB and IVA and treated vwith extended field radiotherapy for documented
nodal disease is only about 10-15 percent;58 58 however, substantial mortality
in several series has been related to treatment complications.

(2) Complications of conveational irradiation. With
standardized techniques of conventional treatment, complications such as

proctititis, fistula formation, bowel necrosis, and ureteral obstruction may
be expected in 5-10 perceat of cases.52’5% The uniform experieace with wide-
field irradiation, particularly after surgical staging, has been a marked
increase in frequency and severity of complications iavolving the GI
tract.50°58°89 5 genoussiS? reported a detailed analysis of dose and volume
factors as related to complications. Coamplications, including fistulae,
sigmoid obstruction, and small bowel injury, occurred in 62 percent of patients
receiving extended field irradiation for Stage IIIB and IVA disease. Increased
incidence of complications was related both to large volumes (6000-7000 cm3d)
and high doses of external therapy (greater than 5000 rad) necessary in treatment
of advaaced local disesse and para-aortic nodes.

(3) Hyperbaric oxygen. Randomized clinical trials
have been published conparin§ results of irradiation of advanced cervix cancer
in air or hyperbaric oxygen.®! 83 Improved local conmtrol for patieats with
11B, III aand IVA was obtained in each study for hyperbaric oxygen. In studies
reported by Watson®! and Dische,$2? this translated into a statistically signi-
ficant survival advantage for patients with Stage IIl disease treated with
hyperbaric oxygen.

ii. Rationale and objectives. Pi meson radiotherapy is
proposed as a potential means of improving local control in primary advaanced
stage (III, IVA) or locally recurrent (following surgery alone) squamous cell
carcinoma of the uterine cervix and associated bulky lywphadenopathv aand,
thus, improvipg survival. Anticipated benefits are:

(1) Izproved dose distribution with decreased voluae
of normal tissue receiving high dose and, therefore, decreased risk of serious
morbidity.

(2) High-LET radiation effect oan hypoxic cell fraction
in gsites of bulky disease, a proven source of local failure, and a mechanism of
potential therapeutic gain corroborated by favorable results with hyperbaric
oxygen therapy.

Objectives of the study iaclude determination of:

(1) Tumor response,
(2) Response of regional nodal metastases,

(3) Incidence of locally persistent or recurrent
disease and time to recurrence.

(4) Incidence of distant metastases,
(S) Patieat survival,

(6) Acute and late effects of pions on normal tissues
and incidence of morbidity, and

(7) Optimal dose-volume, relationship and technique
in pion treatment of pelvic and regional nodal disease.
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iii. Protocol. This study is proposed for incl
pilot study under RTOG 79-23 (see Appendix A), a protocol previousl
the RTOG and NCI for Phase II studies of pion radiotherapy.

Eligibility reguirements are: biopsy=prov:
cell carcinoma of the uterine cervix, Stage III or IVA by FIGO or &
staging system, or locally recurreat disease following surgical the > - «ur
and other criteria of eligibility as defined in the protocol (see &: -u:
RTOG 79-23, p. 3).

All patients will have initial diagnostic eva.ua::iow
including medical bhistory and physical examination; chest x-ray and  ~ or
tomograms of the chest as indicated; liver function tests and CT or rad:oruclide
liver scan as indicated; CT of tne entire pelvis and para-aortic region ti tne
renal hila; IVP; bipedal lymphangiography; CBC; blood chemistry screening
panel, including repal function tests; and urinalysis. Examipation inder
anesthesia, including cystoscopy and sigmoidoscopy, will be performed by the
study team before therapy. Additional studies, e.g., bone scans, biooa studies,
cultures, barium enema, etc., will be performed as indicated.

Consistent with the objective of improved local
control of sites of bulky disease, pion irradiationm will be givem to such
sites of disease in the pelvis or para-aortic region as documented by complete
diagnostic evaluation.

(1) Pion radiotherapy alone. Patients receiving
pion irradiatioo alone will receive a minimum dose of 2800 m rad (3500 n rad
maximum) to the pelvis and regional nodes at a aminimum distaance of 2-3 cm outside
documented gross disease and/or encompassing regional nodal groups at known
risk, using anterior and posterior opposed fields and abutted fields as necessary.
Boosting doses of 800 n rad minimum (1000 m rad maximum) will be given to
sites of bulky disease. Daily fractions will be 100 n rad ainimum (125 n
maximum), with doses of 500 m rad to 600 T minimum per week. A single
interruption of one week may occur during the planned course of therapy, as
necessitated by beam operating schedule.

(2) Pion radiotberapv in combination with conventional
irradiation. Patients accessed to the study in excess of 2; weeks before the
initiation of a treatment cycle or less than 7 weeks before the end of a cycle
or who have mitigating social or medical circumstances mav receive planned
combined conventional and pion irradiation. Depending upon time of accession,
Pion boosting therapy will be given to sites of bulky disease before or after
conventionmal irradiation of regions requiring prophylactic trestmeat. The
dose of pion irradiatiom will be 1200 to 1600 ® rad minimum tumor dose (1500-
2000 n rad maximum) in 12-16 fractions over 24-3 weeks. The minimum dose
will be prescribed at the margin of radiographically demonstrable gross disease.
Supplementary conventional irradiatiom will be given by megavoltage equipment,
using four-field or equivalent technique to pelvis and appropriate para-aortic
volumes to a dose of 4500 rad in 180 rad daily fractions over 5 weeks.

Follow=up data will be collected in accordance wita
RTOG 79-23 (see Appendix A).
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S

(3) Endpoints. Numbers of patients necessary to
assure, on statistical basis, the acceptance for further testing by Phase III
trials of a potentially superior treatment have been determined by the method
of Schoenfeld.!® Table 14 coatains the details of pertinent statistical assump-
tions. It is anticipated that approximately &3 appropriate patients will be
accessed and treated over the next 2-3 years. About 20 such patieats are
evaluated and treated annually at the CRTC/Albuquerque, and additional patients
are regularly referred from Loma Linda University (James Slater, 4.D.) and New
York Medical College (Hugh R.K. Barber, M.D.).

e. Carcinoma of the pancreas

i. Introduction. Adenocarcinoma of the pancreas has
demonstrated an alarming increase in incideace over the last 40 years!d and
continues to present as advanced disease refractory to adequate local management
by any therapeutic modality (Table 197.

(1) Surgery for pancreatic carcinoaa. Reported
five-year survival after primary surgical therapy (Whipple procedure or total
pancreatectomy) ran!es from less than 1 percent to 5 percemt for unselected
groups of patients.®4’85 I fact, only 7-20 percent of patieats are candidates
for radical surgical extirpation of pancreatic carcinoma at the time of diagnosis,
and survival in this relatively favorable group is oaly 5-15 percent.84°72
Inadequacy of surgical treatment is related in part to high operative mortality
(16-30 percent)®4'85'73 ;54 to frequent local recurrence. Thirteen of 26
patients who survived attempted surgical excision in the report of Teppers‘
subsequently developed local recurrence. This may be, in part, because the
standard Whipple procedure does not remove all involved node groups in about
ope-third of patients with resectable carcinoma of the head of pancreas.’* In
addition, multicentricity is reported in as many as one-third of such cases.’3
As a result, most surgical intervention is purely palliative and associated
vith median survival in the range of 6-7 months.®*’®% Appropriate palliative
surgery may include gastrojejunostomy as well as biliary bypass, as 11-26 percent

of patients will subsequeatly develop GI obstruction during the course of
their disease.%S

(2) Radiotherapy for pancreatic carcimoma. Traditioa-
ally, radiotherapy has been used for palliation only; Millier and Fuller’!?

described favorable response of symptoms to doses of 3600 to 6000 rad but
median survival of only 6.6 moaths and “excelleat" palliation io only 10 percent
of cases. Moertel showed improvement with a combimation of 3500-4000 rad with
S<FU giving a mean survival of 10.4 months.’® Occasiomal cures have obtained
with interstitial brachytherapy, although most locally unresectable lesioas
are associated with regional adenopathy of other evideace of local-regicnal
spread, rendering them unsuitable for cure by this means.®® Improved survival
has beean regotted with high-dose conveational irradiation by Halsam®® and
Dobelbower.%7 Halsam reported a median survival of about 9 moaths and 21 per-
cent 30-month survival in a group of 29 patients receiving 6000 rad over 10
weeks in split course treatment. Dobelbower reported a median survival of 12
months and approximately 10 percent, three-year survival in e group of 40
patients receiving S900-7000 rad in 7-9 weeks. Five of 48 patients failed to
complete planned treatment. Seven of 27 patients at risk greater than 6
months developed upper GI bleeding presumed secondary to radiation gastritis.
Only 9 of 40 patients in this study reportedly developed metastatic disease.
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TABLE 19
SURVIVAL AND LOCAL CONTROL IN UNRESECTABLE ADENOCARCINOMA OF THE PANCREAS

Median
Local Survival Five-year
Treatment Modality Failure (%) (mouths) Survival (%) Reference
Radical surgery 50 11 10-15 64, 65
High-dose external 63 9-12 {unk) 66, 67
irradiation
Interstitial irradiation 71 7 1 68
Neutroun irradiation 45 9 (unk) €9, 70
Palliative only 100 6 2 64, 63, 71
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(3) High-LET radiotherapv for pancreatic carcinoma.
Because of difficulty controlling local disease in unresectable pancreatic
carcinoma, various new radiation modalities have been employed, iacluding
neutrons®®’7% and pions.’® Al-Abdullah et al.®® presented a comparison of
conventional irradiation, fast neutron irradiation and !9%Au implantation,
with respective median survival of about 6, 8, and 9 woaths. Three-year
survival was 3, 14, and 12 percent. Kaul et al.”° reported a mediaa survival
of 9 months and 5 perceant at two years in a group of 31 patients receiving
neutron radiotherapy. Eleven patients developed late complications, eight of
which were related to severe Gl injury and two of which were fatal. Fourteen
patients had progression of local disease, and the liver was the most commonly
implicated site of distant metastasis. This finding has been confirmed in a
series of 18 patieats receiving pion radiotherapy, 14 of whom developed distant
disease with liver involvement in 10 cases.’$

ii. Rationale and objectives., Pioa radiotherapy is
proposed as a potential means to improve local control in biopsy-proven,
regionally localized, unresectable adenocarcinoma of the pancreas. The anti-
cipated benefits are:

(1) A favorable dose distribution advantage for piono
irradiation over coaventional irradiation, allowing delivery of high dose to
the tumor with minimal increased risk to dose limiting normal tissues, including
G.I. tract, spinal cord, kidneys, and liver.

(2) A potential benefit related to the high-LET
component of the beam as corroborated by early reports of favorable responses
of pancreatic carcinoma to fast aeutroom 1irradiation.

Objectives of the study include determination of:

(1) Tumor response by serial examination, CT scanning
and other appropriate radiographic studies,

(2) Sites of progression of disease,

(3) Time to progression of disease,

(4) Median and actuarial survival,

(5) Effects of pion irradiation on normal tissues
with particular attention to late injury, and

(6) Optimal dose-volume relationships and technique
of pion radiotherapy for this site.

iii. Protococl. A Phase II trial of combined pioa and
conventional irradiation for treatment of unresectable paacreas cancer will be
continued under RTOG 79-23.

Eligibility requirements are: biopsy-proven adenocar-
cinoma of the pancreas with contingous or regional nodal spread to peri-pancreatic
or para-aortic nodes (AJC stages T3/T4 or any T/N1-3) deemed unsuitable for
resection by the referring surgeon and without distanot intra-abdominal spread;

a surgical procedure to include biliary and, when possible, GI bypass procedures,
inspection and biopsy of the liver, and inspection and biopsy, whea appropriate,
of mesentery, peritoneum, or other intra-abdominal structures; no known distant
metastases; and other criteria of eligibility according to the protocol (see
Appeandix A, RTOG 79-23, p. 3).
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All patients will have initial diagmostic
including routine history and physical examination, chest x-ray anc
tomograms of the chest ag indicated; liver function tests, both cor
and non-contrast CI scan of the entire upper abdomen with liver; ra ..
liver-spleen scan; upper GI series; IVP; CBC; CEA; aad urinalysis. - Lve
reports will be reviewed in detail to assure anatomic localization -
abdominal disease. Additional studies includiag cholamgiography, t -z
blood studies, etc., will be obtained as indicated.

5

‘
[P
L

A treatment regimen previously tested im e:321 patiest,
fulfilling criteria of eligibility will be contisued. A planned ccmo.nati.on
of pion irradiation to the pancreas and sites of radiographically cemonstrabdle
disease and moderate dose conventional irradiation of the entire liver, pancreas,
tumor and regional nodes is to be employed. Depending upon time of accession
during the treastment cycle, pion irradiation will precede or succee¢ comnventiomal
therapy. The pion component of the treatment includes a dose of 1920 1 rad
minimum dose (2400 M rad maximum) delivered in 24 fractions over five weeks
to a volume encompassing the entire paancreas, tumor, and regiomal nodes (usuallvy
about 1200 cm®) via evenly weighted anterior and posterior opposed ports. Aa
additional dose of 1152 ® rad minimum (1440 n rad maximum), prescribed at
the peripbhery of the radiographically demonstrable mass oo CT scan, is delivered
over the same time period through a single anterior field (approximately 300
c@?). The two treatments are spaced 3 minimum of six hours apart, but both
volumes are treated daily. Conventional supervaltage irradiatiocn of the
entire liver aand pion irradiated volume is delivered through anterior and

posterior opposed fields to a dose of 2400 rad 1o 150 rad fractions over 3}
weeks.

Follow-up data wil. be collected in accordance with
RTIOG 79-23.

Twenty-three patients are necessary to assure testing
of pioa radiotherapy as a poteatially superior method of treatment of pancreatic
carcinoma according to the method of Schoenfeld,!5 based upon statistical
assumptions shown in Table 14. Eight patients have been accessed to thas
pilot study since July 1980, and increased accessions are anticipated.

f. Carcinoms of the esophagus

i. Introduction. Carcinoma of the esophagus is relatively
uncommon, accounting for about 3 percent of newly diagnosed cancer, but associated
with very poor prognosis for local control or survival. Surgery alone, radio-
therapy alone or as a pre-operative adjuvant and radiatioo in combinatiom with
chemotherapy have all been employed in the attempted cure of esophageal carcinoma
with variable, and mostly unsatisfactory results (Table 20).

(1) Conventional therapv for carcinoma of the esophagus.
Surgical excision of esophageal carcinoma is a procedure associated with
significant operative mortality and umsatisfactory survival rates. Postoperative
mortality of 5-18 percent has been reported’’’'’° and long-term survival, even
accounting for the relatively favorable lesions and general status of patieats
selected for surgery, is oanly about 7-17 percent.’”’’8 Between 30 and SO
percent of unselected patients are suitable for palliation ounly.%® %3 Pre-op-
erative radiotherapy has been employed in an attempt to render otherwise
inoperable lesions suitable for resection. Even after doses of 3000-4000 rad,
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TABLE 20
LOCAL CONTROL AND SURVIVAL IN CARCINOMA OF THE ESOPHAGUS

Median
Local Survival Five-year
Treatment Modality Failure (%)  (moanths) Survival (%) Reference
Surgery 60-70 12 7-17 77, 78
Pre-op XRT 80-93 9-12 4~13 79-81
Radical XRT 40-80 9-12 4-20 80-83
XRT + chemotherapy >50 6-11 unknown 84, 85
Palliative >99 4-6 p) 80, 82, 84
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ooly 73 percent of patients planned for operation were operable anc e

only 73 percent were resactable in a group of 56 patients reported oy oan

No significanr differences in survival are noted for patients treail : .

surgery alone, pre-operative radiotherapy with surgery, or radiothe sne 7083
Although about 30 percent of patient:

develop distant metastases, failure of therapy is most often relate ratliuze

to eradicate disease in the prxnar! site. This is evidenced by loc: :ailure

rates between 40 and 95 percent 85 sSurvival 1s dependent upon :..- -

przmarz lesion, 39782 hjigeology,”? site of primary,®° and radiation :.se *°

Elkon®¢ showed a 25 percent local failure rate in patients with les..os .ess

than 5 cm in length and 64 percent local failure io larger tumors. <inoshita’™’
showed 10-year survival following surgery alone of 3.3, 10.3 and 46 > percent

for poorly, moderately and well differentiated carcinomas respective.;. Hussey®?°
showed two-year survival rates of 17, 5, and 11 percent for lesions ¢ the
cervical, mid-thoraci~s, and distal esophagus respectively. The optima dose
range reported by Beatty®! is 1600-1700 rets, with 28 percent 2-year survival

in this group. Two-year survival for patients receiving doses of ’123-1599

rets was 15 perceant.

(2) Complications of conventional therapv. Opetatxve
mortality of 5-18 percent has been reported for primary surgical managemenr.’’'79
Radiation-related complications include injury to lung, heart, and spxnal
cord. Incidence of severe chronic reactions is approximately 5 percent.®
Approximately two-thirds of patients will develop esophageal stricture after
radiotherapy; however, only about 25 percent of these strictures are benign."

ii. Rationale and objectives. Pion radiotherapy is
proposed as a poteatial ameans of improving local control and, therefore,
survival in inoperable and unresectable carcinoma of the esophagus. The
anticipated benefits are:

(1) Favorable dose distribution allowing high dose
to the esophagus with minimizatioo of radiation dose to spinal cord, hear:z,
and lungs.

(2) High-LET radiation effect on bulky, ulcerated,
bypoxic primary lesions.

Objectives include determination of:

(1) Primary tusor response,

(2) Frequency sad timing of local recurresce,

(3) Frequency of distant metastases,

(4) Frequency of regional nodal spread of disease,

(5) Median and actuarial survival,

(6) Effect of pion irradiation on normal tissues,
and

(7) Optimal dose-volume relationships and technique
of pioa radiotherapy.

iii. Protocol. A Phase II trial of pion radiotherapy
alone or in planned combination with conventional radiotherapy for inoperable
or unresectable carcinoma of the esophagus will be undertaken under the existing
protocol RTOG 79-23 (see Appendix A).
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Eligibility requirements are: biopsy-proven carcinoma
of the esophagus determined by the referring surgeon to be inoperable or
unresectable; no evidence of distant metastasis, including involvement of
celiac lymph nodes; and other criteria of eligibilicy according to the protocol
{see Appendix A, RTOG 79-23, p. 3).

All patients will have initial diagnostic evaluation
consisting of routine history and physical examination, chest x-ray and vhole
lung tomograms as indicated, CT scan of the entire thorax, coatrast-enhanced
aod noncontrast CT scan of the liver with detail of the celiac axis, upper GI
series with esophograms, liver function tests, CBC, urinalysis, radionuclide
liver-specn scan, and bone scan. Additional evaluation will be performed as
indicated. Fiberoptic esophagoscopy will be performed in all cases.

Depending upon time of accession relative to treatment
cycle, patients will receive pion therapy alome or as boosting Ctherapy in
combination with planned conventional radiotherapy to volumes requiring prophyl-
actic doses.

(1)_ Pion radiotherapv alone. Pion radiotherapy will
be given to a dose of 2800 n rad minimum tumor dose (3500 n rad maximum) in
100 n rad fractions over six weeks to a volume encompassing gross tumor, with
5 cm superior and inferior margins overlying radiographically normal esophagus.
Treatment technique will entail anterior aad posterior opposed fields alone or
in combination with oblique fields to obtain_optimal normal tissue sparing.
Boosting doses of 800 n rad minimum (1000 M rad maximum) will be given in 8
fractions over 14-2 weeks to the site of bulk disease, with the micimum tumor
dose prescribed at the margin of radiographically denonstrable gross disease.
Interruption of treatment by up to one week may be necessitated by beam scheduling.

(2) Combined pion and coaventional radiotherapv.
Patients accessed to the protocol more than 2% weeks before a scheduled treatment
cycle or less than 7 weeks before the conclusion of a cycle will be treated
with plaaned combined therapy. C(onventiosmal treatment will precede or succeed
pion therapy, depending upon time of accession. The conventional therapy
portion of treatment will entail treatment of the primary lesioun with appropriate
margins, using anterior and posterior fields with wedge-filtered oblique
fields as necessary to optimize dose distributions. Regional aodes in the
mediastinum, celiac area, and supraclavicular fossae judged to be at risk will
be included in this treatmeat volume. The dose at the isocenter will be 4500
rad in 25 fractions over 5 weeks (180 rad/fractiom), with all_fields treated
daily. The pion component of therapy will entail 1200-1500 R rad minimum
(1500-1875 1 rad maximum) in 12 to 15 fractions of 100 ® rad minimus tumor
dose (125 n rad saximum) over 24-3 weeks to a volume 1o which the minimum

tumor dose will be delivered to the margin of radiographically demonstrable
disease.

Follow-up data from either arm will be collected
in accordance with RTOG 79-23.

(3) Endpoints. Twenty-three patients have been
determined as necessary to provide the statistical basis for acceptance or re-
jection of pion treatment for testing in a Phase III randomized trial based on
the methods of Schoenfeldl® (see Table 14}. Patients have not been actively
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sought for treatment of esophageal carcinoma, so precise assessment wumbers
of patients poteatially available is impossible. It is anticipates 4% the
requisite number of patients for this pilot study can be accessed : - to

three years.

g- High-grade glioma - astrocvtoma I[1- and IV

i. Introduction. The high-grade or malignan' 3. .1omata
comprise an exceptionally virulent group of diseases, refractory t¢ -uatrol by
any treatment modality. These lesions are generally considered to e uniformly
lethal and demonstrate a pattern of relentless local progression arz only
very rarely, distant metastasis.

(1) Conventional therapy for high-grade glioma. The
standard treatment for high~grade igiona has been attempted surgica. excisiocno
with post-operative radiotherapy.®® 9% This form of treatment has been demon-
strated to be superior to surgery alone in prospective randomized trials.?
Survival statistics vary, depeading upon histology, with five-year survival of
approximately 20 percent in Grade III lesioas treated with excision and high
dose irradiation,®®'%$ but only gccasional survival wich Grade IV tumors,
i.e., glioblastoma multiforme.%® 83131 45 ; result of such poor survival
statistics, a varietg of experimental therapg has been iavestigated, including
chemotherapy,?0'92793 radiation sensitizers,?* high-LET irradiation,®! and
altered fractionation and dose schedules.?$’'®5 4 summary of these results is
presented in Table 21.

Despite aggressive therapy, median survival
continues to be measured in weeks, with statistics raaging from about 6-17
weeks for palliative therapy to about 45-50 weeks for combined groups of
patients with Grade III and Grade IV lesions.$7 30'82'93 peaeh is almost
iovariably related directly to progression of primary disease or to debili-
tating secondary effects of uncontrolled disease in the central nervous system.
Distant metastases are very rarely encountered outside the CNS, although
spread vithin the brain may be extessive and difficult to assess clinically.
Spread within the brain is by direct extension or seeding, and about 25 percent
of supratentorial lesions show crossing to the contralateral hemisphere at tae
thalmus or corpus callosuam.®5

(2) Results of experimental therapy. Several experi-
mental approaches to improve local control in high-grade gliomas have been
explored. Chemotherapy, most often with nitrosoureas, bas been studied by the
Brain Tumor Study Group‘o”a and by individual institutions.32 In studies by
Walker, et al.%%’93 addition of semustine (MeCCNU) or carmustine (BCNU) to
post-operative radiotherapy did not produce a statistically significant change
in survival, although significance was demonstrated for the difference between
patients receiving semustine alone or carmustine plus radiotherapy. Lomustine
(CCNU), in combination with surgery and radiotherapy, produced median survival
of 11.5 months, comparable to that reported with surgery aad radiotherapy
alone.

Metronidazole with low-dose radiotherapy (3000
rad) rec:lzed in 26-week median survival in patieats with Grade IV tumors.
Similar results were observed with hyperfractionated irradiatiom with doses up
to 4000 rad in one week.%® Salazar and Rubin reported median survival of 204
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TABLE 21

LOCAL CONTROL AND SURVIVAL IN HIGH-GRADE GLIOMAS

Treatmeat Tumor Median Five~year
Modality Grade Survival (wks) Survival (%) Reference
'Surgery alone III 6 2 87
v
XRT alone 111 ? ? -
v 13 0 87
Surgery + post-op III 91-230 26 86, 88
XRT Iv 42-57 1 86, 88
Surgery e XRT ITI 45-47 0 90, 92, 93
+ chemotherapy IV
XRT + radiosensitizer 111 N.A. N.A.
v 26 0 94
Neutron XRT 111 50 0 91
v
"Very-high~dose" Il 204% 35 86
XRT e surgery v 56 0 86
Palliative 1994 6-17 0 87, 90
Iv

*Data based on 6 cases.5¢
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weeks and 57 weeks for Grade III and IV tumors, respectively, following protracted,
"very-high-dose" irradiation to doses as high as 8000 rad.®® The dose respoase
pbenomencn is confirmed by the results of Walker.®7

Neutron radiotherapy has been used io treatment
of high-grade gliomas on the presumption that tumor hypoxia was a contributiag
factor in failure to coatrol disease locally and that this could be overcome
by bigh-LET radiation. Caterall confirmed previous experience with fast
geutron irradiation of the brain in that no improvement in survival could be
determined for the experimental modality, but that patients died with absence
of disease or minimal microscopic involvement and coagulative necrosis in
almost 70 percent of cases following 1300-1560 neutron rad.®!

ii. Rationale and objectives. Pion radioctherapy is
proposed as a means of improving local control and survival in treatment of
biopsy-proven high-grade glioma, astrocytoma Grade III and IV. The anticipated
benefits are:

(1) Improved dose distribution over convestional
radiations, permitting delivery of higher doses in regions of brain known to
be involved by tumor, thus taking advantage of the known dose-response relation-
ships for this disease.

(2) High-ILET effect oa hypoxic cell fraction, attempting
to obtain the same advantage 13 tumor control found with neutrom therapy, but
sparing the toxicity.

Objectives of the study include determination of:

(1) Tumor response by serial CT scanning,

(2) Time to recurreace and criteria of diagnosis of
recurrence, including CT diagnosis of tumor recurrence and brain necrosis,

(3) Median and disease-free survival,

(4) Acute and chronic effects of pion irradiatioa oo
normal tissues based on systematic study of autopsy materials, aand

(5) Optimal dose-volume relationships and techmique
of pion radiotherapy for this site.

iii. Protocol. Comtinuation of Phase l1I, non-randomized
trial of pion radiotherapy alone or in planned combination with conventional
radiotherapy for biopsy-proven high-grade glioma (astrocytoma Grade III and

IY) will be undertaken under the existing protocol RTOG 79-23 (see Appeadix
A).

Eligibility requirements are: biopsy-proven high-grade
glioma (astrocytoms Grade III and IV) with or without resection of primary
lesion, and other criteria of eligibility according to the protocol (see
Appendix A, RTOG 79-23, p. 3).

All patieants wvill bave initial diagmostic evaluation,
including routine history and physical examination, contrast-enhanced and
noncontrast CT scans of the whole brain, chest x-ray, urinalysis, CBC, and
blood chemistry screening panel. All pre-operative CT scans, arteriograms, or
other pertigent studies, including operative reports, will be reviewed in
detail by the study tcam.
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Depending upon time of accession and mitigating
social or medical circumstances, patients will receive pion radiotherapv alone
or in planned combination with conventional megavoltage radiotherapy to the
wnole brain.

(1) Pion radiotherapv alone. Pion radiotherapy will _
be given to the whole brain to a dose_of 2200 m rad minimum tumor dose (2750 =«

rad maximum) in 22 fractions of 100 ® rad minimum over 4=4N weeks. The
minimum tumor dose will be prescribed at the surface of the brain. Boosting
doses of 1400 n rad minimum (1750 T rad maximum) will be given in 14 fractions
of 100 n~ rad minimum over 24-3 weeks to sites of radiographically demonstrable
disease. Both whole brain aand boosting treatment will be given by opposed
lateral fields. The minimun dose for come-down volumes will be prescribed to

a2 volume encompassing regions of obvious postsurgical defect, contrast enbaance-
ment, and surrounding regions of low density. In cases of supratentorial
glioma in which iavolvement of midline structures is of concern, the cone-down
volume will include the medial portion of the contralateral hemisphere at the
level of involvement.

(2) Combined conventional and pion radiotherapy.
Patients accessed to the study before two weeks in advance of the anticipated
start of a treatment cycle or less than four weeks berore the coaclusion of a
cycle will receive full course conventional, megavoltage irradiation of the
whole braia in combination with pion 1rradzatzon of the site of gross disease.
Whole brain irradiation will be given using megavoltage x-rays or %Co gamma
rays to doses of 4400-5000 rad in 4h-S5h weeks with daily fractions of 180-200
rad via lateral opposed fields with appropriate blocking. Pios irradiation
will precede or succeed conventional irradiation, depending upom accession
time and will be given in doses of 1200-1500 ® rad minimum (1500-1875 n rad
maximum) ino daily fractions of 100 * rad minimum over 24-3 weeks. The volume
for cone~down will be the same as described in the previous section for piocs
radiotherapy alone.

For patients accessed between four to seven
weeks before the end of a cycle, boosting therapy will be given as described;
hovever, a portion of the whole brain treatment may also be given by pion
therapy as described above. The exact dose would be dictated by beam availability
and accession time, and any difference in equivalent dose between that given
to the whole brain with pion irradiation (corrected in comparison to cooventional

dose by an RBE = 1.6) would be supplemented by conventional treatment of the
whole braian.

(3) Endpoints. Twventy Grade IIl and tweaty-two
Grade IV patients are expected to be necessary to specify, within defined
statistical assumptions, the basis for acceptance or rejection of pion radio-
therapy for testing in ragdomized Phase III trials for those diseases. The
statistical assumptions are shown in Table 14, and calculations are accordiag
to the methods of Schoenfeld.!S Given present rates of accession of patients
with those diseases, it is antxcxpated the requisite gumber of patients will
be accrued within 2-2k4 years.

h. Iaoperable carcinoma of the lung

i. Introduction. Carcinoma of the lung is the most
common neoplasm among males in the United States.!3 Unfortunately, the disease
1s often nonsymptomatic and is difficult to detect by any simple screening
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method resulting in presentation of advanced stage, inoperable lesiocas in the
large majority of cases. Aggroxinately 40 percent of carcinoma of the lung 1s
of epidermoid histology.9%’

Surgery is widely held to be the preferred treatment
for early and operable lesions.i01 102 Nevertheless, only about 25-33 percent
of all patients are suitable candidates for operation because of local or
distant spread of carcinoma or intercurrent medical factors, and of these,
only about 33 perceant are resectable. Therefore, five-year survival statistics
for surgical management of unselected patients with lung cancer, may be expected
to fall in the range of 5-10 perceant. Since the majority of lesions are inop-
erable, external beam radiotherapy has become 2 mainstay of the management of
this disease.

(1) Conventional radiotherapy of lung cancer. The
curative potential of irradiation in management of localized tumors of the
type suitable for surgical management has been reported by Smart.!03 The
five-year survival of 23 percent reported in that series is far superior to
other radiotherapy series in which two-to-ifive-year survival rates from 6-15
percent are obtained in treatment of advanced disease, 98°100:101:104+108 71,05]

control, sedian and long-term survival for several recent series are presented
in Table 22.

A dose-response relatioanship for unresectable,
non-oat cell carcinoma of the lung has been demonstrated by Perez.®® He
shovwed a variation in incidence of local recurrence, with or without concomitaat
distant disease, from 64 percent at a dose of 4000 rad/4 weeks to 38 percent
at 6000 rad in six weeks. This observation was particularly notable in the
subpopulation of patients with squamous cell carcinoma, in whom 47 perceat
local failure occurred at a dose of 4000 rad, but oaly 28 percent of patients
had local failure after doses in excess of 5000 rad. This difference may
appareatly translate into a survival advaotage for patients treated to higher
dose. Petrovich reported a sedian survival of 12 months in patients receiving
2 minimum of 1600 ret, al:hongh only 30-35 percent of patients receiving lower
doses survived this period.!?

Complications of conventional radiotherapy for
lung cancer are predictable and generally mild. Acute esophagitis is relatively
common but late esophageal stricture occurs in <2 percent of cases.!%® Radio-
graphic evidence of pulmonary parenchymal injury is relatively common as a
late observation, although it is rarely of clinical significance Lf appropriate
treatment planning and dose selection have been used.!°?

{(2) Llocal failure versus metastatic spread. The ex-
ceptionally poor prognosis of carciooma of the lung has often beena ascribed to
the tendency of the disease to metastasize early, especially to the liver,
bones, and brain.997101+108 ,pn Suropsy series by Matthews showed that locally
persistent disease alone occurred in only 24 of 73 patieats (of a total group
of 202) in whom autopsy evidence of residual caancer was documented after early
post-operative death following “curative" resection for lung cancer.l9? of
note, 22 of these 24 cases had epidermoid carcinoma. Overall rates at metastasis
following tadiotheragg for ipnopecable, non-oat cell carcinoma are approximately
50-60 percent.98'99:101:108 perpaps the most significant patters ia relation to
pattern of relapse is the observation that squamous cell carcinomas tend to
remain localized for longer periods and, as a possible resulr, show higher
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22

SURVIVAL FOLLOWING
INOPERABLE LUNG CANCER

Local Median

42-63 10

N.A. 11

45-75 12
64 6
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rates of local relapse. Perez showed that distant metastasis occuyrred in
about 28-38 percent of patients with squamous cell tumors, but 53-72 perceat
of those had large cell or adenocarcinoma.®® Shin documented that 60 percent
of failures after irradiation for adenmocarcinoma occurred at distant sites.iO8
Overall, patieats treated with high dose (i.e., >5000 rad/5 weeks) have isclated
local recurrence in about 25 perceat of cases, regardless of histology.®®
This translates into substantial absolute anumbers of patieats with local
failure as a primary problem, as well as an unpredictable aumber in whom
distant disease might not develop if adequate local control were achieved.

The potential advaatage of pion radiotherapy would be greatest for epidermoid
carcinoma in which fewer distant metastases occur and for which local control
is a correspondingly greater probles.

ii. Rationale and objectives. Pion radiotherapy is
proposed as s means of improving local comtrol and, therefore, survival for

inoperable and unresectable, epidermoid carcinoma of the lung. The antici-
pated benefits are:

(1) The favorable dose distribution advantage of
pions, potentially permitting increased local dose to sites of gross disease
and, thereby, obtaining the demonstrated advantage of dose-related responmse in
these lesions.

(2) High-LET effect upon hypoxic cell fraction of
large, necrotic primary tumors and regional nodal disease.

Objectives include determination of:

(1) Tumor response including comparison of chest
x~ray and CT scanning in assessment of response,

(2) Time to disease progression and radiographic
criteria for progression.

(3) Response of regional nodal disease,

(4) Iacideace of merastatic disease,

(5) Survival,

(6) Reactions of normal tissues to pion irradiation
with particular attention to late effects in heart, lung, and spinal cord, and

(7) Optimal dose-voiume relationships and technique
in treatment of these diseases.

iii. Protocol. Patients with inoperable or unresectable
epidermoid carcinoma of the lung without known distant metastasis will be
treated in a non-randomized, Phase II trial under the existing protocol RTOG
79-23 (see Appeandix A).

Eligibility requirements are: biopsy-proven epidermoid
carcinoma of the lung deemed inoperable or unresectable by the referring surgeon,
no koown distant metastases, and other criteria of eligibility according to the
protocol (see Appendix A, RTOG 79-23, p. 3).

All patients will have initial diagnostic evaluationm,
including routine bhistory and physical examination, chest x-ray, chest tomograms
as indicated, and CT scan of the entire thorax. Metastatic evaluation will
include radionuclide liver aund bone scans; contrast enhaaced and noneanbanced
CT of the whole brain; liver function tests; CBC; blood chemistrv screening
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Panel; and urinalysis. Pulmonary function tests will be performed as indicated,
as will additional radiographic procedures, biood studies, and cultures, ecc.

Treatmeat will coosist of full course pion irradiatiom.
Initial treatmeat volumes will include the primary tumor, all grossly iovoived
regional nodes and a margin of at least 3 cm to the aext echelon of clinically
uninvolved aodes. Prophylactic irradiation of uninvolved supraclavicular
nodes will got be delivered with pioas, although a contralateral hilum may be
included in the tumor volume should there be involvement of the ipsilateral
hilum or lower mediastinum. Beam direction will be tailored oa aa individual
basis, depeading upon site and extent of disease, to optimize pormal tissue
sparing. A minimum dose at 2600 & rad (3250 n rad maximum) will be prescribed
to this volume, to be delivered in 26 daily fractions of 100 n rad minimum
(125 n  rad maximum) over 44-5 weeks. A boosting dose of 800-1000 ® rad
minimum (1000-1250 ® rad maximum) will be delivered subsequently to sites of
bulky disease in the primary_or regional nodes. Eight to 10 daily fractioas
of 100 n rad minimum (125 n rad maximum) will be delivered over 14-2 weeks
to a volume in which the minimum dose 1s delivered at the periphery of radio-
graphically demonstrable disease. Up to ome week interruptios of therapy may
occur due to scheduling of beam operation.

iv. Endpoints. Twenty-three patients are anticipated as
necessary to determine, within specified statistical assumptions, the basis of
acceptance or rejection of implementation of a Phase III randomized trial for
this group of diseases (see Tabie 14). The necessary aumber of patieants would
be accrued withia 2-24 years.

6. Anticipated Results

Results of pion radiotherapy 1o the first group of 175 patients
treated with this wodality are presented in the Detailed Report. Clinical
data are entered on a computerized data base (DATATRIEVE) at the time of
completion of primary therapy and at esch subsequent follow-up visit for
purposes of retrospective evaluation and correlation of clinical and treatment
parameters, vith subsequent observations regarding tumor and normal tissue
responses, patterns of recurrence, survival, and other resultant data. In
randomized trials, these data may be used directly in testing the hypothesis
that pion radiotherapy is superior to conventional radiotherapy. Io nmonran-
domized trials, to be implemented for those disease sites with extremely poor
survival, the data collected will be analyzed wvith particular attemtion to
local coatrol statistics. Based on statistical analysis according to the methods
of Schoeanfeld,!5 of data collected on appropriate numbers of patients in each
disease category, statistically sound recoamesdations msay be msde regarding
the appropriateness of implementing Phase III, randomized trials for individual
sites. Such recommendations are based upon assumptions regarding the results
of conventional therapy and the acceptability of submitting to randomized
trials a treatment that may prove no better than coaventional therapy or
rejecting for testing a treatment that is actually superior.

Although collection of definitive data regarding local comtrol
and survival are the main endpoints of this project, data regarding all acute
and chropnic reactions of normal tissues will be scrupulously monitored and
recorded to optimize treatment technique and to reject methods with unacceptable
complication rates.
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Data collected in the clinical aspect of the project will be
reviewed in light of observations in the biology portion of the project with
particular atteation to the anatomic distribution of acute and late normal
tissue reactions and sites of tumor recurrence as related to predicted and
observed RBE and degrees of isoeffectiveness of various treatment beams. Late
effects studies oo normal tissues in aoimals will be taken as guidelines 1n
the evaluation of tolerance of normal human tissues and in design of alterzative
time~-dose-fractionation schedules should clinical results or accelerator
operating schedules indicate the need.

Clinical data will be correlated with physics data, either
calculated or measured, in optimization of techmiques of treatment plamning.
In vive dosimetry will continue to be 2 major method of confirming the relia-

bility of individual beanm shaping appliances in the delivery of the prescribed
treatment.

6. Significance

The clinical study is the central aspect of the emtire project.
The ultimate aim of the project, i.e., improved control of advanced cancers
with resultant improved survival, will be demonstrated in the clinical results,
although optimization of these results will be obtained only by meticulous
attention to the biological and physical parameters of pion radiotherapy and
continuous correlation of clinical findings with basic observatioas.

7. Humaa Subjects

Complete information on protection of human subjects, including
the consent forms used for this project, is contained in the protocols of
Appendix A. All protocols implemented under this program, as well as any
significant subsequent modifications, are first reviewed and approved by the
University of New Mexico Human Research Reviev Committee, the joint Los Alamos
National Laboratory/Los Alamos Medical Center Human Research Review Committee,
the Lovelace~Bataan Medical Centar Human Research Reviev Committee, the Veterans
Administration Research and Education Committee, the UNM Radiological Safety
Committee's Human Uses Subcommittee, the Pion Radiotherapy Program External
Advisory Committee, the Radiation Therapy Oncology Group, and the National
Cancer Institute Clinical Iavestigatioas Branch. Progress reports are submitted
to each unit as required. All necessary rules and regulatioas are followed as
required by each group.

8. Facilities Available

Outpatient facilities of the University of New Mexico Cancer
Research and Treatment Center in Albuquerque, the Pion Biomedical Facility of
the Clinton P. Anderson Meson Physics Facility in Los Alamos, and the Los
Alamos Medical Center in Los Alamos (which includes bousing for patients), as
well as inpatient facilities of the UNM Hospital, the Los Alamos Medical
Center, the Veterans Administration Hospital, and the Lovelace-Bataan Medical
Center are available to this project. Details oo these facilities are provided
in Section II.

C. . s
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9. Collaborative Arrangements

Close coordinatica is maintained with the pion program principal
iovestigators at the Swiss Institute for Nuclear Research in Villigen (Carl F.
von Essen, M.D.) and TRIUMF in Vancouver, British Columbia (George Goodman,
M.D.), and counsiderable cross-transfer of technology is in progress. Ia
addition, the guidance of a select group of radiotherapists is available to
the project in the form of the Pion Radiotherapy Program Extermal Advisory
Committee (see Section III).

Considerable effort has been devoted to strengthening relation-
ships with referring institutions throughout the country, with emphasis on
those organizations with significant gumbers of patients in the anatomic sites
uader study. The University of Southern California/Loma Linda University
Communicy Radiacion Oncology Program (a group of 16 institutions ip the Los
Angeles metropolitan area) has exhibited considerable interest in providing a
major referral source for the project, and during the past treatment cycle
referred 35 percent of patients accepted for treatment, most of them with
gliomas. H.R.K. Barber, M.D., gynecologic oncologist of Lennox Hill Hospital
in New York City, bas expressed considerable interest in pioa therapy of
advanced uterine cervix cases, and has referred five of eight such patients
treated with picns to date.

As the studies progress, follow-up patients are beginning to
accumulate in and near large metropolitan areas (notably, Los Angeles, New
York, and Denver)}, and a concerted effort will be instituted to have the CRIC
radiation oncologists follow them on some occasions in their home locale in
concert with the referring physician. It is anticipated this will cesult in
closer communication with the referring physicians and increased ipterest on
their part in future referrals, as well as coatribute to improved quality
control for cases randomized to coaventioual therapy at participating iastitucionms.

Dual caseload credit is issued by the RTOG to member institutioas
contributing patients to the pion radiotherapy :rials, which has helped referrals.
This practice is expected to continue.
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B. Phvsics

1. Iovestigators

Name Title

Alfred R. Saith, Ph.D. Assoc. Prof. Radiology (Physics),
UNM/Los Alamos

Sandra Zink, Ph.D. Asst. Prof. Radiology (Physics),

UNM/Los Alamos
Robert Hilko, Ph.D. Developmental Physicist, UNM/Los Alamos
TBA Biomedical Engineer, UNM/Los Alamos
TBA Treatment Planning Physicist, UNM/Los Alamos
TBA Treatment Planning Technician, UNM/Los Alamos
TBA Research Technologist, UNM/Los Alamos

James N. Bradbury, Ph.D. Group lLeader, MP-3, LANL
Michael Paciotti, Ph.D. Physicist, MP-3, LANL

J. Wing Eagineer, MP-3, LANL
P. Berardo, Ph.D. Physicist, MP-3, LANL
B. Swenson Programmer
0. Rivera Mechaniczal Technician
TBA (&)

2. Introduction

a. Objective. The primary objective of this program compouent
is to continue support of the proposed clinical pion therapy program by devel-
opment of pion physics, calculations, measurements, techniques, methodology,
hardware, and software, to fully optimize the delivery of pion therapy. Ia
addition, the physics program is directed toward the support of the proposed
radiation biology program. These objectives will be met by a unified and
incegrated effort by both the UNM and LANL physics groups working together
toward total support of the program project.

b. Background. Because of the unique nature of the pion
itself and of the pios transport system, the physics program began essentially
at ground zero when the first pion treatment of patients began at LAMPF. Vervy
little technology or experience from coaventional or neutron therapy programs
is applicable to pion therapy. The program began with treatment of skin
nodules then advanced to treatment of superficial tumors and finally to tke
treatment of large deep-seated tumors at a variety of anatomical sites. This
program required the developmeat of a large variety of pion beams, treatment
delivery systems, beamn shaping devices, treatment planning techniques, dosimetry
systems, in-vivo dosimetry systems, and calculational techniques. Due to
the combined efforts of the LANL basic physics and support group and the UNM
clinical physics group, the clinical program has advanced rapidly to a highly
developed and sophisticated state. Although still ia its infancy, the delivery
of pion therapy is comparable in precision and accuracy to that of conventional
radiation therapy in the best institutions. Therefore, the physics group is
confident of its ability to support clinical trials for the program project.
The background for each specific physics area is presented in the detailed
progress reports for individual projects of the physics componesnt.

c. Ratiopale. Negative pi mescns offer the possibility of
both physical and biological advantages over coaveotional radiatiom therapy
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modalities. This program project proposes to explore these advantages by
treating large, deep-seated tumors in a variety of anatomic sites with pions
in Phase 1l clinical trials. To adequately test the efficacy of pions, it is
imperative that the advantages of pions be fully exploited, i.e., the pion
therapy must be highly optimized. Systems must be developed, tested, and
implemented to provide for optimum dose delivery and measuremest s¢ that
meaningful clinical results can be obtained. The problems of pions (their
production, transport, delivery, measurement, and calculation) are significaatly
different from those of conveantional and neutron beams, and require substaatial

continued technology development. The necessary technology aust be developed
in conjunction with the on-going clinmical and biological pion research effort.

d. Progress report

(1) Beam tuning and channel development. The objective
of this component of the physics effort is to develop therapy beams for both
static and dynamic treatments and to documeant the beams for use in the three-

dimensional treatment planning code. The biomedical channel at LAMPF is shown
in Figure 11.

{(a) Beam tunes. The catalog of broad beams for
static treatments has been expanded to provide fields with transverse dimensions
up to 20 cm at each of three momenta corresponding to oominal depth penetration
of 12 cm, 16 cm, and 23 cm. Fan beams for dynamic treatments have been prepared

at several channel momenta, and extensive beam tuning and dosimetry have been
performed.

Several conflictiang factors were considered
in upgrading the quality of the fan tuges, and some compromise was necessary.
The size of the beam waist (y-plane) determines how versatile the tune will be
for field-shaping in the scan dimension. Sizes range from 3.8 c¢cm to 4.5 cm
(FWHM) for the beam measured in water at depth. The location of the waist
determines the maximum useful range-shifter stroke and the ability to shape
the scan plane at different depths. It was decided to locate the beam waist
i air at 100 cm from the effective edge of the last quadrupole. This 100-cm
point is usually the bottom of the treatment volume. The effect of multiple
scattering is to move the waist in water upward to approximately the center of
the treatment volume. In this way, good edge sharpuess is maintained all the
way to the bottom of the treatment volume.

Other factors include the beam size and
uniformity in the long dimension (x) of the fan. Several sizes were considered
at each momentum to maximize average dose rate. [n this plane the divergence
has been reduced to ease treatment planning problems. It is possible to vary
several parameter correlations with the position x. They are momentum vs. X,
momentum spread vs. x, y-size vs. x, and electron-muon (e-y)} coatamination v$.
x. Two polarity configurations were investigated; one of these is better in
terms of limiting the spatial separation of the contamination from the pions,
an effect originating through the action of the wedge degrader onm the differeat
components. The effect gives non-uniformity beam quality along x and is aiso
present in the static treatment tunes.
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(b) Muon contamination, measurement, and calculatioan.
The objective of this work is to provide input to PIPLAN which uses measured
beam data with plrtxcles identified by position, angle, momentum, and cype,
i.e., pion, muon, or eiectron. The muon beam contains several components
corresponding to regions in the chaonel in which the pioas decay. uoas
origipnating from M decays between the target and the early part of the channel
are clearly separated by time-of-flight in Figure 12. These "cloud" mucas are
produced by pions that would aot necessarily be accepted by the channel and
are therefore eghanced. Muons from forward decays up to the last bend are
also separable by time-of-flight, filling the vailey between the cloud muon
peak and the pion peak. Some of the decays occurring between the last bead
magonet and the channel exit are also separable from pions by time-of-flight
and also reside in the valley. Table 23 gives measured beam composition from
time-of-flight data.

Muocns from decays 1n the last portiom of
the channel form a large "halo" around the pion beam. As pion field sizes have
iacreased, this "halo"” has become an increasingly larger fraction of the beam.
These muoas are primarily contained within the pion time-of-flight peak, and
other methods wmust be used to separate them. An experimental method has been
developed for detecting these 1 + u decays which uses the wire chambers before
and after the beam-shaping section of the chaanel where decays caanot be idean-
tified by time-of-flight. The matrix transformation from the upper wire chambers
to the lower wire chamber predicts the output trajectory from the measured trajec-

tory at the upper chambers. These differences are formed for each event as
follows:

AX xmeasured B xptedicted

emeasured ) 9predicted

3
AY Ymeasured B Ypredzcted
50 =9

measured 0predicted

The distributions of the A's are Gaussian
with long tails that can be identified as muons from decays in the region
between the chambers. The widths of the pion ceatral regions are typically
12 cm rms and 10-20 ar mms. Multiple scattering due to material in the beam
such as the wire chambers themselves contributes to the widths. The chaanel
has no vacuum system but bas helium bags throughout most of its length.

The accuracy and limitatioans of this method
were explored vith the ray-tracing code DECAY TURTLE!1® modified for this problem.
A time-of-flight calculation was added to the code so that the muon compooent
not identified by time-of-flight could be examined separately. The observed
widths of the A distributions are largely explained by multiple scattering.

Some reduction of material in the beam is possible, and recently slightly
reduced widths were observed. The limitation of this experimental "kink"
detection method is that some pions are incorrectly flagged as muocns.

The TURTLE code also predicts muon fractioas
from distributions from decays late in the chaanel. Sample results from tne
TCRTLE code are shown ia Table l4.
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TABLE 23

BEAM COMPOSITION FROM TIME-OF-FLIGHT DATA
(MUONS FROM LATE DECAYS NOT SEPARATED FROM PIONS)

n and W Cloud w~ and W~
Momentum From Late From Mid-Chaanel -
(MeV/c) Decays (%) Decavs (%) e (%)
150 71 5 14
167 75 16 9
190 81 12 7
=156~
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TABLE 24

TURTLE RESULTS FOR MUONS WITHIN THE PION TIME-OF-FLIGHT PEAK
AND RITTING 40 x 40-C SCINTILLATOR

Pion Beam
Size FWHM(cm) Momentum ?] /R
Beam Type-Treatment Mode X Y MeV/c _n On Axis
Broad-static 16 15 130 2.18 0.051
Broad-static 17 20 130 0.:8 0.074
Broad-static 16 15 167 0.:9 0.060
Broad-static 20 23 157 0.18 0.092
Broad-static 18 16 130 0.20 0.09¢4
Broad-static . 22 2 130 0.20 0.14
Fan-dynamic 23 3 167 0.18 0.025
Spot-dynaamic 5 7 107 0.21 0.018
o ~-157-

1pgatiyg 8 00133521.158



Moseley, Robert 0., Jr., M.D.

The mucns are required to fall withia the
acceptance of the tuning apparatus limited by a 40 x 40 time-of-flight scintil-
lator. Thus 18 to 21 percent of the particles withia the pion time-of-flight
are muons. This fraction is added to the muons already identified in Table 23.
Still apother 20 percent muon component misses the counter and is not observed
by the tuning equipment. Other than possible whole-body dose, the only interest
in these mucns is in the calibratiom of the monitor chamber for absolute
PIPLAN dose calculations, where the beam composition for all particles passing
through the monitor chamber must be estimated.

The last column of Table 24 gives the u/n
ratio on the z axis for the decays late in the channel. The range of values is
large but the ratio is smallest for the spot beam. Here besm purification is
possible by collimsting out the extended muon halo.

{c) Biomed channel production target. The bio-
medical channel pyrocarbon target is oow nearly optimum. The target in Figure 13
was developed by MP-Division and other .aboratory groups. Its use in conpection
with beam reproducibility is discussed elsewhere.!}! Figure 14 is a demonstration
of the targeting geometry for control of electron contamination. By moving
the assembly up and down, the average graphite converter thickness seen by
decay n® y rays is varied. The e fraction varies linearly with coanverter
thickness. The converter thickness 1s measured directly by the target scan
procedure, and the operator is instructed by the program where to set the target
vertically to maintain comstant e contamination.

(d) Beam profile monitor. A multiwire chamber has
been constructed and tested for use as a deam profile monmitor. [t operates in
the full pion beam but with reduced wire gain. The readout system, a LAMPF
design, senses peak wire current during each beam pulse and displays each
axis, x and ¥y, on an oscilloscope. It is a useful addition but is not envis-
ioned as a built-in device. The wost useful location for a monitor would be
at the patient, which is isrpossible. An on-lipne monitor could be implemeated
using quandrants or sectors located within the argon momitor ionizatioo chamber.

(e) Patient beam tune characterization. A
large dosimetry effort has been directed toward providiang the characterization
of a large variety of patient beams. All treatment beams derive from three
basic beam penetrations: 12, 16, and 23 gm/cm®. Using these three beams, any
tumor between the skin surface and 23 gm/cm? 1n depth can be reached by using
the appropriate bolus designed to cause the pions to stop in the prescribed
target volumse.

There are three types of beaas:

(i) Broad, essentially parallel beans
used for static treatments;

(ii) Beams focused in one dimension and
broad in the perpendicular dimension used for one-dimensional dymamic treataments;
and

(iii) Beams focused in two dimensions used
for two-dimensional dymamic treatments.
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For the static Peams, taree beam sizes
(small, medium, and large) have been developed and characterized for each
penetration. One focused beam of each type will be developed and character:zed
for each penetration.

Table 25 gives the catalog of patient beam
tunes,

For each penetratioa, the A, B, C series are
the small, sedium, and large beams for static treatments, the F tunes are
beams focused in one dimension (fan beams), aad the S tunes are beams focused
in two dimensions (spot beams).

The beam size for each tune used for static
treastments defines the maximum field size that can be treated with that tune.
Target volumes requiring larger field sizes are treated using combinpations of
abutted fields. Since there is no limit to the aumber of fields that can be
abutted there is no limit to the target volume size (in the lateral dimension)
that can be treated.

The dose rates for the pion therapy beams
are a function of the beam wmomentum, the beam tune {size) for a given momentum,
and the size of the spread pesk region. Typical dose rates for the beams ia
use range from .02 to .03 rad/mig/liter for each microampere of proton beam
current oa the biomedical pion target. In the summer of 1982, the proton
beam current will be raised to 750 microamperes, resulting in about 600 aicro-
amperes of proton current on the biomedical pion target, vielding dose rates
from 12 to 18 rad/min/liter. The design curreat for the LAMPF accelerator is
1000 microamperes. The average treatment volume is about two liters for
single parallel-opposed pairs of fields. However, some patieats require two
or three pairs of parallel-opposed fields (abutting) during each treatment

cycle so that the overall average treatmeat volume is probably closer to 2.3
liters.

(2) Development of range-modulation functioas. The
narrow Bragg peaks of the pion beams are spread in acepth by the use of a
dynamic raoge-shifter. The range-shifter is computer-controlled and can be
programmed to produce spread peaks of varying dimension and shape. The range-
shifter varies the thickness of a low viscosity oil (p = 0.9 g/cm3) in the
beam path according to a prescribed time functiom.

The period of a range-shifter cycle is 10 seconds.
The range-shifter is programmed to give stopping pion distributions ranging in
depth from 3 to 14 cm in l-cm intervals. A series of such range-sodulationm
functioas has been developed for each momentum (148, 167, and 190 MeV/c). This
is necessary because the peak-to-plateau ratio, beam contamination (electrons
and muons), and momentum spread (resulting in differences ino the full-width-
half-maximum of the spread peak) are different for each momentum. During the
next year, range modulation functions will be developed for each individual
tune so that the differences in beam divergence will also be taken into account.

For each spread peak it is possible to tailoer
the slope of the physical dose, and consequently the distribution of stopping
pions. It is possible to produce spresd peaks with uniform total dose, uniform
high-LET dose, or uniform biologically effective dose.
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Name

12a
12B
12¢
12F
128

16A
16B
16C
16F
16S

234
238
23C
23F
238

MeV/C

148
148
148
148
148

167
167
167
167
167

190
190
190
190
190

PATIENT BEAM TUNES

* Measured with range-shifter at

¥*To be characterized.

TABLE 25

Moseley, Robert

Beam Size
Penetration* (x-y)
11.6 B x 8
11.6 12 x 18
11.6 7ox 17
TBC**
TRC
16.1 10 x 8
161 11 x 14
16 .1 18 x 17
15 .7 18 x 3
TBC
22.9 11 x 3
22.9 12 x 17
22.9 14 x 19
TBC
TBC

minimum thickness.
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Pad/Min/Microamp
(8 cm spread peak)
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[N« Ne)

0
0.
0

.034
016
.010

.032
.020
014
.052

.024
.012
.009
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In the fall of 1980, tae range-podulitiou functions
were completely redesigned, and these new functions aiave been in use since
that time. The old range-modulation functions were designed according to the
criteriog that the fraction of bigh-LET radiation from stopsiag pious (250
keV/micron) must be above a @inimum value of 10 percent of :ns total dose
throughout the spread peak. This minimum value vas establisasd by early
biological experiments which indicated that this amount of 1igh IET resulted
in uniform RBE across the spread peak. This criterion resuited in spread pion
peaks with relatively flat total dose for peaks spread to ajout § ¢<m. For
large spread peaks, the total dose became lower in tae distil peak, resulting
in a slope from 100 percent (proximal peak) to 70 percent (Jistal peak] for
l4-cm spread peaks. In practice, most pion treatments are accomplished by use
of parallel-opposed overlapping ports, which results :n uniformity in both the
total physical (absorbed) dose and in the resultant biologi:ally effective
dose. However, there are always special cases when opposed fields cannot be
used, and a single field is utilized. In these cases, there w7as coacern that
the effective dose was not uniform over the target volume. Experiments wvere
performed on these peaks using multicellular tumor svneroids, which indicated
that the biological effect was indeed uniform for siangle fields; bowever, the
prevailing opigsion is that the semsitivity of these biological systems prevents
resolution of biclogical effect below a level of 20 percent change. <Calculations
and messurements showed that the ratio of high- aod low-LET dose varied across
these spread peaks to an extent that differences of approximately 20 percent
in the biological effect across the spread peaks was possible. Experiments
performed by Raju at LAMPF, using gel tubes with singie cells in suspeasion,
confirmed the predictions. Therefore, it was decided to redesign the shaping
of the spread pesks in such a2 way as to accomplish greater iniformity :n
biclogical effect for single-field treatments.

The range-modulation function describes the
thickness of a bellows-controlled column of oil in the beam path versus tinme.
The range-modulation function development code takes measured, central axis,
unmodulated total and high-LET distributions and, applying time-weights,
offsets each curve by prescribed shifts in depth; sums all cthe offset curves
together; and renormalizes to obtain the resultaat modulated total and high-LET
depth~dose curves. The program then uses an RBE model zo calculate the effective
dose. The user operates interactively with the program, which requests input
values of various parameters needed in the calculation, calculates the functioas,
and then displays the resultant depth-dose curves (effective, total, and high
LET). The user may choose to perfors the calculation again, changing aay or
all of the input parameters. This process is repeated until the desired
uniformity of effective dose is obtained.

The RBE is assumed to be a linear fuaction of

the fraction of dose delivered at high LET for the ranges of high LET in our
beaas:

RBE = 1.0 + RBF (DH/DL)N - ¥ (RMF),

wvhere RBF is an RBE factor assigned to a standard treatment (10 x l0-cm colli-
mator, l0-cm range-modulatioa function, 4500 rad in 35 fractions), (D /D), LS
the ratio of the high-to-low-LET dose normalxzed to 1.0 at the point Bt &ak1mum
LET, and F(RMF) is a functioa of the size of the spread peak. At points where
the high-LET dose approaches zero, i.e., in the plateau and post peak, the RBE
approaches 1.0, the low-LET value. The value 0.6 has been assigned to the RBE
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factor (RBF) so that for the standard treatment field the RBE = 1.6 at the
point in the distal peak where D, is maximum. TFor spread peaks less than 10
cm, the ratio D,/D. will, in general, increase, because there 1s less low-[ET
plateau dose folded into the peak region. However, for smaller spread peaks,
the neutron component of the dose will decrease, thereby offsetting somewhat
the increase in charged particle high- LET dose. For spread peaks larger than
10 cm, the opposite occurs: the charged particle high-LET dose will decrease,
while the neutroa component will increase. Therefore, the function F(RMF) is
1.0 for a 10~cm spread peak apnd will increase slightly for smaller peaks and
decrease slightly for larger peaks. The maximum RBE for any spread peak is

not expected to vary more than *10 percent from 1.6 due to the effect discussed
abave.

Because of the complicated nature of these
effects and the great difficulty in accurately predicting them, F(RMF) has to
be determined from radiobiology experiments. Some of these experiments have
been performed and the results are discussed under Biology. The biology data
are being acalyzed using the Kellerer-Rossi model. The program calculates the
cell survival curves for any point in the depth-dose curve produced by the
LAMPF range-modulation development program as shown in Figure 15. These are
calculated curves for a 9-cm spread peak, 13 x ll-ca collimator. The lower
curve is the high-LET dose, the middle curve is the total dose, and the upper
curve is the effective dose calculated from the model described above. The
RBE at the maximum of the high-1ET curve is 1.6, and the RBE at the proximal
peak (7.0-cm depth) is 1.2; both of these gumbers are uncorrected for F(RMF).
A series of such curves has been calculated for each penetration used for
patient treatments (12, 16, and 23 cm penetrations).

(3) Deosimerry

(a) Patient dosimetry svstems. An automated
data-scquisition and analysis system has been developed for dosimetry measure-

ments on the pion therapy beam using 3 PDP-11/70 computer and CAMAC interface.
[nitialization, test and monitor programs allow the user to set the physical
limits of scanner travel, test the data lines, calibrate the analog signals

for the scanner position, and monitor the analog-versus-digital values of the
scanner position during operation. Data-acquisition programs scan the ionization
chamber in one, two, and three dimensions. Many options are available to the
user in selecting the scaa parameters and in changing some of these parameters
during scanning. Data-analysis programs provide reproduction of stored data,
comparison of linear scans, beam profiles aloag any line of a planar or volume
scan, and isodose distributions from any planar scan or from any plane of a
volume scan. Other programs summarize stored data files and search for specific
data according to the user's instruments.

A multiple ionization chamber array (MICA)
system, with associated software control, has been developed for dosimetry
measurements. This system increases dosimetry data-acquistion rates by a
factor equal to the aumber of data channels in use. The system has been
tested and used with a linear array of 10 ionization chambers. In principle
any oumber of chambers can be used in linear, planar, or volume arrays. The
system was put into routine use in the summer of 1981.
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{b) Patient dosimerry techniques. The object
of patient dosimetry is to determine the central-axis depth dose and the
output calibration (rad/monitor unit) at the maximum of the peak dose, using
the beam tune, range-modulation function, aad collimator assigned to a par-
ticular patient field with the geometry (air gaps) between appliances and
between the collimator and water phantom the same as that expected for tae
actual patient treatment. Also, the water phantom is positioned soc that the
maximum pion penetration (peak of the umnmodulated Bragg peak) is locaced at

100 & quadrupole tumor distance (QTD), thus simulating the geometry of patient
treatment.

The output calibrations are necessary for
daily calculation for each patient treatmeat. The channel is calibrated each
morning and daily treatments are adjusted to this calibration. The deptb-dose
curves are used as input to a code which uses the collimator geometry, multiple
scattering, beam emittance, and uncollimated beam dosimetry to calculate
isodose distributions, in water, for a plane corresponding to a CT slice in
the patient. These isodose distributions are then folded into the bolus
design and CT data to calculate an isodose distribution oa the patient.

In general, measurements must be made on
each patieagt field because changes in collimator area and shape change the
shape and magnitude of the resulting depth-dose profile. These changes are
complicated, occurring both in the plateau and peak regions of the dose profile,
and are difficult to predict. All measurements are made with a small (0.1 cc)
thimble ionization chbamber in combination with an electrometer and an automated
positioning device (scanner and electrometer are interfaced with the PD 11/70
computer and are controlled by a group of dosimetry software codes that are
initiated by a series of positions oa a button panel). The chamber walls are
made of Shonka A-150 plastic, and methane-based tissue equivalent gas flows
through the chamber during seasurements.

In addition to specific patient treatment
measurements, routine measurements are also made to determine the integrity
(constancy) of the individual beam tunes used for patient treatment.

These tunes are subject to variations due to target or magnet (there are 1l
magnets in the channel) changes. These measurements consist of x and v beam
profiles taken ino the center of a 9-cm range modulated peak.

Each patient has, oo the average, three
treatment fields, which include multiple treatment fields and coae-downs. The
dosimetry for each treatment field requires approximately two hours with two
people required to perform the measurements. Therefore, for 20 patients per
cycle about 240 man~-hours are required for patieat dosimetry. The direct
measurement of each patieat field thus requires a substantial effort. To
eliminate a large part of this effort, an extemsive program of measurements
has been performed on every beam tune used for patient treatments in order to
establish a data base from which to extract a model, based on fitting parameters,
for prediction of the depth dose and calibration at the peak of the depth-dose
profile for any given beam tune, range-modulation functiom, and collimator.

(¢) Patient dosimetrvy models. To eliminate a
large fraction of the manpower and beam time used in the measurement of dosimetry
for each patient field, a project of extensive measurements has been undertaken

-166-

COPIED FOR
HSPT

{ U q l bﬂ 1 00133521.167



from which models will be extracted that will predict tae depch dose for acy
given beam tune, collimator, and range-modulationm functiom. [a addition,
these models will predict the beam cutput for any g:ven set of the above
parameters.

For each of aine beam tunes (a small,
medium, and large treatment field for 12-, 16-, and i3-ca pepetrations) measure-
ments were made for five collimator sizes and without a collimator, using an
unmodulated beam and beams modulated to produce spread peaks of five different
sizes ranging ino size from 3 cm to the maximum allowable spread peak for a
given penetration. Range-modulatioa functioas that produce spread peaks
ranging in size from 3 cm to 14 cm in l-cm steps are available. The unmodulated
depth-dose curves vere analyzed to detsrmine the collimator effects. Typical
depth-dose curves are shown in Figure 16 for a l6-cm penetrating beam using
collimators with openings of 5 x 5, 14 x 14, and 18 x 17 cm and no collimator.
These curves have been normalized at the peak of the distribution.

Collimator effects are seen to be stroogest
in the plateau of the depth-dose curves, but are aiso evident in the post peak
region. These effects are thought to be primarily due to neutrons. Piomns
stopping in the collimator gemerate a neutron spectra, which becomes a component
of the total besm incident upon the phantom, causing inocreases in the plateau
dose, the increase being inversely proportiomal to the size of the collimator
opening. The post peak dose is reduced because piouns that previously stopped
at depth in the phaantom aad produced fast neutrons which contributed to the
central axis dose at depth are now being stopped in the co.limator.

An analysis of these data, which coasists

of a parameterization of the effects, produces analytical expressions cootaining
coefficients fixed by curve fitting, which permits the calculation of collimator
effects for any collimator size. Therefore, a depth-dose curve can be calculated
for any collimator size. This collimator-corrected curve can then be entered
iato a computer file accessed by the code that calculates the spread peak
distribution resulting from the action of a range-snifter in the beam path

(see Development of Range-Modulation Functions). This process then results in

a calculated depth-dose distribution for any spread peak using aav collimator
opeaing.

Examples of these calculations compared to
measurements are shown in Figures 17, 18, and 19. Concurrenc with these calcula-
tions and measurements, the beam output (rad/monitor unit) was also determined
for various collimator sizes and range-modulation functions. An analysis of
these data results in curves such as those shown in Figure 20, which enables
one to find the beam output for any combination of collimators aad spread
peaks. The structure in the curves for the 10-, 12-, and l4-cm spread peaks
for small field sizes is due to collimator-neutron effects.

(d) Microdosimetry. Accurate microdosimetry
data are required as input to the algorithms used in the calculatioas of RBE,
pion effective dose, and range-shifter functions. Such data are obtaiped from
a variety of experimental techmiques, including Rossi chamber proportional
counters, solid state detectors (totally depleted lithium-drifted silicon),
aod aluminum activation measurements.
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For the pion beam microdasimetry studies. a
simple data acquisition system was designed using & Zommerc:.a. (EG&G) 4"
Rossi-type proportional chamber. This system does not requ:.re aay gas-flow
system or extensive electromics. [t is similar to tie more compli:ated method
used previously, except that its use is limited to deams of very low incteasicy.
Results froms this system compare favorably with data Irom tae more complicated
system. Hence, it can be used to characterize selected pica beams during
normally scheduled periods of low-intemsity operat:on »{ the linear accelerator.
This has greatly simplified the method for obtaimiang microdosimetric data oan
beams used for radio-biological and clinical experiments.

The Rossi chamber measurements are used as
the primary source of microdosimetric data. Such techniques have been used to
accurately measure linear energy and LET spectra for various types of ioniziag
radiation, including x~rays, geutrons, heavy ioas, and pions. Rossi chamber
measurements, hovever, are time-consuming, and adequate amounts of beam Ctime
are not available for use of this technique in characterizing all of the
therapy beam tunes. Instead, one or two Rossi chamber spectra are obtained
for each beam tune, with additional data obtained from either solid state
detectors or aluminum activation. The latter two techniques permit rapid data
collection. They are limited, however, by the fact that absolute normal-
ization of the data requires accurate knowledge of pion and neutroan cross-
sections plus stopping povers of heavy ioms. Such information is not completely
available. Instead, LET information obtained througn these two techniques is
normalized (i.e., high-LET rad/total rad, or hign-LET doses momitor unit) by
comparison with the Rossi chamber data. In this manner, complete information
on the spatial variations (in both the z-dimension and the trapsverse x-y
plane) of the high-LET dose for all therapy beams is obtained.

For most purposes, such as the calculation
of pion effective doses, high-LET dose has been arbitrarily defined as zhat
fraction of the dose with LET >50 keV/um. An RBE model has been developed
that can accurately fit the results of radiobiological experiments using such
information. For more exacting purposes, however. complete LET spectra, obtained
from Rossi chamber measurements, are used.

Using the techniques described above,
microdosimetric data have been obtained for the various static beams, fan
beams, and range-shifter modulated beams used for patient treatments.

(e) Besm shaping and inhomogeneity compensation.
After the development of beams to be used in patient treatments, the major
effort has been to tailor these beams for individual treatment situations.
We have studied the effect of inhomogeneities, compensating bolus, collimationm,
and air gaps between patient treatment devices. The physical advantage of piocas
over conventional radiations lies in the abilicy to comncentrate the peak piocn
dose on the tumor and deliver less dose to the adjacent mormal tissue. To
realize this advantage, the influence of tissue inhomogeneities upon the dose
distribution must be understood so that adequate compensatioa caa be made to
shape the stopping piocns in the direction of the beam. In addition, ctollimation
must be properly designed so that the dose is restricted to the treatment volume
in the ,lane perpendicular to the incideat bean.
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Beam shaping in the transverse dimensioas
for patient treatsents is achieved by use of collimators individually designed
for each patient. These collimators are made from a low-melting point alloy
(50.0 percent bismuth, 26.7 percent lead, 13.3 percent tin, aad 10.0 perceat
cadmium) with a density p = 9.4 g/cm®. The collimators are made with a thick-
ness for each momentum sufficient to completely stop the incideat pions outside
the treatment aperture. Figure 2) shows typical beam profiles with aad without
collimation. These beam profiles were measured in the center of an 8.5-cm
spread peak. The asymsetry in the uncollimaced x-profile is due to the different
phase space of pions, muons, and electrons. The distribution of muons and
electrons is shifted toward the x-axis. The channel is tuned to give a symme-
trical dose profile after collimation.

Collimation also alters the depth-dose
distributions. Pions stopping in the collimator give rise to fast neutroas.
The depth-dose spectra of those neutrons emitted in the forward direction is
superimposed upon the depth dose of the pion beam causing a rise in the first
few centimeters of the plateau. The relative effect increases with decreasing
size of the aperture in che collimator because more pions are being stopped.
Also, there is an effect in the stopping region: some off-axis piocns stopping
the collimator would have contributed neutron dose to the peak region. Therefore,
these two mechanisas, neutrons produced in the collimator and the consequent
loss of peak neutron dose, result in altered depth dose profiles such as those
shown in Figure 22 for a 170-MeV/c range-shifted beam. The increased plateau
dose, copsisting of some fraction of neutrons having a high RBE, is not a
clinical problem because ia most cases this portiom of the curve falls within
the beam-shaping bolus which is placed between tae patient and the collimator.

Compensation is the technique of modifying
the pion beam so that the peak dose is constrained between the distal and
proximal surfaces of the target volume. The penetration of the beam to the
distal surface of the treatment volume can be controlled by using bolus. The
bolus must be designed to compensate for all geometrical and tissue iahomo-
geneities in the beam path. The proximal edge of the peak dose is controlled
by properly modulating the pioan peak width using a range-shifter. When treat-
ments are done with large, essentially parallel beams, the proximal edge of
the peak region cannot be varied once the distal edge 1s defined, and a spread
peak width is chosen to cover the maximum extent (depth) of the treatgent
volume. With dynamic treatments, in which the patient is scanned beneath a
narrow focused beam (focused in either one or two dimensions), the proximal
edge of the spread peak region can be varied, and the treatment volume will be

more precisely outlined by the stopping pion region. Dynamic treatments are
discussed later in this report.

Before treatment planning can begin it is
necessary to understand the effects of tissue inhomogeneities lying in the
paths of treatment beams and to determine whether bolus can adequately compea-
sate for inhomogeneities. Measurements of the effects of inbomogemeities aad
compeansation bolus in clinical pion beams have been made. Tissue inhomogene-
ities such as bone or lung alter the dose distributions from those predicted
from homogeneous unit-density tissue because of variatioans in the pion linear
stopping power, multiple scattering, and secondary particle emissioa. The
main influence of these inhomogeneities is distal to the inhomogeneity interface,
wnere the pion range has been altered, distorting the shape of the dose distri-
bution in the stopping region. When inhomogeneities are located in the stopping
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e

region of the pion beams, additional dose modifications could occur because of
density effects or changes in the secondary charged particle spectra.

Measurements 1ave been made for inhomogeneity
and bolus compensation for pion beams of different energy; variation of the
inhomogeneity depth beneath the surface; air and Teflon inhomogeneities to
simulate lung and bone; bolus compensation using a parallel beam model; and
bolus~inhomogeneity misalignment. Examples of such measurements are shown in
Figures 23 through 26. Figure 23 shows 3 typical iso-ionization distribution
for an open beam. The dotted line in the peak region is a ridge that connects
the depth~dose peaks for various off-axis distances. Figure 24 compares the
open-beam ridge (dotted line) with the ridge (dashed line) under a Tefloa
inhomogeneity. The Teflom block is 2 cm thick by 4 cm wide in cross-section
and is located 0.5 cm beneath the water surface. The peak ionization has been
shifted forward beneath the Teflon. A comparable inhomogeneity in a patient
could grossly underdose the distal boundary of the target volume.

In addition to the displacement of peaks
due to inhomogeneities there is a change in the peak dose rate. This effect
is seen in Figure 25, where the incident pion beam passes :through an 11 x 9-cm
elliptical collimator and an 8 x 4 x 4-cm Teflon block, located along the beam
axes 1 cm below the water surface. Note the forward shift of the pion peak,
due to the Teflon. By translating the Teflon peak back to the original peak
position (a shift of 3.24 cm), one observes that the peak dose under Teflon is
a few percent less than the peak dose without Teflon. This decrease occurs
because there are fewer scattered pions in the peak, since pions nmot incident
on the Teflon stop deeper than the shifted peak. Some of these pioas have
undergone sultiple scattering to the rear of the central peak, and they con-
tribute additional dose there.

The ability to compensate for the Teflon
inhomogeneity using 3 parallel beam bolus correction model is seen in Figure 26.
The bolus is 3.5-cm paraffin with a 8 x 4-cm rectangular hole directly above
the Teflon. The shape and magnitude of the peak in the depth-dose curve has
been restored to the original. Similar results have been obtained with air
inhomogeneities. Such measuremeats indicate that it is possible to predict

the effect of inhomogeneities and to compensate for these =2ffects in treatment
planning.

[n designing patient bolus, one must compen=-
sate for skin contour, tumor shape, tissue inhomogeneities, movement of anatomy
due to breathing, and changes in anatomy due to fluctuations in bowel gas, and
bladder or rectal filling. At the present time anatomy changes are haadled by
prescridbing target volumes that will encompass expected deviations. Consider-
able effort has been expended in developing casting and immobilization techniques
that minimize patient movement during trestment and that reproduce the treatment
positions from day to day. Patieat motiomn is not as critical as for heavier
ion beams because of the greater multiple scattering of pions which leads to
beam edges that are less sharp. However, these same properties prevent pion
beams from being as precisely shaped to conform to target volumes, especially

in the presence of sharp gradients in the target surface in the direction of the
beam.

-177- c. . e

00133521.178

s
3
[}
L}



Moseley, Robert D., Jr., M.D.

-
1.j
o]
i
S— ht
! ]
|
E
S
=
w
:; i
= 10— -

]
= L ~._ | =
: {
-

&
o

.\
P ——— S
[ ———— L ame——
l
20 :
-5 -3 Q 3 8

CFF AXIS DISTANCE

Figure 23.

(cm)

Typical iso-ionization distribuction for cpen pion beanm

00133521.179

4

5 |
Jd

1091



Mpsel.ev, ther: ., Jr., M.

g |

[ |

v -

- -

DEPTH IN WATEH (cm)
O
1
|

f (= Y —

-3 2 3 [
CFF axiS DISTANCE (cm:

Figure 24. Comparison of open~-beam ridge (docted line) connecting
depth-dose peaks for various off-axis discances with
ridge (dashed lins) under Teflon inhomogeneiry

~179-

-
- .

00133521.180



M.D.

Moseley, Robert D.

126160

! -081-

A0[q uopjal YInosy) vogssjwsuril 0) anp 233 asop yead uy aFueyy gz Aan8yg

(W2) Y3LVYM NI HLd3a
s¢ 02 Sl o] S 0

T 7 T T 0
i)
m
-los 1~
) >
-
<
m
O
<
N
00| w
, \ (W H2°¢ A3LAIHS) NOI43L ~ - O
/ NO1431 —— Z
(NO143L ON) Wv3Ig NIdO—*—
. NO1431 HXbX8 z -logi
HOLVYWITI0D ANIEOYYID £X6X)] h>
X

AWV38
NOId

00133521.18t1



-(81-

[Hpom NogIdaa10d snpoq mesg (apreand Supsn £1pounTomongueg

_T.

(wd) H3LVM NI HLd3Q
G2 02 Gl ol

(@]

vapga), 10} nog resusdwn)

v ] 1 T

cse ev

(w2 $2°¢ A3L4IHS)

" HOLVNITIOD ON380HY3) £X6x1|
8NT08 NIdJVHY.

NO1431

SN108 NIJJVHYd + NOTI43L ~ Y~
Nv38 N3dO —°

Wv3g

NOId

oS

00+])

gz ~andyy

NOILYZINOI 3AILYI3Y

00133521.182



Moseley, Robert D., Jr., 4.D.

N

(f) Pion absorbed dose determinations. Stopping
pilons give rise to a variety of secoandary charged particles by virtue of their
interaction with, and subsequent fragmentatos of, the auclei of the stoppiag
material. These particles include protons, tritons, deuterons, alpha particles,
and heavy ions such as Li and Be. Each of these particle types exhibits broad
energy spectra with maximum energies up to approximately 70 MeV.112 Ia additiom,
ionization is produced by cootaminant auons and electroas, primary pions, and
geutrons and gamma rays produced by the star events.

Ionizatioa chambers have become the principal
instruments employed for determining the absorbed dose in tissue. Ionizationm
methods require conversion factors that rest on physical interpretatioa of
the energy absorption processes and involve such considerations as secondary
charged particle spectra, relative stopping power ratios, the epergy required
of secondary charged particles to produce ion pairs in various gases, and
corrections for the non-tissue equivaleace of chamber walls.!l3 The precise
information required for these interpretations aand considerations is not well
knowa for charged particle beams, thereby giving rise to large uncertainities
in the specification of the absorbed dose in tissue from pion beams when

ionimetry is used. We believe that these uncertainities are on the order of
10 percent.

The major uncertainities arise from our
lack of knowledge concerning the pioan capture cross-sections for various
elements, the energy given to secondary charged particles via pion capture by
target auclei, the energy fluence of secondary charged particles aad neutrons,
and the ener§§ dependent stopping powers and W values for the secondary par-
ticles.li¢r! Ooly a large program of experimental and theoretical work will
lead to a significant improvement ia our kmowledge of these factors.

In view of this rather large program of
work, and time required to complete it, we decided to check the earlier calcu-
lations of the conversion factor for the cylindrical chambers currently in
use by direct comparison of the jonization chambers with a calorimeter.

_  In April of 1979 measurements were performed
in the peak of an unmodulated n beam and in the peak and plateau of an uamodu-
laced ® beam using a thimble chamber and parallel plate chamber of TE (Shonka
A-150) plastic walls and TE (methane) gas, a TE plastic calorimeter (Sloan-
Kettering Institute neutron calorimeter) and the National Bureau of Standards
(NBS) carbom iomization chamber with air gas in comjunction with the NBS
carbon calorimeter.

Ino March 1980, a more extemsive set of
measurements was performed. These measurements repeated the work dome in 1979
and, in addition, data vere obtained in the plateau of an unmodulated m beam
and in the proximal and distal pesk of a modulated n beam (2 9 cm, flat
physical dose spread peak). The 1980 experiments were done using the new
charged particle beam TE calorimeter with one measurement also done with the
old neutron calorimeter to test the agreement between the two calorimeters (ia
the plateau of an uamodulated beam). The NBS carbon calorimeter work was not
repeated in 1980. The points of measurements are indicated on the piou depth
dose curves of Figures 27 and 28.
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Io pion icnizZation chamber dosimetry the
absorbed dose in the chamber wall is determined by :pe use of the equation

w
D = 100 - 1 - - (8 )i 1
v,p Q - ;p_ R (1
vhere g

Du = absorbed dose in rads in the Shonka A-150 plastic

P chamber wall
Qp = aseasured iounization charge (Coul)
H' = the mass of gas in the cavity (kg)
ﬁple = the average energy required to produce an iom pair in

the gas cavity (J/Coul
(S )p = the gas-to-wall comversion factor

In practice, W /e is obtained by averaging
over the spectrum of all the charged particles iofizing the gas. A first
approximation to (S, _)p is given by the Bragg-Gray theory and is derived from
the stopping powver titio averaged over the charged particle spectrum. The
product of these two quantities can be determined from direct intercompariseon
of the ionization chamber with a calorimeter in the pioa beam. This product
is given by,

. (sw,g)P =D, - M (2)
100 Qpi

L] L’Cl

D is determined by the calorimeter directly; Q_ is measured by the ionization
cBiBber and electrometer; M is determined by callbration of the ionization
chamber on a %9Co beam whos¥ exposure calibration is traceable to NBS.

In this manner we bave an experimental
determination of the product of two quantities which are difficult to calculate
because of the lack of detailed information concerning the charged particle
epergy flueace of the multiplicity of charged particle types interactinog vwith the
cavity gas.

Table 26 gives a summary of the results of
the TE~-TE experiments. Tha designation (um) in the positiom column refers to
an unmodulated beam. The differences between the two experiments conducted a
year apart, using e differeat calorimeter and using a different electrometer
for the ionization chamber measurements made by the UNM group, are withia
experigental uncertainity, and no systematic differences are seen in the data.
For each measurement, ionization chamber data vere taken with both the SKI
parallel plate chamber and the UNM thimble chamber replacing the calorimeter
core so that the geometry wvas ideatical for the calorimeter and ion chamber
weasurements. The amount of material (TE plastic) between the beam and the
center of the calorimeter core, the front face of the parallel plate chamber,
and the center of the thimble chamber, was held constant for each measuremeat.
Measurements were made with each ion chamber both immediately before and after
each calorimeter run. The uncertaipties are random errors in the ion chamber
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Moseley, Robert D., Jr., 4.D.
TABLE 26
SUMMARY (TE-TE)
W o (s
P ( w.z)p
e
Particle Position 1979 1980 Mean
a Plateau (um) 29.5¢0.6 29.5%0.6
n Peak (um) 29.7%0.5 30.320.8 29.9%0.5
n Proximal Peak 30.4%0.7 30.4%0.7
n Distal Peak 30.2¢1.0
29.7%0.9 30.020.7
a Plateau (um) 29.520 4 28.920.7
29.120.8 29.320.3
n Peak (um) 28.3%0 4 28.620.9 28.420.4
Errors are SD of the mean. Includes random errors oalv.
~186~-
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readings, The monitor units delivered, and the calorimeter readings. four
sets of ion chamber readings (each chamber before and after calorimetry) were
combined with the calorimeter data to calculace UP/e (Sw,g)p from Iquatica .

Table 27 gives the systematic uncertainities
in the data. The calorimeter data were corrected for thermal defects 4 perceat).
The cotal uncertainty was obtained by adding the random and systematic uncertain-
ties in quadrature.

Table 28 gives the recommended values from
these experiments for each particle and position. The X peak values from
Table 26 (unmodulated peak, proximal and distal modulated peak) cannot, from
this experiment, be concluded to be different. The value in Table 28 for n
peak is therefore, the mean of all the peak data. The uncertainties in
Table 28 are total uncertainties.

Table 29 shows a comparison between the
values determined from these experiments with the values which have been used
for patients since June 1976. Changes 1n ocur current statement of absorbed
dose in TE plastic cannot be justified on the basis of these data.

Since the gas-to-wall conversion factor,

» 13 expected to be near unity, the values for W /e'(S ) will be within
a Yol 8e:cent of the values for W /e. P v.8'P
Table 30 gives the results of the measurements
for the carbon calorimeter and the carbon-air ionization chamber, along =h
total uncertainities. One notes that the uncertainties for these measursments
with the NBS devices are much smaller than for the TE-TE data.

One interesting poiat is that the value for
n peak in both the TE and carbon data is lower than that for the plateau.
Intuitively, one would expect it to be higher. However, the ratioc of peak-to-
plateau values is 0.968 for TE-TE and 0.967 for carbon-air, leading ome to
believe that this may not be an anomaly.

Io Equation 1, D is the dose in the
chamber wall. To obtain the dose in muscle tissue 0d® must use another conver-
sion factor, i.e.,

D‘.'P = (I.'w)p . Dw'p (5)
vhere,

D. P = absorbed dose in rads in muscle tissue

(K. u)p = chamber-wall-to~muscle conversion factor.

To provide an estimate of this conversion
factor, we have performed preliminary calculations assuming tissue and IE
plastic to be composed of only oxygen and carbon. Utilizing pion capture
probabilities and energies given to charged particles for pion capture in
carboa and oxygen from two sources (Dutrannors!!® and Shortt!l?), stopping
powers for each class of secondary particle, and energy deposited by neutronms,
we have obtained the following values for the wall-to-muscle coaversioan factor:
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UNCERTAINITIES IN MEASUREMENTS

Exposure Calibration
Conversion Facters

Ionization Charge

TABLE 27

Corrections {(T-P, Saturation)

Calorimetry

Total Uncertainity = JR? + S¢

091529
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Particle

Y35k ev

TABLE 28
RECOMMENDED VALUES

Position

Plateau
Peak
Plateau

Peak

, dvert . r.,

% Gugd
e
29.5¢1.4 (4.8%)
30.121.3 (64.4%)
29.3%1.3 (4.4Y%)

28.421.3 (4.5%)

Uncertainties are random and systematic added 1n quadrature
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Placeau

Peak

Moseley, Robert D., Jr., M.D.

TABLE 29

COMPARISON OF MEASUREMENTS AND CALCULATIONS

- (S

v )
2 “,8 P
[
Measured Calculated Ratio (M/C)
29.5 29.% 1.003
30.1 30.3 0.993

Calculated values are those which have been used for patieat dosimetry
since June 1976.

Lol
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TABLE 30
SUMMARY (CARBON-AIR)

« - 1S )
P v,8'p
Particle Position e
T Peak (um) 16.240.4 (1.2%)
n Plateau 13.420.4 (1.2%)
xt deak 32.320.4 (1.1%)

Uncertainties include 1.1% systematic added in quadrature to
random errors.
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Mcseley, Robert D., Jr., M.D.

Lxm,w)p
Smithil® Dutrannois datall® Shortt datall?
Plateau 0.98 1.04 0.99
Bragg-peak 0.92 1.02 0.88
Spread peak 0.92 1.03 0.95

It is clear that there are large uncertainties
in the value of (K , the conversion factor used to convert dose in the TE
(Shonka A-15Q) valfs¥ oE the ionization chamber to dose in muscle tissue.
Certainly more refined calculations must be made before better values are
obtained. Also, there is no clear_choice betveen the calculated values. The
values obtained in this study for W /e - (S are in excellent agreement
with those values currently used in*our pxon ﬁogxme:ry

In view of these consideratioas, and because
our colleagues at TRIUMF and SIN are using the statement of absorbed dose in
muscle tissue due to peak pions as we are (numerically cthe same although their
methodology is different), we will not change our dosimetry at this time.

(g) Biological dosimetry. Numerous radio-
biclogical experiments have been coaducted to compare the effects of pions and
x-rays. Special pion beams have been developed, and dosimetry provided for
experiments on monolayer cells; aulticellular tumor spheroids; rat colon,
spinal cord and mammary gland; and mouse heart, lung, gut, kidney, and implanted
tumors of the thigh. Results cf these studies are reported under Biology.

All of these animal experiments were dome with a small area pion beam (S5-cm
diameter or less) with dose rates as high as 175 rad/min. To accommodate the
special anatomical features, custom collimators and/or bolus were fabricated

for each experiment. Dosimetry was done using a combination of ion chambers

and thermocluminescent detectors. Microdosimetric measurements were also made

on this beam to aid in the interpretation of results. Additional experiments
were also performed to compare tle biological effects of piocn beams of differeat
volumes, and to compare t and N beams. Extensive dosimetric and amicrodosi-
metric measurements vere made on these beams as well.

(4) Treatment plamning

{a) Previous methods of treatment planmning.
Treatment planning for patients with and without the aid of computerized
tomographic (CT) scans bas made it apparent that adequate treatment plans
cannot be developed without the use of CT scan data. CT scans allow a three-
dimensional tumor treatment volume to be uniquely prescribed by the radiotherapist
and nearby critical structures to be placed in their proper perspective.

A three-dimensional description of the
treatment volume from CT scans helps to minimize the dose delivered to normal
tissue. Information concernisg the longitudinal dimension (parallel to directionm
of incident beam) of the treatment volume can be obtained oaly from CT scans.
Although x-rays or other diagnostic methods may give the maximum longitudinal
thickness of the tumor, the relevant quantity is the effective lonmgitudinal
thickness, which is obtained by integrating the linear stopping power of the
tumor over the maximum loagitudinal thickness. This effective thickness can
be obtained from CT data by relating the CT aumbers to pion stopping powers,
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but not from diagnostic x-rays. Although with static pion radiotherapy the
peak dimension in depth must remain the same across tle transverse plane of
the treatmeat volume, dvnamic pion radiotherapy will permit variation of peak
depth-dose deposition. This requires knowledge of the longitudinal thickness
of the tumor volume at each point in the transverse plage. Such information
can be obtained only from CT scans, even for homogeneous tumor volumes

Probably the most useful information obtained
from CT scans is the quantitative description of inhomogeneities. Dose distri-
butions are affected both proximal and distal to inhomogeneities. The distal
effect is the change in the pion stopping distribution caused by range changes
and multiple scattering arising from tissue inhomogeneities. This phenoamenon
can be coatrolled to some extent by use of bolus if a description of the
inhomogeneities is available. The proximal effect is the change in dose at
tissue-inhomogeneity interfaces caused by variations ia the secondary particle
emission and density effects. Little can be done o cootrol these phenomena.

In selecting the proper beam tune, peak
width, number of portals, direction of portals, collimation, and bolus configur-
atioa, the treatment planner must consider several principles regarding static
pion beam treatments:

(i) It is advantageous, in cases vwhere
critical structures are transversely adjacent to the tumor, to treat with the
beam of the least pemetration, as the peaumbra becomes narrower in the peak
region with decreasing pion momentunm.

(ii) Beam flatness over relatively large
fields can be best accomplished by abutting two smaller fields. This is due
to the emittance of pion beams; i.e., the incidence pion flux has a Gaussian
type fall-off. Pion fields abut nicely in the transverse dimension because
their penumbras are not as sharp as amost convestiomal radiotherapy beams,
thereby reducing the probability of hot or cold spots resulting from misaligoment.

(iii) The low exit dose of pions allows
the beam to be aimed directly at critical organs or structures. Generally,
this is not possible with conventionmal radiatiocn

(iv) Directing the beam through the path
of minimal inhomogeneities minimizes the importance of bolus correction.

(v) Overlapping parallel opposed fields
tend to flatten both physical and biologically equivalent dose. This is so

because not only is the total dose flattemed, but also the fractionmal high-LET
component.

(vi) The fixed nature of the pioan beam as
opposed to the rotational freedom of most megavoltage machines means that the
patient must rotate for multiport irradiations. Proper treatment planning,
therefore, requires CT scans in each of the rotated positions for assurance of
minimal changes in intercal anatomy between scanning of the treatment positioas.

. o,
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(vii) Short-term movement of tissues
during breathing cam occur. This is particularly importaat in treating small
lung lesions. Also, long-term changes resulting from bowel gas or bladder and
rectal filling need to be recognized.

, (viii) With static beam treatment it is not
possible to vary the longitudinal extent of the pion peak to conform to the
prescribed tumor volume throughout its transverse extent. Therefore, the
radiotherapist must prescribe how the pion peak is to fit in depth around the
prescribed treatment volume. In making this decisioan, sharp gradients (parallel
to the incideat pion beam) in the borders of the stopping distribution must be
considered; these will tend to underdose the distal edge of the tumor volume
due to wultiple scattering and secondary particle fluxes being greater upon
exiting the tumor volume than upon entering.

(ix) The patient's physical condition
must be considered. There is usually an optimal set of directions for the
pion beam to eater relative to the patient, but because the patient must
rotate physically, he must be physically capable of withstanding rotatioa into
those preferred positions for treatmeat.

The complexity of treatment planning
for pions emphasizes the need for close interaction amoug the radiotherapist,
diagnostic radiologist, and medical physicist. Presently, multiport treatments
are limited to parallel-opposed and abutted fields. As experience is gained,
patient positioning and casting techniques are improved, and CT scans become
available at different rotations, then more complicated multiport irradiations
will be possible.

When a patieant is accepted for pion
therapy, the first procedure is to prepare an immobilization cast of the
patient which will be used during CT scanning and treatment. <Casting and
immobilization techniques are discussed in a separate section.

CT scans are usually taken at 0.9-cm
intervals throughout the volume of ianterest. All scans are numbered in reference
to a tattoo for each series of scans. Also, a radio-opaque marker provides a
method of referencing one scan to another and gives positive ideatification of
the position of the tattoo in the reference (T slice.

After CT scaaning the CT slices are
called up and displayed on a CT diagnostic console. The physiciaa delineates,
by means of a tracking ball, the skin contour, target volume and critical
normal structures. These regions of interest (ROI's) are overlaid and stored
on the CT data.

The magnetic tape containing CT scan
data is read into the bolus design computer file. A particular file (scan) is
displayed on a CRT screen, and the target volume is entered with a digitizing
pen from a life-size CT image containing the ROI's. Additiomal input data are
the appropriate pion range and range-shifter function. The bolus (Lucite)
required to stop the pions at the prescribed target volume boundary is then
calculated automatically by the computer programs from examination of the CT
data. This calculation assumes that all pion trajectories are parallel aad
utilizes correlatioans of relative (to water) pion linear stopping powers
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versus relative photon linear attenuation coefficients These data are from
measurements of various macterials (simulating fat, iung, and bone) taken oo (T
scanners and in the pion beams. This procedure is repeated for each CT scaan
which contains target volume contours. The three dimeasional treatment plann:ng
code PIPLAN, which utilizes beam tapes of actual pion zrajectories, will be in
operatioa in the summer of 1982 and will subsequent.y je used for bolus calcula-
tions. This code is described later in this repor”

The bolus design for each CT scan of a
series for a particular treatment field is calculated, then printed life~size
on a plotter. These are then traced on 0.9-cm-thick Lucite sheets, cut out on
a band saw, and glued together using as reference 4 common axis drawo on each
bolus design to form the three-dimensionsl bolus.

Collimators are designed directly from
treatment volumes prescribed on each CT slice. The transverse extent of tumor
treatment volumes for each CT slice is plotted to scale on a transverse plaae,
providing the projection of the entire tumor treatment volume. The collimator
aperture lies approximately 1.5 cm outside the boundary of the prescribed
target volume so that the 80 perceant isodose comtour will coincide with the
prescribed target volume. The collimator thickness 1s governed by the beam
momentum and may vary from 2.5 cm to 5.0 cm of low-melting-point alloy.

Presently, patient 1i1scdose contours
are calculated from dosimetry measurements that simulate the patient set-up.
Dosimetry includes a central-axis depth-dose scaa, a transverse scan at mid-
peak, and a peak dose calibration for each static beam pioan port.

The increase in patient load has now
made it impractical to measure all two-dimensional patient dose distributions;
therefore, algorithms that accurately calculate dose distributions in a water
phaotom have been developed. These algorithms use as input data the modulated
depth dose curve measured undermeath the patient collimator with the assigned
patient tune and range-modulation functioans. Off-axis dose distributions
under a collimator are produced by calculating the alteration of the uncol-
limated beam caused by multiple Coulomb scattering in the range-shifter aad
water phantom. The characteristics of the beam phase space as measured by
multivire proportional counters are also used as :input data. By this technique
isodose distributions are calculated in the plane perpendicular to the ceatral
axis. By folding these calculated distributions into measured depth-dose
distributions, it is possible to produce full planar distributions in the plane
including the central axis. Figures 29, 30, and 31 show measured and calculated
bean profiles for typical cases for the three penetrations used for patient
trestment, 11.6, 16.1, and 22.9 cm, respectively. The agreemeant between calcu-
lated and measured values is very good. This calculation saves about 1.5 bhours

beam time per patient field by eliminating the need for measured plasar isodose
distributions.

The calculated isodose distributiocns
in wvater cbtained by the above method are then folded into the bolus design
and patient CT data files to produce patient isodose distributioms for any CT
scan that the therapist wvishes to evaluate. I[n practice one can calculate
such distributions for all CT scans throughout the treatment volume to produce
a three-dimensional isodose distribution for the eatire treatment volume.

~195~

-
¥

o 00133521.196
QD 2



™
ey

Jr.,

Moseley, Robert D,

-961-

weaq vogivaiauad wo-ge (| A0} &3[1Jord £ ‘X pMIR{NIEPD pur poanseon 67 Ay

(wd) IDNVLSIA SIXV-440
ol S 0 G-

0S 1

3S04Q SIXV TVYHLIN3O
1N30H3d

JN40Hd A Q3HUNSVIN o
3404Hd A @3LVINOTVI --
37140Hd X @3°yNSVIN °
JN40Hd x d3aLVINOIVO —

00133521.197



-L61~-
wea] uojiriiauad wo—{ 9| 10j 8n[[J0rd £ X pajpqudrd pue paanseay  C0f aandg

(Wo) JONVLSIA SIXV-J40
q,. ol+ G+ 0 G- Ol -
; ! _

3S03a SIXV TVHLN3O
LN3OH3d

340Hd A a3UNSVIAW  ©
3u404d A AALYINDIVD --
3N40Hd X A3IUNSVIW °
AN40Hd x AILVINOTIVDO —

00133521.198

036

109!



-86(-

wraq uoge3rund mo-geozz ang Safjoad £ X paienated pur piuanseoy g 2andpy

(wo) FONVLSIa SIXv-440
: oL+ G+ 0 G- 01-

|
3804 SIXV IVH1IN3O
IN3OH3d

340dd A a3UNSVIN o
J71404d A a3LvINOvO -- :
371404d X QIHNSVIW o
371404d X 43LVINOIVO —

00133521.199



‘Cse avT, ‘Cclert _., .r .0

Normally, calculations for several slices in the treatnent volume ire -ocne :o
evaluate the dose to adjacent critical structures.

In 1982 we wi.. begin treatment placning
with the code PIPLAN. This code utilizes a ray-tracing model where actual
Pion trajectories in the three-dimensional volume represent pencil beams. The
program uses beam data measured by multiwire proportional counters for the
pion trajectories as well as the measured beam wmomentum and contamination of
muons and electrons. The program includes appropriate physics models for
multiple Coulomb scattering and range straggling and models thae range modulation
of the range-shifter. Patient bolus and isodose distributions will be calculated
using direct input of the patient CT data. This mode of treaument planning is
discussed in greater detail below.

(b) PIPLAN--Three-dimensional treatment planning

code

(i) Background. A major objective of this
project is to demoanstrate the practicality of predicting accurate dose distri-
butions for pion beams and to devise treatment plans that will guide the
therapist toward maximum understanding of the inherent benefits of pioca therapy.
From the beginning it was recognized that full three-dimensiooal (3-D) treatment
planning would be needed.

3-D treatment planning is desirable
for all radiation wodalities, but it is a necessity for pions. Pions have
the definite range charscteristics of heavy charged particles, but they
scatter more. A broad distribution of long- and short-range charged secoa-
daries are produced from in-flight interactions and auclear disintegratioa
after capture (stars). Stars also produce long- and short-rasge neutrons.
Background coaponents of suons and electrons are present in pion beams. Pion
decays produce muons; muoa decays produce energetic electrons. Magnetically
focused beams generally have a nonanalytic descriptiom. Accounting for these
and many other physical processes, coupled with clinical observatioas, appliances,
dosimetry, and patient CT data, resulted in the system of programs kaown
collectively as PIPLAN.

When patient CT data became available,
software was developed to incorporate it into PIPLAN. Several programs wvere
written to run oo the Biomed computer to test decoding schemes and develop
calculational and display algorithms. PIPLAN initially was running oanly on
the remote Ceatral Computing Facility (CCF) computers and required new Biomed
codes aud a vell-developed file transfer system to utilize CT data. It soen
became evident that the local CT development codes could be more rapidly
modified to be useful in planning for patieats who were already being treataed
with piops. This has evolved into a comprehensive method of two-dimensional
(2-D) treatment planning.

This method treats 3-D treatment
volumes as a succession of adjacent 2-D slices. The system of 2-D programs is
capable of accepting seven differeant formats of CT data, designing bolus, and
displaying CT-modified vater-dose distributions on life-size CT images. It
should be emphasized that this was a significant effort by both the UNM and
Los Alamos staff, which resulted in temporary redirection of considerable
resources away from direct 3-D development.
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Concurrent with this undertaking, a
smaller version of PIPLAN, without the calculation module, was installed at
Biomed. A file maintenance and transfer system was completed, and PIPLAN at
CCF was modified to use CT data. As atteation was refocused on achieving more
accurate 3-D calculations, several new and unforeseen requirements emerged
and vere resolved: smoothing of beam-input data, increased statistical
accuracy with reduced computer time, fast algorithms for long-range secondaries,

a history-dependent multiple-scattering model, i1aclusion of secondary and tertiary
decay products, and increased resolution.

Meanwhile, clinical methods and require-
ments were changing. Target volumes were expaanding, more ports per patient were
being used, appliance designs were modified, and new CT capabilities were made
available with the installation of the EMI-7070 CT scancner at Biomed. Generally,
these required changes in boti the 2-D aad 3-D codes, but certainly more effort
was required to automatically duplicate in PIPLAN the clinical procedures used

in the 2-D methods and to keep the total calculationm times withia reasonable
limits.

A notable new feature was the capability
of entering target volumes directly on the scanner diagnostic caonsoles. The
increased accuracy and resolution and streamlined procedures vere of value both
to the 3-D and the 2-D methods. Incorporationm of this capability was therefore
given a3 relatively high priority acd recently completed

1) Relative aspects of 2-D and 3-D
treatment plannxn; Two-dimensional treatment planning is clinically acceptable in
geometries in which the assumptions of parallel beams and negligible inhomogeneirty
gradieats are approximately valid. This has been verified with in vivo dosimetry,
PIPLAN, and specialized calculations for static beams which are nearly parallel (50
mrad angular standard-deviatiocn). In particular, in vivo dosimetry has verified 2-D
predictions to genmerally better than 10 perceat. This is consistent with PIPLAN
calculations which show that the dose in a given CT slice chaages by 5-7 perceat

depending on whether or not adjacent inhomogeneit:es are included for whole-brain
treatment.

For more complicated geometries
and other beam designs (fan and spot tunes), the approximations in the 2-D
method are not valid. This is easy to appreciate if one considers the half-
thickness of a CT-slice (0.45 cm), beam divergence (50 mrad angular standard
deviation in each plane), pion multiple scattering (1.5 cm projected standard
deviation at depth), the number of 0.1 cm CT pixels which can be averaged
radially without significantly affecting CT line-integrals (4 to 5 pixels),
and a nominal penetration in the patient (10 cm). The probability of a pion
coming to rest within 0.45 cm of the transverse point of entry into the patieant
is then only about 2.4 percent for static beams. For fan beams, the probability
is only about 1 percent. Thus it is essential to have a full 3-D calculation

to combine the effects of inhowogeneities, tle beam phase-space, and the physics
of pions.

2) External appliances. Extermal
clinical appliances are modeled ia distinctly different ways iz 2-D and 3-D
calculations. In 2-D models, the effects of external devices are parameterized
for a variety of geometries and then used with phantom measurements and calcul-
ations. In 3-D, external appliances are simpiy treated as large inhomogeneities,

~
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but with added consideratiom of the non-tissue-like secondaries produced in them.
The 3-D method offers the advantage of being everywhere equally reliable, in-
dependent of geometry. The 2-D method 1s reliable only to the extent of the
quality of parameterization.

3) Effective dose. To the extent that
the dose compouents and their associated RBE's are known, both the 2-D aad the
3-D methods can predict effective dose from total dose. 2-D methods use biological
and clinical data and dosimetry measurements vith various detectors to arrive at
parameters and factors that relate total dose to clinical results. The primary
parameter in this approach is linear energy transfer (LET). Three~dimensional
methods rely on the same input, but can determine the dose components in more
detail, with greater resolution, and in nev geometries. They also offer the oppor-

tunity to define effective dose on an LET continuum, rather than within discrete
LET ranges.

(ii) Two-dimensional treatment planning

development

1) CT scanner. Following the instal-
lation of the EMI scanner, three different EMI software releases were incorporated
ioto the treatment planning programs. Each release affected six programs used
exclusively for 2-D planning and one progras for merging single CT slices inte
a 3-D volume in the PIPLAN casefile. Principal changes among these releases per-
tained to the number of bits used for each pixel value, the ability to recover (T
data from overlaid images, the aethods of discriminating among regions of interest
(ROI) overlays, and extraneous overlay data.

Ia addition to adapting Biomed
softvare to new EMI software releases, the capabilities available with these
releases were evaluated in terms of contractual commitments, Biowmed requirements,
and documentation.

2) Regions of interest. The CT scaaner
consoles and software provide for up to six regions of interest (ROI's) to be
overlaid on a CT image. Four new programs vere completed to incorporate ROI's
directly into both the 2-D and 3-D treatment planning programs. The advantages
and methods of using ROI's for treatment planning are discussed ia detail under
3-D treatment planning development.

3) Dual computer svstem. Production
2=-D treatmeat planning is done almost exclusively on the Biomed PDP-11/45 com-
puter, while channel coagtrol and patient treatments are done exclusively with
the PDP-11/70. Because Biomed has two computers operating with the same DEC
operating system (RSX-11D), and becsuse the accelerator schedule required a
concentrated patient accession rate, it was considered essential to duplicate
the treatment-planning capability onm both computers. This provides a back-up
preduction capability and an optional load-leveling between machines prior to

the beginning of treatment when treatment-planniag demands are high and channel
demands are low.

This capability was achieved and
bas been exercised regularly, both for plaaning production and development. The
main efforts were to make the software independent of different peripheral
devices on different machines. Additionally, transfer directories, explicit
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documentation of releases and versions, and semi-automatic file traasfer of
latest releases and versious were implemented.

%) Dual digitizing peas. A second
sonic~digitizer was implemented. This digitizer and ao associated terminal
are iaterfaced to either the PDP-11/45 or the PDP-11/70 by a switch. The
interface specifications are different on the different computers and the
digitizing~pen software and dependent programs were modified to automatically
determine which machine is being used and to obtain pen-data through the
appropriate interface.

(iii) Three-dimensional treatment planning
development

1) Three-dimensional methods. PIPLAN
calculates a dose distribution by summing the contributioms of individual pencil
beans as they pass through various parts of the anatomy (determined by CT scans)
and clipical appliances. The dose distribution for a pencil beam is predetermined
analytically in water as the sum of its separate components, including the effects
of in-flight interactions and straggling. This dose is distributed in depth as
a function of water-equivalent raange along the trajectory, and radially as a
function of multiple Coulomb scattering (which is both geometry and energy de-
pendent). Distributing this dose entails accumulating at each point of interest
the relative amount of dose at that point from each peacil beam. This procedure
is represented in Figure 32.

Because the treatment beams contaia
spatially nonuniform ratios of pioams, muons, and electrons, and because each
particle type has a distinctly differeat dose distribution, separate calculations
are required for each particle type. To model am actual beam, then, requires
an accurate phase-space representation of pencil beams. PIPLAN uses individually
measured trajectories for each beam tune, with the spatial coordinates, angles,
momentum, aod particle type identified. Figure 33 shows a comparison of a
PIPLAN calculation and measurement using this procedure

The statistical accuracy of this
method is determined by the particle fluence in the calculation and the radial
range of effect of ggch pencil beam, as obtained from multiple scattering, and
is given by (4m020) *, where O is the standard deviation radially and o
is the particle fluence. Near the entrance region where 0 is small, o must
be large and the calculation is limited by computer resources. Three solucions
have been implemented, and collectively have reduced the time required for a
calculation statistically accurate to 3 percent by a factor of 15. The first was
to simply use an arbitrary minimum O in the entrance region to effectively
smooth the transverse dose distributions. Another was to select a subset of the
measured trajectories that have essentially no statistical uncertainty in the
fluence distribution but still maintain the complex phase-space correlations of
a3 real beam tune. (See 2, Smoothing). Another method of reduciag calculation
time was through code optimization, taking advantage of different physical
interactions responsible for dose (see 3, Neutroas)

2) Smoothing. A complicated problem
1n pion treatment planning is the representation of the input beams of pioas,
muons, and electroas. One solutiom is to use measured particle trajectories
and momenta to represent the characteristics of tae pencil beams that deliver
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Figure 32. PIPLAN ray-tracing model

-203-

- 00133521.204
NIRRT



Jr.

Mpgeiey, Robert D.,

-y0Z-
UOTIR[NI[RD NVIATQ WA D91 Aung Jo asop tdop paansrow jo vospaedwo) g Mandyg

(WO) HILVM NI H1d3d

ON?NNNONQ_.@—V-N.,O—OQ¢
yrvyvryrrrryvrrvyrrryrypvpvl v

(SLINN AHVHLIGHY) ISOQ NOId

uoieINdied NYidid == *

400}
JusweINsBOp — 8u] Pljos

(SSANMOIHL HALAHS — FONVH WNWININ) 091 INNL

00133521.205

IEIRLE



“35e.ew, otert | T

dose in PIPLAN. Each pencil beam contains an analytic cescri?tion of tae dose
deposited by a smsll bundle of monoenergetic particles. There is 0 statistical
uncertainty in the dose deposited by a single pencil beam. However, there .s
statistical uncertainty in the distributioa of penc:l >eams c¢oming from the
particle measuring process. The principal effect :s unacceotable rariation :a
the isodose contours in the plane (x-y) perpendicu.ar to the deam.

However, it is still desirable to
utilize the measured trajectories as the source of the PIPLAN pencil beams.
In the five-dimensional space there are important correlations for each particle:
x with its angle 9, y vith its angle ¢, x with momentum 5, and ¢ with 8. Rather
thag approximate these complex distributions, we have reduced the fluctuations
in particle fluence br 3 smoothing process. For each tune, a two-dimensional
dose measurement is made in the x-y plane for the uncollimated beam ia air.
Particles are then selected from the measured tune tape which reproduce the
air dose distribution. The procedure works by filling dose bins aad rejecting
particles that cause the measured air dose to be sxceeded. when tais same
subset of particles, typically 25,000, is run in PIPLAN, the measured air dose
is reproduced, as shown in Figure 34. Thus, the air dose measurement becomes
the primary beam information in the x-y plane. Multiwire counter efficiency
defects and other biases are eliminated from this subset of the chamber data.

Some stat:istical fluctuatioas
occur in the separate distributioans of n, y, and e. As the different particle
dose depositions change with depth, statistical eifects reappear. It may be
possible to measure with high statistical accuracy the distributions of pions
in air with a solid-state detector. Swmoothing to the total air dose and to
the pioa flux distribution simultaneously could improve the situation. Also,
the angles in the beam disturb the smooth dose properties at depths other than
the one at which the smooth particle subset was obtained. However, a very
large gain in contour smoothness hbas been observed at all depths using the
prepared particle subset. Several differeant smoothing procadures have been
used, and work is in progress.

3) Neutroms. An improved neutron
model was developed and installed in PIPLAN which accumulates neutron dose due
to in-flight ipteractioas in the plateau as well as in the peak region. In
addition, the model achieves significaat reductioas in computing times.

For a given pencil beam of pioas,
the range of secondary star neutrons is sufficiently large so that a great
deal of computer time is required to distribute zhis dose component. Although
the coatribution may be small at a given point from the star, each poiat will
accumulate a significant dose from many stars.

The neutron dose distribution
from star neutrons was decomposed into short- and long-range components. The
short-range distribution is modeled as a Gaussian with 0 = 1.4 cm, which is
about the same as that from multiple scattering, and is included with other
short-range pion dose components. The long-range neutron dose falls off
approximately as the cube of the radius (i.e., less fast than a Gaussian) and

has a 1/e value at about four times the distance or the short-range neutron
dose.

I
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Therefore, to achieve the same
statistical accuracy for long-range neutrons as for all the short-range com-
ponents, oaly 1/16 of the total neutros fluence is needed for this componeat.
In the calculations, then, long-range neutron dose is accumulated for oniy 1
out of 15 pion pencil beams, and this dose is multiplied by 15 to keep the
total dose correct. For the other 4 pion peancil beams. dose accumulacion

occurs only at a relatively small number of poiats in the immediate vicimity
of the measured trajectory.

4) Multiple scattering. Most models
of charged-particle multiple-scattering relate beam spreading oanly to residual
range or energy and neglect geometrical propagation distances as pbysical
density varies. A nev, independent multiple-scattering model was developed
and installed to more accurately predict beam spreading through tissue inhomo-
geneities and air gaps between the range-shifter, collimator, and bolus.

This model also resolves the difference between actual raage and projected
range. Figure 35 coapares calculated beam width vith experiment.

5) Range modulation. The nearly
monoenergetic pion beams used for clinical treatment result in a peak dose

spread oaly about 3 cm in depth, FWHM. This 1s too small for most treatmeats.
A mechanical device is placed in the beam that varies the amount of degrader
the beam must pass through before entering the patient, which yields a spread-
out stopping distribution in depth. PIPLAN then must obtain a high-confidence
result throughout the spread peak region with fewer stopping pions per unit
volume or increase the aumber of rays to be calculated. For example, if
25,000 rays produce an acceptable answer for an unmodulated beam, about

75,000 rays and three times as much calculation time are required for a 10-cm
spread peak.

If one neglects multiple scattering,
the pencil beam library dose distribution can be folded with the range-modulation
function to yield a composite library depth-dose distribution. This library
can then be used to describe the distribution for each ray as if it experienced
the full range-modulation function. The number of ravs required for a given
statistical acturacy is then independent of the modulation functien.

However, multiple scattering is a
serious problem in modeling pions, especially in climical situations where ian-
homogeneities, appliances, and large air gaps between appliances are commoa.
The problem is cowpounded when using folded library distributions, since the
multiple scattering at a given depth in the patient is, to first order, given
by the sum of Gaussian radial distributions, where the addends are weighted by
the range-modulation function. The resultant pencil beam width due to multiple
scattering is no longer convenieatly analytic, and the time required to individu-
ally keep track of each Gaussian at each poinot in depth for each ray and
directly calculate the width at that point essentially offsets the time gained
by folding (even if computer memory was not a limitation).

It has been found, for several
typical range modulation functions, beam momenta, and clinical geometries,
that the radial spread of a peacil beam at various depths in a phantom can be
reasonably approximated (to within about 3 perceat in relative probability
amplitude) with either a Gaussian or an exponeatial fuaction. Since normal-
ization is required, only oae variable is then required to describe the composite
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radial distribution at each depth for a given modulat_on~-fumsction, beam momentum,
and geometry. Since modulation functions are designed for each momentum and
since the geometry for a gives momentum is dominated v a4 ¢ollimator thickness
and opening (air gaps), a one-dimensional table of distribution parameters can
be precalculated and saved for each modulation fuactiom

The net etfect of the procedure
is to maintain a coastant statistical uncertainty and :alculation time for all
modulation functions and spread-peak widths. However, the precision of the
final dose distribution is less near the edges of a treawment field. This
loss of precision is due to the approximation iavolved, which is predictable
and acceptable, and because of second~order effects from inhomogeneities and
small chkanges in geometry across the treatment field, which are not predictable
but are probably acceptable, and which need further study. Figures 36 and 37
show comparisons between PIPLAN calculations and measurements for two range-
shifter functions.

6) Extermal appliances. Tvpically,
all primary and some secondary muons pass through the clinical collimators

while pions stop near the distal surface and are captured by high-Z elements.
More neutrons are produced from these captures than captures in tissue, but
witk a different energy spectrum. The collimator and neutron-dose models were
upgraded to account for these effects with several adjustable paramecers. Ad-
ditionally, the relatively large air gaps betweea the collimator and bolus are
taken into account with neutron propagation without attenuation.

The collimator is automatically
designed in the same manner as the manual, 2-D method, iacluding adjustable
margins and thicknesses. Cerrobend stopping powers are automatically adjusted to
vield the desired effective-thickness from the finite number of collimator cells
in the PIPLAN density-matrix. Life-size collimator templates, with calculated
areas of interest, are produced on hardcopy ocutput for collimator fabrication.

Depending on the channel tune, up
to one-third of the particles in the beam can enter the body of the range~-shifter
through the top cover or through the bellows. The pioan component will stop,
giving long-range neutrons that contribute dose :n tie treatment fieid. The
muon component will either be degraded in energy or will stop in the range-
shifter, producing long-range electron dose in either case. These components
are difficult to calculate, considering the complex zeometry of the range-
shifter. The patient collimator does not limit these dose components, as they
fall well outside its diameter.

The objective was to provide addi-
tional internal shielding for the range-shifter that would minimize patient
dose resulting from the particles stopping in it. It was found that a metal
ring at the top of the range-shifter reduces the dose under it to nearly zero.
A brass ring was installed near the top of the bellows. It serves to stop
the pions or at least to stop pions higher inside the range-shifter. The on-
axis plateau dose is reduced by only about 3 percest; the main change is in
the extreme off-axis regioans. PIPLAN now models the range-shifter with upper
and lower apertures which act as ideal collimators.
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Moseley, Robert D., Jr., 4.D.

Bolus is designed with a parallel
beam assumption using CT data and six different modes of alignment of modulated
beam with the target volume. All clinical methods used in 2-D bolus design
have been implemeated, except with much better resolution. Life-size bolus
templates are produced on hardcopy output for bolus fabricatioa.

7) Iacreased resolution. A significanc
advance was made which improved the spatial resolution from about S to 10 mm
on a cubic edge to a 2 mm resolution that is now typically possible. This was
accomplished by utilizing the "Large-Core-Memory" (LCM) of the CDC-7600, where
all PIPLAN calculations are done. Expansion of the code into LCM resulted in a
somewhat longer calculation time, up to about 25 percent, but which was considered
to be a necessary step for the spatial resolutions required. A net decrease in
calculation time was achieved when the new range-modulation model, described
elsewhere, was installed.

8) VAX. A npew version of PIPLAN
corresponding to that on the Biomed PDP-11/43 was installed on the LAMPF VAX
computer. The calculational section of the CCF version was added to the VAX
code, and a beachmark calculation for a pencil beam completed. Practical cal-
culation times and reduced costs were demonstrated.

9) Contour processing. PIPLAN does
all its calculations in three dimensions. Coatours, however, are entered oa a
series of parallel plapes. Volumes are then effectively created by comnecting
the vertices of a contour on one plane with the corresponding-contour vertices
on an adjacent plane. Critical to this procedure is that both contours have
the same right/left orientatiocn, the same relative starting point, and essen-
tially uniform spacing of vertices around the contours. These characteristics
are automatically satisfied for regions of interest (ROI's) tramscribed from
CT data tapes. Note that comtrary to otber surface generating methods, it is
not required that the number of vertices be the same from plane to plage.

For manually entered contours,
such as with the digitizing pen, these requirements are not obvious to the
user. Right/left orientation is automatically reversed if necessary. The
relative starting points are monitored and the user alerted if substantial
deviations occur. A new feature of PIPLAN is the automatic smoothing of
contours to achieve smooth three-dimensional surfaces. A window is placed
around each contour poipt as it is entered. Points too close together are
rejected, and points are automatically embedded whes input points are too far
apart. A major use of this capability has been to change the aumber of points
for a contour after they have been entered to maximize resolution without ex-
ceeding memory limitations. Ultimately, memory limitations do affect contour

resolution, since about 20 to 30 planes of contours sust be accommodated in
6000 computer words.

Another major feature was completed
whereby intersecting contours omn a given plane are resolved and automatically
edited to remove ambiguous areas or densities. Since ambiguities are removed
from each plane, volumes are, in principle, also without ambiguities. This

principle is violated only for anearly touching surfaces with zoo few defining
vertices.
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10) Integrated CT radiography. & pew
computer code was written to recomstruct the same kind of image as digital
x-ray radiography from integrated CT images. ROI's on the individual CT
images are superimposed on the "integrated CT radiograpay” (ICTR) .mages, but
without the distortion that sormally results from a point x-ray source. The
processing is done on the Biomed computers, with an EMI CT tape as imput. A
nev tape in EMI format is generated with recomstructed images for ioput to the
CT scanner, where all the diagnostic imaging capadbilities already exist,

In pion treatment planning, the
target volume is given on the CT image and is used for designing bolus and
collimators and for beam-tune selection. When plaaning is completed, x-ray
simulation is used for ccafirmation. At %his stage, ICTR with target volume

ROI's will play aa important role in verifying the anatomical structure and
target volume.

11) Decoding CT scanner regions of
interest. The automatic methods and algorithms have been developed and imple-
mented to transcribe CT-scanner ROI's to vector contours in treatment-planning
programs. Physicians enter ROI's for target volumes and critical sites directly
on CT imsges using a track-ball. Such ROI's bave the resolution of the image,
and the CT data can be displayed with optimum diagnostic coatrast settings.

With auctomatic surface detection and direct use of CT data for inhomogeneities,
only the prescription ROI is required, but with provision for four other
critical-site ROI's per CT slice if desired.

Advantages to the physiciam include
using the same equipment used for diagmosis, prescribing treatment oa diagnostice
quality images, and the ability to prescribe concurrently with diagnosis. The
advantages for treatmeat plaaning are automatic entry of contours, high accuracy
traascription of prescriptions, less duplicated hardware, and greater use of
existing programs.

ROI's are obtained by searching
the ROI overlay bit-map, which is part of the CT image file, for the most
exterior, contiguous pixels. The resulting pixels define one ROI. For sinogle
ROI images, the locations of the ROI pixels are converted to x, y coordinates
to define vector coatours. Vector contours generally do aot need the very
high resolution obtained from comtiguous-pixel ROI's. A vertex-reducing
algorithm eliminates points that are too close together. For multiple-ROI
images, the successive ROI's are obtained by subtracting the previous ROI from
the current overlay bit-map and reapplying the exterior searching algorithm.
Small leftover ROI's resulting from double-backs or shaky-hand ianput are
neglected. Figure 38 shows a PIPLAN plot of contours obtained from decoding
CT ROI's with 8 mm mipimum spacing between vertices.

12) Surface detection from CT. If
the patient surface, which is required for treatment planning, is aot eatered
as an ROI on the CT scanner, it can be detected automatically from the CT
image at the same time that the image data and other ROI's are being transferred
from the CT tape to the patient casefile. With the use of CT data directly in
treatment plaanning, oaly the surface and target volume contours are required.
By detecting the patient surface automatically, the required input and the

preparation time are reduced by more than a factor of two. Accuracy is alse
iocreased.

~
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Figure 39 1s an s=xampie of a
surface contour obtained from CT data. After averaging and smoothing the
image data, a threshold is applied reducing the image to one >f lands, lakes,
and islands. Using an algorithm similar to that for ROI devoding, shores are
established. The merit of the procedure is that inland lakes and .slands are
neglected. The largest shore perimeter is then used as the surface ROI. The
procedure to reduce the aumber of points in the ROI whes transcribing to
vector contours is the same as for paysician-defiped ROI's.

12) Dose distribut.ons on CT console.
A new display capability was developed which superimposes p:-on dose distributions
on patient CT data on the CRT of the EMI 7070 scanner. The advantage of this
display method is to be able to present the results of treatmeat plaaning to
the radiotherapist in a wost graphic way and take full advantage of the scanner
graphics software.

The data are transferred by
magnetic tape to the scanner from the PDP-11/(45, 70) computer used for treat-
ment planning. Duplicating the complex EMI tape formac is accomplished by
simply replacing the image and ROI data in a copy of any EMI output tape. The
limitation of this method is that only preconceived and saved images are
available to the physician at the CT conmsole.

14) Supportinog libraries. Two sup-
porting libraries were completed: a beam-tune library and a range-shifter-
function library. These allow a single parameter to select each of these
ioput files for a given calculation. Supporting maintenance programs were
also completed for the beam-tune library, to readily add new tunes and to
update tune parameters in header records. The range-shifter library is essen-
tially a collection of the Biomed files used for range-shifter contrel and is

created and maintained with standard text-editors on -he various computer
systems.

1S) Secondary electron dose. A new
model was installed in PIPLAN to account for the dose deposited by electroams
from muon decay in the patient. About 15 percent of the input beam particles
are primary muons originating from the channel target, and about 20 percent of
the input particles are secondarv muons from pion decays in the last half of
the channel. An average of about 35 MeV is deposited by such electroms, with
an average rauge of about 20 cm. The dose model is obtained by folding the
decay-electron energy distribution with depth-dose curves for mono-emergetic,
parallel electron beams and a geometrical factor for am isotropic, poiat
source. The long-range nature of this dose component allows an accumulation

method similar to that for neutrons from pion stars with good calculatiomal
efficiency.

16) Secondary muon dose. A new model
was installed in PIPLAN to account for the dose deposited by muons from pion
decay both in the beam channel and in the patiemt. About 20 percent of the
input beam particles are secondary decay muoans, but not all of them can be
identified since they may bave the same time-of-flight as primary pions.

Thus, in addition to secoundary muons defined is the beam-input file, a percen-
tage of incident pions are treated as secondary muons. Each secondary muon is
assigoed a normalized stopping distribution which represents the distributioca
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Yrse ey, “clert Z., Jr., M.D

one would obtain if all such muons could be individually identified. The dose
distribution from this stopping distribution is then used for each incident
secondary suon. For the approximately 3 percent of the pions which decay in
the patient, the muon stopping distribution and the surviving-pion distributioas
are appropriately modified.

17) Casefile upgrade. At Biomed, all
treatment-planning data for a given patient are collected into a single "casefile.”
Different types of data are assigned to different subfiles within the casefile.
PIPLAN at Biomed has full editing capabilities for data in the casefile, i.e.,
fetch, purge, file-update, memory-update, and preserve. The casefile is
exported at Biomed to magnetic tape and imported at CCF for calculations. The
tape also serves as the archival medium.

At CCF, preserve and memory-update
capabilities vere added to the pre~existing fetch command. This was a prerequisite
for archiving dose distributions and transmitting them back to Biomed for
import and interactive port-weighting and graphics output. This was a difficult
and time-consuming effort, givean the CCF operating system and file structures.

18) CT data resolution. PIPLAN
determines the effective or water-equivalent range at various depths ia a
patient through the conversion of CT data to pion stopping powers. Since
PIPLAN does a full three-dimensiomal calculation, a large bulk of CT data must
be available during the calculation. Rapid access requires that these data be
in the computer memory, which in turn requires a certain amount of spatial
averaging to keep the size within fixed limits. The fetching and averaging of
these data for each port may take up to 20 perceat of the total processing
time. In addition, collecting and transporting the CT data from one computer
to another takes a substantial amount of elapsed time.

A study was completed of three
anatomical sites (brain, lung, and abdomen) which provides practical guidelipes
as to bhow the bulk of CT data caa be reduced without affecting the accuracy of
PIPLAN or other calculations where the main quaatity of interest is a linpe
integral through CT data. In particular, it has been concluded that line
integrals to typical depths of interest are .nsensitive to pixel sizes & mm or
smaller on an edge. This provides a reduction by a factor of 16 in oumber of
CT values from the usual | mm by 1 mm resolution. In addition, it was deter-
sined that for integrals of this type the full resolution >f diagnostic CT
data was not required. The CT scanner values could be reduced to 8-bit accuracy
(about 1/10th original resolution), and two such values could be packed iato
one computer word. This can provide an additiopal factor of two reduction in
the traosmission time for CT data.

19) CT data in pion calculations. In
conjunction with including CT data in dose calculatiocas, an emperical model
was incorporated to relate the scamner x-ray data to pion stoppiag powers for
human lung, fat, muscle, and soft and hard bone. The model is based on experi-
mental measurements of CT aumbers and pion ranges in analogs for the above
tissues. To obtain dose from energy deposition and to account for multiple
scattering in nonhomogeneous tissues, physical-density and radiation-length

models were also included. In regions where CT 3lata do aot apply, look-up
tables are used.

~
- .
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Hoseley, Robert D. ’r., M.D.

20) CCF system changes. During the
past three years, considerable effort has been expended in keeping up with
system changes initiated by the CCF. To date, these have included two major
changes in the operating system and many changes in system libraries. Changes
in the operating system generally required a significant veprogramming effort,
especially in input/output operations. Chaoges ino system libraries almost
always caused PIPLAN to exceed memory resources and required aew overlay
structures and associated reprogramming. One forced but welcome reprogramaing
effort was related to the Common Graphics System (CGS). PIPLAN is now fully
compatible with the latest CCF graphics capabilities.

21) PIPLAN status. PIPLAN is capable
of performing, in one 3-D calculation, all the capabilities of the 2-D programs
and the associateu manual treatment-planning operations. This applies for both
static and dynamic treatmeats aand includes automatic appliance design, range-
shifter function selection, patient orientation, positive pion beams, and ef-
fective dose. Extensive experimental comparisons will be made for verificatiom,
especially for dynamic treatment.

(¢) CT scanner. The EMI 7070 scaoner was in-
stalled in February 1980, and patient scanning began in March. During the
period March 1980 to March 1381, the scanner software and hardware were updated

several times. In March 1981, the machine was accepted after having passed all
acceptance tests.

{(5) Treatment delivery and verification

(a} Patient immobilization, alignment, and
transfer systems. These systems have undergone several changes during the
past three years; however, the basic approach has remained the same. The two
basic concepts that we have followed are:

(i) The patient must maintain the same
position, and this position must be easily reproducible during CT scanaing,
simulation of the treatmeant, set-up for treatment, and treatment; and

(i1} Pat:ents must be set up outside the
treatment room so that beam time will oot be wasted.

The basic components of the immobiliza-
tion system are orthopedic casting materials and vacuum bags. For treatments of
the brain and the head and neck, the patient lies in, and is supported by, a
cast extending to below the shoulders. The head cast is supported by polyethylene
blocks that maintain a level position (the patient lies on his side for these
treatments because the pion beam is vertical). The rest of the body is immobilized
by a vacuum bag. A mold made from perforated aquaplast is then placed over
the head and attached to the polyethylene base of the cast, thus immobilizing
the patient. The perforations allow the patient to see and breathe and minimize
perspiration by the patient. For treatments of the chest, trumk, and pelvis, the
patient lies prone or supine on the treatment table and is immobilized and
supported by vacuum bags.

Tare COPIED FOR
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Yoseley, Riooert )., Je., M.D.

New laser alignment systems have been
installed ia the CT scapaner room, simulator room, set-up area and Ireatment
room. These alignment systems provide for precise reproduction of patient
positioning in every area. A vertical laser projects coordinate axes onto the
patient surface which are oriented to tattoos. These tattoos serve as reference
marks for alignment of the patient, bolus and collimator to the pion channel.
Two side lasers in each patient ares project borizoptal lines onto the patieat
which enable rotationmal and height positioning.

During the past year the mechanism for
supporting and aligning the patient bolus bhas been completely redesigned. The
new system has more degrees of freedom allowing more flexibility io aligning
the bolus to the patient and ensures greater stability in maintaining precise
alignment.

New treatment tables have been installed
on the two treatment modules, and an identical table has been installed ia the
simulator room. These new tables provide a rigid support for patieants and
elimate the old fiberglass tubs that previously supported patieats. This has
greatly reduced the difficulty for patieats in getting into and out of the
treatment apparatus and provides access to the sides of patients for aligament
with-side lasers.

{b) Dynamic treatment. Uatil recently the
pion treatments were done exclusively with static multiport (parallel-oppased)
techniques using large, essentially parallel, beams for the irradiation of
large deep-seated tumors. While such treatments may in some cases provide
dose distributions superior to those of conventional modalities, they are
still less than optimum regarding the sparing of surrounding normal tissues.
Two problems are inhereat in shaping the dose distribution of individual
portals to fit the target volume:

(i) Beam uniformity 1a the plane perpea-
dicular to the incident beam, and

{ii) Beam shaping in a plane parallel to
the incident beam.

The beam transport characteristics of
the biomedical channel cause the broad beam profiles to be approximately Gaussian
so that it is pot possible to have a uniform incident pion flux over the trans-
verse dimensions of the beam. This limitation normally results in a 20 percent
dose variation over the target volume. Range modulation of the beam spreads the
Peak in the dimension parallel to the incident beam direction. This modulation
oust be sufficient for the dose pesk to cover the target volume at its maximum
thickaess, thereby exposing healthy tissue at other off-axis positions where the
target volume has less thickness. In particular, the static method of treatament
represents an underexploitation of the beam shaping properties of pioans.

Figure 40 demonstrates the nature of the problem with static treatments. The
central figure represeats a treatment plan for the largest extent of a target
volume. The pion peak is modulated to cover the target volume for this CT
slice, but since one is constrained, for static treatments, to use the same
range modulation throughout the target volume, when the target volume becomes
smaller excess normal tissue is exposed to peak pions. Also aote that within
a particular CT slice that one cannot change the modulatioa functiom to accouat
for changes in target volume dimensions.
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4oseley, Robert D., Jr., ¥.D.

We have developed a method for delivering
pion doses to deep-seated tumors that provides more normal tissue dose sparing
and better field flatness than does the simple static method, where a collimated
broad beam covers the entire treatment volume. Wwe have designated this system
the "dynamic treatment mode." Implementaticn of this method of treatdment has
required the development of special beam tunes in the pion transport chamnel,
new treatment hardware, and a special computer-microprocessor-based control
system. In addition, methods of tresatmeat planning and dosimetry have been
modified to accommodate this new treatzent mode.

Two modes of dynamic treatment have
been proposed, one using a "fan" beam and another using a “spot” beam. The
dynamic "fan” mode coe-dimemsionally scans the patient across a highly focused
beam, which is narrow in the y-dimension and broad in the x-dimension. The
ability to vary the range modulation as the patient is scaoned aloag y allows
beam shaping of the peak dose in the y-z plame, but sot in the x-z plane. In
addition, the ability to control the weighting of each scanning position
permits the dose profile in the y scanning dimeasion to have improved uniformity.
The dynamic "spot" mode two-dimensionally scans the patient across a beam
moderately focused and narrow in both x~ and y-dimensioas. The ability to vary
the range modulation as the patient is scanned results in complete removal of
constraints on the width of the dose peak 1o the z-dimpension at each x-y
position. Also, the dose profiles in both x and v will have improved uaiformity
with proper weighting of the scan positioams.

The dynamic “fan" treataent mode has
already been implemented. The dynamic "spot” treatment mode is actually aao
extension of the fan mode whereby the treatment is accomplished by scamnning

the patient in two dimensions beneath the spot beam instead of scanning ia one
dimension under the fan beam.

Dynamic treatment is a system coasisting
of special pion beam tunes (settings of the currents in the pioa transport
magoets), a computer-microprocessor-controlled hardware systea that includes a
scaaning patient treatment couch, a dynamic pion beam range-shifter, and a
pion beam monitor chamber. The system and the coordinate system used are
showa in Figure 41. The pion beam, incident along the z-axis, has a stopping
distribution that is small in both z and v, but large i1n x and is approximately
ctylindrical ia shape.

The patient is moved in steps in the
y~direction (i.e., across the narrow transverse axis of the beam). As the
patieat is stepped across the beam, the range-shifter modulates the pioa beam
so that the resulting depth dose distribution conforms to the maximum thickness
of the treatment volume at each step. In this way, the depth dose distribution
of the beam can be made broad in regions where the tumor is very thick, but

smaller where the tumor is narrow, adding beam shaping capability aot possible
with static treatmeats.

The patient is scanned across the beam
in steps of 1 cm, and the amount of time :pent at each step is varied, to
produce a uniform dose equivalent in all portions of the target volume.

C.
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Moseley, lobert )., Jr., ¥.D.

The width of the pisa beam in the
x-dimension can be controlled by the beam traansport magnets aad is selected
from a catalog of tunes to be no larger than necessary to completely cover the
desired treatment volume. At present, x-dimensions up to 13 cm at the 85
percent dose level are possible. A collimator placed between the range-shifter
and the patient shapes the beam in the x-dimension.

The y-dimension of the beam is typically
about 3.5 cm FWHM, and the scanning function is selected to encompass the
maximum tumor extent in the y~dimension by making the desired number of steps
in the y-dimension. Collimation is not necessary in the y-dimeasion due to
inherent sharpness of the beam. Through the use of suitable scanning functioas,
tumcrs a3 large as 18 cm x 75 em x 14 ¢m (x, v, 2) thick can be treated without
having to resort to abutting fields. Figure 41 also shows some sample treatment
volumes to which such a beam can be accurately shaped.

4 The bhardware for this system (i.e.,
the pion beam monitor chamber, the patient treatmeat couch, and the dynamic
range-shifter) are interfaced to a PDP 1.i/70 control computer through a PDP
11/03 microprocessor. A parallel plate ionization chamber 40 cm in diameter
located at the channel exit records the total incident pion flux, thus serving
as the pion dose mocanitor. Based on the ocutput of this chamber, plus a prede-
termined treatment table stored in memory, the computer-microprocessor system
controls and coordinates the movement of the coucn and the range-shifter.

Couch motion 1n five dimensions (three
translations and two rotations) is possible. It is achieved by means of D.C.
servo motors, whose speed is dependent om a voltage signal generated by the
11/03 microprocessor. Range-shifter thickness is set by an independent con-
troller interfaced to a hydraulically activated servo valve. The range-shifter
contreller, in turn, is activated by a 12-bit digital word generated by the
microprocessor. Both the couch and the range-saifter are equipped with redun-
dant sets of shaft encoders and resistor pets to enable the coutrol computer to
verify system rasponse.

To implement a patient treatment, ogoe
must calculate the treatment file to be stored in computer memory. This
consists of 2 series of desired range-modulation functions versus couch position,
Plus the amount of time (monitor chamber counts) o stay at each position.

These parameters must be determined in treatmeat planning from the designated
treatment volume and patieat geometrry.

These parameters are stored on a3 disk
in the PDP 11/70 computer. Before treatment, the 11/70 transfers these data
to the memory of the 11/03. Treatmeant is initiated by manually setting up the
patient, along with a collimator and bolus on the treatment couch. The computer
thaa moves the couch to the first step in the treacment table and initiates
the first range-modulation functionm. The pion beam 1s turmed oa, aand irradiation
begins. The computer monitors the integral dose from the monitor chamber and,
at the appropriate dose values, moves the couch and simultaneously alters the
range-shifter functions. At the completion of treatn».at. the beam is automat-
ically turned off. The 11/70Q periodically reads the shaft encoders oo both
the couch and the range-shifter to emsure that the treatment is proceeding as
planned. All commands to the couch and range-shifter, however, are issued by
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Moseley, Robert D.I Ji.l M.D.

the 11/03. This preveants overloading of the main computer, which is also used
for oumerous other purposes.

The dosimetry and treatment planning
for dynamic treatments are complicated by the nature of the focused beam which
has a waist, in water, at 95 cm distance from the last channel quadrupole. In
practice, the center of the target volume is placed at this waist. As the
Bragg peak is svept through the target volume during treatment the penetration
and shape of the pion beam will vary. We have found that the penetration
varies approximately 5 mm as the Bragg peak is caused to stop from 5 cm before
the waist to 5 cm after the waist. Also, the peak-to-plateau ratio of the
beam changes somewbat. To account for these changes, a complete file of depth
dose curves, covering the maximum dimensions of the target volume, must be
generated. This is accomplished by direct measuremeat of the isodose dose
curves in the y-z plane with the beam stopping io water at 90, 95, and 100 cm,
then calculating the distributions at other positions by decrement line analysis.
After the y-2z distributicns are obtained, they are istegrated in y, resulting
in a depth dose distributionm which would be obtaised by adding the individual
beams together laterally in a step-wise fashioan, i.e., this process simulates
the effect of scanning the beam in the y-dimension and measuring the ""effective’”
central-axis depth-dose curve. Figure 42 shows a typical result of this
procedure. The curve denoted by squares is the depth-dose curve measured by a
single static beam, while the depth-dose curve denoted by circles 1s the
result of the calculation that simulates the scanning geometry. This entire
process is repeated for measurements of the high-LET component of the beam
using a thin silicon detector and a Rossi type proporticnal couater. Figure 43
shows an example of the completed process--an integrated depth-dose curve for
both the toral dose and high-LET dose. Such curves are generated for the pion
beam stopping at any depth on either side of the waist of the focused beam.
These curves then serve as a catalog for designing range-modulation functions
which spread out the region of stopping pions. For example, if the desired
spread peak is 10 cm, the Bragg peak will be modulated to stop in the region
90 to 100 cm. At each step of the raage-shifter the range modulation design
program will use a depth-dose curve appropriate for that position. The results
of this procedure are indicated in Figure 44, which shows a 9-cm range-modulated
depth-dose curve that has a physical dose shaped to produce a uniform dose
equivalent curve. Also shown 1s the high-LET dose. The dose equivalent curve
1s calculated from a model which calculates the RBE at each point on the
curve. The model has been confirmed by biological experiments. Range-modulation
functions are designed for spread peaks ranging 1n size from 3 to 14 cm at
l-cm intervals. Figure 45 shows a typical y-z dose distribution for a 7-cm
spread peak. Such a distribution is measured or calculated for each spread
peak. Finally, distributioas of this type are used to calculate the total
dose and dose equivalent distributions for the eatire dynamic treatment. In
the treatment design the appropriate y-z distribution is chosen for each step
of the treatment and veights are assigned for each step which result in a
uniform dose equivalent (at the 90 percent level)} over the entire treatment
volume. The weight of each step is adjusted for changes in RBE for peaks
spread to different dimensions, taking imto account the difference io both the
neutron and charged particle components of the high-LET dose.

Table 31 shows the treatment table for
a typical dynamic treatment. This treatment required 12 steps at l-cm intervals.

The spread peaks ranged in size from 6 to 10 cm. Also given are the dose
weights for each step and the momitor umits required to deliver the prescribed
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Mose_ey, Robert J., Jr., 4.D.

TABLE 31

DYNAMIC TREATMENT PLAN
RIGHT LATERAL BEAM CONE-DOWN

Couch Modulation Dose Monitor

Step 4 Positiva Funczion Weight Cnits
1 +5.5 96 0.1871 362

2 +4.5 07 0.0323 66
3 +3.5 08 0 0645 140
4 +2.5 09 2.0774 173
5 +1.5 1¢ J.0645 149
) +0.5 ¢ 2.0710 164
7 -0.5 1¢ 0.0710 164
8 -1.5 1C 0.0645 149
9 2.5 9 0.0710 159
10 =3.5 g Q.0645 140
11 4.5 3 9.0322 66
12 -5.5 5 0.2000 407
Z = 1.0000 Z = 2139

Patient head in -y direction

Step #1 is most superior slice
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Moseley, Robert D., Jr., 4.D.

dose for this treatment. Figure 46 shows the resultant physical dose distribution
for this treatment. The patient anatomwy has been transformed into water-
equivalent thickaess for the purpose of treatment placning by integrating over

the CT oumbers and calculating water-equivalent depth from skin surface to the
proximal and distal edge of the target volume on each CT slice. Once the
appropriate depth of penetration and range-modulation fumction has been determined
for each step from this water-equivalent calculation, the bolus calculation is
performed by use of the actual patient CT data. The dose-equivaleat distribution
is shown in Figure 47. The 90 perceat isodose line circumscribes the target
volume. These calculations are verified by actual measurements with TLD and

ion chambers in a water phantoa using the patient collimator and bolus and
sizulating the entire dynamic trestment. The measurements have thus far

always confirmed the treatment plan to be accurate to within 5 percent.

It is planned to implement dymamic "spot"
scannxng in which the patient is scaoned in two dimensions, thus allowing for
beam shaping in three dimensions. Table 32 shews a summary of some of the
properties of the static and dynamic modes of treatment. Ia the fipal analysis
we plan to bave available all three types of treatment. Patieats will be treated
by whatever mode best suits the aeeds of that particular treatment.

(¢) In vivo dosimetrv. In vivo measurements
are routinely taken on pioa therapy patients. Measuremeats taken oo all
patients with a small-volume ionization chamber include skin dose at the
center of the treatment field and at the edges of the target volume projected
to the skin surface. For whole braim irradiations, measurements are taken on
both eyes during treatment with right and left lateral fields. Whenever
possible, measurements are also taken at various places ian the nasal and oral
cavities of head and neck patients. Measurements are made in the rectum of
patients receiving pelvic irradiations. On occasion, thermoluminescent dosimeters
are also used to measure the total dose, and alumipum pellets are used to
measure the high-LET dose.

The method of aluminum activation to 2%Na
has been shown feasible as a high-LET, in vivo dosimeter for clinical pion
beams. A 3" x 3" ¢ Nal (T1) well detector measures the 2*Na acn1v1ty following
exposyre by vindowing the 2.75 MeV photopeak. Calculations of the 2*Na activity
agree vell with experiment if one assumes a production ratio of 0.075 2%Na/
stopped T in aluminum, and an in-flight cross-section of 26 mb. The activity
is produced primarily by stopping pioas, although 15-25 percent of the activity
is the result of neutroas. Thus, the induced activation 1s a good measure of
high-LET dose. By comparison of bigh-LET dose with that measured by a 7.6 4
silicon detector and a Rossi chamber, the amount of high-LET dose per activation
is found to be 1.35 x 10% rad/(3®*Na/gm Al). A clinical set-up has been installed.

Figure 48 shows a comparison of the high-LET
dose measured with a silicon detector and vath aluminum activation. Figure 49
shows the result of measurements taken in che rectum of a patient during

treatment. These measurements are compared with the high-LET dose as anticipated
from treatment planning.

The thermoiuminesceat (TL) seasitivity of
LiF (TLD-100, TLD-600, TLD-700) and Li,B40y (TLD-800) has been measured as a
function of depth and off-axis position ia a therapeutic negacive pion beam
to evaluate the usefulness of those materials i1n pion radiotherapy. TLD-100,
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Yoseley, obert J., Jr., M.D.

TABLE 32

SUMMARY OF STATIC VERSUS DYNAMIC TREATMENT PROPERTIES

Propertv
Uniformity in x
Uniformity in y

Collimaction and bdean
edges

Dose rate
Y-z dose shaping
X-z dose shaping

Difficulty in
treatment plaaoning

109157Y

Static Mode Dynamic Mode

Broad Beanm FTaa Beam Spot Beam
Fair Fair Good

Fair Excellent Good

Fair Tair Fair

Good Good Good

None Excellent Good

None None Good
Exceilent Moderate Most difficult

-
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Mose. ey, Robert D., Jeg., M.D.

TLD-600, and TLD-8Q0 have been shown to be of little use in in vivo dosimetry
because of grossly changing aeutron Kerma with depth. The neutron source comes
primarily from pion absorption in the lead-alloy collimator. The 200°C TLD-700
response agrees well with the depth-dose spectra, except for small changes due
to the varying LET distributioms. This variation caa be partially accounted for
by incorporating the known LET response of LiF. The 260°C peak of TLD-700 has
been found to be approximately four times more sensitive than the 200°C peak

to a3 high-LET dose. Using a simple model of the LET respouses, the measured
200°C and 260°C peaks predict total dose within =4 percent and high-LET dose
within $50 percent; therefore, indicating TLD-700 to be a good in vivo dosimeter
for total dose but only an indicator of high-LET dose.

Table 33 gives the results of a typical set
of in vivo measurements on patients (other than skin dose) using an ionization
chamber. The low and high readings for rectum measurements reflect the variations
in rectal filling and difficulty in localiziag the in vivo dosimeter.

Thermwoluminescent dosimetry (TLD) is also
used extensively to verify treatment plams, especially for dyvamic treatment,
in a water phantom under conditions that simulate actual patient treatment.
Because a large oumber of dosimeters are exposed at one time, the required

read-cut time is coansiderable. For greater efficiency. the read-out system
has been automated.

A system was designed to automate the
operation and data collection from a TLD reader system. The system was composed
of a Harshaw 2000A and a Harshaw 2000B integrating pico-ammeter. In additionm,
a3 Hewlett-Packard two-channel chart recorder was sometimes used by manual control.
A CAMAC serial highway driver controlled by a Kipetic Systems 3992 serial
highway driver and a remote CAMAC crate controlled by a Kipetic Systems 3952
serial crate controller have been added. The CAMAC serial highway allows
control and data transfer to the PDP 11/70 computer. To collect data, a
Kinetic Systems 3520 12-bit analog-to-digital comverter (ADC) is used. U : of
this module required the coastruction of a CAMAC compatible amplifier to oring
the Harshaw outputs up to the levels required by the ADC. In addition, a
Kinetic Systems 3087 output register is used to comtrol oa/off fumctionms such
as starting and stopping the chart recorder and the TLD reader.

Use of the system ocutlined above is coordin-
ated through a relatively simple Fortran program. The program first iamitializes
the serial highway and then prompts the operator for the requisite parameters
for operation of the system, i.e.: (i) time iptervals between readings,

(ii) total time required, {iii) temperature range desired, (iv) total aumber
of samples to be read, (v) whether the chart recorder is required, and (vi}
information to identify the sample and the source of its exposure.

With computer prompting, the operator's
responsiblity is reduced to supplying samples and responding to further proumpts.
The system can thus be used with a minimum of effort and traianing.

Digitized data are output to an array io
the program. When a sample is finished. the irrav .s written to a disk dace
file for permanent storage.

-236~

00133521.237

10915711



Patient #

Site

. Oral Cavity

Rectum
Rectum
Rectum
Rectun
Rectum
Rectum
Rectua
Rectum
Rectum
Rectum
Oral Cavity
Rectum
Rectum
Oral Cavity

TABLE 33

Moseley, Roberz D., Jr., 4.D.

IN VIVO DOSIMETRY RESULTS

Calculated Dose

rads

112.
34.
00.
03.
S8.
82.
57.
56.
39.
57.
61.

129.
62.
60.
33.

tu T W OWeo

:

O 00k v B O WO

Measured Dose
rads

107
64
63
68
37
53
57

60.
63.
60.
63.
140
61.
58.
34.

CQErWoO~IO+ ~1~1 0O WW

Calculated/

Measured

= 000D OO0+ =000 —

.04
.84
.97
.92
.02
AT
.99
.94
.94
.96
.96
.92
.01
.04
.20
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A protocol for zero adjustment of the systea
is still under developmeat. The overhead in the enviroument has thus far allowed
repeatable timings inp the range of 0.5 sec for 90 sec readings. In the range of
0.1 sec overhead in the system distorts time by a small but respectable factor.
This project will soon be expanded to include a system to read LYO luminescence
detectors and then a series of sodium iodide crystals in the picn therapy treat-
ment room.

(d) Positron visualizatioon of stopping pion
distribution. The method of positron emission tocmography for visualizing the
stopping distribution in patients irradiated by negative pi mesons is under
investigation. Three methods of visualization have been shown feasible for
monitoring stopping pions: (i) pi mesic x-rays using an Anger camera; (ii)
prompt high energy gammsa rays being viewed by spark chaabers or multiwire
proportional counters; and (iii) positron-emitting radionuclides being viewed
by conventional positron cameras. We have chosen to study the positron method,
as (i) and (ii) must be done during patient irradiation which leads to high
background problems. It will also be easier to extract a quaatitative 3-D
reconstruction using current technology of positron tomography.

Prior to the recommendatica of clinical use
of this method a set of problems was specified for study. These included
(i) the correlation of positron activity with stopping pions, (ii) the effects
of biological diffusion of positron emitting isotopes from the production
site, (iii) the development of an experimental positron imaging system, (iv) the
evaluation of the system using animals, and (v) the clinical evaluation of the
system on patients.

The first problem has been extensively
studied by Mausner et gi;“’ by irradiacing solid disk phantoas of tissue
equivalent and other materials. Their data give positroa isotope activation
as a function of depth for a narrov momentum-spread pion beam. They quote the
absolute pumbers of positron emitters as .0154 '1C/stopped n- and .0071 13N/
stopped ® for tissue equivalent materials. For the tissue equivalent material,
one can range-sodulate their narrow beam results using a typical B-cm spread
patient depth-dose curve function. In Figure 50 the result of range-modulating
their data is compared with the stopping distribution as measured by Dicello
and Zaider. The positron activity is greater tham the stopping pioa distribution
in the proximal peak because of in-flight interactions leading to !3C activation.

The effect of biological diffusionm, ino
which activated nuclei are transported away from the irradiation site, has
been evaluated. TFor positron emission tomography to be feasible, this diffusion
rate must have a half-life greater than both the counting period and physical
half-life of the radionuclides, so that this diffusion will not grossly affect
the image and the data acquisition rate. The biological half-life of the
activation has been measured within irradiated tumors of the rectum, pancreas,
lung wall, and head and neck.

The resulting decay curves for the four
anatomical sites, rectum, paancreas, lung wvall, and head and neck are plotted
relative to the roast phantom in Figure 51. The mean life, T, obtained from
fitting the data and the resulting chi square/degree of freedom for each case
show the abdominal cases to have the most rapid diffusion with half-lives of
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approximately 40 min, while the head and neck and luag wall have half-lives of
approximately 60 and 80 minutes, respectively.

The validity of assuming that all radionuclides
have the same diffusion rates has been checked by fitting the data in two time
intervals: to*t 21350 sec aand t_+900 sec*t°+1890 sec. The results from such
fits agreed witﬂin statistical Uncertainty for each anatomical site except for
the lung wall, in which case the first interval yielded a 112239 min half-life
compared to 38110 min for the second interval. Such results imply that perhaps
the !1C has a shorter biological half-life than the !3Y in the lung wall.

The preceding results indicste that for
these specific cases the biological half-life of the activated B+ emitting
radionucludes depends upon the anatomical site, varying from 38 to 79 minutes
for the sites measured. The abdominal tumors had greater diffusion rates than
the tumors in the other sites. This result agrees with the expectation that
increased vascularity should increase diffusion.

The longevity of the biclogical half-lives
should not cause significant reduction in count rates during the 15-minute
counting intervals plaaned for patieat tomograms. On the other haand, the
results suggest that solid tumors may have a biological half~life different
from that of surrounding healthy tissue. If this difference is large, some
problems might arise io interpreting positron tomograms, as the data will
represent some time-averaged strength depending on the biological balf-life.

Preliminary measurements with a positron
detection system on patients with lesions of the pancreas, rectum, head and
geck, and lung indicate that diffusion rates of activity from these sites
should not be a limiting factor in measuremeats. Three Nal crystals have been
purchased and will be used to test the feasibility of a low-cost one-dimepsional
Anger camers for positron detection. Hardware tests for determination of
detector configuration to provide for optimal resolution are in progress, as
is softvare development for the data acquisition systesm.

(6) Systems operation, development, and maintenance

(a) Channel control systems. The pion delivery
system includes a pion production target which needs to withstand very high
power density and ao ll-magnet channel for collecting, momentum-analyzing, and
shaping the pion beam. The chaanel contains two slit systems, a movable wedge
system for tailoring momentus distributions, and multiwire proportiocal chaabers
for determining the five-dimensionsl phase space of the pioms, amucas, and
electrons contained in each of the numerous beams used to treat patients. At
the changel exit there is a large ion chamber beam monitor and a programmable
range~-shifter. A computerized control system is used for control, monmitoring,
and data acquisition (where appropriate) of all channel hardware, and also for
treatwent couch motion in dynamic scan treatments. The configuration of the
control system is shown in Figure S52.

A new air-operated chaanel beam plug has
been designed, fabricated, and installed in the chamnel. This plug improves
the reliability of the channel and reduces patient turnaround time.

)
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(b) Computer systems. “he claanel zomtrol
computer was upgraded from a PDP-11/45 to a PDP-11/70 with 1ssociated rLmprovement
in mass storage devices. The PDP-11/45 has been dedicated o treatment planning.
Both systems vere intercoanected with a DECNET communicatioas link and operate
under aa RSX-11D operating system.

CAMAC parallel highway line drivers have
been purchased to improve the CAMAC system reliability; these will be installed
in the near future. An operator channel interlock alarm panel has been completed
and is being installed.

A Digital Equipment Corporation graphics
subsystem (GT-40) with a PDP-11/04 processor was attached to the PDP-11/70
treatment computer. This device will allow faster graphics to be utilized
and vill be useful in visual preseatation of CT scanner data to treatment
planners and physiciaans.

The RSX-11D operating svystem was modified
to improve CPU utilization by the addition of background priorities for
calculational programs which would otherwise place too heavy a load oo the
machine to co-exist with patieat treatment procedures. The functioning of the
operating system was improved by enabling programs to betrer ianteract with
one another, and sose operating system restrictions were removed to allow
computer users to accomplish their work more effectively without the need
of operations personnel. Operating system errors were isolated and remedied
as necessary. The system bas been replicated to rua on both the 11/45 and
11/70 computers, an arrangement that is most satisfactory to cosputer users.
Special software vas written to allow operation of the CAMAC microprogrammable
branch driver (a 17-bit device) through the 11/70 computer (which requires
22 bits for proper utilization). The comntrol computer and the treatment-
planping machine have been interconnected with the DECNET communications package
allowing great versatility in machine usage.

The channel control software has been improved
to keep pace with changes in the hardware and daily operational procedures.
The set-point monitoring software was redesigned to use streamlined data-acqui-
sition methods which reduced the steady-state system overhead. Software upgrading
has included recoanfiguration of patient treatment codes for more efficient
operation, acquisition of a more efficient file backup system for on-line
backups, purchase and installation of DECNET for interprocessor communications,
automation of the target-scanning procedure, and development of codes for
dynamically scanning the patient under the pion beam.

Treatment planning and dosimetry support
included the creation of machine-language input/output routines to optimize
the executiocn of trestment placning, resolve incompatibilities between the
programs of various authors, ameliorate problem trouble-shooting, and provide
general programming assistance. The preparation for dynamically scaoned
treatments has included development of an operating and communicatioao system
for the 11/03 microprocessor that will control the treatment room equipment.

The DECNET hardware lines between the
treatment-plaoning and control computers were upgraded from DL-11 to DMC-11
communications devices. This has increased the communication speed between
machines ten-fold. The treatment planning PDP~11/45 received a third 40-
megabyte Trident disc transport which allows two treatment plaas <o be
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Moseley, Robert D., Jr., M.D.

executed simultaneously. One additional sonic digitizer and its associated
Tektronix terminal were added to the treatment-planning PDP-11/45. They were
nmade hardware-switchable to the PDP-11/70 control computer. This has pro-
duced trestment plaaning backup capability for peak production periods and
for the case of catastrophic failure of the PDP-11/45 treatment plaaning
computer.

(c) Treatment systems. A new improved range~
shifter (for either backup or routine use) has been fabricated and is curreatly

under test. Mechanical redesign of the Philips treatment couch feedback
encoders bas vastly improved couch reliability during dynamic treatments.
Gray scale encoder linkages for the Philips treatment table have been rede-
signed for increased mechanical resclution and reliability during dynamic
patient treatments.

(d) Patient data base svstem. DATATRIEVE, a
praduct of the Digital Equipment Corporationm, has been selected as the data
base system for analysis of clinical data based on operating cost, advantages
in ease of use, statistical capabilities, compatibility with curreat cperating
systems and accessibility.

DATATRIEVE utilizes an English-like command
language combined with interactive data input to make an easily used data base
system for those whose expertise does not normally include computers, i.e.,
physicians and other health care workers. Commands such as FIND, SORT, SELECT
and PRINT combined with Boolean expressions exemplified by GREATER-TEAN or
NOT-EQUAL produce record selection expressions such as:

FIND ALL PATIENTS WITH AGE GREATER-THAN S0

The data base has been established on a
Digital Equipment VAX computer, utilizing eight differeat forms for imitial
observation, follow-up reports, and so forth. The data base currently includes
3.1 million bits of informationm oa 173 patients.

Experieace in setting up and using the daca
base has been excellent with no major problems eacountered. While the initial
work was performed with DATATRIEVE Version 1.1, Version 2.0 with enhanced
features has been installed, and the data base has been converted to this
latest version.
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3. Specific Aims

a. Beanm development and characterization

i. Continue to improve the reproducibility of the
various therapy beams.

ii. Streamline the dosimetry data acquisition for channel
tuning and development studies.

iii. Develop a therapeutically useful spot beam and inves-
tigate collimation techniques for dymamic treatments.

iv. Explore the possibility of using a larger traas-
verse fraction of the pion beam to cbtain higher dose rates.

v. lmprove the uniformity of beam quality ia the x-
dimension.

vi. Develop a technique for smoothing the low-momentum
beam tapes.

vii. Ascertain the usefulness of current cycling for
channel quadrupole magnets.

viii. Evaluate the long-range neutrons aad electrons from
muon decay.

ix. Develop positive pion beams for possible use for
large field irradiatiom.

b. Dosimetry
i. Complete all clinical dosimetry to include

characterization of physical and high-LET dose distributions for all beam
configurations.
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ii. Refine biology models for pion beams to include
RBE's for various normal tissues and various fractionation schemes.

iii. Develop methods to accurately calculate beam profiles,
depth-dose distributioas and planar isodose distributions for all pion therapy
beams, and develop methods for accurately calculating the output (calibrationm)
of any beam configuration.

iv. Develop more accurate dose coanversiou factors for
ionization chambers; study the effects of chamber size and geometry.

v. Complete comprehensive studies of whole-body
neutron dose.

. vi. Perform studies of various collimator materials
to minimize secondary aneutron effects.

vii. Continue CT and pion beam studies (calculatioas and
measurements) with various tissue substitutes to obtain a better understanding
of pion interactions ia various materials.

c. Treatment planning

1. Improve clinical utility of the PIPLAN three-dimensional
computerized planning code by:

(1) Upgrading biologically effective dose models
for PIPLAN.

(2) Implemeating full dose optimizatioan for multi-
port treatments.

(3) Performing comparisons of treatment plans for
static treatment and dynamic treatment using both the "fan" and "spot" beaams.
(4) Enhanciag graphics output for three-dimensional

clarity and ease of interpretation by the physician and treatment planning
physicist.

i1. Improve accuracy of PIPLAN by:

(1) Defining and incorporating the secoand muon
phase-space ianto incident beams; upgrading muon/electron distribution models.

(2) Resolving differences between monitor chamber
and beam measuring systems to allow absolute dose calculations.

(3) 1Iacluding neutron LET distributions as a
function of distance from source for effective dose calculations.

(4) Upgrading multiple scattering models for treat-
ment appliances and rapidly changing tissue gradients.

iii. Improve efficiency of PIPLAN by:
(1) Conversion to a VAX computer.

(2) Incorporating code enhancements for increased
speed, interactive operation, and addition of new modules.
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d. Treatment delivervy and verification

i. Fully implement dynamic treatment using fan tunes.

ii. Develop capability to perform dynamic treatment
using "spot” tunes.

iii. Continue refinement of in vive dosimetry techniques.

iv." Continue study of visualization of stopping pioas
by means of positron emission imaging.

e. Systems operation, development, and maintenance

i. Channel control svstems

(1) Continue preventive maintenance and repair
of all channel and control system hardware.

(2) Provide systea support during patient treat-
ment.

(3) Design a new target centroller with redundant
position checks for improved target scanning capability.

(4) Build a special-purpose scanner for channel
diagnostics.

(S) Improve diagnostics for magnet current drifts.

(6) Improve magoet control codes to allow more
rapid tune changes.

ii. Computer systems

(1) Expand the serial highway of the CAMAC system,
and provide CAMAC system diagnostics.

(2) Implement PDP-11/03 range-shifter control for
static treatment.

(3) Redesign the dosimetry scanning system using
aa intelligent CAMAC crate.

(4) Provide hardware and software conversions to
shift three-dimensional trestment planning to an in-house VAX computer (to
be purchased with funds provided by the U.S. Department of Energy to LAMPF).

(5) Upgrade the Biomedical Facility computer oper-
ating systems.

iii. Treatment delivery systems

(1) Couwplete assembly and installation of a gew,
improved range~shifter (with a five-fold increase in modulation frequency).

(2) Iaplement techniques for automatic fabrication
of patieat boluses.

(3) Improve dynamic treatment hardware and software
to provide capability of treating all appropriate patients by the dynamic
scanoing method.

(4) Continue to refine patient immooilization,
alignment, CT, treatment plaaning, and treatment delivery system to maximize
patient through-put.
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4, Methods of Procedure

a. Beam tuning and changel development

i. Improvemeant of therapvy beam reproducibility. Beam
reproducibility continues to be a problem despite the large effort expended to
solve it. The ®ajor remaining factor causing lack of beam reproducibility is
believed to be variation in vertical proton beam position from ocne LAMPF run
cycle to the next. Each new run cycle brings a new production target, and aay
variation in construction or assembly becomes an uncertainty in absolucte
calibration of the target scan information. These position errors are magnified
at the chaannel output by a factor of up to six. The normal proton beamline
diagnositics can locate the proton beam to 1 or 2 mm, but this is not sufficiently
accurate to guarantee reproducible pion beam output position.

There is evidence that some variationm in pion beam
position remains even after careful monitoring with the target scans during
the run cycle. A considerable amount of clinical dosimetry time is spent
adjusting for these beam shifts, both at the beginning of a run cycle aad
during the cycle. A program has been started to track down conclusively the
source of these shifts or to at least to develop the capability to rapidly
make adjustments for shifts.

The plan is to build a scamner that will perform
rapid x-scans with minimal setup time. A prealigned ioao chamber and scanner
attachment arm will offer error-free automatic alignment. Bend-plane x-scans
will be made as often as needed to correlate with target scans or other channel
data. Comparisons will be made with the routine dosimetry checks. Solution

of this problea would improve treatments and free considerable beam time for
other projects.

ii. Streamlining dosimetry data acquisition for chaonel
tuning and development studies. A large fraction of the beam tuming/chaonel
development work involves dosimetry rather than multiwire chambers. Only a
limited amount of low intensity beam time is available for chamber work.

Also, certain problems are becoaming so specific that multiwire data are got as
immediately interpretable as dose in water. The measurements do oot require
the same precision as the routine clinical dosimetry, and as a result, a much
faster single chamber dosimetry method is desirable to accomplish the beam
tuning/channel development goals. A program for this work is evolving, with
the following specific goals:

(1) Improved range-shifter cycle time. Dosimerry
collection with the range-shifter generally requires a full cycle (10 sec) per
data point. The re-eangineered backup range-shifter is not yet functioaing
satisfactorily, and the range-shifter now in use is not designed for high
speed. We propose to implement some new ideas in the mechanical design of the
backup device and thereby gain a factor of 5 or 10 in speed. Also, the present
range-shifter function uses coarse steps and consequently undergoes large
accelerations. A function with very small steps produced under microprocessor
control: or generated from a3 more ambitious computer-controlled function generator
is needed to achieve the higher speeds. Presently the range-shifter runs on a
time base that is independent of fluctuations in proton beam currenc. Coatrol
of the shifter function based on monitor chamber signals might produce better

data and would eliminate repeating data points whean the proton beam current is
fluctuating.
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(2) Larger ion chambers. We wish to build or
purchase ion chambers with volumes 10 to 100 times greater than those of the
thimble chambers oow in use. The material need not be TE piastic. For example,
a chamber designed for scans in the x-z plane could be rather long 1o the
v-direction without producing any adverse effect on the data for the static
beam tunes. Such a chamber would be used for beam reproducibility studies.

Another use of a long ion chamber is in the
evaluation of the dozeas of possible fan tunes that have been generated by the
beasm tuning work. The long ion chamber, if sufficiently uniform 1a respoanse,
would integrate dose over the y-dimension or scanniang dimeasion of the fan
beam. Ipn this way, an accurate z-represeantation is obtained without requiring
a twvo-dimensiocal y-z scan and subsequent integration of the y data. More
accurate x-representations of the beam will alsc be obtained by integrating
over the y-dimension.

) (3) Current measurements. Performing current measure-
ments rather than charge measurements should be easily possible with the
larger ion chambers. For dosimetry-scans without the range-shifter, the data
are just the current ratio of the ion chamber to the monitor chamber. Bota
signals can be digitized and the count rates read out.

In many beam tuning experiments, the range-shifter
only serves the function of spreading the beam sufficiently in depth to wash
out the momentum-positioa correlation present in most beams. This x-p effect
makes it impossible to obtain unrange-shifted bend plane x-scans aear the pion
peak. A simple wedge can compensate for the change in depth with position aad
allow meaningful x-scans without the range-shifter. Such wedges have been
used for fan beam dosimetry.

iii. Development of a therapeutically useful spot beam
and collimation techpniques for dynamic treatment. Some tuning effort has been
aimed at developing a spot beam. Reduced sultiple scattering in the channel has
improved the predictive capability of the channel tuning system, and as a
result, the measured spot tunes should come closer to the calculated ones.

Spot beams will be developed for three momenta; at present, oanly a 167-MeV/c
solution exists. Ideas for a spot beam delivery system to be pursued are:

(1) A simple spot beam collimator would be elliptical
in shape, fitting tightly around the base of the Gaussian-shaped particle dis-
tribution. It would principally collimate muons from pion decays late in the
channel, leaviag the purest pion beam possible with this channel.

(2) The transverse fall-off of the spot beam is not
sharp enough in some cases, and additicnmal collimation is desired. Improvement
is possible by collimation in the y-plane where the beam is more parallel.
Collimavion is less effective in the x-plane. Use of the conventional collimator
below the elliptical one would be possible but would be very awkward and adds
too much extra drift space for the pioo beam. A simple dynamic collimator
design could combine the function of both of the above-mentioned collimators.

An elliptical collimator would be translated in both dimensions (x,y). When the
patient position is such that the beam is in the center of the field, tle
ellipse is centered, giving maximum beam traansmission. When the patient is
scanned to a position where the beam falls near the edge of the £¥eld, the
ellipse would move to give proper collimation.
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(3) Further extension of the dynmamic collimator
concept uses rotation of the ellipse. By rotation, a different degree of
curvature can be applied to a particular edge, depending on the shape of the
treatment volume and which edge of the beam is being cut off. A more circular
beam spot is needed for such a system. The elliptical coatour might then be
replaced by e shape containing a larger range of curvatures to accommodate more
complex volumes. The patient would be positioned so that the most critical
edges would be collimated ip the y-plane. Rotation of the patieat table can
be imagined, but those motions of the table are not fully instrumented at this
time. The eccentric motion of the collimator can be reduced to circular
motions easily handled by servomotors.

(4) Dynamic treatment implies three-dimensiocnal
shaping of the beam. Collimation can be used at any point during the treatment.
For example, if the range-shifter function has a large step in its bias to
avoid a critical region, collimation aloag both sides of this interface will
improve the sharpness of the edge obtained. Average dose rate is the oaly
limitation as to how much intermal shaping is doae.

(5) We have never been able to achieve in practice
the very desirable close spacing between the collimator and the stopping
region needed to obtain the best edges in dose distributions that pions can
produce. The maximum height of the bolus is the limiting factor. A higher
density fluid in the range-shifter would let more of the bolus function be

handled by range-shifter bias and allow the dynamic collimator to come closer
to the patient.

(6) Another way to alter total range dymamically

is by changing the beam momentum. The dynamic spot beam mode may be well-suitved
for this possibility. The detailed shape of the beam .s less critical for

this application thaa for the broad static beams, and the muon halo variation
with energy is not a problem. Beam tuning studies would be needed at many

more momenta than usually considered. For example, there are large changes in
~the tune for different energy static tumes; the magnet settings do not just
scale with field. The problems have to do with the wedge degrader altering

the "source” of particles entering the beam shaping section. We now have
successful experience sweeping the LAMPF power supplies with a 10-sec period.
The third bend magnet BMO3 has been varied for a study of fan tune x-dimension
field flattening. It should not be difficult to sweep ail magnets under
preprogrammed computer coatrol. The limiting feature 1s and has always been
the added complexity for tuning, dosimetry, and treatment. A 2-sec range-shifter
cycle within a 10-sec momentum cycle might provide sufficient coverage. Each
of the five range-shifter cycles (or 10 half-cycles) would be differeat to
adjust for energy. Then a single dosimetry data point (or 10 points with
MICA) would still take only 10 sec, as it does now. It may be that momeacum
variation of the channel exceeds our present capabilities. But at least for
the spot beam development at the three standard momenta, we will keep in mind

a contiguous momentum variation. We should consider this “maximum utilizationm"”
mode for possible application to future pion therapy facilities.

{7) & complete design exists for a fan beaw dynamic
collimator. After some experience with dynamic treatment, the need for fabricating
the device will be re-evaluated.
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iv. Production of higher dose ratms. ipart from increasing
proton current, several possibilities exist to increase dose rate for selectes
cases. These include:

(1) Providing with a single pion field the combined
dose distribution of the commonly used broad-field/boost=-field combination.
it may be that the typical Gaussian shape of the smaller, hign-dose-race
fields is a natural shape for some subset of the cases The deam sdges would
still be collimated in the present fashion.

(2) Developing beams with differeat x- aad y-dimensions
to match custom treatment volumes.

{3) Utilizing alternate tunes for the channel entrance
triplet to produce a modest pion increase (~20 percent) at the expense of
slightly rsduced momenctum regulation.

(4) Removing the wedge degrader (which snarpens the
depth-dose distribution) and utilization of the full momentum spread, modified
only by the somentum slits.

v. Improvement of x-dimension beam uniformity. The fan
tune polarity configurations are alsc being investigated for use ia static
tunes with an objective of reducing the wide e-u-n spatial separations at the
end of the channel. Improved results have been obtained at some expease in

field uniformity. These solutions are, therefore, more useful for smaller
fields.

vi. Smoothing of low-momentum beam tapes. The smoothing
of beam tapes (see Treatment Planning) is still under development. Results
are npot satisfactory for the low momentum cases due to significant contamination.

vii. Examipation of curremt ¢ycling. We bave always
cycled the quadrupoles along with the bending magnets, although there has

never been aoy observed problem if cycling was omitted. Obvious changes are
evident ip the bending magner fields, depending oan whether they are cycled.
Dosimetry is needed to investigate this problem.

viii. Evaluation of long-range neutrons and electrons from
muon decay. The large dose enhancement in the plateau with collimated beams

currently believed to be neutron dose has been investigated (see Treatment
Planning section). No completely satisfactory explanation of the effect has
been found, although PIPLAN has a neutron model approximating the effect.

A more general set of experiments has been started to
understand the long-range components in the beam, principally neutrons and
electrons from muon decay. Plans are to use ordinary dosimeters that do not
selectively enhance or suppress neutron dose. Variatioans ip phantom geoaetry
will be used to emphasize different components. I[n almost every instaace,
comprehensive calculations are required to go along with the experimental
studies. The problem is to find geometries that are easily calculable and
that vary the strengths of the many components of the beam.
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Control of the long-range collimator componest requires
the use of pre~collimators to minimize the aumber of unused pions that reach
the fipal collimator. Many opportunities exist for some precollimation. the
most effective probably being inside the upper part of the range-shifter.

Studies of collimator materials are in an advanced
stage. Calculations and measuresments indicate that iron has desirable character-
istics; clinical evaluation is planned.

ix. Development of positive pion beams. The biomedical
channel can transport both positive and negative pions. Positive pioas are

attractive for some treatment situations, such as whole pelvis irradiations.
For these treatments the positive pions could be used for the large field and
negative pions used to treat the primary tumor bed. An additional advantage
of positive pions is that the cross-section for their production is about five

times that for negative pions. Therefore, the dose rates are increased accord-
ingly.

Positive pion beams are very much like proton beams,
having similar dose distributioas and RBE, and could therefore be used in a
trial versus nagative pions to test the importance of the high-LET component
of negative pions. This work requires complete dosimetric characterization of
the unmodulated beams, design of range-modulation functions, and dosimetric veri=
ficaniog of the final treatment beams. Evaluation of the effect of the electron
dose (R -4 +e ) can be performed by PIPLAN.

b. Dosimetry

i. Characterization of physical and high-LET dose
distributions for all beam configuratioos. As the catalog of beaam tuames,
including negative aad positive pion beams from broad, "fan," and "spot"
beams, is completed, these beams must be completely characterized by extensive
measurements of both total and high~-LET dose. These measurements are necessary
as a standard set of data agaianst which calculations caa be compared.

ii. Refinement of biology models. The RBE of the pion
beam is partially dependent upon the size of the range-modulatioa functionm,
specific tissue, fraction size, and overall length of treatment. Development
of models for RBE which can be incorporated into dose distribution calculations
is proposed. This effort is necessary because the RBE differeances for different
treatment configurations can vary by at least 20 percent on the basis of the
size of the spread peak alope without regard to other considerations. Optimal
pion therapy and meaningful climical trials require that this effort be under-
taken. Preliminsry vork has been performed, including the development of a
simple model of RBE based oo the high-LET component of the pion therapy beams.
This model was used to calculate range-modulation fuanctions predicted to bave
a uniform biological effect across the spread peak. Measurements with biological
systems have shown that, to first or:sr, the model is a reasonable predictor.
However, the wodel is extremely simpiistic and does not incorporate other thaa
a standard treatment regimen (4500 rad in 35 fractioms).

iii. Calculation of beam profiles, depth-dose distributioas,
planar isodose distributions and beam calibration. The characteristics of the
dose distribution and dose rate for any particular patient treatment depends
upon the beam tune, size and shape of the coliimator, and size and shape of
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the spread peak. At present, dosimetry measurements aust be performed for
each treatment field to characterize the beam. This demands a coansideravle
amount of manpower and beam time. Development is proposed of both analytical

and empirical methods to calculate these effects and thereby predict :tne beam
characteristics for any given configurationm.

iv. Development of more accurate dose conversion factors
for ionization chambers. The uncertainty in the statemest of absorbed dose
for pions is on the order of 5-10 perceat. Most of this uncertainty is due to
the lack of detailed knowledge of pion interactions in various materials used
in dosimetry. Especially lacking is information coscerning the piom capture
cross-section, the cross-sections for charged particle production ia various
elements, and energy fluence of secondary charged particles. Although there is
a scarcity of complete physical data, sufficient data is believed to exist to
perform calculations leading to reasonable approximations of the effective W
value for gases commonly used in ionization chambers and the gas-to-wall and
wall-to-muscle conversion factors.

Computer codes already developed at the University of
Washington by Hans Bichsel and associates will be adapted to perform these
calculations. The results of the calculations will be tested against matched
pairs of cylindrical and spherical, TE plastic and carbon ionizationm chambers

using various gases and 3lso against measuremeats with TE plastic aand carbon
calorimeters.

v. Determination of whole body neutron dose. The
neutron dose to various body orgauns such as eye and blood-formiag regiocss will
be determined to obtain an estimate of the risk of producing caacers for a
typical pion treatment. Neutrons are produced by pion interactioas in the
channel, raage-shifter, collimators, and patient. While the majority of

neutrons are produced at low enmergies there is a tail in the neutrom spectra
extending beyond 100 MeV.

This study will be accomplished by a combined program
of measurements and calculations. Programs have been developed at LANL chat
Can transport neutronos and calculate neutron absorbed dose. These programs
can incorporate anthropomorphic geometries for calculating dose to specific
organs fros the neutron spectra and fluence. The neutron spectra will be
measured by activation foil analysis, a vell-established technique. A series
of experiments will be done to identify sources of peutrons aad their strength.
A neutron study group at LANL has a neutron spectrometer that can measure

neutrons up to 20 MeV in energy, and this group has agreed to participate in
some limited experiments.

vi. Evaluation of collimator materials. Collimators
are currently sade from a low melting point alloy composed of bisamuth (50
percent), lead (26.7 perceat), tin (13.3 percent) and cadmium (10.0 percent).
The collimators are sade of sufficieat thickness to completely stop pioas.
Pions stopping in the collimator produce neutrons with a broad energy spectum
with a2 high energy tail extending above 100 MeV. In general, higher Z materials
produce fewer neutrons at the higher energies and more neutrons at the lower
energies with the number of neutrons per pion capture increasing with Z. The
high energy neutrons have direct implications for dose within the treatment field
and for whole body neutroan dose.

€
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Invesrigation of other materia.s far :ollimators is
proposed, including sultilayer collimators with hydrogenous marerial next to
the patient to absorb neutrons. [t is important t¢ min.mize the neutromn body
burden (the increased skin dose has not been shown to be a zliuical problem)
in view of possible late effects, i.e., secondary tumor produc-ion. These
studies have not been done previously because the prel.minary vwork requires a
highly flexible and reusable collimator material ana bec:ause pyreliminary
calculations predicted a noeutron dose outside the treatment vo.ume that is om
the order of 1 percent of the tumor dose.

vii. Study of CT and pion effects on various tissue sub-
stitutes. A program is in progress to investigate the properties of various
tissue substitutes (muscle, lung, fat, brain, hard and soft bone) on the
Biomedical Facility CT scanner and on pion therapy beams. The treatment
planning programs at LAMPT require a knowledge of the correlation between CT
numbers and pion linear stopping powers so that proper :ompemnsating bolus caa
be calculated. The nature of pion interaction, i.e., pion capture cross-sactioas
and production of secondary particles being different for eaca element, requires
that tissue substitutes be matched both in density aad chemica. composition to
human tissue. These tissue substitutes will also be used in geometric and

anthropomorphic phaatoms to verify treatment plaaning i1 simulated patient
treatments.

¢. Treatment Planning

i. loprovement of PIPLAN clinical utility

(1) Upgrade of bioclogically effective dose models.
A continuocus research effort to assess the effect of pions and incorporate this
knowledge into the treatment-planning effective-dose model is a primary goal
of this project. PIPLAN combines the physical parameters of dose and LET with
clinical and biological cbservations to obtain effective dose. Preseatly, the
latter are available only for a few fractiooation schemes. Empirical models
will be developed and included in PIPLAN to predict the results of altermative
schemes, in particular the results of multiple cone-down aand boost fields.
Additionally, the effect of combined pion and comnventional treatments will be
modeled. Access to pertinent biological and climical results should allow
these capabilities to be rapidly realized.

(2) Ioplementation of full dose optimization for
multiport treatments. PIPLAN curreatly coabines multiport dose distributions
for a given treatmeat plan with predetermined port weighting. This capability
will be enhanced to automatically choose the appropriate weights for an optimum
effective or total dose distribution from selected ports. Criteria will be
specified at critical sites as to whether the dose at the site sust have a
definite value, a minimum or maximum value, or an allowed range of values.
Non-unique solutions will be resolved on the basis of site importaace and
standard weighted, least-squares techniques. PIPLAN will also be modified to
independently save calculated distributions for each port, including both high-
and low-LET components for input to the weighting procedure. If the calcula-
tions are performed remote from Biomed (LCF or CCF), then the distributioas
will be transported to Biomed by writing them to the patient casefile aad
transporting via magnetic tape, by high-speed data links between remote

computers and Biomed, or by telephone lines to terminal-cassettes and then to
Biomed.
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(3) Comparison of static and dvnamic ("fan" and
"spot” beam) trestment plans. Once the full arsenal of treatment modalities
is available, we must perform comparative studies to determine the real advantage
of each method and determine the general conditions for winich each modality
will be useful. In some situations (for example whole brain irradiations),
dynamic treatments offer little or no advantage.

(4) Enhancement of graphics output. Complex data can
be reasonably viewed in two dimensions in black and white graphics by appropriate
shading and selection of different symbols and representations (solid lines,
dashes, dots, etc.). However, when viewing data in three dimeasioas, with CT
data, contours, aand isodose distributions simultaneously displayed, the viewer
is confrooted with a complex problem of visually sorting out the information.

We believe that it is cecessary to provide three-dimeasional information to
the therapist and treatment planner. This is particularly important in the
case of dymamic treatments where the beam 1s being shaped .a three dimensions
to the target volume.

(a)} [scdose (isoeffect) contour on CT data
and anatomical contours. The capability to coacurreantly display these three
types of data already exist in the PIPLAN Biomed version for a Tektromix 4010.
The software needs toc be interfaced, however, in a comprebensive way to utilize
several devices:

(1) Hard-copy film (color or black and
white) through the CCF graphics capabilities. Options here include both 35 mm
slides and microfiche.

(ii) Various display terminals in addition
to the 4010: 1) the GI-40, which is ag eight-inteasity, vector, refresh CRT,
and 2) a raster-scan, diagnostic-quality, color terminal to utilize coler
and intensity to clarify the output.

{iii) Color printer, in addition to the life-
size Versatec printer already on hand.

(b} Contour magipulation with light-pen. The
light-pen capabilities of the GT-40 will be utilized in PIPLAN in twe sigoifi-
caat ways.

{i) Contour modification of asatomy contours
and most particularly the target volume contours. Full contour editing capabil-
ities already exist in PIPLAN through the 4010 cross-bair cursor. Light-pea
input would be a more convenient and faster means to replan for cone-downs
and oodified target volumes.

{ii) The addition of separate dose calcula-
tions for several ports with optimized weighting should be controlled easily
by the operater with the GT-40 light-pen.

(¢) Three-dimensional displavs. PIPLAN
currently can display any two-dimensional plan, with three types of data, in
any orientation with a three-dimensiooal volume. It can also display iso-
metric or perspective three-dimensional images at any orientation. However,
on a Tektronix single-intensity, ooa-refresh CRT. the image 1s very difficult
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to ioterpret. A raster=scan color terminal is required for useful, interaczive
three-dimensional images. CCF graphics capabilities are being explored and may

provide clinically useful methods of displaving three-dimensional images ana
data.

(5) Incorporation of other radiation modalities.
PIPLAN is easily modified to incorporate additional radiation modalities, and
many existing physics models can be readily adapted to this end. Most of the
problems associated with secondary-producing beams aand three-dimensional inhomo-
geneities have already been solved for pions. While the physics of other
wmodalities differ greatly from those of pions, the required techniques of
propagating precalculated and weighted distributions are quite similar.
Electron and photan three-dimensiocnal amodels will be implemeanted for the
calculation of dose in a conventional or combined modality radiation treatment
plan. Initially, treatment-planning models appropriate for the climical
machines at the CRTC in Albuquerque will be incorporated. With this capability,
every patient could be routinely treatment planned for both pion therapy and
conventional therapy, utilizing the best features of both. The comparison of
isceffective curves for each kind of treatment would be a valuable aid to the
radiotherapist in the treatment planning process. Neutron and heavy-ion beams
are not directly part of this project, but three-dimensional treatment plaaning
for such beams is a potential within the PIPLAN framework. The utility of a
three-dimensional conventional radiation treatment-planning code to the medical
physics community would be a major comtribution of this project.

ii. lmprovement of PIPLAN accuracvy

(1) Definition and incorporation of secondarvy muon
phase-space; upgrade of muon/electrom distribution models. Current aodels in
PIPLAN assign an average momentum dose distribution to muons occurring from
pion decay in the last half of the channel. The distribution 1s obtained from
all possible secondary muons that can pass through the channel apertures.
However, this distribution does not reflect the changing suon momeatum distri-
bution across the radiation field. The difficulties of identifying the secondary
mucn phase space and proposed solutions are discussed elsewhere. To the
extent that such mucns cannot be uniquely and fully specified on a particle by
particle basis, PIPLAN will model the secondary muon phase space with position-
dependent momentum distributioas.

PIPLAN currently includes isotropic electron
dose from muon decays. Electrons from muon decay average about 35 YeV and
consequently have a range on the order of 20 cm and deposit about as much

energy as the charged star secondaries and half as much as the neutral star
secondaries.

Primary suons usually comprise about 7
percent of the beam and secondary muons usually about 20 perceant. The secondary
auons have a stopping distribution extending from the surface to a few centimeters
beyond the primary muons. The wide stopping distribution arises from forward
and backward decays of pions in the third quarter of the channel and nearly
all decays in the last quarter of the channel. Specific decay directious
leave the muon in specific polarization states, which are largely retained as
the muon comes to rest and then decays. The electron dose distribution is ino
turn determined by this polarization and is not isotropic. Polarization
models have been completed and, with the availability of definite secondary-muon
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momenta, the PIPLAN secondary electron dose model will be upgraded to be
sensitive to the initial muon polarization and secondary electron distributionms.

(2) Resolution of differences betweea monitor chamber
and beam measuring svstems for absolute dose calculatiocns. By design and
method, PIPLAN is an energy-conserving model and predicts absolute dose per
incident particle given in the beam-input file. Clinical dose is established
by an ionizatioso chamber and quoted as dose per primary monitor=-chamber unit.
1f the ionization chamber response in pion beams is known and if the number
and type of particles per monmitor-chamber unit is known, them calculatioa and
experiment should agree. The former is known to about 10 perceat, but the
latter is limited by the fact that the phase-space measuring system does not
detect all particles passing through the moaitor chamber, with the percentage
varying with beam tune. Consequeatly, calculatiocns and measurements are
normalized with different factors for each beam. To the extent that undetected
particles lead to uncertainties in the beam phase-space and compositica, the
point of normalization is also somewhat uncertain. It is partly for this
reason that from beam to beam, small adjustments (on the order of S percent)
in some PIPLAN physical parameters are required to fit measurements for different
beams. (Note that required parameter adjustment is also attributable to
limitations in various physical models.) Absolute dose is a valuable check on
the overall calculational accuracy. To predict dose absolutely without parameter
adjustment for different beam tunes and geometries agsures accuracy in the
dose components and thereby in the effective dose. It also serves to define
poysical parameters within the experimental uncertainties as a check on experi-
mental design and interpetation. The proposed approaca to phase-space definition
is discussed elsewhere. However, it is not expected thit the measured phase
space will be sufficient in itself to allow absolute dose calculatiom without
some additiocnal upgrades in PIPLAN or in a preprocessor program to simulate
undetected particles in the beam-input file.

(2) Incorporation of neutron LET distributions as a
function of distance from source. To accurately model effective dose, it is
necessary to account for the changing neutron spectrum as a function of distance
from a2 pion star. PIPLAN currently uses an average neutron LET. This is
adequate in the center of large target volumes, but questionable 1n certain
geometries. For example, the effective geutron dose to the spinal cord from a
concave target-volume shaped around the spine is much different from that of
the physical neutron dose or the effective neutron dose from nearby planar or
convex target volumes. The PIPLAN neutron dose model will be upgraded to
reflect changing LET as a function of changing neutrom spectrum.

(4) Upgrade of multiple scattering models for treat-
ment appliances and rapidly changing tissue gradients. PIPLAN uses a recursive
multiple-scattering model which is sensitive to inhomogeneities and large
air-gaps associated with clinical appliances. Measured, central-axis, depth-dose
curves of modulated and collimated beams show a 10 to 15 percent entrance-dose
enhancement relative to calculations. This enhancement varies with collimator
opening. Preliminary experiments were unable to resolve the cature of the
elevated plateau. Neutrons from pioan stars in cerrobend and electrons from
muon decay just under the collimator are believed to be the primcipal causes.

As discussed above, the electron dose model needs momentum (and polarization)
specification of secondary muons for completion. A aew neutroan model for
cerrobend was added to PIPLAN to elevate the calculated entrance dose. A
clinically acceptable total dose calculation :s sbtained, Sut the parameter
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values appear to be unrealistic. To accurately represent the entrance effec-
tive dose, both near collimator edges and on the cemtra. axis, witt a large
probable neutron component, all the components of this entrance dose must be
established. This will require further experimental measurements, specialized
calculations, and further modification of PIPLAN models

An optional calculat:omal capability will
be added to PIPLAN to divide the origioal trajectory ianto subtrajectories
dependent upon scattering in external appliances and to propagate the weighted
subtrajectories through the patieat. It is proposed that the same approach be
used, as an optional calculational capability, for neutron and electron secondaries
arising in the patient, with the inhomogeneities given by CT data (to distinguish
cormal soft tissue from carbom-rich fat and calcium-rich booe) Normally, this
refined calculation and associated increased computer time will not be necessary.
However, it could be quite important io the vicipity of critical orgams, such

as the eyes near sinus cavities or the spinal cord surrounded >y bone next to
lung.

iii. Improvement of PIPLAN efficiency

(1) Conversion to a VAX computer. The conversioa
of the CCF version of PIPLAN, where the calculations are currently performed,
to a VAX computer has several benefits:

(a) Decreased calculation expense by eliminating
the costs associated with the CDC-7600 computers. [f the VAX is one of the
VAX computers for the Mesoa Physics Facility, there may be some charge-back to
this project, but this would be a much smaller cost than CCF. A VAX at Bicmed
would eliminate these charges, as well as improve efficiency of data flow,

compared to the use of magnetic tapes or intercomputer links to tramsmit data
between computers.

(b) The large, virtual memory available with
the VAX operating system (VMS) is of particular bemefit to the dose calculation,

where fine resolution of the patient anatomy and external appliances is necessary
for accuracy.

(¢) Again, the large memory allows separate
accumulation of stopping distributions and dose components throughout the
volume of interest. This is a prerequisite for some of the physics upgrades.

(d) The stable operating system (veador supported)
and large msemory of VMS allow development to be concentrated on treatmentc-planning
capabilities, rather than oo coping with changing systems and limited memory of CCF.

() The extensive graphics capabilities of the
CCF will still be available on the VAX. The LANL computer networks and distri-
buted-processor capabilities provide convenient access to microfilm and micro-
fiche output.

(f) Both treatmeat-control files generated as
part of the dose calculation and treatment-delivery files caa be transported

directly between the Biomed coatrol computer and the VAX with minimum software
development.
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(2) Incorporation of code enhancements for increased
speed, interactive operation, and addition of new modules.

(a) Counversion of interactive programs to run in
both batch and interactive modes. This will many times free the operator for

other activities, balance computer loads, and eshance flexidility of personnel
scheduling.

(b) Conversion of batch programs to run in both
interactive and batch modes. For time-sensitive processing, the user can
observe the progress of the program and change the course of processing to get
the most useful results in the shortest time.

(c) Comversion of other selected programs to run
in both batch and interactive mode. PIPLAN routines are currently separated 1into
system-independent and system-dependeat libraries. The former are exclusively
transportable FORTRAN routines. The latter are exclusively input/output
related. Greater efficiency and through-put will be attained by coding system-
dependent routines in machine language. A gain in speed by a factor of two has
been attained in some areas.

(d) Increased capacity for anatomical contours.
PIPLAN currently provides for about 3000 coordinate points (x, y pairs) in up to
30 slices. In some cases this significantly limits contour resolutioan.

(e) lncreased modularity. With PIPLAN's command
structure it is extremely easy to add new capabilities, except that computer
memory limitations make very large programs impossible, even with extensive
overlays. PIPLAN modules are currently being reconfigured sc that new programs

can be quickly generated with the same ease that aew commands were previocusly
added.

d. Treatment delivery and verification

i. Implementation of dynamic treatment with fan tunes.
Dynamic treatments using fan tunes in which patients are scanned one-dimensionally

through the narrow region of a beam focused in one dimension provide additional
beam shaping (shaping in two dimensions) over that obtained using broad parallel
beams (shaping in one dimension), thus gaining increased sparing of normal
tissues. This treatment mode will be fully implemented so that it can be
routinely used in those cases where it has a clear advangtage. Treatment
planning comparisoas will be performed between static and "faa" dynamic treat-
ments to determine those situations where dynamic treatments are preferred.

ii. Development of dymamic treatment capability with
“spot" tunes. Dynamic treatment using "spot” tumes involves scanoning a patient
in two dimensions under a beam focused in two dimensions and thus allowing for
beam shaping in three dimensions. This is believed to be the only method
whereby pion therapy can be fully optimized by sparing the maximum amount of
normal tissue. This effort requires: (1) fully characterizing spot tunes for
three penetratiouns, (2) developing range-modulation functioas for these beams;
(3) performing bioclogic confirmation of the uniformity of the effective dose
for the range-modulated spot tunes, (4) performing dosimetric and biological
studies in phantoms to confirm absorbed dose and effective dose distributions
for simulated treatments, and (5) implementing treatments.
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iii. Refinement of in vivo dosimetrv techniques. Several
systeas have been developed at LAMPF for i3 vivo dosimet:sy, includimg intracavi-
tary ionization chambers and TLD for total dose, and aluminum activation and
silicon detectors for high-LET dose. The precision and iccuracy of these

systems will be improved. Systems such as TLD 700 which have potential for
use as both lov and Bigh-IET dosimecers will be investigated.

iv. Study of visualization of stopping pions by positron
emission imaging. Study of visualization of the stopping piom distribution in
patients will be continued by means of imaging the positrons emitted by radio-
active nuclei produced as a result of pion capture. Patients are taken directly
from the treatment room to 2 counting area where a simple positron camera
utilizing four Nal cryscals is used to scan the treatment volume. The activity
in the treatment volume is anticipated to be approximately 50 ®Ci. Counstruction
of a positroa emission scanner is not proposed, nor will this be 2 major
research effort. This preliminary study s gecessary tc gather information
concerning positron visualization of stopping pions so that future pion facilities
can be advised about the pecessity for and usefulness or this technique.

e. Systems operation, development and maintenance

i. Channel control svstems. A group of engineers,
technicians, programmers and computer operators is needed to provide maintenance
and repair capability, and ensure the development of hardware and software for
improvement of channel reliability, efficiency, and dose characteristics for
patient treatments.

Hardware support in the form of repair, maiatenance,
preventive maintenance, and improvement will de provided for the following:

(1) Target (TV momitor, controllers, interlocks,
etc.)

(2) Channel magnecs (bus bars, water lines, thermal
and flow switches, radiation levels, etc.)

(3) Channel helium (pressure, bubblers, supply)

(4) Slits and wedges (operational checks, controllers
and suppliers, DVM's)

(5) Multiwire proporticanal counters (gas delivery
systems, cabling, eacoders)

(6) Monitor chamber {gas flow system, chamber
integrity).

ii. Computer systems. Current treatment plapning with
PIPLAN requires the Laboratory Central Computing Facility and a substantial
charge is made for computing time. A dedicated VAX at the Biomedical Facility
would be more convenient and eventually provide savings exceeding its cost.
The exhange of the PDP~11/45 and VAX would require considerable staff support.

It appears to be desirable to change operating systems
to a more current DEC-supported operating system which provides for increased
data-base capability, more efficient large-code execution, and better systam
manageneant features. This will be accomplished with assistance from outside
software specialists.

e~
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CAMAC and coamtrol carcuitry will be further stream-
lined to improve module performance.

iii., Treatment deliverv systems. Ipstallatioa and
testing of the new range-shifter (mechanical components., hydraulic svstem,
calibration, electronics, and alarms) will be completed.

Dynamic treatment hardware and software currently
exist, but improvements can be made in terms of application to routine daily
treatment. Upgrading, maintenance, and repair will be performed for the
treatment couch system (encoders, controls, interlocks, and mechanical compoa-
ents). A collimator handling system and a motorized laser positioning system
will be designed and installed in the treatment set-up area.

Several systems have been designed using variocus
rnaterials for fabricating patient boluses. <Currently, doluses are being made
from 9 mm thick sections of Lucite by tracing onto the Lucite the bolus outline
for each CT slice, then cutting out the bolus on a band saw. The sectioans are
then glued together, referencing each CT slice to a common coordimate axis, to
construct the three-dimensional bolus. While this method produces a fairly
good product, it is subject to error, is somewhat hazardous, and produces a
fige Lucite dust requiring the technician to wear a face mask. Automation of
this procedure is proposed through acquisition of a used automatic milling
machine operating from paper tape or magnetic tape, or Dy designing a micro-
processor controlled system, whereby a block of Lucite is cut into a three-
dimensional bolus.

Limited availability of the pion beam and the segmenting
of beam time into cycles make it imperative that all patienmt work-up and
treatment procedures be highly efficient so that a maximum number of patients
can be treated. This efficiency, however, must be in keeping with a bigh
standard of quality, precision, and accuracy. This work is, of necessity, an
on-going program and by its nature requires that all systems be in a process
of evolution. Because of the research nature of the project and our commitment
to optimization of pion therapy, 0o procedure is coasidered o be perfect, aand
all are subject to improvement.

A continuing effort to improve casting and immobiliza-
tion techniques is necessary to fully expoit the three-dimensional dose-shaping
capabilities of pions. Methods developed for the pion project will be imple-
mented at the CRTC because high-precision x-ray therapy dictates that casting
and immobilization be just as highly developed as for charged particle beams.

6. Anticipated Results

The anticipated results of the total physics effort are:

a. Development of technclogy necessary to safely and efficieatly
deliver pion therapy.

b. Development of technology, methods, and procedures for
treatment plasning, patient set-up and treatment, 2od verification of treatment,
so that pion therapy is highly optimized, accurate, and reproducible.
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c. Development of dosimetry and RBE models so that the statement
of both absorbed and effective dose is accurate and meaaingful

d. Development of the complete system of integrated compomeats
so that patient through-put is maximized. Concurrent with this, quality
control systems will be developed to ensure that quality is not sacrificed for
quagtity.

7. Significance

Highly optimized pion therapy holds the promise of significant
improvement in the local control of certain large tumors without corresponding
increases in morbidity.

This project is conducting the necessary investigations to
determine whether pions may fulfill theirr promise and whether they should be
added to the armamentarium against cancer.

The success of pion therapy depends, in a large measure, on a
highly concentrated and sustained effort in basic physics and technology. If

this effort is not performed, pion therapy will not be given the fair trial
that it deserves.

8. Facilities Available

The Pion Biomedical Fac:ility bas the following facilities (see
also Section II):

a. Pion transport chanpel (vertical beam).

b. PDP-11/45 and 11/70 computers and an array of peripheral
devices (terminals, CRT displays, prianters, microprocessors, CAMAC Modules,
etc.).

. Electronics shop and medical physics laboratory.

. Office facilities for research and administrative staff.
EMI 7070 whole body scamner.

Philips Medio 5500 simulator

GE 300 kVp Maxitrom x-ray unit.

Equipment for physics dosimetry, microdosimetry, ia vivo
dosimetry, vxsualxzatxon, and treatment planning

D‘oo mo an

In addition, the oumerous shops, laboratories, and resources of
LANL are available to the project.

9. Collaborative Arrangements

Dr. Smith is the principal investigator and chairman of the
American Association of Physicists in Medicine (AAPM) Charged Particle Beam
Cosimetry Task Group. This task group is composed of physicists from charged
particle therapy projects in the United States, Canada, Europe, and Japan.
The group is involved in dosimetry intercomparison among the charged particle
therapy projects.
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Funds bave bees requested in this proposal to bring experts 1n
calorimetry from the National Bureau of Standards and the University of Califormia/
Los Angeles to Los Alamos to perform measurements on the pion therapy beams.

We have worked closely with these individuals. and they have performed prei:-minary
measurements here in the past.

Treatment planning, dosimetry aand microdosimetry compar:isons with
other high-lET projects are pending approval under a separate contract from the
NCI.
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c. Biology
1. Investigators

Name “itle
Mudundi R. Raju, D. Sc. Tellow LANL
A.J. van der Kogel, Pb.D. Visiting Research Scholar UNM
N. Tokita, M.D., Ph.D. Staff Member LANL
William C. Black, 4.D. Chief, Oncologic Pathology UNM
Mario Kornfeld, M.D. Neuropathologist UNM
Robert E. Anderson, M.D. Pathologist (Chairmaa, UNM
Pathology Dept.. SOM)
Scott Jordan, M.D. Pathologist UNM
Charles R. Key, M.D., Ph.D. Pathologist UNM
2. Introduction

a. Objectives. The objeczives of this program component are:

1. To provide biological dosimetry using cultured cells
to verify vhether the range-shifter functious used to spread Bragg peaks are
optimal for therapy in producing uniform cell-killing and to measure RBE as a
function of peak width.

ii. To measure RBE of pion beams for cell mutagenesis
and transformation.

iii. To measure relative biological effectiveness of
fractionated doses of pion beams for acute effects (mouse skin, mouse gut) aad

late effects (rac cervical spinal cord, kidney, and colon and mouse lung and
lens).

iv. To estimate carcinogenic potential of pion beams from
tumor induction in animals exposed to pioas for late effects studies.

v. To study RBE of pions on well differentiated and poorly
differeatiated rodent tumors in comparison to RBE for normal tissues to determine
vhether there is a correlation between tumor differentiation and tumor response,
and whether such correlation might extend to the clipnical situatioa.

b. Background

Clinical and radiobiological studies using pion beams began
simultaneously. However, because of earlier dose rate limitationms, omly limited
data on the radiobiology of climically relevant beams are available to date.

Previously obtained results in pion radiobiology were inter-
preted as indicating that small amounts of high-LET radiation can eradicate the
large shoulder of the cell survival curve. This conclusion was based on results
of studies performed by Yuhas and associates with assays of killing of zlated
single cells and growth delay of multicellular tumor spheroids (MIS) as outlined
in the progress report below. These results indicated that pion irradiation
differed from x-irradiation oaly in a reduction in the shoulder regiom of the
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cell survival curve. The slope of the log portion of the x-ray coatrol and pion
curves was identical for multiple cell lines. It was postulated that this effect
was due to ianhibition of repair of sublethal injury by the high-LET component of
the beam, and subsequent data from experiments with growth delay in MTS in which
conditioniag doses of pions were followed by x-rays were felt to substantiate
this. Oa the basis of such studies, it was hypothesized that a minimal
"threshold" amount of high-LET contributiom to the total dose would result in
such inhibition of sublethal repair of injury caused by the remaizing

low-LET component of the beam, and that the biological effect of the pion

beam, at least in oeams of clinically relevant dimensions, was not so much
dependent upon the ratio of high-to-low-LET compoments of individual treatmesat
beams as on the presence of this threshold amouat of high-LET dose.*20 A specific
experiment designed to test this hypothesis entailed irradiation of MIS at
proximal, middle and distal portions of range-modulated peaks (8, 11. and 14

cm) for a collimated 10 x 10 cm field, with subsequent measurement of growth
delay. The results showed no detectable differences in biological effectiveness
either within individual modulated peaks or between peaks of varying size.

On the other hand, data presented by Skarsgard!?! based on
the gel-tube suspension method as emploved at TRIUMF suggested a small but
reproducible increase 1n RBE for clinically relevant field sizes between the
proximal and distal portions of the range-mocdulated peak and an increased RBE
for small as compared to large peaks. These data have been reproduced in the
data generated in September and October 1980 by Raju and associates at LAMPF
and reported below.

The appareat discrepancy in results and interpretatioa may
be related to one or more of several factors. The use of plated cells or MTS
by Yuhas and his associates probably does not allow the same degree of precision
in determining the biological characteristics of the peak region as does the
gel-tube system used by Skarsgard and Raju because the former svystems provide
many fewer data points and much less structure in the curves. Data presented
in the detailed progress report below suggest that re-interpretation and
clarification of these results are necessary. Ian addition, because of dose
rate limitations, normal tissue radiobiology was dope using a very narrow
Bragg peak rather than the videly modulated Bragg peaks used in therapv.
Thus, the pion radiobiology program as relevant to the clinical program must
be re-evaluated in terms of basic assumptions and appropriate experimental
design. This re-evaluation will be based upon application of well documented
techniques of assessment of cell survival in cultured cells,!22°123 jcute iajury
to mouse intestinal mucosal2?® and foot skin,!23 and late iojury to the spinal
cord, kidney, colon, rectum, lens and lung. Systems have also been developed
for quantitative histological evaluation of late damage in kidney by Jordan
et al 126127 3nd Jower intestinal tract by Black et al.l*

c. Rationale. The radiation quality of pion beams varies
depending upon depth at penetration, field size, and width of the range-modu-
lated Bragg peak. Since these parameters vary widely in differeat therapeutic
applicaticns, it is necessary to define radiobiological characteristics of
pion beams used for radiotherapy as a function of beam dimension. Such charac-
terization will be made using cultured cells and assessing acute effects on
mouse skin and gut. In addition, late effects om various dose-limiting normal
tissues and the effects of a pion beam of 5-cm width on rodent tumors will be
assayed.
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d. Proaress report. The studies performed by Yuhas et al.
were reported earlier .

i. In 1980, collaborative efforts were undertakes with
Dr. Mudundi Raju, of the Life Sciences Division of Los Alamos Natiomal Labora-
tory, to perform detailed studies of the biological characteristics of the beams
used in clinical applications.

(1) In vitro studies

(a) Gel-tube suspension system. The more
seasitive gel-tube suspension system, in which single cells suspended in a
medium containing gel are irradiated and cell-killing is assayed by colony
formation, has recently been eaployed by Raju et al. (with support primarily
from NCI Grant No. S RO1 CA 17290, Comparative Studies of Heavy Particles in
Radiotherapy). The following questions were addressed:

{1) Are the range-shifter functions optimal
for therapy in terms of producing uniform cell-killing across the range-modulated
peak for various beam tunes?

{ii) Are there differences in RBE among
beams of different peak widths of a given beam size?

{iix) Are there differences in RBE among
pion beams of different sizes but of a given peak width?

Since the differences in biological effects
among various pion beams are pot expected to be large and many treatment beams
must be studied, the biological system emploved should be highly reproducible
and capable of giving extensive data for a given experimental period. For

that reason the gel system??2'123 developed by Skarsgard*2! wvas selected for these
studies.

Cultured hamster cells (V79) were suspended
in tissue culture medium containing gelatin and kept in plastic tubes. Several
tubes were exposed to graded doses of pions by keeping the tubes immersed in a
water phantom oriented in the beam direction. After exposure, the gel was
pushed out of the tubes and sliced into 3 mm slices; each slice was transferred

into a petri disbh and viability of cells 1n each slice was assayed by colony
formation.

Figure 53 shows depth dose distributioa of
a pion beam (Tune 16B) of 14 cm peak width and the corresponding cell survival
as a function of depth for doses of 200, 400, and 600 rad at the proximal peak
{at a depth of 1.5 cm). The data clearly show that cell-killing across the
peak is uniform. The cell survival data were obtained for doses of 100-700
rad in 100-rad steps, and ounly three doses were shown for clarity. Cell
survival as a function of dose at any depth can be obtained from these data,
thereby providing extensive information for this beam tune. Figure 54 shows
cell survival curves for the Tune 16B, l4-cm peak width, at the proximal, mid,
and distal positions of the peak and for 300 kVp x-rays. As one would expect
from physical considerations, the distal peak position is mo-e biologically
effective than is the proximal peak position.
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The cell-killing profile at peak center of
the 14-cm peak of Tune 16B and the dose distribution of a collimated pion beam
(perpendicular to the beam direction) are shown 1a Figure 35.

Figure 36 shows the data for Tune 16B, é-cm
peak width. These data suggest that the dose at the distal side of the peak
needs to be slightly reduced to produce uniform cell killing.

Figure 37 shows the data for Tune 16B,
10-ca peak width, for differesmt size collimators. The symbols (:,*}) in cell
survival data correspond to two separate experiments, and the data show good
reproducibility. Also, when a small collimator (7 x 7 cm) is used, the dose
contributed by the secondaries produced in the collimator cam te clearly seen;
this is also reflected in increased cell-killing

Figures S8, 39, and 60 show ceil survival
curves for pion beams (Tune 16B) of peak widths 6, 10, and 14 cm at proximal,
mid, and distal peak positioas, respectively. The data for these curves are
derived from cell survival data with depth of penetration shown in Figures 33,
56, and 57. In all these positions of the peak, the effectiveness decreases
with increasing peak width.

Figure 61 shows the data for Tupe 128,
10-co peak width. These data suggest that the dose at the distai eand should
be slightly increased for obtaining uniform cell-killing.

Figure 62 soows the data for Tune 23B,
10~cm peak width. These data suggest that the dose at the distal end should
be slightly decreased for obtaining uniform ceil-xilling.

The radiation quality of pion beams may
depend on beam size, although the peak width 1s kept the same because of the
contribution of neutrons from pion stars. The data shown 1o Figure 57 do not
indicate significant differences in cell-killing with variable coilimator size
when the peak width is kept the same. Figure 63 shows survival curves utilizing
the data of Figure 57, indicating no significant differences between pion
beams of sizes 7 x 7 cm and 14 x 17 cm. Preliminary experimeats have been
done using fractionated doses of pions on the mouse intestinal crypt cell
system to see if the biological effects of fractionated picn exposures depend
upon beam size when peak width is kept the same. The resuits show that the
large beam is slightly more effective than the small beam.

Cell-killing data for various beam tuznes
and peak widths have been modeled and programmed in a computerized data base
by A.R. Smith and his associates so that the data can be used in the design of
range-shifter functions and in treatment planning system modifications.

(2) Ia vivo studies

; (a) Tumor. Mice bearing the MCa~1ll mammary
tumor were exposed to graded total doses of high-intensity peak pioms or
x=rays either as single fractions or as three daily fractions. The data are
not sufficient to determine whether the single dose curves are parallel, but
it is readily apparent that pioans are i.2-1.+ times more effective than x-rays
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in the single-dose studies and that the delay induced by three daily Jdoses of
pions is almost as large as that induced by single pion doses, while that for
X-rays shows far greater tumor recovery from fractiogatioam.

(b) Kidney. These studies bave been described
by Jordan et al.!28°127 g brief, the remaining kidoey of unilaterally neph-
rectomized mice was exposed to peak pions or x-rays one month after neph-
rectomy. Six months after exposure they were sacrificed for histologic exam-
ination and semi-quantitative grading of their kidney injury. Figure 64 is a
plot of the RBE of pions as a function of the aumber of daily fractioms in
this system. Studies involving up to 15 daily fractions are in progress.

(¢) Spinal cord. A study of spinal cord iajury
was initiated as soon as suitable pion dose rates became available. Two-cm
segments of the lumbar spine in Fisher 344 rats were irradiated with graded
doses of either pions or x-rays, at dose rates orf 80 rad/mig. Oune-, 5~ and
15-fraction treatment schedules were used. Animals were observed weekly for
signs of paralysis, for up to one year post-irradiat:ion.

The results are summarized in Figure 65.
The percentage of paralyzed animals in each irradiat:oa group (5-12 mice per
group) is plotted as a function of dose for 1-, 5~, and 15-fraction treatment
schedules. Corresponding values of EDgo and RBE are given in Figure 66. As
can be seen, the RBE of pions for spinal cord paralysis increases from 1.3 for
single=-fraction exposure to 2.1 and 3.2 for 5 and 15 fractioms, respectively.
These RBE values are indeed higher tham values that have been measured for
other normal tissues. They are, however, coansistent with data obtained by van
der Kogel for neutroms.2® This is shown in Figure 67, which plots EDgp
versus fraction oumber for pions, neutrons, and x-ravs.

[t should be noted that the increase in RBE
with fraction oumber for both pions and neutroas :is primarily the result of ao
increase in the EDgg's for the control irradiations. The EDgqg for pioas or
other high-LET radiation, e.g., neutrons, varies slowly with fraction number.

(d) Colom. A system for studying late fibrotic
and vascular injury in the colon of rats has been described by Black et 1;.,“

and preliminary pion studies (one, two, and three daiilv fractions) were reported
previously.

A 10-fraction colon experiment in rats has
recently been completed. The high total doses required for a 10-fractiom
experiment (2500-7000 rad) proved to be problematic, as most animals ia the
high~dose groups died due to overexposure of the gut before long-term colon
injury could be manifest. Consequently, the 10-fraction study was repeated,
using an improved collimstor design for both pions and x-rays. In the repeat
experiment, animal survival rates were satisfactory, and both pion and x-irradi-

ated animals were sacrificed at 44 moaths post-exposure. Results are being
analyzed.

(e} Brain. Several possibilities have been
explored for studying the late effects of pion irradiatiom to the brainm.
There are two problems involved: (i) the choice of a suitable biological end-
point, and (2) dosimetric difficulties of irradiation. For small animals,
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such as rats, it is difficult to ensure long-time survival after whole brainm
irradiation, because of concurrent radiation :njury to the ora. cavity and
esophagus.

Using a finely collimated picn beam and a
specially designed bolus, single-fractiom test irradiations of whoie braia
were made on a4 group of aine rats, at doses of 1000-2500 rad. Conocurreat
irradiation of control animals to x-irradiation of 1500-3000 rad was also
performed. All animals were sacrificed, and gross morphological and vascular
damage to the brain is being evaluated.

(£) Lung. Three studies involving radiatiom-
induced lung death and/or collages deposition initiated by Yubas et al., but
none of the mice successfully survived the treatment. The mice uniformly
developed chronic pneumonia and die. A new series of lung experiments bave
been started, as described under Methods of Procedure.

(3) Mechanism studies

(a) Negative versus positive pions. Bagshaw
initiated a series of studies on growth delay of MCa~11 MTS exposed to anegative

pions, positive pions, and x-rays. As described above, the primary difference
between negative pions and x-rays was a smaller threshold for pioas before
detectable growth delay was observed. Positive pions in these experiments
produced results indistinguishable from those of x-rays. This finding indicates
that the "star" formation produced by pirons is largely respomsible for the
reduction in threshold.

(b) Radioprotection agaiast pions. The respoa-
siveness of CHO cells to sulfhydryl (cysteine) radioprotection was compared
for 2-cm peak pions and x~rays. Results of this study, summarized in Table 34,
demonstrate that cysteine is nearly as effective in protecting agaianst pionsg

a2s against x-rays. This is consistent with the fact that the vast majority of
peak pion radiatiom is low LET.
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TABLE 34

ABILITY OF CYSTEINE (8mM) TO PROTECT
CHO CELLS AGAINST EITHER 2-C¥ PEAK PIONS OR X-RAYS

D
o
Cose
Control Cysteine Reduction Factor
X-rays 127213 23121 1.82
Pions 132211 223214 .71
Neutrons* 637 904 1.3

*Performed at ORNL in 1974 and presented for comparisoa.
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3. Specific Aims

a. To establish the RBE for pions as compared to kilovoltage
x-rays for fractionated pion irradiation in the iaduction of acute isjury to
the mouse skin and intestinal aucosa.

b. To study the late effects of clinically useful pion beans

on the rat cervical spinal card by analyeis of pbysiological and histological
endpoints.

c. To study the late effects of clinically useful pion beams
on the rat kidney by means of serial, noninvasive radioisotope scangsing and
correlation with histopathologic findings.

d. To study the late effects of clinically useful pioa beams
on the mouse lung as assayed by physiological and histopathological eadpoints.

e. To study the late effects of clinically useful pion beams
on the rat rectum by means of morphometric¢ analysis.

f. To study the late effects of pion irradiation on the mouse
lens.

g. To characterize the patterns of cell-killing and RBE for
clinically emploved pion beams including static, fan, and spot beams, as well
as varying field sizes and range-modulated peaks using cultured cells in gel.

h, To study mutagenesis and transformation by pioas usiag
cultured cells and carcinogenesis by pions using the same animals irradiated
in the late effects studies.

i. To facilitate cooperatiou between other institutions
involved in pion biomedical research in Vancouver, B.C., Canada, and Villigen,
Switzerland and this project in terms of cowparison of biology protocols and
results as well as development of complementary programs.

4, Methods of Procedure

Cell culture studies using the gel-tube suspension system
similar to studies reported in the progress report will be used to characterize
the spectrum of static and dymamic beam tunes used in therapy. These studies

complement dosimetry studies and guide the development of range-shifter functions
and treatmeat planning.

Cell culture studies performed during September and October
1980, have established that the distal region of the Bragg peak is more bio-
logically effective than the proximal region and that the biological effec-
tiveness of pions decreases significantly with increasing peak width. The
differences in bioclogical effects could be larger for fractionated doses. We
propose to study the RBE for acute reactions to fractionated doses of pioas
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for various peak widths commonly used in radiotherapy, using techniques assessing
survival of mouse intestinal crypt cells and desquamation of mouse skia.

Since the late effects studies are vervy costly, we propose to
study the late effects of pion radiation on normal tissues (rat cervical
spine, kidney, and colon and mouse lung and lens) using a pion beam with the
smallest peak width (6 cm) used in therapy. A larger peak width of 14 cm will
also be used for cervical spinal cord studies later. The response of murinoe
tumors as compared to mouse skin and gut will also be studied with pion beams
of 6-cm peak width to document the relationsaip of RBE for tumor and normal
tissue in the same systea.

a. Beam uniformity studies. Some of the range-shifter functions
used in conjunction with the static beams curreatly used in therapy have been
verified as producing uniform cell-killing across the peak region by studies
of cultured hamster cells (V79) suspended in gelatin (see the progress report).
Such measurements will be made for additional treatment tunes required for
thorough characterization of beams employed in patient treatment. Dynamic
treatment plans using "fan tunes" and "spot tunes”" are under developmeant. The
response of cultured cells to these focused beams will also be measured by
exposing several tubes containing cell suspensions in gel oriented in different
directions with respect to the beam. The results for large static beams will
be compared with those for dynamic treatment beams.

b. Normal tissue effects

i. Acute effacts

(1) Intestinal crypt cells. Cultured cell experi-
ments indicated decreases in RBE with increasing peak width (see the progress

report). These differences are expected to be larger for fractionated doses.
Ideally, such measurements should be carried out with beams that are used
clinically. Withers' technique’2* will be used for intestinal crypt cell-survival
measurements. Since there are no differences between abdominal irradiation

and whole body irradiation in intestipal crypt cell survival, there is no need
to use any additional collimation that could change the beam quality; hence

this system is appropriate for measurements of differences in RBE as a function
of peak width ranging from é to 16 ca. Ino addition, extensive background data
using the Withers technique are available for comparison with neutrons,!2*¢
pions,?2? and heavy ions.!3% Since limited time periods are available on the
biomedical channel for dosimetry and radiobiology experiments (approximately 8
hours daily, from midnight to 8:00 a.m., and about 32 hours during weekends),
fractionated experisents can be performed only during weekends. Studies with
single-fraction, two- and four-fractions, separated by three-hour time intervals,
aod a3 limited number of experiments using up to 10 fractioms will be conducted.
The effects of variation of range-shifter functioms will also be studied using
four~fraction exposures at the proximsl, mid, and distal regioaus of the peak.

(2) Mouse skin. The mouse foot system!Z?® has been
found to be useful for studying the acute effects of heavy particles®3! and
pions.!32 It is proposed to use this system alsc to measure RBE of pion beams
of 6- and l4-cm peak widths for single and fractionated exposures. Four daily
fractions will be used, since the RBE obtained for four fractions is anot sig-
nificantly differeat from that for a iarger sumber of fractions for pions.1 3
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ii. Late effects. Late effects of radiation in general
develop in tissues with a slow turnover of cells, such as the lung, kidney,
brain, and spinal cord. These organs are the most critical dose-limiting
normal tissues, since severe damage may _ead to serious worbidity or death.

In contrast to acute effects observed, for example, in skin or iatestine,
mechanisms involved in the development of late damage are oot well understood.
In the pion radiobiology program, the following tissues of direct importamce
to clinical treatment will be studied: <{1) central anervous system (CNS),

(2) kidney, (3) lung, (4) colom, and (5) leas.

(1) CNS. This is one of the most important dose-
limiting tissues in treatmeant of a variety of tumors, inocluding those of the
brain, head/neck, lung, escphagus, and pancrcas. For studies cao the radiation
tolerance of the brain and spinal cord, the rat cervical spinal cord has been
observed to be a climically relevant model.!28'1347135 yarious syndromes of
radiation myelopathy may develop, depending on radiation dose or time after
irradiation. These syndromes are remarkably similar to those described in
patients, with regard to histopathological characteristics and time of appearance.
The two major types of irreversible delayed damage are:

{(a) Early delayed damage consisting of demye-
lination and white matter necrosis. This develops 3-6 months after irradiation,
with neurological signs of a rapidly progressing paralysis

(b) Late delaved damage, mainly characterized
by vascular injury such as telangiectasia, thrombus formation and focal hemor-
rhages. The latent period shows great variation, but usually is from 1 to 1.3
years. In most animals, the neurological signs are mild, but severe paralysis
may also occur as a result of a hemorrhagic infarction.

{rradiation of the rat lumbar spine containiag
the lower lumbosacral part of the cord and a part of the cauda equina results
in a completely different histological picture as compared to the cervical
cord. In this region, the main damage is necros:s of the nerve roots, with
the spinal cord itself well preserved, even with single doses of x-rays as
high as 6000 rad. Despite some gross similarities in dose response relation-
ships with the early delayed response in the cervical cord, the lumbar cord is
not a representative model for the whole CNS. Also, the late vascular response
of cervical cord and brain is not observed in tne lumbar region.

Uatil aow, most studies with high-LET
radiation on the spinal cord have been performed oa the lumbar region. Results
were zegorted for fast neutrons,'28:136:137 peavy jons,!38 and, recently,
pions.13? The RBE values obtained with pions of a smail volume Bragg peak are
almost as high as those obtained with 15-MeV neutroas (see progress report).
However, for clinical therapy, these small Bragg peaks will aot be used; a
spread peak of about 6 cm is expected to be the smallest beam used. Therefore,
experiments on CNS tolerance will be performed with the latter beam tuae,
using the rat cervical spinal cord as the most relevant model for human CNS.
Sioce a further incresse in peak width will show a decrease of RBE, the results

obtained with the smallest clinical beam to be used should give an upper limit
of RBE.
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In the first series of experiments, irradi-
ation will be carried out with 1, 2, 5, 10, and 20 fractioas of pioms and
x-rays with doses per fraction as low as 1 Gy.

For determination of EDgg values with an
accuracy of S-10 percent, each experiment will use about 50 rats with 5-6
radiation doses. This totals 400 rats for the four fractionation schemes with
x-rays and pions. On the average, half of these rats will develop paralysis
within six months; the otbers have to be observed for a minimum of 1-1.5
years.

In a later stage, it is eavisioaed to
repeat a S- or 10-fraction experiment with a larger volume pion beam. This
depends on whether significant differences in RBE values are found for acute
reactions ia skin and intestine.

Other aspects are residual damage aand
amount of long-term recovery. In split-dose experiments with 300-kV x-rays
and 15-MeV neutroos on the rat cervical spinal cord, the repair capacity after
neutrons wvas strongly reduced for a 24~hr interval between two fractioms.
However, with increasing time intervals, additional recovery was observed to a
similar or even greater extent for neutrons as compared to x-rays (Figure 68).
Experiments with x-rays and pions will be carried out to further elucidate the

mechanisms of long-term recovery after low- amd high-LET irradiatiom of the
Cxs.

(2) Kidpey. In the pion radiobiology program,
development of late damage in the mouse kidney has been studied for up to 15
fractions of pions (2-cm peak width) and x-rays. The model used was that
developed by Phillips,!*® in which one kidney is irradiated about 30 days
after unilateral nephrectomy. Instead of evaluating LDgp values, which is a
simple but crude endpoint, a quantitative histological scoring system was
developed.!2® The advantage of this system is that dose response relatioaships
are also derived for doses below the lethal range. Isoeffect curves for dose
versus the number of fractions shows a log-linear relationship for up to 15
fractions of pions and x-rays.!2? The steep curve for x-rays (slope 0.49)
indicates a great capacity of the mouse kidney for repair of subeffective
damage--even greater than that observed for the spinal cord (slope 0.42).
Pion irradiation reduces the amount of regair, but to a lesser extent than
that observed in the lumbar spinal cord.!3? A disadvantage of the unilateral
nephrectomy model is that the radiobiological characteristics of the remaining,
hypertrophied kidney may not be tegresentative of a normal kidney. For example,
the results obtained by Hopewelll*! for the pig kidney sbow a significant rise
in tolerance when the overall treatment time is increased from 16 to 30 days,
presumably due to repopulation. This effect was not seen by Phillips!*® in
the unilaterally nephrectomized mice, which suggests a decreased proliferation
potential in the hypertrophic kidaey.

In a new series of experiments, another
approach will be the irradiation of one kidney in the rat, with the other
kidney remaining intact. A system will be developed for monitoring kidney
function with radioactive tracers at various time intervals after irradiatiom.
The function of the irradiated left kidney will be compared with the unirradiated
right kidney as an internal coatrol. Dynamic studies with radioisotopes are
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most sensitive for testing loss of fumction, even at doses which do not cause
irreversible, lethal damage. Different tracers can be used, which are specific
for the fuaction of kidney compartmeats, e.g., Hippuran for tubular secretion
and DTPA (diethyleae triamine penta-acetic acid) for glomerular filtrationm.
Since these techniques are noninvasive, different functions can be assessed
regularly, which allows the evaluation of acute and late phases ip the develop-
ment of damage. Parallel to these functional assays, rats will be sacrificed
and development of kidney damage will be studied with the quantitative scoring
technique used in previous mouse kidney experiments.

' (3) Lung. Since carcinoma of the lung is locally
controlled by conventional radiotherapy in caly about 50 perceant of cases,
these tumors are included in the clinical pion program. Experiments had been
initiated by Yuhas and bis associates to study the effect of pions and x-rays

on the mouse lung (LDgg endpoint), but severe infections hampered the progress
of these studies.

The effect of high-LET radiation on lung
has been studied extensively by Field and Hornsey!*? and Phillips,!*3 using
death at 160-180 days as an endpoint, which is mainly related to acute pneu-
monitis. Recently, a more specific model has been developed by Travis
et al.,!%4'143 cophining quantitative histology and a noninvasive assay of
lung function in the mouse. This method employs whole body plethysmography
for monitoring respiratory frequeacy. Dose-response curves were derived after
irradiation with x-rays and fast neutrons. With this system the occurreance of
early and late waves of damage has been quantitatively assessed.

. Recently, a pilot experiment was carried
out with 1, 2, 5, 10, and 20 fractions of x-rays and pions. From two moaths
after irradiation, animals started to die with radiation pneumonitis without

signs of infection. Dose-response curves for the early phase of damage are
expected mid 1982.

The whole body plethysmography svstem is
now used ian Los Alamos, and base-line data are similar to other straips of

mice. A more detailed analysis of the respiratory pattern in early and late
waves of damage is planned.

(4) Colon and rectum. Late fibrosis and mucosal
injury to the lower intestinal tract is a serious complication after irradiation
of pelvic tumors with x-rays or fast neutrons. To evaluate the effect of
pions, a system for histological scoring of changes in the mucosa and submucosa
of the rectum has been developed.!* The main components of the observed
submucosal damage are fibrosis and vascular sclerosis. Single dose and frac-
tionated pion irradiations (up to 10 fractions) have been done with a narrow

(2-ca) Bragg peak. Additional experiments will be carried out with a clinmically
relevant beam of § m.

(5) Lens. A significant amount of radiation may be
given to the lens of the eye during the course of pion radiotherapy for tumors
in the head and neck or brain. Ha{or concert >3 that high-LET radiations have
a high RBE for lens opacification.'5* Experiences with neutrons indicate that
the RBE of fast neutrons is a function of dose (varying from 10 to 50, with a
higher RBE at lower dose regions). Although one can alleviate the incidence
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of cataract formatioa by usiamg fractionated treatment, 5% it is yet to be
tested if such fractionation can lower the incidence of lens opacificatioa for
pions. We propose to study the effects of pious om mouse lens using single
and four fraction doses. We intend to use nonanesthetized mice under the
study design proposed by the group at TRIUMF.!5® The endpoint for the RBE
determination is the time required to achieve cataracts in 50 percent of the
mice irradiated. Preliminary studies iovolving siagle-fractionm x-rays as well
as pions are in progress at Los Alamos.

iii. Mutagenicity and oncogenicity studies

(1) In vitro studies, Mutagenic and oncogenic
properties are important aspects in evaluating new therapeutic modalities.
For x-rays, experience has shown that the oncogenic risk from such therapy is
considerably surpassed by the potential benefits. Mutagenicity and oncogenicity
studies using cultured mammalian cells may not be of clinical relevance.
However, with significant prior experience in oncogenicity of x-irradiatioa,
in vitro comparative studies between x-rays aund pions will provide a clue in
the evaluation of mutagenic/oncogenic characteristics of pion beams. Previous
studies by Li bave indicated that the slope for mutants per 10% survivors
versus dose is three times steeper for pioans tham it is for x-rays using the
hvpoxanthine-guanine phosphoribosyl transferase (HGPRTase) locus in CHO cells
(see the progress report). When the mutagenicity of alpha particles from
plutonium was compared to that of x-rays using the same cell system, plots of
mutation frequeacy against survival showed that, relative to x-rays, the
probability is greater that a lesion from alpha particle irradiation will
result in an inactivation (cell death) than in a mutagenic event.l'3? Extensive
review of ig vitro transformation studies invoiving high-LET radiation has
been published by Yang and Tobias.158

Because of variations in neutrom coatribution,
radiobiological properties of pioa beams vary, depending on the peak width for
a given field size. Therefore, we intend to continue to measure the mutagenic
characteristics of pion beams with different peak widths. For mutagenicity
studies, CHO and human embryonic fibroblasts will be used, and, for traansformation
studies, Syrian hamster cells (3T3) will be used. Cells will be irradiated in
water phantom at 37°C with one fraction or two fractions given three bours
apart. The data obtained will be matched with the survival data to correlate
the mutagenicity or transformation rates in the surviving fractions. Preliminary
studies using x-rays and alpha particles for one and two fractions are in
progress, in collaboratioa with the members of the Molecular Biology Group in
the LANL Life Sciences Division.

(2) In vivo studies. As described earlier, the rats
that will be exposed to pions or x-rays for CNS late effects and other normal
tissue late effects studies will also be followed for radiation-induced tumors.
All the animals that develop tumors will be examined hiscologically.

c. Pion RBE and tumor cell differentiation. Historically,
the rationale for proposing cancer therapy with high-LET radiatioas was to
overcome the resistance of hypoxic cells. The rationale for using high-LET
particles is that they may produce greater effect on tumor cells for a given
effect on normal tissues. The radiobiologic and cligical experience with fast
nseutrons indicates that the RBE on normal tissues, especially for late effects,
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is rather large; hence, there may not be a uniform therapeutic advaatage for
high-LET radiations for all tumors. The Amsterdam group coancluded after an
extensive series of investigations with human pulmonary metastases that there
is a correlation between histologic tumor grade and volume-doubling time and
between RBE and volGme-doubling time, suggesting as advastage for high-LET
radiations oaly for slow-growing, well differentiated tumors.!3? We believe
this important observation should be explored in nigh-LET programs. About
7,000 patients have been treated with fast neutrons, but a definitive aaswer
is still not available as to whether fast neutroans improve local tumor coatrol,
as compared to local control with conventionsl amegavoltage radiotherapy. The
Amsterdas group has speculated that good results for some tumors may be counter-
balanced by bad results for other tumors, thereby confounding a resolution to
the assesssent of improved local control.

Since it is difficult to accumulate such extensive
clinical experience with pi mesons or heavy ions, it is of paramount importaance
to develop methods that would help screen patients who would have a better
proguosis with high~LET particles than with conventioaal radiatioa. We propose
to initiate such a research program in a small scale. We intead to start
with our existing rodent tumor lines (well differentiated and poorly differ-
entiated adenocarcinomas) and to extend these studies with more relevant tumor
systems and to measure RBEE of these tumors by means of growth delay/colony
formation ig vitro. These RBE data will be compared to the RBE of cormal
tissues such as skin and gut to test whether there is any correlatica between
response to pions and tumor differeatiation. We will also examine, from
patient records, the tumor response of patients treated with pions or x-rays

in this program for any correlation between tumor differentiation and tumor
respouse.

5. Anticipated Results

Anticipated results from the biology component of the program
are:

a. Biological dosimetry information will be obtained by means
of cell culture systems and experimental animal systems to verify and/or
modify pioa therapy beams of various dimeunsions to enhance uniformity of
cell-killing across the peak.

b. RBE values of fractionated doses of pion beams for acute
effects (mouse skin and gut) and late effects (rat cervical spinal cord,
kidney, and colon and mouse lung and lens) will be determined to provide
guidance on late pormal tissue responses for the therapy prograa.

¢. Studies in cell systems and in rodents will provide infor-
mation for cowparison with the expectation of mutagenicity and omcogenicity
after x-irradiation.

d. Determination of tumor RBE for well or poorly differentiated
tumors compared to RBE's for mormal tissues will provide information on expected
therapeutic gain with pions.
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6. Significance

The biological component of this proposal is primarily aimed at
assisting the clinical program. Experimental data obtained will be used to
assist the therapy program in terms of biological dosimetry (uniform cell-killing
across the beams), RBE values for various dose-limiting normal tissues (including
isoeffect slopes so that RBE values can be extrapolated to different fractionation
schemes), and iaformation oa carcinogenesis.

7. Facilities Available

The LANL Life Sciences Division has excelleat laboratory facilities
for the proposed study, in additica to the expertise in the fields of molecular
biclogy, cellular biociogy, mammalian biology, and flow cytometry. Excellent
facilities in pathology are available at UNM. Animal facilities, accredited
under NIH guidelines, are available at LANL and at the UNM Medical Center for
housing animals irradiated ino these studies.

8. Collaborative Arrangements

Collaborative arrangemeats with E. Travis, Ph.D., of the M.D.
Anderson Cancer Center, Houston, for late effects studies of lung are described
under Methods of Procedure. The collaboration between the LANL Life Sciences
Division and the UNM Department of Pathology, as well as the additiom of Dr.
van der Kogel from the Radiobiological Institute of the Orgaaisatica for Health
Research, TNO, Rijswijk, The Netherlands, are also described above. Other
potential collaborators who may be able to coatribute new information and/or
techniques to these studies w1ll be sought as the need indicates.
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D. Core Component

1. Investigators
Name Title

Robert D. Moseley, Jr., M.D. Co-Principal Iovestigator

TBA Co-Principal [nvestigator
Chief, Radiation Oncology, CRIC
Kincaid Davidson, M.S. Program Manager, CRTC/Los Alamos
TBA Grants Management Specialist,
CRTC/Los Alamos
Antoinette Garcia Program Specialist II, Protocol
Office, CRTC/Albuquerque
TRA Program Specialist II, Protocol

Office, CRTC/Los Alamos

2. Introduction

a. Objective The objective of this component is to provide
adequate administracive, logistics, and data canagement support so that clinical
trials of pioca radiotherapy can be conducted as expeditiously and cost-effect-
ively as possible.

b. Rationale. The cooduct of the clinical trials program as
a2 cooperative effort between the UNM/CRTC in Albuquerque and LANL in Los
Alamos creates the need for an administrative structure capable of supporting
the staffing, patient interchange, and communications between two institutions
90 miles apart, as well as the usual requirements associated with scieatific

documentation, patient data management, technical administration and fiscal
admigistration.

Admipistration, CRTC/Los Alamos. Logiistical support and
technical and fiscal administration for the Los Alamos-based coamponents of the
pion clinical and scieatific progras are supervised by the Administrative
Office, CRIC/Los Alamos Kincaid Davidson, Programs Manager. The group handles
technical/fiscal monitoring, accounting, budgeting, patient reimbursements,
reimbursements to health care providers, purchasing, perscnnel, and related
matters for the CRTC/Los Alamos staff. All documentation flows through the
appropriate units of the CRTC/Albuquerque (F. Jackson, Administrator, CRTC/
Albuquerque) and then to appropriate units of the UNM Medical Center. The
group also assists in arrangesents for patient and staff bousing and trans-
portation in Los Alamos, arrangemeats for visiting scieatists, and liaison
with the KCI, LANL, the Los Alamos Medical Center, members of the Pion Program
External Advisory committee, the Radiation Therapy Oncology Group, and other
organizations, as appropriate.

Mechanismes for billing appropriate medical costs for pion
patients to third-party providers are being streamlined to maximize recovery
of costs at rites comparible to those for routine radiotherapy, and to document
costs not recoverable from third parties. These improvements are resultiang in
more timely and complete billing and improved collectioans. Funds received
from this source are credited to the grant in proportion to momey collected.
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The adainistrative staff 1s housed in offices in the Pion
Biomedical Facility. With funds provided by the DOE, LANL implemented major
modifications to the Pion Biomedical Facility to accommodate installation of
the EMI 7070 whole-body CT scanner and associated peripherals and a new treat-
ment planning area. The pion chanoel control room was expanded to accommodate
a new PDP 11/70 computer and physics data acquisition equipment. The staging
area was expanded to permit the simultaneous set-up of two patieats. Another
room was converted for use as a patieat casting room, permitting separation of
Lightcase manufacture from bolus/collimator work. A oew kitchenette was
installed for on~-site preparation of patients’ meals. As a result of these
space conversions, nevw quarters wvere added to replace lost office and conference
room space. LANL procured a prefabricated building and a trailer, located

next to the Pion Biomedical Facility, to provide offices for displaced staff
and confereace space.

The CRTC Protocol Office will be staffed with one person
in Albuquerque (A. Garcia), and onme half FTIE in Los Alamos to provide logistics,
scheduling data management, and related support to the pion program. The
difficulty of coordipnating patinets and records between the Los Alamos and
Albuquerque facilities, and the fact that patients are coming from throughout
the United States for pioa therapy and follow-up, bas required logistical
support in excess of that normally needed for data management ia comjunctien
with clinical research protocols.

3. Specific Aims

a. to provide fiscal, personnel, logistical, and other

operational support related to delivery of pion radiation therapy in Los
Alamos.

b. To serve as UNM/CRTC liaison with various LANL ugits
participating in or supporting the pion program.

c. To assist in plaaning and coordination of the pion
research program.

d. To serve as liaison with referring institutioas,
visiting scientists, members of advisory groups, the RTOG, the NCI, and other
organizations and agencies concerned with the pioa program

e. To prepare and process protocols, consent forms and

progress reports for the piom program, for assurance of protection of human
subjects.

f. To monitor (technically and fiscally) expenditures
incurred in the pion program, to easure cost-effective utilization of resources.

g. To serve as liaison with medical providers and agencies

providing third-party payment, to promote cooperation in provision of and

reimbursement for services to patients participating in the piom climical
studies.
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L. Methods of Procedure

The Los Alamos administrative offices of the CRTC are
located at LAMPF, within the Pion Biomedical Facility. The staff serve all
CRTC persconel working in Los Alamos, and LANL scientists working on the
program as needed.

Communications between the CRTC in Albuquerque and CRTC
staff based in Los Alamos are simplified by having access to the LANL ceatrex
phoune system (which permits direct dialing to any phone in Albuquerque at no
charge to this program); access to the FIS for long-distance calls (other tham
Albuquerque); access to official use of Ross Aviation for transporting corres-
poadence and patient records and films by plane; and access to official taxi
service for transporting patients and staff to and from the Los Alamos airport
and business locations (e.g., Los Alawos Medical Center, Pion Biomedical
Facility, patient apartmests, etc.) for patients and staff who do not have
automobile transportation. Mamny CRIC staff routinely drive to and from Los
Alamos in their own or UNM vehicles. These staff also routigely transport
correspondence, packages, and small equipment between the two cities.

The LANL administrative staff has been most cooperative
and helpful to this project in procurement of space, office equipment, and
surplus scientific equipment; freight transfers between Albugquerque and Los
Alamos; and in various ather ways. Lines of communicatioca and cooperation
between the CRTC and LANL administrative staffs for the conduct of this program
are well established.

All CRTC administrative paperwork that originates in Los
Alamos flows through regular channels of the CRTC and UNM, so that CRTIC opera-
tions in Los Alamos are a satellite extentioa of the UNM/CRTC, not a separate
operation. As clinical operations have become more routine and sufficient
information has become available to justify reimbursement from third parties
for costs patients would incur if they were to receive conventional therapy,
the billing program for piom protocol patients has been expanded to promote
exigum recovery of costs from third parties. The funds generated through this
program offset the amount of support requested from the NCI.

Patients who come to Albuquerque from pretreatment evaluation
or follow-up are housed in a local motel for procedures performed in Albuquerque
and then either fly via Ross Airlines or are transported by car to Los Alamos
for clinical examination, casting, CT scanning, and simulation (new patieats).
Those who are in Albuquerque for diagnostic work-up, clinical examinatioa

and/or CT scanning (new and follow-up patieats) are brought to the CRIC each
day by cab.

In Los Alamos, patients are housed in one-room efficiency
apartments each with two beds, located next to {(and owned by) the Los Alamos
Medical Center. Patients may cook their own meals or eat in the hospital
cafeteria. Two patients can be boused in each unit. However, when a CRTC
physician certifies that it is medically indicated to have a family member
accompany rhe patieat, the efficiency umit is assigned to the patient and his
family member. In the past, this has resulted in cost savings because it
reduces the need for home aursiaog care and often nakes the difference between
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vhether or not a patient needs to be admitted to the hospital. The same
policies apply to out-of-town patieants being given comventional treatmeat in
Albuquerque as an adjumct to pion therapy.

Patients who require hospitaiization in Los Alamos are
hospitalized at the LAMC; the LAMC also provides ambulaoce service and emergency
service when needed. Clinical coansultation is also provided by Los Alamos
specialists (e.g., internists, cardiologists, surgeons, etc.) as indicated and
as experienced specialists are locally available. Patients are takea by
governmental-paid (DOE) taxi service to the Pion Biomedical Facility for their
daily treatment at no expense to this project. Local Americaa Cascer Society
volunteers provide transportation for shoppiag and sight-seeing, and arrange
social gatherings for patients with local residents.

Patiests who need hospitalization in Albuquerque are
admitted to the eight-bed cancer research unit at the UNM Hospital, when
appropriate. However, they may be placed on other services, such as the
surgical service or intentive care unit if needed. Most patipets see one or
more specialists, e.g., gastroenterologists, head and neck surgeons, or gyne-
cologists, in Albuquerque as indicated by their condition before, during or
after the course.of their treatment. Patients who may have difficulties with
the altitude in Los Alamos are referred for cardiac aad pulmonary fuactioa
studies prior to treatment. All patieats assigned to pion therapy receive an
opthalmologic exam to assess baseline lens opacity. This is re-evaluated
aonually to determine changes which may be due to high-LET radiation dose to
the lens during pion treatment. To date, no such changes have been seen. All
diagnostic studies to evaluate local disease or possible metastases are performed
at the CRTC or the UNM Hospital in Albuguerque.

All the above arrangements are scheduled by the Protocol
Office staff according to the instructioans of the respousible CRTC radiation
oncologist or other physician. Ia addition, the staff completes detailed
forms on patients after their treatment for input to the computerized pica
patient data system, as well as follow-up forms after each follow-up visit.
This system provides the data base required for analysis of a variety of
clinical parameters associated with treatment and outcome. The staff also
completes, with guidance from the appropriate CRTC radiation omncologist, all
forms required by the RTOG and various human research review committees re-
garding patients accessed to the pion program. Detailed CT scan files and
othe files related to treatment are maintained by the Protocol Office staff

for referrence by the CRTC radiation oncologists, physicists, and others as
needed.

S. Anticipsted Results

It is anticipated that methods aad procedures for continued
support of the pion clinical trials through the remainder of the experimental
phase, and beyoad as a routine medical treatment if the results of climical
trials so warrant, are firmly established, but will continue to be streamlined
and otherwise improved during the course of the proposed project period.
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6. Significance

The administrative and logistics processes and procedures
developed as part of this cooperative effort between the CRTC and LANL are
transferable to other sites where heavy particles are being investigated in
cancer therapy as a cooperative effort betweea aajor medical centers and
accelerator facilities. There has already been considerable cross-transfer of
information with other facilities, and this will continue. More significaatly,
services proficed by the core componeat help to ensure the success of a joint

scientific effort conducted by the CRTC and LANL physically spearated by 90
miles.

7. Facilities Available

The full administrative facilties of UNM, CRIC and LANL are
available to this project. Office space for the CRTC staff in Los Alamos is
provided by LANL at no cost to this program, along with utilities, phoae
service, aand other support.

8. Collaborative Arraogements

Collaborative arrangements are well established with health
care providers in Albuquerque and Los Alamos, as well as vendors of necessary
supplies and equipaent. The Los Alamcs Medical Center provides the majority
of the logistical support to the clipical component of this program (e.g.,
patient housing, inpatient serviced, outpatieat services, clinical supplies,
etc.), under a blanket purchase agreement with UNM. Arrangements are also
well established with the Los Alamecs chapter of the Americao Cancer Society
for personal assistance to patients and their families while they are in Los
Alamos, particularly to those who do not have access to an automobile.
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l. Kalodney, L.; Eaton, P.; and Black, W.C.: Exerbation of Cushing's Syudrome during -

Piegnancy: Report of a Case. Journal of Climical Endocrinologv and Metabolism 36:
81-36, 1973.

(B8]
.

Olds, J.; Langley, J.; Black, W.C.; and Lueter, R.: Maligmant Mesothelioma Producing
Iotractable Pulmonary Congestion. Archives of Iaternal Medicine 134: 162, 1974.

Caa

3. Black. ¥W.C.; Introduction to Neoplasia, Parts ! and 2, Audio Visual Presentation (60

minutes). Produced by the Given Iastitute of Pathology, Aspen, Colorade; Uaiversity
of Colorade, 1974.

4.  Black, W.C., and Mesuswen, R.: Neoplasms of the Ovary. Audio Visual Presentation (45
minutes). Produced by the Given Institute of Pathology, Aspea, Colorado; University
of Colorado, 1974.

i.  Black, W.C.: The Cytological Basis of Cancer Diagnosis. Audio Visual Preseatatios
(30 ainutes). Produced by the Given Institute of Pathology, Aspem, Colorado, University
of Colorado, 1974.
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:iliam C. 3lack, ¥.D. _ .
Lographical Sketch Mgoseley, Rabert D., or., M.I,
ige 2

"lack, W.C.: Audio-Digest, Chromic Liver Disease: Pataological Zlassification.
amily Practice Series, Volume 22, Number 47, 1874,

Tung, K.S., and Black, W.C.: Association of Renmal Glomerular and Tubular [zmune
Complex Disease and Aatitubular Basement Membrase int:ibody, Laboratory Iasvestigatiom.
Iaternatiocaal Academvy of Pathology 32: 136, :975.

Stricklaad, R.C.; Black, W.C.; Husby, G.; aod Williams, Ralph Jr.: Zeripheral Blood
and Iotestinal Lymphocyte Subpopulatioms in lroan’'s Cisease, GUT 16: 847, 1975.

Black, W.C., and Gomez, L.: Lace Effects of X-Irradiation omn the Rectum of the Rat.
Proceedings of the Radiatioz Research Society, Jume, 1976.

3. Black, W.C.: Flyfishing the Rockies. Pruerz ?ress, Boulder, Colorade, 1976.

i. Black, W.C.; Xey, C.; Carmany, T.; and Herman, D.: <larzinoms of the Gallbladder im a
Population of Scutiwestera American Iadians. Cancer :9: 1287, 1977.

3

2. Kligerman, 4.M.: Black, W.C.; Tuhas, J.Y4.; Doberneck, R.C.; 3radbury, J.; and Xeisey,
C.4.: Currear Status of Clinical Piom Radiocherapy. Radiology 123: 439-492, 1977.

(%)
.

8lack, w.C.; Bordin, G.M.; Varsa, E.; and HEerman, D.: Jistalogical Comparison of
Sreast Carcinomas Among a Population of Southwestera Americaa [ndian, Spanish American
ind Anglo Women. American Jourmal of Clinical Patlolowy, 71:142-143, 1979.

-. Black, W.C.; Gomez, L.; Yuhas, J.M.; and Kligerman, 1.¥.: Quantitatiom of zie lLate
Effects of X-radiation on the Large latestine. Camcer, 45:444-431, 1980

wn

3lack, W.C.; Key, C.R.: Epidemiologic Pathology of Cancer in New Mexico's Tri-Ztibm:c
‘opulation, Patlology Annual, ia press.

3. lack, W.C.: Hooked on Flies. Winchester Press, ia press.

Kiigerman, M.M.; Tsujii, H.; Bagshaw, ¥4.; Wilsom, S.: Black, W.C.; Yecttler, T.; and
Hogstzom, K.: Curreat Observatioas of Pion Radiotherapy at LAMPT. [a Treatzeat of
Radioresistant Cancers, eds., M. Abe, X. Sakamoto, and T..L. 2hillips. Amsterdam:
Zlsevier/North-dolland Biomedical Press, 1979, pp. 143-157

3. Black, W.C.: The Morpbogenesis of Gallbladder Carcinoma, Festscarisit far Dr. Railaele
Lattes, American Journal of Surgical Pathology, :a press.

-y

-321-

\ 0 q \ b b 2 00133521.322



Give 1ne igllowing 1n ormgnien ©F 1ey grog €3 187Q . o~
Principal invesrigetors Frogram Tirecror, Photccopy this sse€ ior escn oeriar.
fTiThi I BIAIRCATE ima Jor In/
Aot . 13

15:;:5 Mezber, XP-1, Medium
Pleas Stuart 3owliag | Energy Physics Division, LiNL _

EDUCATION (Boworn with hocsmiauroare tr¥ining evd Iacivse sosrcoctorail

. YEAR FIELD OF STUDY
INSTITUTION AND LOCATION | OfcReE CONFZRRED
.E. } | Zagineerin

| 3.S.
| 4.3, ! ]

(4]

vz ) ' Zlectzical §& 3iozedic

")
i

~ rofe
RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Consivding =i™h sresent position, {150 In arownologas! srvor :'”-:o non::.::.-:.‘
ond honers. (nsivée presont membershio en eny Fodorsl Covemmont Publia Advisory Commitroe, Listl, in sheonsiopi esder,
— - an o subliceriong, sesecislly moce mest pemiasar to s ensiiganon. Do net socosd I seves,
. 4 o - P .

1262-1966 Russian Translator,
1966-1967 Card Punch Operacor,
1963 : Research Assistant,
1969 Electronics Technician,
1969 Eagineering Assistanc,
1970-1974 Systams Desiga Engi
1974-197S Computer Engineer
1876-1978 Pzoject Manager,
.878-19709 Staff Member, Nevada Test Site, Los Alamos Natiomal Laboratory, Yew Yexico
1979-preseat  Staff Member, MP-3 Medium Energy Physics Division, Los Alamos National
Laboratory
=
M. PAGE .
Row, 10/TY ’
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3JOCRAPHICAL SKETCH

Cove the (ollowing inioemetion {ar wey oreies yiongi gersannel 113148 on doae I, pgannInG Wi Ine
Princinal lnvesngatoe/Program Director, Phetecapy N1t pase ter eocn 2ur30A.
TITLE BIATHOATE (man.Jov, Tas

Sroup Leader, LANL

whnt

|
Janes Y. 3radbury, h.J. i

t

EDUCATION (Beain wth hoctaioureme roinine end Incivde sasrdecrored)

: : YEAR |
INSTITUTION AND LOCATION ] DEGREE | CONFERRED | FIELD OF STUDY
t B.A. ' | pPhvsics
?h.D. : i Thvsics

LY
IESEANDH ANO/OR PROFESSIONAL EXPERIENCE! Consiuding with peosen? pesitian, 11at (n cheanaiopisel svder proviaws smployment, P )

wnte, and hoasri (ngivie prasont memborshie an evy Fodorel Covemment Pubile Advisary Commitres, Liat, in shronslogionl erder, S fitias ond

eIt rPIIONEsE 10 FOETR re VOSSN IENVE Pu blimhens, cssesially mese mant parsinent 1 s sseiicanca. w.

(323-1%60 msisurm. High-Energy Physics lZaboratory, —

374=1976 Altsrnace Group Leader, Practical Applicatiems Group, Jedium Zaergy Physics

. Division, Los Alamos Scientific Laboratory, New Mexico

:78=present  Group Leader, Practical Applicactioms Group, Medium Zaezgy 2hysics Divisien,
Los Alamos National Laboratory, New “exico

3LICATICNS

Leon, X.; Bradbury, J.N.; Gram, P.A.Y4.; Hutson, R.I1.; Schillaci, 4.E.; Hargrove, C.X.;
and Reidy, J.J.: Observation of the Repulsive Nature of the P-Wave Pion-Nucleus
-ateraction at Large Z. Phvsical Review Letters 37: 1135, i975.

jradbury, J.¥.; Kaapp, £.A.; and Rosen, L.: Technology Programs at a Meson Factory.
favsics in Iaguscrvy : 75-79, 1976.

caniel, H.; Reidv, J.; Hutsem, R.; 3radbury, J.; aad Helland, J.. TucoDimensiAnal

re

"isualization of Stopping Piom Distridutioms. Radiation Researca 68: 171-176, 1976.

%ngls. H.I1.; Awschalom, M.; Bradbury, J.; 3ovd, T.J.: Bush, £.; Coulsea. L.; Dicello,
J.F.; Faulkner, R.; Jameson, R.A.; Johnsen, S.; Kanpp, Z.i.; Smith, A.; Stovall, ..; )

Suen3093 D.A.; {nd Theus, R.: Fast Neutroas Dosimetry and lonm L. aear accslerators.
Proceedings of Workshov of Physical Data for Neucrom Josimetrr, .976.

Kligerman, M.M.; Black, W.C.; Yubas, J.M.; Dobermeck, R.C.; Bradbury, J.4.; and Kelsey,
C.A.: Current Status of Pion Radiotherapy. Radiology 125: 439, 1977. s

Sgi:h. A.R.; Rosen, I.I.; Eogstrom, K.R.; Lane, R.G.; Kelsey, C.A.; Amols, H.I.;
Richman, Cf; Berardo, P.A.; Helland, J.A.; Kittell, R.S.; Paciotzi, M.A.; and Bradbury,
J.N.: Dosimetry of Pion Therapy Beams. Medical Phvsics 4: 408, 1977,

Paciotti, M.A.; Bradbury, J.N.; Kaapp, E.A.; Hutsom, R.L.; Rivera, 0.4.; and Laubacker,

D:: Tuning the Beam Shaping Section of the LAMPT Biomedical Chamnel. IEE T-ansactions
of Nuclear Science 24: 1058, 1977.

~
.
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iographical Sketch

Page 2

8. Banson, K.¥.; Bradbury, J.N.; Canpon, 7.4.; Hutsom, R.L.. Laubacter, D.B.; Macek, R.;
Paciotti, M.A.; and Taylor, C.A.: The Application of Protons to Zomputed Tomography.
[EEE Transactions of Nueclear Scienmce ¥5-25: 637-660, 1978

9. Rosen, I.; Saith, A.; Lane, R.; Kelsey, C.; Lake, D.; Helland, J.; Kit:zell, R.; imols,
2.; 3radbury, <.; and Richman, C.: An Automated Dosimet:sy Data icquisition and Agalysis
Svstam for the LAMPF Pion Therapy facility. Medical 2hvsics 5: 120-123, 1978.

0. Allred, J.C.; Bradbury, J.N.; Rosen, L.; Euagerford, E.V., Kidder, H.R.; Osborme,
W.Z.; Phillips, G.C.: Pion Radiotherapy: Studies with Nuclear Emulsioas. >hvsics
ig Yedicine and Biology 23: 4, 1978.

11. Amols, H.I.; Bradbury, J.N.; Dicello, J.F.; Helland, J.A.; Kligerman, M.M.; lane,
T.F.; Paciotzi, M.A.; Roeder, D.L.; and Schillaci, M.E.: The Dose Qutside of the
Treatment Volume for Patients Irradiated with Negstive Pions. Phvsics in Mediciae
and 8iology 23: (3), 285, 1978.

i2. leon, M.; Bradbury, J.N.; Gram, P.A.Y.; Hutsom, R.1.; Schillaci, 2.2.; Hargrove, C.X.;
and Reidy, J.J.: Observation of the E2 Nuclear Resomance Zffect in Some Piomic Atoms.
Nuclear Phvsics A322: 397-407, 1979,

13. 3radbury, J.N.: DBiomedical Applications of Medium Ezergy Particle Beams at LUPF.

iIZX Traasactioas of Nuclear Science NS-26: 139-143, 1979.

i=. Dicello, J.F.; Zaider, Y.; and Bradbury, J.N.: ™eson Factories. ~Psoceedings of
i3e 3th I[nternmational Coogress of Radiatioan Researzh: 1009-1012, 1979.

+3. Paciotzi, M.; Amols, H.; Bradbury, J.; Rivera, 0.; Hogstrom, K.; Smith, A.; Inoue, iI.;
Laubacher, D.; and Sandford, S.: Pion 3eam Development for the LAMPY 3iomedical
2roiect. IEZXE Transactions of Nuclear Science NS-26: 1979.
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Cive ine follewing 1nioimenion ler Loy 0roitsiieonal oerrannel lisied on paee 2, begiaming =eth tne
Feincipal lnvestraater/Progrem Directar, Phetecooy this page ter soen persen.,

TITLl SEALZ JeRD&r, F=3, JEALUmI SIRTROATL (Me.devw Tas

Znargy Physics Divisicu, Los

Alamos National Laboracory

Ly

Will M. Forsman

EDUCATION (Bewin with bass s aureats 11eining end Iaglude se sisecraral)

TLSEARNCH AMD/OR PROFESSIONAL EXPERIENCE: Concludiag with procont pesition, i1t in aheonelsgianl arder pr ioy % :
wmge, snd hanare. lasivie prosont membershis an sy Foderel Covemmant Publie Advisory Cammittes, List, in chranclopisnl srdar, he tiries ond

L amSIetE rererentes '8 IS TRt Isprasantative subli catians, senagislly Mese meet pentiacnt te Wi eveilecanen, Qo meoe evevod 1 seovs,

Manager of Operations, Systems Programmer, [ENGGGNE

$73-1977 P
377-1980 ata Processing Manager,
380-1981 Systems Proirme:,

edruary 1981 Staff Member, MP-3, Medium Energy Physics Division, Los Alamos

YEAR
INSTITUTION AND LOCATION DECREY t CONFERRED | FIELD OF STUDY
3.8§. | ‘I Mach/Phvsics
} }j 4 vrs. graduate JoTK
] | | CoVarcs Masters in
) ; Yach
|

.

oresest National Laboratory, New Mexico
a
CL _;‘.1
3 [ £ Y1 S
Raw, 18779
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Princinal investigatar/ Program Cirector. Photocopy *his neoe ‘or socn perion.
y TIYLE I BIRTROATE ma,cew Mt

|
Cariscopher J. Gil=an, M.D. Radiation Jacologist 1_

EDUCATION (Beein wiin soccuiou/eome rainiag ond (acivae as sree crerell

TEAR v
INSTITUTION AND LOCATION DECREE CONFERRED FIELD OF STUR

wawt

o a.3. isr=w, Iialapw
! M., {pda
‘Iateraship Tamé e Dwnewine T

! lsigggcv i Tamd iy Bwuagmed s

IResiden Radigedian Tavgny

RESEARCH AND/OR PROFESUONAL EXIPERIENCE: Cancluding with p o positton, et in dhransiogisnl srder peviovs smoioyment, rusona

encs, and hanery, inglede prosen? memborship on any Fodersl Govommant Pubile Advisory Commition, List, Ia shronelegianl arder, the nilss end
seseqisily Mase mast partinant tg Whes sseilgzsnen. Be met svgved I secea.

COMmPl 000 1@IOnass M ragent re MFOONTEN ve subli senane,

:379-1981 waeat of Family Practice,

188C-1981
198l -preseat

Radiation Oncologist, dniversity of New Mexico. Cancer Researcs and Treataeat
Center, Los Alamos
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Give he fallowing infarmenian for vey prefessional cerionnel listed on page 2, deginning with me
Principal investigarer/ Program Director. Photocapy mis page for eacn persen.

- TITLE ;;u\?ncaﬂ. (M ow, Tt
= Senior Research Scientist, —
Zcoert A. Hilko, Ph.D. 3icmed l
EDUCATION (Beqin with bacrsioureare irevning snd insiuee sestes crorel)
YEAR FIZLD OF STUDY
INSTITUTION AND LOCATION ‘ DECREE I CONFERRED '
| 3.4A. } i thysics
) n.D. ! 1 2xperizencal Nuclear
| | v dhysics
[ } 1
| 1 '
e ingienl erder prew oy RETY S

ANO/OR PROFESSICNHAL EXPERIENCE:r Cancivding with prosent positen, Hat in -
-!csc“:do:.-‘:. lagivie sresent sembershia an eny Podevel Covemmant Pubile Advisery Conmives, List, in sheanclogioni onier, the ttles and

L represantenve sublientions, sssncisily these mosr soninent to Wis epwiisanen. Do 2ot sveved 1 sages.

ﬁesexrch Associate, Physics Department,
Fostdoctoral Fellow, Dept. de Phuysique,

rainee, Radiological Sciences Division,

enior Resear Scientist, Cancer Research and

Trzeatzeat Ceater, Siomed
Facilicy, Los Alamos Yew Mex:ico

3LICATIONS

'vrzaa, G.L., Mitchell, G.E., Tilley, D.R., Hilko, R.A., and Rebersoa, N.X.: The

‘C(a,a)Y14HC Reacriom from 4 to 8 MeV. Bulletiz of the imericin Phvsics Society
1s: 308, 1969.

¥crgaa, G.L, Mitchell, G.E., Tilley, D.R., Hilko, R.A., and Robersoa, N.R.: Elastic
Scatteriag of Alpha Particles on '*C from 3.5 to 16.5 MeV. 3ullecin of the imerican
Phvsics Society (1969 Winter Yeeting in West) 14: 1221, 1969.

Morgzaa, G.L., Tilley, D.R., Mitchell, G.E., Hilko, R.A., and Robersom, N.R.: States in
130 Excited by tae 1*C(7HLi,t) Reaction. Phvsics lLecters 328: 353, 1970.

dorgiam, G.L., Tilley, D.R., Mitchell, G.E., Hilko, R.A., and Robersom, ¥.R.: Study of
‘80 through !4C e a Reaction. Nuclear Phvsics als8: 480, 1970.

Nelson, R.O., Robersom, K.R., and Hilko, R.A.: Measurement of Spectroscopic Factors =
in che 24%g(d,t)33Mg and 2*¥g(d,He) 23Na Reaction. Bulletin of the American Phvsics :

Society (1971 Spring Meeting in Washingtom, D.C.) 16: 621, 1971.

Hilke, R.A., Nelsoa, R.O., Dzubay, T.G., and Robersoam, N.R.: Mass Ideatification of
Charged Particles by Time of Flight. Bulletin of the American Physics Sociecy (1972
Spring Meeting in Washingtom, D.C.) 17: 461, 1972.

Nelson, R.0O., Roberson, N.R., and Hilke, R.A.: Inelastic Effects in the Study of 23y,

aod 234g. Bulletin of the iAmerican Phvsics Society (1972 Spring Meeting in Washiagtan,
9.Cc.) 17: 532, 1972.
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Iobert A. Hilze, ?h.D.

Mocal Aonert T., ur., 4.2,
3iograpaical Sxetch
Page 2

3.

gilko, R.A.. Robersom, N.R., Yelsoz, R.0O., and Gould, C.R.: Izelastic Zffects ip the
Study of <9Al and 295i. Bulletin of tie dpezicag Dhvsics Societv (1973 Spriag Meetiag
in Washiagtom, D.C.) 18: 604, 1973.

Hilko, R.A. aod Divadeenam, ¥.: y-Decay of a Rotator-Partic.e Doorway Resomance in 295i.
Bulletin of the American Phvsics Societw (1974 Tall Zivisioznal Mesting of Nucisar Physics
at Pitisourzh, Pa.) 19: 1017, 1976.

Hilko, R.A., Roberson, N.R., and Yelson, R.0.: Incident and Ixic Channel Zffeczs in tle

-

305 (d,c)295i Reaction and Their Effect on Spectroscopic Taczors. Bulletin of the
American Phvsics Socie (1974 Fall Divisional Yeeting of Nuclear Physics at Pitisburgh,
Pa.) 19: 1033, 1974.

Cussom, R.Y. and Hilko, R.A.: Realistic Heavy lom Potestials from Constraised Self-
Consistear B.H.F. Calculations. Bullecia of the Americag Phvsics Sociery 20: , 973,

Cussou, R.Y., Rolb, D., aad Hilko, R.A.: Realistice Jeavy Jon Ad:abatic Poteatials.
Nuclear Phvsies a270: 437, 1973.

Hilko,"R.A.; Ramavataram, K.; and Rangacsaryuly, C.: %82a(p,y) Study of the Geound
State Isobaric Analogue Resomance of °%7Za. Julletia of the 3merican Phvsics Sociesv
2i: 581, 1976.

Ramavataram, X.; Rangacharyulu, c.; Szoghvy, I.; St.-?ierre, C.; and Hilke. R.A.:
Isobaric Analog Rescnances in the 3az(p,y)%%3a Reacziom. 32hysiclogica. Reviews
i7: 1383, 197s.
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Give the fellawing inisrmution for Ley preiessiensl persennei li11eG on cage 2. beginaming "M e
Princiosl |nvestigeme/ Pragram Cirecior, Phorocoey ™13 page ier secn oerien.

£ l TITLE ml'l’koﬂt \~c o T Ay
R Neuropathologiss, CIIC —
¥ario Rornield, A.D. | 2zofessor of 2achology \
SDUCATION {Beein w it $04CH SUrowe "M AINg NG ' "Tivde o0 sr00 cverw}
YEAR v
INSTITUTION AND LOCATION oECALRE CANSERRED BIELD QOF STUD

- ¥edicise

dh loeianl arder P " S80Pse
:3ZAROM unam "ullnlonn. LXIPEMENCE; Concluding wrth Mesane position, ot in " e e atien s

oo, md b ant cembenbis es e Foderel Cavemment Pubile Admasr [~ o, loist, o @ > i

sobli ily Mmese meet pernian? ‘o e “ Qo et ouv os 1 regue. !

"PISIE FOrUREPE W FEEEN?

13-94 Geaeral Pathology, Ilastitute of Pachology, Gemeral Hospiul.-

.raloese, Jivision of Neurovathology, College of Physicians apd Surgeons,

Tellow, Divisian of Neurcpathology and Otoiogical Research Labaratary,
Collage of *hysicians and Surgeons,

37-68 lastructor, Yeuropatiology, College of poysicians and Surgeoas, ’ |
e—— i
58=70 Assistant Professor, Pathology, — '
y i !
1930 Assacsace Professor, Pacsolory, (D

"3 :sent Pathologise,
Albuquerque
30-oraseat Professor, Patdology, Universicy of New Mexico, School of Medicine, Alduquezgue

ancey Research and Tceataeat Ceatar, Uaiversity of New Mex:i:o,

3LICATICNS

Appeazeller, O., and Xornfeld, M.: Macrodacec7ly and Localized Zyperctorphic Neuro-
2atdology. |Yeurology 24: 767-771, 1974.

Voraers, H#.; Vorherz, U.F.; YcConnell, T.S.; Goldberg, ¥.4.: Xornfeld, ¥.: and
-ardan, S.W.: localizatica amd Origim of Agtidiuret:c Prizipie ia Para-tadoccide-
Active Malignaot Tumers. Omcology 23: 201-218, i37s.

Korafeld, ¥.; Sayder, R.D.; MacGee, J.; and Appenzeller, O.: Tiae Oculo-Cerebral-Renal
Syndrome of Love. Archives of Neurclogy 32: 103-107, 197S. : ‘ [

Rornfeld, M.; Appenzeller, O.; Saiki, J.; and Troup, G.M.: Sea-3lue Histiocytes an§
Sural Nerve in Neurovisceral Storage Disorder witd Vertical Opchalmoplegia. Jourzai
of Neurological Science 23: 291-302, 1973.

Appeazeller, 0.; Kornfeld, M.; and Sayder, R.: Acramutilating, Paralyzing Neurgga:hy
vith the Cormeal Ulceration in Navajo Childrea. Arcaives of Neurolowy 33: 733-738,
1876.

)
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6. Tormfeld, Y4.; Sayder, R.D.; and Wenger, D.: Tucosidesis -1il Angioxeratoma: Ilectiron
Microscopic Changes in the Skia. cchives of Pathoiogy iac _lidoracary Medicige
101: 478, 1977.

Vorherz, H.; Yesser, R.H.; Vorherr, U.T.; Jordas, S.%., aoc ¥aranrfeld, ¥.: Diethyl-
stilbestrol-induced Teratogenesis and Carcic-gesesis := ats Jeceratiom P-ocsedings
IR. €4 <

8. $87, 1976.

tag
o

3. Davais, 1.E.; Sayder, R.D.; Orth, D.N.; Vicholson, w.Z.; Xorareld, ¥.; and Seelinger, 2.
Andreaoleukodystrophy and Adressomyelomeuropathy assoczated witd Partial Adfenal Iosuf-
ficiency in Three Generations of a Kiandred. American Jourzal of “edicize 66: 342-347,
1979.

1]

Vorherr, H.; Messer, R.J.; Vorherr, U.; Jordan, S.W.; and Kornfeld, ¥.: Taratogenesis

and Carcipogenesis in Rat Offspring after Tracsplacestal and Traosmammary Zxposure 2o
liezhyistilbestzol. 3iochemical Pharmacoloev 28: 1363-1877. 1979

»). Rosemberg, G.A.; Kornfeld, 4.; Stovr:ag, J.: and 3ickness, J.M.: Subcortical Arzsrsio-
sclsroc:c Sncepanalopathy (Binswanger): Computerized Tomograpay. Neurolcgw 29: 1102-i136.
i879.

.I. Appeuczeller, 0O.; Kormfeld, ¥.: and Atkimsom. R.: ?Pure Axocal Neuropatiy; Nerve Xeaograit
iod Ciinical Patbological Study of Family witld Pezzpheral Neuropatny. Hdereditary

Ataxia, Focal Yecrotizing Encephalopatiy and Spongy [egeneration of 3raia. aAanals of
Jeurology 7: 251-261, 1980.

Z. YcConnell, T.S5.; Kornfeld, Y.; “cClellam, G.; and Abase, J.: Parzial Celecion of
lSromosome 2 Mimicking a Phenotype of Trisomy 18: Case Report wita Autopsy. duman
2aziology 11: 202-205, 1980.

3. Davis, L., and Kornfeld, M.: Influenza A Virus and Reve's Svndrome ia Adults. Jourmaal
of Neuroslogv, Neurosurzerv and Psvchiatry 33: 516-321, 1980.

1. RXornfeld, ¥.: Mixed Nemaline-mitrochomdrial "“yopathiy.” Acza Yeursvathologica (3ercl:ia)
31: 185-189, 1980.

in

Davis, L.; Johnsson, L.; and Kornfeld, 4.: C(vtomegalovizus LabDvriatiitis iz ag lafanot:
distological, Virological and Immunofluorescence Studies. Submitted =3 Jourz=al of
Neurovathology and Ixverimental Neurology.
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1963 Guest Iavestigator,

o Rotatin gdiology Interaship,
!adialagy Residezt,

972=-1974 Radiologist,

1974-1976 dedical Consultant,

3 Clinical Fellow,

ales Services Division, (NN
Assistaat (linical Frofessor, Departmenc of Radiology, (SNENNENED

ctin ief, Ulvision of Nuclear Yedicine, Deparzment of Radiology,

Chief, Diagnostic Imaging,
Assistant Professor of Radiology,

1977-1979

1978-1982 Picker Foundation Scholar

1980-persent Chief, Diagnostic Imaging and Associate Professor of Radiology, Universitvy
of ¥ew Mexico, Albuquerque

Jublications

1.

Kligerman, HM.M.; Tsujii, H.; Bagshaw, M.; Wilson, S.; Black, W.C.; Yettler, F.A.; aad
Hogstrom, K.: Current Observatioans of PION Radiation Therapy at LAPF. Treatmeat of
Radioresistant Cancers. Elsevier/North Holland Bicmedical Press, 1979.

2. Mettler, F.; Schulrz, X.; and Kelsey, C.A.: Gray Scale Ultrascuography in Evaluation
of Carcinoma of the Base of the Tongue. Radiology 133(3): 781-784, 1979.

3. Mectler, F.A.: Radiographic Manifestations of Drug Toxicity. Curceat Probleas ia
Diagnostic Radiclogy, Year Book Publishers, July-August, 1979.
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berts, K.T., and Mettler, T.A.: Evaluation of the Pelvic and Abdemizal Lymphatic
System. Curceat Problems in Diagnostic Radioloev, Year 3cok Publ:.shers, Sept.-
Octcber, 1979.

Tsujii, N.; 3agshaw, M.A.; Smith, A.R.; von Essen, C.F., “ettler, F.A.; and Xligeraan,
4.4.: Localization of Structures for PICN Radiotherapy by Computerized Tomography aad
Crzhodiagraphic Projection. lotermatiomal Jourmal of Radiation Oncology. Biology. iad
thvsics 6: 319-325, 1980.

Requard, K., and Mettler, F.A.: Sonmographic Diagnosis and Zvaluatioz of Therapy in
Tropooblastic Disease. Radiology 135: 419-422, 1980.

Mettler, F.A.: Low Level Radicactive Waste: Generator's Ixperience. Nuclear Reg-
ulatory Commission NUREG/CP CO1l3, July 1980.

“et:zler, F.A. and Christie, J.3.: Scigtigraphic Patzer= of Acite Rezal 7eia Tlromoosis.
Cliaical Nuclear Medic:ize, August 1980.

Yerzler, F.A., and Christie, J.5.: Anotler Cause of Jepatic Hot 3por: (Isalated
ancmiaate Vein Obstructiom. £Clizical Nuclear Medic:ze. Jcicoer .380.

Crawford, E.D.; Peters, P.C.; Mettler, F.A., et al.: Cliaicopathologic Zonfereace:
Renal Mass in a Man with Eosiazopnilic Graauloma. Urologv 1S: 520-325, 1980.

Ball, W.S.; Wicks, J.; and Metvzler, F.A.: Positional {7 Scanning for Radiotlerapy
Planning. Amerzican Jourmal of Roeatgenologvy 133: 815-320, 3980.

“etzler, F.A.: 3Siological Risks of Medical Irradiatiom  UNSCZAR Update.
APM ¥onograoh Series, November 1980.

wicks, J.D.; Mettler, F.A.; and Schultz, K.H.: Sacterial Contamisatioa of aa Automated
~ater Path 3-scanper. Radioclogy 136: September 1980.

“etzler, F.A.; Wicks, J.D.; and Christie, J.4.: B8iliary Imaging: A Yew Look.
Current Problems in Diagnostic Radioloey, Year Book Publishers, Sept-Oct, 1980.

Mettler, F.A.; Thormbury, J.R.; and Wicks, J.D.: Diagnostic Radiologic tvaluatioag.
In Genitouripar? Cancer Surgerv, Philadelphia: Lea & Fediger.

Mettler, F.A.; Wicks, J.D.; Thorabury, J.R.; and Crawford. D.Z.: Co-exiszaat Rezal
Zosinopnilic Granuloma and Renal Ademocarcinoma. Urologic Radiology, in press.

Relsey, C.A.; Moseley, R.D.; Mettler, F.A.; and Briscoe, D.E.: Cost Effectiveness :
of Sterearadiograpbs iz Lung Tumor Detection. Radioloxy, in press.

Kelsey, C.A.; Moseley, R.D.; Mettler, F.A.; and Briscoe, D.E.: Cbserver Performance
as a Function of Viewing Distance. Iaovestigative Radiology, im press.

Requard, C.K.; Mettler, F.A.; and Wicks, J.D.: Preoperative Somographic EIvaluation of
Malignant Ovariag Tumors. Submitted to Americaa Jouraal of Roentgenology.

Rosen, I.; Hall, T.C.; Mettler, F.A.; ec al.: A Computer:zed Database System for
Yedical Diagaostic Studies (DIASTU). Submitted o Computer Programs :a 3icmedicige.
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SXPERIINCE:

5/78 = present Chairman Department of Radiology, University of
New Mexica

€/71 - prusent Professor of Radiclogy, University of New

Mexico

5/58 - /71 Pifessor and Chairman Departmnent of Racdiology,
7/57 = 7/58 Associate Professor Derat::aen: ¢f Radiology

President, Board of Directors James Picker fcuncdation

Member, Board of Directors National Council on Radiation
frotaction and }leasurenents

Chairman US Delegation ©o United Nations Scientific Cormittee cn
the Effects of Atomic Radiation

7/68 - €/71 Director Bicmedi‘iii Coru._utation Tacilities,

Moseley, R.D., Jr.: Xurt Rossmann, In Memoriam. Med. Phvsics
4: 268-269, May-June, 1977. -

Kelsey, C.A.; Moseley, R.D., Jr.; 8rogdon, 8.G.; Bhave, D.G.; and
Hallberg, J.R.: Effect of size and positrcn on chest lesion
detection. Am. J. Roentcenol. 129: 205-208, August, l$77.

Mcoseley, R.D., Jr., and Linton, O.W.: The federal government's
impact on racdiclogy. Am. J. Roentgenol. 129: 171-174, July,
1977. ~°TT 7 S - -

{cseley, R.D., Jr.: Second Imace Recepter Conference:
Radiographic Film Processing, Report of workshop I, $p. 125-127,
YEW Publication (FDA) 77-8036, August, 1977.
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3rocdon, 3.G6.; oseley, R.3., JT.; Zelsey, CT.A.; and -!a’“‘erq,
J.R.: Derzeption of simulated lung lesions. Invest:icatove
Radiolegy, 13: 12-15, Jancary-fesruary, L378.

3rogden, 3.G.; RXelsey, C.A,; and Mcseley, R.D., JT.: Tsfect of
fatisue and other chysiclogic Iactors on ccserver erce
>. Rcentzenol. 130: 971-974, May, 1978.

Moseley, R.D., Jr.: Editorial: Radiatien effects and radiologic
serscnnel. Applied Radiology. 8: 14, Novemser-Oecsoer, 1979.

Xelsey, C.A.; Mcseley, R.D., Jr.; Meetler, F.A.; 3riscoe, D.;.:
Cast Tefacciveness of Stereoradiographs in lLung Tumcr Detection,
Radiclogy To 3e Putlished 1982. .o
Telsev, C.A.; Moselev, R.D., Jz.; Mer:iler, T.A.: Sarzia, 2.7.:
Parker, T.w.; 3riscse, D.E.: Csmpariscn of Nedule Cezection <izh
70 and 120 kVp Chest Radiographs Sucmitted 3 Fadiology .s8al

Relsev, C.A.:; Hoseley. R.3., Sz.; Meczler, T.A.; Parker. T.A7.:;
Garcia, J.T.; Juhl, J.%.; 3riscoe, D.E.: The ZZffect of
Anticross-over I 4 sions on Cbserver Serfzrmance Sucmiztted
investiative Radiclogy 1981.

Xelsey, C.A.; Mettler, F.A.; Mcselev, R.D., ’r.; 3riscoe, D.Z.:
“easured E££¢c° ct Ancireflesctive Syeglass Ccatings cn Cbserver
ferfortmance Submizted to Radiclogy 1981.

Parker, T.4.; Relsey, C.A.; Moselev, R.D., Jr.; Meztler, T.A.;
Sarcia, J.T.; 3riscoe, D.S.: Cireczed vs Tree 3Searza Ior Nodules

in Thest Radieographs Acceptetd for publication in Iavest Radiol
1982.
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| Graduate Student Research Assistant, pion and kaon physics. (NN

[

870-72

Staff Member, 4P-3, experimeatal accelerator development, Los Alamos Natiocsal
Laboratory, Yew Mexico

1972-present Staff Member, MP-3, biomedical facilities development and chaznel tunming,

Los Alamos National Laboratory, New Mexico

FUSLICATICNS

1

v .

(]

'S

-8
.

Dorfan, D.; Enstrom, J.; Raymond, D.; Schwarsz, 4.; Wojcicki, S.; Miller, D.; and
Paciotti, ¥.: Charge Asymmetry in the Muonic Decavy of the X20. Phvsical Review Lettess
19: 987, 1967.

Paciotti, M.A.: Charge Asymmerry im the Muonic Decav of the KZo. UCRT-194s6, (NN

Trump, 4.A.; Machen, D.R.; Paciotzi, Y.A.; and Swensom, D.A.: Bead Perturbation Measure-
ment. Proceedings of the 1970 Particle Accalerator Conference NAL, Septemper 128, 1973.

Suenson, D.A.; Goplea, B.C.; Paciotri, M.A.; and Stovall, J.E.: Beam Measuremeats ol
tie First Tank of LAMPF. Proceedings of the 1971 Parzicle Accelerator Confsrance,
Chicago, March 1-3, 1971.

Steveas, R.R., Jr.; Palermc, J.; Paciotti, M.A.; Mueller, D.W.; Mills, R.S.; Mever, Z.a.;

Konl, D.X.; and Goplen, B.C.: Beam Measuremeancs on the High-Intensity Proton [njector
of LAMPY. LASL Report No. LA-4961-MS, May 1972.

Paciotti, M.A.; Bradbury, J.M.; Eelland, J.A.; Hutsen, R.L.; Rivera, 0.M.; and Laubacher,®
D.: Tuning of the First Section of the Biomedical Channel at LAMPF. IEET Transactioas
o8 Nuclear Sciemce NS-22: 1784, 1975.

Paciotti, M.A.; Bradbury, J.M.; Koapp, E.A.; Hutsem, R.L.; Rivera, 0.M.; and Laubacher,

D.: Tuning the Beam Shaping Section of the LAMPY Biocmedical Chansel. [IEEE Tranmsacz:ocs
ot Nuclear Science NS-264: 1058,1977.
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igmith, A.R.; Xligermaa, ¥.4.; Kelsey, C.A.; lLane, R.G.; Berardo, P.A.; 2aclocti, d.4.;
aod Richtman, C.: Treatdeat Plamniag for Negative 2i Mesog Radiazion Therapy: UNM=LASL
Ixperzeace. Iatermational Jourmal of Radiactionm Cncology. 3ioiocgy. and 2hvsics 3: 307-3ls
.877.

smols, 9.I.; 3radbury, J.; DJiceilo, J.F.; Helland. J.A.; Xligermam, ¥.X.; Lange, T.7.;
Saciotti., 4.A.; Roeder, D.L.; and Schillaci, %.3.: The Dose Outside of the Treardesat
Yolume for Patieats _-radiated with Negative Pisms. 2hvsics :p tedicine and 3iology
23: 185-296, 1978.
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Post Doctoral Research Fellow in Biophvsics,

1864-1966

1566-1968

July=-Dec. 1s1tig

1976 HSupporr.ed oy

esearch Council of .ngland

"963-1971 Associate Professor, and Guest Scieacisc ac (NN

187 1-present taff ] er, roup, Los Alamos Nacional Laboratory

JUBLICATIONS

1. Raju, M.R.; Goanapurami, 4; Martins, B.T.; Richman, C.; and 3arendsea, G.¥.: leasuremeat
of RBE and OER of ® Mesons with Cultured Human Cells. Britisa Jourznal of Radiolagy
&3: 178-1381, 1972.

<. Tobias, C.A.; Lyman, J.T.; Chatterjee, A.; Howard, J.; Maccabee, H.D.; Raju, ¥1.}.;
Smith, A.R.; Sperinde, J.M.; and Welch, G.P.: Radiological Physics Charactezistics of
zBe Extracted Heavy Ion Beams of the Bevatron. Sciemce 174: 1131-1134, 1971.

3. Raju, M.R.: Negative Pions in Radiotherapy: A Brief Review.

furovean Jourmal of
Cagecer 10: 211-215, 1974.

4. Madhavanath, U.; Raju, M.R.; and Kelley, L.5.: Survival of Humaa Lymphocytes Following
Exposure to Densely Ioniziag Radiation. ERDA Svmposium Series 37: 125-139, 1976.

s. Raju, M.R., and Jett, J.H.: RBE and OER Variations of Mixtures of Plutonium Alpha

Particles and X-Rays for Damage to Human Kidoey Cells (T-1). Radiation Research 60:
473-481, 1974. '

§. Raju, M.R.; Tobey, R.A.; Jetr, J.H.; and Walters, R.A.: Age Response for line CHO
Chinese Hamster Cells Exposed to X-Irradiation and Alpba Particles from Pluteoium.
Radiation Research 63: (422), 161-167, 1475.
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"2ju, ¥.R.: 2ions and Heavy [ogs ia Radiotierapy. Surzery, Radiotberapv and Ciemo-
lerapy of Camcer S: 161-167, 1974.

Raju, ¥.R.; Frank, J.P.; Bain, £.; aod Truiille, T.7.: The Use of Hypoxac Cell Radio-
sensitizers with Mixed X and g Radiat:ioms. Radiat:og Researca T1: 133-239, i377.

3

Raju, 4.R.; Amols, H.I.; and Carpenter, S.: A Combination 3f Sezsitizers wiza Iiga
IZT Radiatioms. 3British Jourmal of Cancer 37: Supp. III, 189-192, 1377

Raju, 4.R.; Amols, H.I.; Baia, E.; Carpenter, S.; Cox., R.A.; and Robertson, J.3.: OER

and RBE for Negative Pion Beams of Different Jeak Widths. B8riz:isd Jouraal of Radiology
52: 494-498, 1979.

Raju, M.R.; Amels, H.I.; Tcbev, R.A.; and Walters, R.A.: Age Response for Lize CI0

Chinese Hamster Cells Exposed to Peak Negative Pions. Radiaction Research 75: 213-233,
1978,

aiu, M.R.; Amols, H.I.; Dicello, J.T.; Howard, o.; ivmaa, J.27.; Xoealer, R.,; Graves,
R.; and Smathers, J.3.: A Heavy Particie Comparative Study. rFaz:z 1. Jeptld Jose
Jistributions. 3ritish Journal of Radiolsev 31: 599-703, 1978.

Raju, M.R.: Differeaces in Cell-Cycle Progrsasion Jeiavs ifzer Ixposure o *38%u<ilpha
Particles Compared to I-Rays. Radiatioa Research 84: 16-24, 1580.

Raju, M.R.; Bain, E.; Carpenter, S.G.; Jerz,  .; and Walzers, R.A.: £
lons on Svuchronized Chizese Hamster Cells. Radiacion Research 34: 152

I
-1

€<5 of Argen
57, 1980.

, L., aad
Isterzacional

Taa Ersen, C.: Effect of Fracticnated Doses of Pisns ou Normal Tissues.

Raju, 4.R.; Carpenter, S.; Tokiza, N.; Dicellos, J.F.; Jacksom, D.; Frohlick
I
‘surnal of Radiation Cncology, Biology, and 2hvsics 5: 1683-15d6. 1280.

Raju, M.R., and Richman. C.: Physical and Biolegical Aspects of Negative 2ions witd 2
View to Their Use in Radiotherapy. Currest Tspics iz Radiation Researca 8: 133-233,
372,
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artsear of Radlology,

1379-80
1980-oresent

at-eading raysiciaa,
Ssef, Neuroradiology Sec
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tion, University of New Yexico School of edicige,

TBLICATIONS

1. Seigel, R.S.; Thrall, J.; and Sisson, J.: Thyroid Accopbachy: 99 mlc Pryrophosphate
Scan aad Radiegraphic Correiacion. Journal of Nuclear Medicize 17 791-793, 1976.

2. Seigel, R.S., and Wolson, A.: The Radiographic Manifestat:ions of Chroaic ?aeumocystic
Carigii Paeumonia. American Journal of Roeptzenology 128: 150-132, 1977.

3. Borlaza, G.; Siefel, R.S.; FTischer, B.; and Xuhns, L.R.: a Yew Jouble Exposure Tech-

aique for Demoastration of Osseous and Puimonary Structures sa a Single CT Fii
American Journal of Roentgenology 130: 375-375. 1973.

- Kunns, L.R.; Siegel, R.S.; and Borlaza, G.. A S.mple Method of locaiizing the Level
of Computed Tomography Cross Sectioniag. -ourdal of Ccmputer iAss:sted Tomograohy
2: 233-234, 1978.

S. Xubns, L.R.; Seigel, R.S.; and Borlaza, G.: A Simple Method for Production of Slides
of CT Images from Multiformat Radicgraphs. Computerized Tomography 2: 45-46.

o
.

Rubns, L.R.; Borlaza, G.; Seigel, R.S.; aad Cho, K.J.: Localization of the Head of
the Pancreas Using the Jusction of the Laf: Resal Veio and the Iafarior Vesa Cava.
Journal of Computer Assisted Tomography 2: 170-172, 1978.

-~
.

Kuans, L.R.; Borlaza, G.S5.; Seigel, R.S.; and Thorabury, J.R.: Relatiooships of
External Anatomical Landmarks of the Abdomen to Vertebral Segmeats. Americag Jourdal
of Roeargenology 131: 115-118, i378.
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<ubns, L.R.; Borlaza, G.S., Seigel, R.S.; Pozderac, R.; and Simmomns, J.: Lack of
Tisualization of :he Portal Venous Tree in Cirrhesis of the Liver: a CI Finding witk

Possible Diagnostic Significzance. Jourmal of Computer Assisted Tomography 2: 400-403,
1978.

Seigel, R.S., Seeger, J.T.; Gabrielseg, T.0.; and Allea, R.J.: C(erebral Computad
Tsmography in Oculocraniosomatic Disase (Kerms-Savre Svndrome). Radiology 120(1):
ii5-164, 1979.

-

Xuhns, L.R.; Seigel, R.S.; Borlaza, G.S.; and Rapp, R.: Visualizatioa of tle Looig~
tudinal Fold of the Duodenum by CT. Jourmal of Computer Assisted Tomogramhv 3(3):
345-347, 1979.

Sorlaza, G.S.; Xuhas, L.R.; Seigel, R.S.; and Rapp, R.: The Posterior Pararesal
Space: An Zscape Route for Retrocural Masses. Journal of Computar Assistad Tomograoay
Sia): G70-473, 1679.

Sunas, L.R.; Borlaza, G.S.; and Seigel, R.S.: Rapid Sequeace Display of CT Inages:
aa A1d i1a cthe Diagnosis of Pulmonary Metastases. Radiology T47-748, 1979.

dorlaza, G.S.; Kuhns, L.R.; and Seigel, R.S.: <47 and Angiographic Demoastration of
Gastroduodenal Artary Psendoaneurysm iz a Pamcre=atic 2?seudocyst. Jourmal of Compucer
Assisted Tomography 3(5): 612-514, 1979.

Borlaza, G.S.; Seigasl, R.S.; Paramugul, C.; and 3erger, 2.Z.: As Iz Vitro Comparison
of Computerized Tomography, Yeroradiograpay, and Radiograpay is the Detectionm of Sof:
Tissue Toreign Bodies. Radiology 132{1): 218-219, 1973.

Rubns, L.R.; Thorabury, J.R.; and Seigel, R.S.: Var:tation of Position of tie Xidoevs
and Diaparagm iz Patieats Undergoing Repeated Suspess:on of Respiration: A Radioiogical
Study. Jourmal of Computer Assisted Tomographv 3(3): 320-521, 1979.

Seigel, R.S.; YcCormick, T.L.; Kuhns, L.R.; and 3orlaza, 5.5.: Cocmputed Tomography
aad Angiograpay in Ilial Cazcinoid Tumors and Retraczile Meseateritis. Radiology
134(2): 437-440, 1980.

“cCormick, T.L.; Seigel, R.S.; and Forrest, ¥.E.: Subclavical Steal Svondrome: Is
Venous “hase Angiograpiy Worthwiaile? Radiclowv. ia press.

3orlaza, G.S.; Seigel, R.S.; Xuhns, R.L.; Xawanishi, #.: <Case Report: Iatramural
Civerziculum of the Esophagus Simulating an Tsopaageal l.poma. Americaa Jouraal
of Roentgemology, in press.

Kroll, P.D., aod Seigel, R.S.: Cerebral Cortical Atrophy in Alcobolic Mea. Jourmal :
of Clinical Psvchiatry, in press.

Borlaza, G.S.; Seigel, R.S.; Kuhns, L.R.; Good, A.E.; Rapp, R.; and Marzel, W.:

Computed Tomography in the Evaluation of Sacroiliac Artiritis. Radiology, in press.
.C,
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Give the follewing information for key prafessional gersonnel listed on page 2, beginning with Mne
Principal Invastigetor/ Program Direcior. Photocapy tis saqe ior egch person.

TITLE BIATHOATE (Mev.cow Ya
Associate Frofessor S
Radiology

EDUCATION [ Beqin =ith basevioureate training end incivie se srde cvarel)

rmamé

Alfred R. Smith, Ph.D.

YEAR FIELD OF STUDY
INSTITUTION AND LOCATION DECREE CONFERRED
3.4. ! Mathemarics
q9.s. | t 2aVvsics
®h.D. t

1 ghysics

i

REILARCH ANO/OR PROFESLIONAL EXPERIENCE: Conaluding with procenr pusitian, llat in srrenslagicsl srder previeus smeloyment, tupenie

¢ Inel ¢ momborshia on any Fodoresl Covernment Publle Adwisery [ irrwn. Liss, In b iogienl srder, the tties end
"“o.l - é » rogane » sublistions, seseaisliy Mess mest sarminent 1o this eonlicensn. Da net suesed 2 seges,
comei sve or 1oed I seges

Iastructor, Physics Laborato
Fellow,
vsics Imnstructor,
Research Assistant Research Grant),
Advaaced Senior Fellow in Medical Physics,

197174 !ssistan: Physicist and Assistant Professor of Biophysics,

1972-7% sociate to the lraculty,

.974<75 Esoczlar.z !!ys:.l cist aod Assistant Professor of Biophysics,

1975-78 Assistant rrofessor of Radiology,

1975-preseat  Biomedical Physicist, Cancar Research and Treatzent Ceater, University of
New Mexico, Albuquerque

1976

Co-author of paper which received the Farringtoa Daniels Award for best
paper published in Medical Phvsics

1976-present Chairman of the AAPY Charged Particle Physics Dosimetry Group
1979-present Associate Professor of Radiclogy, University of New Mexico, ilbuquerque

PUBLICATIONS

Smith, A.R., and Riciman, C.: W Values, Stopping Power Ratios and Kerma Values for
the LAMPY Therapy Beam. Biological Sciences Monograph on Basic Chysical Daca for

Neutron Dosimetry. Editad by J.J. Broerse. The Commission of the European Com- ;
munities, Luxembourg. (EUR 5629C), 1976. D

2. Smith, A.R.; Rosen, I.I.; Hogstrom, K.R.; and Prichard, H.W.: The Silicon Diode as an
In Vivo Dosimeter for Fast Neutrons. Intermational Jourmal of Radiation Omcology,
Bioloxy, and Physics 2: 111-116, 1§977.

3. Swmith, A.R.; Kligerman, M.M.; Kelsey, C.A.; Lane, R.G.; Berardo, P.A.; Paciotti, H.A.;.
and Ricbman, C.: Treatment Planning for Negative Pi Meson Radiation Therapy: UNM-LASL
EZxperience. International Journal of Radiationg Oncologv, Biology. and Phvsics 3:
307-314, 1977.
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_ized R. Saith, PFh.D.
.ographical Sketch
i1ge 2

Moseley, Rodert D., Jr., M.C.

\igersam, M.Y4.; Smith, A.R.; Yuhas, J.M.; Wilson, S.; Sterzhagea. C.J.. and Helland,
<.A.: Tke Relative Biological Effectiveness of Pioms in *he Acute Response of Human

Skin. Ipteraational Jourmal of Radiationm Oncologvy, 3iologw, and 2hvsics 3: 335-339,
1977.

Smith, A.R.; Rosen, I.l.; Hogstrom, K.R.; lane, R.G.; Kelsey, C.A.; Amals, 3.I.;
Richman, C.; Berardo, P.A.; Helland, J.A.; Kitzell, R.S.; Paciotti, M.A.; and Sradbury,
J.N.: Dosimetry of Pion Therapy 3eams. dedical >hvsics 4: <08-413, 1977.

Xligerman, M4.M.; von Essen, C.F.; Khan, 4.K.; Samith, A.R.; Starzbagen, C.J.; and Sala,
J.4.: GExperience with Pion Radiotherapy. Cancer «3: 1043-1051, 1979.

Hogstrom, K.R.; Saith, A.R.; Somers, J.; lane, R.G.; Rosen, [.I.; and Kelsey, C.A.:

Yeasuremeat of the Effect of Inhomogenities and Compensating Bolus im Climical Pion
3eans. Medical Physies 6: 26-31, 1979.

dogstroa, K.R.; Smith, A.R.; Simoa, S.L.; Somers, 7.%W.; Zane, R.G.; Rosea, I.l.;
Kelsey, C.A.; von Essen, C.F.; Kligerman, 4.Y4.; Berardo, P.A.; and Ziok., S.Y4.: Stacic
Pion Beam Treatment Planning of Deep Seated Tumors Usiag Computerized Tomogrivhic

Scans. Iatesmational Jourzal of Radiation Oancology. 3islogy. and Phvsics S: 375-386,
1979.

Smich, A.; Hogstrom, K.; Simoum, S.; Berardo, ?.; 2iak, S.:. Somerzs, J.; Kligessan. ¥.;
and Tsujii, H.: Dosimetry and Treatmeat Plamniag for Piocn Radiotherapy at LAMPE.
2roceedings, Third Meeting on Fundamental and Jigh LET Radiactioms ia Cilimical Radio-
tSeraov, rergamon cress, Oxzord, pp. 233-234&, 1979.

Paciotzi, ¥.; imols, H.; Bradbury; J.; Rivera, 0.; Hogstrom, X.; Smith, A.; Iaoue, H.;
"aubacier, D.; and Sandford, S.: ‘Pion Beam Development for tie LAMPY Biomedical
~voject. IEEE Transactions ia Nuclear Sciepce, Voi. NS-26, Ne. 2, 3071-3073, 1979.

Xligerman, M.X.; Sala, J.Y4.; Tanaka, Y.; Xhag, 4.; Smith, A.R.; Sterzzhagea, C.J.;
Akaguma, A.; von Essen, C.F.; Knapp, E.A.; Tsujii, H.; Bagshaw, 4.A.; Sradbury, J.4.;
and Wilson, S.: Tissue Reaction and Tumor Respouse wits Yegative ?i Mesoms. _ouraal
2f the Casadiam Association of Radiologists 31: :3-:8, 1980.

.. Richman, C.; Kligerman, M.; von Issen, C.; and Saizh, A.R.: Hign [ET Dose “easursmeats
{3 Pacieats Undergoing Pion Radiotherapy. Radiation Research 81: 433-472, 1980.

Tsujii, H.; Bagshaw, M.A.; Smith, A.R.; von Essen, C.F.; ¥etzler, 7.A.; aod Xligermag,
2.%.: Localization of Structures for Pioa Radiotherapy by Computerized Tomograpay and
Orthodiagrapaic Projection. Intermatiomal Jourmal of Radiation Oncology, Biology.

and Phvsicy é: 319-325, 1980. ;

Smith, A.R.: Particle Accelerators for Radiotherapy - A Review. Proceedings of Sixth
Conference on the Application of Accelerators in Research and Industry, in press.

Kelsey, C.A., and Smith, A.R.: Neutrons and Heavy Charged Particles Used in Radioc-
therapy. Submitted to Handbook of Medicai Phvsics.

Hogstrom, X.R.; Paciotti, M.A.; Smith, A.R.; and Collier, M.: A Comparison of Static

aad Dywamic Trestment Modes for the Pios Therapy Beam at LAMPF. Submitted to Yedical
Phvsics.

dills, J.; Hendee, W.R.; Smith, A.R.; aad Hogstrom, K.R.: Convertisg CT Numbers to

water-equivalent Thicknesses for Pion Therapy Treatmeat Planning. Submitted to Yedical
Phvsics.
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Give the iollowing iniormation ior rey oreiesiionci sersannei isico on page 2, beminning witn me
Princioal Investigster/Proaram Cirector. Photocopy ini3 pege 'ar eScn oerian.

vy ‘ TITLE

1 4/ RTHOA L M ,com Tas
Nobuhiko Tokita
i

Staff Mexber

EDUCATION (Beein with bucssiovroere iroinine end incives 50 sreecrered)

YEAR EIELD OF STUDY
CONFERRED

INSTITUTION AND LOCATION ‘ DECAEE
rTemecica. >CUGses

| i
| M.D. i 1Medicile ana Surger?

] D.Sc. ) r3iconysics~-ladlology

| Aesicency a | i

rellowsnip i3 | RAG1aCL0R JBCOLOEY
' radiat-on Upcol » — "
RESEAACH AND/OR PROFESEIONAL EXPERIENCE: Consluding =ith praseat pasition, list ta WNieneisgisn erder v

ones, ond honers leslvds prusent monborshis an eny Bodavel Govemment Pyblle Advicary Camemives. List, in chranciogieni seder, the fties end
. . L.l - . ve subligations, ssansiaily Mmess must portinent to e esslicanen, Qo ave eveved I seonn,

and Surgery latern,

———
1975=77 = raputic radiology. —

1573-present Asst ik er, e ivisiona. .cs Alamos Natiomal Laboratory,
University of Califoraia, New Mex:co

SUBLICATIONS

l. Xim, J.H.; Rabn, E.; Tokita, N.; aad Nisce, L.: Local Tumor dvperttermia ia Ccmbiaatica

with Radiation Therapy: Malignaat Cutaneous lesions. Cagcer 40: 161-189, 1977.

- Hélazis. B.; Whitaore, W.; Bactata, M.; Barzell, W.; aad Tok:cza, N.. I-125 Implagtation
of the Prostate: Dose-response Counsideratioans. Frountiers :a Radiation Therapv and
Cacology 12: 82-90, 1978.

[}

gi;aris, B.; Aqderson, L.; and Tokita, N.: Iatersticial Impiantatzon of Zancreatic
Cancer. Froatiers in Radiation Therapy and Oncoloey i2: 62-71, 1978.

-.  aatich, P.; Tokita, N.; Kim, J.H.; and Hahn, E.: Selective Tumor Tissue Heatizg by
Radiofrequency laductive HyperzSermia. [EZE MTT-25(8): 369-571, 1378.

3. zokita, N.; Yisce, L.; Simpson, L.; Huh, H.; D'Angio, G.J.; and Lewis, J., Jr.:
tgchniques Exployed to Diminish Ovarian Dose in the Radiation Therapy of Hodgkia's
Disease. Ia Abstracts of the Annual Meeting of the Radiological Society of North
America, Chicage, Illinois, November, 1976.

6. Kim, J.B.; Hahn, E.; and Tokita, N.: Clinical Trial with Hyperthermia and Radiotlerapy:
Cutanteous Cancers as a Model System. In Abstracts of the Secoad Yational Svmposium
on Caocer Therapy by Hyperthermia and Radiation, Essen, West German, June, 1977.

7. Cassir, J.; Hilaris, B.; Tokita, N.; Anderson, L.; fre=el, J.; aod Lewis, J.: Time-
dose Relationship on the Radiation Treatment of Capcer of the Cervix: Normal and

Neopliastic Tissue Respoase. [n aAbstracts of the Annual Meetiag of the ASTR. Deaver,
Colorado, November, 1977.
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im, J.3.; Hahn, E.¥.; and Tokita, N.: Combisation Hyperthermia and Radiation Therapy
for Cutaneous Malignant Melanomas. Canmcer &41: 2142-21438, 1978.

Raju, 4.R.; Amols, H.; Bain, E.; Carpeater, S.; Cox, R.; Dicello, J.; Robertsonm, J.;
Tokata, N.; and von Essen, C.: Pion Radiodbiology Studies. Poster Session at the
Third Meeting oa Fundamental and Practical Aspects of Fast Neutroms and Other High LET
Particles in Clinical Radiotherapy. CEuropeas Jourmal of Cancer, 1979.

J. Tokita, N.; XKim, J.H.; and Hilaris, 8.: Time-dose~volume Consideracions in Iodine-12S
Iaterstitial Brachytherapy. I[aternational Jourmal of Radiation Oncology, Biology
and Phvsics, in press.

1. Kim, J.E.; Haha, E.; and Tokita, N.: A Model System for Combined Radiation Hyperthermia
Studies. Ia Cancer Therapv bv Hyperthermia and Radiation, Urban & Sciwearzesberger
Publishing Co., 3altimore, ¥D., pp. 335-336, 1979.

2. Tokita, N.; Skogen-Aagenson, 4.J.; Johnsoem, T.5.; aad Raju, M.R.. {low Cytomometric

Measur=ment of Adriamvecin Flourescence for Determining Drug Cvtstoxicity. (Abstracz)

auromated Cyeology VII, Engineeriag Foundatiocn amd Societv for Analvticai Cvrtologw,
iiomar, Ca., November, 1979.

3. Raju, M.R.; Carpeater, 5.G.; Tokita, N.; Dicello, J.; Jacksom, D.; Frohlich, E.; aand
von Essen, C.: Effscts of fractionated Doses of Pions on Normal Tissue. 2art I.

Mouse Skin. JTatarnatioomal Journal of Radiation Cucologv. Biology and Phvsics, ia
sress.

<. Raju, X.R.; Johmson, T.S.; Tokita, ¥.; Carpenter; 5.G.; and Jjets, J.H.: Differencss
ia Cell Cvcle Progression Delays aAfter Exposure to 138-Pu Alpha Particles Compared 2
{-rays. Radiation Resarch, i1 press.

n

Raju, M.R.; Johnsoa, T.S.; Tokita, N.; and Gillette, £.1.: Tlow Cytometric Appli-
cations of Tumor 3iology: Prospects and Pitfalls. Procesdings of the 9ch L.M. Gray
Memorial Conference on Quantitatiocn of Tumor Respoanse: A Critical Appraisal. Brizish
souraal of Cancer 41 Suvol. IV: 171-i76, 1980.

3. Tolita, N.; Jecz, J.H.; Raju, M.R.; and Belli, J.A.: Correlacions Between Cell Cycle
ferterbations and Survival Laveis after Exposure to Adriaamycin f3r Two Chinese dams:ter
Call Lines. Submitted to Cell and Tissue Kinetics. -

Tokiza, N., Skogen~Hagesson, 4.J.; Wilder, M.Z.; Raju, ¥.R.; and Belli, J.A.: Direct
QJuantization of Intracellular Adriamvcin by Flow Cytometry. Submitied to Cvtaomet=w.

3. Tokita, N.; Baia, E.; Carpenter, S.; aad Raju, ¥.R.: Effects of Hypoxia on Cell-cycle
Progression and Radiosensitivity of Chinese Hamster Cells. Submitted to Intermatiomal
Journal of Radiation Biology.
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Give the iollowing informenon fer key oroiessiona perionnei listed on page 2, beginning wim he
Bringsoel InvesngarorsProgrom Direcor. “hetecooy mis page ior «acn aeren.
Y TITLE ' DATHOA TR tma.Jon Tay

Visiczng Associaca
A.J. van der Kogel Professor, ladiology* _
EDUCATION (Begin ~th sactoiourogre Ireinine ond nc/vae se s1secrerw)

' YEAR
INSTITUTION AND LOCATIONM ) DEGREE CONFERRED FIELD OF STUDY

?h.D. J | 320lozvy
{equivaient) | !

i ' :

2ESTARCH AND/OR PROFESSIONAL EXPERIENCE: Conelviing with procent pasitien, iles ia ahrengiogicsl erder :n:q:- ompiorment, n:-
onee, ovd hanere include prosan memborshio an ey Poderel Covammont Pyblic Adwsory L Liet, W0 @ v sreur, e Nitles
COmPiv® rEisrensEe 'S reg Nt fegreeanienve bubilestians, csonaislly MEsE BERT pertinent 10 Mis FPSiicsnon., O nee sscond 2 sages.

1980

137%-presant tafl Member, Radiobiological Imszituce TV0 Rijswijk

ZU3LICATIONS

1. van der Kogel, A.J., and 3arendsea, G.W.: late Zffects of Spinal Cord Irradiation
f:ih 300 kV A{-rays and 1S MeV Neutzoms. 3ritish Jourmal of Radiologvy 47: 392-398,
1974. -

2. van der Kogel, A.J., and Barendsea, G.%.: Loag-term Efimczs Afzer X-ray Exposure of

tle Spinal Cord. Ia Proc. XII Intermacional Congress of Radioloey, Madrid, vel. 1,
?p. 637-639, 1873.

[ 99

Surek, J.D.; van der Kogel, A.J.; aod Hollaader, C.F.: Degeserative Mvelopatly ia
Taree Strains of Aging Rats. Vetarizarvy Pathology 13: 321-331, 1376,

=.  van der Xogel, A.J.: Radiation Tolerance of the Rac Spinal lord: Tize-Dose Relacioa-
ships. Radiologw 122: 505-309, 1977.

n

7an det Ko;el, A.J.; van Bekkum, D.W., and Bareadsen, 53.%.: Toleraace of CNS to Total
3ody Irradiacion Combined with Chemotherapy Applied for the Treatlenmt of Leukemia.
Eurcoean Jourmal of Cancer 12: 675-677, 1976.

6. van der Kogel, A.J.: Radiation Tolerance of the Spinal Cord: The Depeadence on
Fractiovation and Extended Overall Times. In Radiobiological Research aad Radio-

therapy. Ia Proceedings of the Internstional Svwposium os Radiobiological Research
Needed for the Improvement of Radiotherapv, [AEA, Viemna, vel. I, pp. 85-31, .877.

7. van der Xogel, A.J.: Radiation-induced Nerve Roct Degeneration aad Hypertzrophic
Neurcpathy in the Lumbosacral Spinal Cord of Rats: The Relation with Chazges in Aging
Rats. Acta Neurovathologica 39: 129-145, 1977,
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.J. Tan der Xog=l, 7h.D. . q
iographical Sketca Moseley, Robert 0., Jr., .2,

-

ige <

‘alner, 9., and van der Rogel, A.J.: Early Zffects and Possible Therapy of Radiation
fajury in Yan and Animals. Prepared for United Nations Sciemtific Commitiee of t2e
Eifeczs of Arsmic Research, 1976.

van der Rogel, A.J.: Mechagisms of Late Radiaziom Iajury ia the Spizal Cord. Ia
Radiation Bioloevy iz Cancer Research. R.E. YMevn and H.R. Wichers, eds. Raveg Press:
New forx, pp. «ol-«70, 1980.

1. wvan der Kogel, A.J.: Llate Effects cf Radiatiom oa the Spiznal Cord. Dose-effect
Relationships and Pathogeznesis. Thesis Publicacion of tie
Radiobiological Iastituta TNO, Rijswijk, t2e Netlerlaads,

1. Kal, H.B., and van der Kogel, A.J.: Fast Neutron Radiobiology. Ia High LET Radia-

tions ia Clinical Radiotherapv. G.W. Barendses, J.J. Broerse and K. Breur, eds.
Regamon Press: Oxford, pp. 187-19%, 1979.

-

leeatjes, 1.3.; 3roerse, J.J.; van der Kogel, A.C., and 7an der Wielea., A.: ige
Jependence of the Risk of Radiation [aduced Factal Malignancies. 3Heal:tl 2hysics
38: 229-241, 1980.

:. Ang, X.X.; van der Schuerem, E., aod van der Xogei, A.o.: Zeasidbility of Multiple
Jaily Fractiomation in Jign Dose Radiotherapy sf Mal:gnagt Gliomas. Zuzovesn Jourilal
of Radiotherazov, i1 press.
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Give the fallowing iniormation iar tey sroiessional personnei (13180 on 300e 2, beginning wim me
Principal invesngemrs Program Dirscror, Photacopy his 20ge ‘or ecen derson.

== - TCE IR TRMOA T (Mane :
James D. Wing Tigh Vol:zage Test Tacilicy
Manager, _ANL

EDUCATION (Beein with haccoisviewte rraining ang nt/vee so srescrerall

INSTITUTION AND LOCATION ‘ DEGREE TEAR FIELD OF STUDY

. QCNFERRED

[l

[} .
] . ;

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Cond'véing with prosunt sasition, llar in ormnsieogical arder srevous ompisyment, suporis
nas, end hanari. Inginde svosont mumborship on avy Fodorel Cavemmont Pubile Advisory Commitioe. List, i ahronclagieni orsear, ne fitlas mé

- anve sudiiesviens, sscasisily hese meet sertinent 1@ s ansliconen. Qo nut ercves 2 seves.
}957-59 Teacher,
:953-9: Seaior Products Designer,
T§§3'°' Component Application Iagineer,
-*9/-present  High Voltage Test Tacili:ty Mamager. Los Alamos Sciemtific Laboratory
a
LB 1 1 PACE
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Give e lollewing iniormetion (ar hey proiessienel cersonnel lisied on poge 2, beginning =i e
Principsl Investiaarar/Program Directer, Phorocopy thes page fer cocn perian,

TITLL
" Scaff Member, Adjunct Asst.
Sandra Zink, 7h.D.

Professor of Radiology

SLRATHOATE Ima.com Ta)

ENUCATION {Beein with bectaiouromme 1roining end incluse se stve crerell

INSTITUTION AND LOCATION OECREE cc:,‘!*:. eo FIELD OF $TUDY
3.3. ! | Zhysics
| .S, ) | 2hvsics
t 2h.0. ! 1 dhysics
| | )
] i |
AR KD P O vt Polite Adivery e v aiasiont i, e utiee o

amel seicvonsats o reeone publl gon inlly Mmose mest partinent to thes epoligerion, De et eseved 2 rewen,
H >0 e

- Research Fellow, Los Alamos Scientific Laboratery and _

373=1973 !u!! !5-:, Los Alamos Scieantific Laboratory, New Mexico

Member of Space Physics Geoup lavolved with Physics Studies and Momitoring
of Solar Wiad Parameters Through Data Received fzom Several Zazth Satellites
and Interplanetary Spacecraft
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28 ABTCE
—RE ;’*&@:Li.‘vw
LLg:Alamostmeco 87545 February 23, 1982

In reply refer to: OIR
Mail Stop: 100

Francis J. Mahoney, Ph.D.

Program Director for Radiation Branch
Division of Cancer Treatment

National Cancer Institute

Ltandow Building, Room 8C039

7910 Woodmont Avenue

Bethesda, MD 20205

Subject: Assurance of Intent to Renew Contract
Dear Dr. Mahoney:

The University of New Mexico (UNM) and the University of
California (UC), parties to a cost reimbursable contract for
work conducted both at UNM and at Los Alamos Laboratory, do hereby
express their intent to extend the referenced contract for an
additional period of five years from May 1, 1982 through
April 30, 1987, subject to the approval of the U.S. Department of
Energy and NCI and to any intervening changes in policies in such
matters by either Agency. The statement of work for eacn grant
period will be based upon the proposal presently being prepared,
assuming appropriate funding for each period of the contract.

After receipt by UNM of Hotices of Award, and provided the
wark to be performed and the funding provided are reasonably
consistent with the proposals made, a formal Amendment to the
contract will be entered into with appropriate revisions of the
articles relating to the Statement of Work, Term, and Funding.
[t is not contemplated at this time that any other changes need
to be made in the Terms and Conditions of the contract.
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Or. Francis J. Mahoney
DIR
Page 2

Subject to the conditions noted above, the parties see no
obstacle to effecting this Amendment promptly upon receipt of
firm information as to the terms of the NCI grant awards.

Po N /'/ e
Dated: oc* w=. & &

f0atbadl

THE REGENTS OF THE UNIVERSITY QF
NEW MEXICO

BY: e = =

John Perovich
TITLE: Vice President for Business
and Finance

THE REGENTS OF THE UNIVERSITY OF
CALIFORNTRY ./ -

— ]
BY: { &Lell o e

Donald M. Kerr
TITLE: Director, Los Alamos National

Laboratory
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ﬂiiilei. Robert 0..Jr.,M.D.

APPENDIX A

CLINICAL RESEARCH PROTCCOLS

RTOG 79-23: Evaluation of Radiobiological Effects of Negative Pi Mesons
on Miscellaneous Locally Advanced and/or Recurreat Human
Solid Tumcrs and Surrcunding Normal T:issues

RTOG 79-24: Evaluation of Radiobiological Zffects of Negative Pi Hesons
on Miscellaneous Hetastatic Lesions
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RADIATION THERAPY ONCCTLCGY GRCUP
RTCG 79-23

EVALUATION OF RADIOBIOLOGICAL EFFECTS OF
NEGATIVE P1 MESONS ON MISCELLANEOUS LOCALLY ADVANCED AND/CR RECURRENT
HUMAN SOLID TUMORS AND SURROUNDING NORMAL TISSUES

SCHEMA

Eligible Patients: Patients with biopsy-goroven
locally advanced or rscurrent neoplasms w~nose
arojected survival is at least three nonths

Treatment:

Non-Randomized Megative P{ Meson
Radiotherapy Alone or as a Planned 3oost
Following Conventional Radiotherapy

tndpoints:

Tumor regression and time to recurrence.

Local and regicnal tumor control.

Evaluation of tissue tolerances for pion radictherapy -
alone or as a planned boost following conventional
radiotherapy.

Quality and Tength of survival.

Adequacy of tumor localization, treatment planning,
and inhomogeneity correction.
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1.0 INTRODUCTION

The rationale for pion radiotherapy is primarily related to two
factors: (1) a different biologic response in the stopping region
of the pion beam from that sean in conventional radiation, and (2)
the capability for localizing this differential response within the
target volume, largely sparing normal surrounding tissues.

With high-linear-energy-transfer (high-LET) radiation (for example,
neutrons, pions, and heavy ions), there is increased irreparable
damage of critical molecules (i.s., double-strand breaks in ONA),
as compared toc the type of damage caused by lcw-LET radiation
(a.g., x-rays, garma rays of cobalt, electrons, and protsns). In
addition, cells exposed to low-LET radiation exhibit up to <hree
‘imes more resistance %o injury if they are not well oxygenated.
Thus, hypoxic calls, Jarge numbers of w~nich are usually present in
tumors, are less sensitive to damage than ars well axygenated cells
of the tumor and the surrounding nocrmal tissue. The cense foniza-
tion of high-LET radiation may overcome the protective effact of
hynoxia, killing those <cells almost as effectively as
well-oxygenated cells. rurther, cells are more resigtant 3
Tow-LET radia<ion in certain chases of the cell. cyele than in
others. High-LET radiation reduces differences in cellular
sensitivity due to cell cycle variations.

Heavy charged particles, such as pions and heavy ions, disiribute

their dose with a Bragg peak, a region of intense radiation which
can be located in the tumor volume.

Pions have the advantages of both high-LET and low-LET radiation,
becuase they deposit low-LET radiation as they pass through tissue
(plateau region), but produce a high-LET component in the stopping
(tumor) region. Oue to their negative charge, the stopping pions
are 2bsorbed by the positively charged nuclei of oxygen, carbon,
and nitrogen atems. This excess energy makes the nuclei unstable
and they disintegrate, producing neutrons, protons, deuterons,
tritons, alpha particles, and heavy ions. These events increase

C.
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the total dose in the pion stopping region and aliar the biological
effactiveness of the dose in that region becayse of the dense
ionization produced mainly by the alpha particles, heavy ions, and
neutrons.

Phase I1 trials are proposed to study <he efficacy of pion radio-
therapy in improving local control and, thus, potentially survival
for patients with a variety of locally advanced, non-metastatic
neoplasms, and to assess acute and chronic normal tissue injury
associatad with such treatment. Sites of major interest include
high grade glfomas (glfoblastoma and astrocytcma Grade [1! and IVY),
inaoperable eiophageal carcinoma, inoperable epidermoid lung carci-
noma, inoperable pancreatic carcinoma, carcinoma of the uterine
carvix (Stage II! and IVA) and locally advancad 2denccarcinoma of
the prostate (T3/T4, AJC).

Patients with lesions amenable to treatment with conventional
radiotherapy and/or surgery with an anticipated fivé-year survival
rate greater than approximately 40% would be axcluded. Patients
must be between 18 and 75 years of age and have a Xarvofsky status
of 60 of greater.

1.1 Summary of the Study.

This is a non-randomized pilot study %o evaluate normal tissue
and tumor response to0 pion radiotherapy in a wide variety of
human tumor sites, all of which will be biopsy-praoven, locally
advanced or recurrent solid tumors. The study of local and
regional tumor control as well as tissue tolerances will bde
the prime goal of this protocol. Additional valuable
information will be gained regarding further refinement of
techniques of treatment planning, patient set-up and
irmobilization, assessment of tissue inhomogeneities, and
other technical aspects of picn therapy.

Patients previously treated with chemotherapy but not
demonstrating objective response will be eiigible provided
they have a life expectancy of at “eist threa =onths.
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2.0 OBJECTIVES

2.1 To evaluate tumor response to pion radiatien.

2.2 To study local and regional contrel of tumor.

2.3 To evaluate normal tissue responsa and talerance to large
field multi-fraction pion therapy, or to pion therapy
delivered as a planned boost following canventional
radiotherapy.

2.4 To evaluate important aspects of treatment planning and
technical aspects of delivering the radfation {n an attempt to
maximize the therapeutic ratic by minimizing the normal tissue
volume to be irradiatad.

3.0 ELIGIBILITY CRITERIA
3.1 Conditions of Eligibility.

The following conditions must be met befsre a patient can be

admitted in the study:

3.1.1 Biopsy-proven malignancy.

3.1.2 Locally advanced or recurrent cancer.

.1.3 Patient age between 13 and 75.

3.1.4 Karnofsky Status > 60.

3.1.5 Little or no chance of cure with ccaventional
radiotherapy alone.

3.1.8 Understanding by the patient of the provisions of the
study and voluntary informed consent to Jarticipate
in the study.

3.2 Cenditions of Ineligibility.

J.2.1 Moderate to high chance of cure by other treatment
modatities.

3.2.2 Ongoing chemotherapy.

d.2.3 Life expectancy less than three months or Xarnofsky
status of less than 60 and age < 18 or > 7S.

3.2.4 Active uncontrollablie infection in area of
irradiation.

3.2.5 Medical, psychological or other contraindication to
proposed tresatment.

C.
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4,0 PRETREATMENT EVALUATION
Pretreatzent evaluation will be performed at the University of liew
Mexico Cancer Research and Treatment Center (CRTC) or by the
referring physician at another institution, with findings verified
and studies augmented as required Sy the CRTC study taam. The
evaluation will include:
4.1 Medical history.
4.2 Physical examination.
4.3 Laboratory tests.

4.3.1 C3C (including differsntial)

4.3.2 Platelet count
4.3.3 Urinalysis
4.3.4 Serum chemistry profile
4.3.5 Others as indicated
4.4 C(Chest x-ray, other radiographs and radicnuclide stidies as
indicated.

4.5 Staging procedurses as indicated with careful mappiag and
clipping of tumor where possible.

4.5 An ophthalmolegic examinaticn %o assass 'ens opacity (%o be
performed upon admission ¢0 the study).

E.0 ADMISSION TO THE STUDY
Any patient who meets the regquired eligibility and pretre=atment
evaluation criteria will be admitted to the protocol for pion
radiotherapy at LAMPF. The following records will be generatad by
the study taam and participating institutions for storage,
retrieval and analysis:

1. Patient eligibility form.

2. Pretreatment evaluation form. This form, documenting the
history and physical information, laboratory tests and
special studfes including surgery, will be submitted on
those patients referred for treatment.

3. Study entrance form (patient name, address, referring
institution, refarring physician, etc.)

A study case number will be assigned to each jatient by R70G
Hezdquarters (215-574-3181).
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5.0 TREATMENT
All patients will receive non-randomized pion therapy at the
Clinton P. Anderson Meson Physics Facility (LAMPF) in Los Alames,
New Yexico, either alone or as a planned boost in conjunction with
conventional radiotherapy. Pion dosas are basad upon previous
axperience with pion irradiation of various human tumors1 and ‘or
rearesentative sites are outlined below.
Current Treatment Policy
Maximum Dose Minimum Dose
Site (Peak ?ion Rad) {?eak Picn Rad) Fractians Cays
felvis® 4500 2500 38 <0
Zead 2 Yeck™ 4500 2500 25 50
3rain*
whole 2750 2200 22 32
Cone-down 4500 3600 26 S0
Pancreas*~
whole 2400 2820 24 35
Cone-down 2840 3072 24 3
Esophagus*
dide-field 3500 2800 28 38
Cone-down 4500 3600 28 30
Lung
wide-field 32%0 2500 28 38
Cone-down 4500 3600 38 50

*May be treated by conventional wide-field {rradiation and pion boost
(approximately 1500 peak picn cGy (rad) maximum/12 fractions/2 1/2 weeks).
v*8oost fieids treated to S000 peak pion cGy (rad) maximum
*reCembined with planned external beam conventional therapy

Variations in total dose in the range of + 10% about the above
doses wiill be explored to further evaluate tumor response and
normal tissue tolerance. Doses in this range will be con-
sidered definitive and will be combined with sther ccaven-

tional therapy as outlined in Section 10.0 Additional Therapy,

Selow. -

-
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Planned combinations of conventional radiation therany with
cone-down pioﬁ boost therapy will be applied in salected
situations based upon previous experience regarding normal
tissua tolerance in pitients receiving pions alone. The
estimatad biological equivalent of combined pion and ccaven-
tional treatment will not excesd that recognizad as :olerance
for pion or conventional therapy alone.

Treatnent methods will be those developed previously for pion
theragy with the fixed vertical beam at AMPF with appropriate
modifications and improvements consistant with improved lach-
niques.z Single or multiple port therapy with or without
cone-down therapy will be applied on an individualized tasis
to maximize normal tissue sparing and to accommodate partic-
ular difTiculties with patient positioning or 2isaasa2 sitea.

Treatment planning will be performed by computarized caicula-
tion from CT data of necessary campensation for bcdy and tumor
contours and tissue inhomogeneities.3 Verification of treat-
ment volumes will be accomplished by simulation using
orthodiagraphic scanning  and routine in vivo dosimetry.

7.0 ENDPOQINTS
7.1 Tumor regression and time to recurrence.
7.2 Llocal and regional tumor control.
7.3 Evaluation of tissue tolerances for pion radiotherapy alone or
as a planned boost following conventional radiotherapy.
7.4 Quality and length of survival.

7.5 Adequacy of tumor localization, treatment planning, and
i{nhomogeneity correction.

8.0 STATISTICAL CONSIDERATIONS
This will be a non-randomized trial consisting of individual pilot’
studies ccmparing local control and survival statistics with best
reporzad results using conventional treatment for those sites
mentioned above. Approximately 15-30 patients will recaive
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optimized pion therapy for each of the disease sites of primary
interest. Endpoints of intarest in determining whether to proceed
to Phase 11 trials wil) fnc1ude a comparison of local control,
median survival, and five-year survival rates for recently reported
historical controls and pion-treated patients.

9.0 FOLLOW-UP SCHEDULE
9.1 The referring physicfan will be encouraced to see the patient
{n accordance with his customary schedule.

The patient will be seen at the Cancer Resaarch and Treatnment
Canter at one month aftsr treatment, then every three months
for 12 months counting from Oay 1, and semi-annually
thereafter until survival reaches five years. If the patient
cannot return to the CRTC, arrangements will be nade to have
him examined at another hospital by his referring shysician
and preferably nis radiotheranist and a repor: of this
examination sutmitted to the CRTC.

2.2 Follow-up Information.
The following information will be recorded on the follaw-up
Yorm at each visit:
9.2.1 Srief interval history related to disease.
9.2.2 Physical examination:

Weight, blood pressure

Temperature

Appropriate aspects of physical examination
Regression of palpable or visible tumor

9.2.3 Laboratory tests and routine x-rays; appropriate
;tudies as indicated.
9.2.4 Specific diagnostic studies, or studies which gave

the most reliable information regarding the initial
extent of tumor will be repeated at periodic

intarvals.

9.2.5 Complications of treatment.

9.2.8 Recording and scoring of late reactions and
nathologic studies by re-biopsy/autopsy as .
. c
indicated.
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0.0

9.2.7 Cphthalmologic exam o assess lens opacity
(annually).
Study Parameters.

Parameters to be recorded throughout the study include:

9.3.1 legree and time of regression and regrowth.
9.3.2 Assessment of acute radiation effects.
9.3.3 Assessaent of long-term radiation effects.

Surmmary of Study Parametars

Pretreatzent Follow-Uo

distory and Fhysical b3 X

Perfcrmance Status (Xarnofsky Scale) x x

€3C, Differential, Platelet Count x <?

Urinalysis x

Chemistry Profile x x?

Diagnostic (radiographs, ulirasound, x? x?
nuclear scans, e&tc.)

Staging/Localization Procedures | x?

Cpthalmologic Exam x x>

34 - As Indicated
b - Yearly

ADDITIONAL THERAPY

Clinical evidence of lack of tumor control should be documented by

biopsy if possibie. If such evidence is equivocal, re-exploration

should be encouraged if the patient is a good surgical candidate,
until such time as a pattarn of recurrence is established and

documented. In the event that surgery or biopsy is performed, the

excised tissue or biopsy specimen should be carefully examined by :
the study pathologist with assistance from the involved radiation

oncologist. If the primary tumor is not controlled or if distant

metastases develop, subsequent therapy should proceed at the

discretion of the patient's responsible physician. The patient or

rhysician will notify the investigator of eny treatment instituted

that has not been prescribed by the investigator.
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11.0 PATHOLOGY

11.1 Initial Surgical (Bioosy) Soecimens.
Representative slides and copias of biapsy reports will be
submitted to the study center and reviewed by the study
pathologists. Copies of the reports rom these sathoiogists
will be forwarded to the referring and/or follow-up physician.

11.2 Subsaquent Surgical Scecimens.
Any tissue surgically removed from anatomic sites will be
axamined by pathologists at the participating ingtitution
«nere surgery was performed. Appropriata nicrascapic slides
and pathological reports will Se forwarced :0 the study center
for review by the study pathologists.

11.3 Autopsies.
Autopsies are strongly urged on all study patients Dy
sathologists at the participating institutions. Fast-mertem
studies should include a descripticn of irr-adiated tissues and
the character and extent of persistant, recurrent or
setastatic tumor. Autopsy reports and repreasentative
aicroscopic slides will be forwarded to the study centar for
review by the study pathologists.

FIRMS

Two copies of each study form rus be submittaed to RTIG
deadquarters. DOata will be recorded on standard forms to be
supplied to participating institutions by RTOG “eadguarters.

3. Photocopy of patient consant form,

b. Patient eligibility form.

C. Pretreatment evaluation form.

d. Study entrance form.

e. Radiation treatment summary. A daily schedule of pion
therapy will be prenared at LAMPF. This report will also
include an end of treatment examinaticn to include
weight, pertinent general physical examination,
performance status, current medications, and if rossidle,
an assessment of tumor responsa.

f. Follow-up examination form.

g. rathology forms.
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12.0

24,9

z.

PATTIENT CCNSENT AND PEER JUDGMENT

All institutional, Food and Orug Administration, and Mat<onal
Cancer Institute regulations requiring submission to the
institutional human axperimentation committes and the use of
srocedures for obtaining and recording informed consent will be
followed. A patient may be removed from the study if the study is
not in the best interest of the patient. A patient may withdraw

valuntarily from the study at any time, as will be indicated in the
consent form.
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APPENDIX 1
XARNOFSKY PERFORMANCE STATUS

%ormal; no ccmplaints; no evidence of disaase.

Able to carry on normal activity; minor signs or symptoms or
disease.

Normal activity with effort; some sign or symptoms of disaase.
Cares for self, unable to carry on normal activity or do active
work.

Requires occasional assistance, but is able to care for most
personal neads.

Requires considerable assistance and ‘requent medical care.
Disabled; requires special care and assistance.

Severely disabled; hospitalizaticn is indicated, although caath
not imninent.

Very sick, hospitalizaticn necsssary; active support traaiment is
necessary.

Moribund; fatal process progressing rapidly.

Dead.
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APPENDIX I

PATIENT CCNSENT FCRM FOR PI MESON RADIATION THERAPY FOR HUMAN CANCZIRS®

Patient's Name:

Address:

Hospital/Clinic:

Hospital/Clinic 1.D0. Humber:

I, , agree to take part
llame oTf ratient
in a research study of pi meson radiation therapy for cancer. The
71 meson radiation treatment w«will be given at the Clinton P.
Anderson Meson Physics Facility in Los Alamos, New Mexico. Or.
Staven £. Bush and doctors he has chosen will do this study.
Persons helping them will be supervisad by a doctor at all times
wnile treatzent is being given.

"he treatament to be given to me has been described to me by
Jr. : . It is as follows:

a. If I choose to be in the study and the physical examination
and tests show that [ am able to be in the study, ! must agree
to spend the needed time in Los Alamos for treatment. [ must
also agree to return to the University of New Mexico Cancer
Research and Treatment Center for any check-ups and tests
needed atier the pi meson radiation therapy.

5. I will be given pi meson radiation treatments alone, usually
five days a week for about eight weeks, aor [ will be given
ordinary radiation, usuaily five days a weak for about six
wesks, followed by pion radiation, usually five days a wesk
for about one to two weeks.

€. Sefore treatment, I will receive standard tests and

examinations. These tests will include x-ray pictures and =
scans so that the persons treating me can see what area should :
be treatad.

d. Before treatment, ! will be placed in the exact position that
I will be in during treatment. This set-up is done in a roocm
near the treatment room. X-ray pictures will be taken to see
if the treatment planned for me is correcst.

*Sarple Consent Form submitted by the Study Chairman.
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e. I will receive treatment in the same set-up position. There
will be no pain or fesling from the pi meson beam during
treatment. I will be alone in the treatment room, but persons
treating me can see me on closed-circuit television. We will
also be able to talk to each other through a microphone and
speaker system. People will always be outside the treatnent
room and ready to help me.

f. After the pi meson treatments end, [ will receive standard
medical tests to see what the treatments have done.

3. Or.

has told me that . might not feel well

after the pi meson radiation <reatments. Complete information on
problems and risks from pi meson treatzent is not known. Tests
with cells, animals, and patients have shown that pi meson
radiation does not create problems much diffarent from prodlems
created by standard radiation treatments. S3oth pi meson and
standard radiation could cause some or all of the following
prcblems and risks: (Insert list for tumor site to be treated):

“e n!'.

Attach signed list %9 consent form.

has told me about the good things this

-esaarch study mignt 40 ‘or me and for other ceople.

2. P{ meson treatment might make me feel Setter while [ am deing

treated.

b. ?1 meson treztment might shrink the tumor better than other
treatments and improve chances for cantrol of my diseaase.

E. Dr.

has told me about other treathents

for me.
2. Orug treatments.
b. Standard radiation.

C.  Surgery.
6. Or.

the treatzent.

will answer any questions [ have during

7. I know that the treament could harm me. No one has said that it
wouldn't. I can stop having treatment at any time I want to.

8. De.

{s in charge of my treatment. He can

change the treatment at any time, or stop it.

s. If my body is injured by the research treatment, more than or
different from that explained above, [ understand that any
esergency medical care I need will be given to me at no cost, but [

will not be paid any money.

Payments for medical costs will not

centinue after the emergency treatlent is finished.

10a11112
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10. [ uncerstand that by signing this paper, [ am not giving up my
legal rights. State laws exist ~nich may heip jeople who think

they have been treated carelessly. For information, [ can writa or

call the Risk Management Ofvision, Room 24, Lamy 3uilding, Sante

Fe, hew Mexico 87503.

Date: Time: Place:

Signed: Witness:

Witness:
rarent or wuardian <hen ingicated

-372-
COPIED FOR
HSPT
00133521.373

10917113



?{on Protocol: Advanced/Recurrent Tumors, Phase (/1]

PELYIC AND ABDOMINAL LESICNS, MALE PATIENTS

Possible Problems and Risks

1. I may get ulcers and other sores in my stomach and small or large
intestine. Doctors rarely see this happen with standard radiation
treatoent, and it is not likely with pi meson radiation treatz;ent.

2. ! may have chances in blood cells. Tests are given every week or
more often far this. I will be treated right away.

i I may Tosa hair in “he area being treated.
4., My skin may get red and peel in {he treatdent area.

5. [ may have weakness in scme parts of my body and not be abie to
move those parts. This problem does not happen very ofien in usual
radiation treatments, so it is not expectad to happen very oftan to
patients receiving pi meson radiation.

Se I may have pain and swelling in the treatment area.

7. 1 may have diarrhea. Bleading csuld happen with the diarrhea. 1
understand that these problems usually stop at the end of the
treatzment. [ may be given medicine for these problems.

8. 1 may be sick at my stomach. This problem can be helped by
medicine or by slowing the rate of radiation. Sometimes both
methods are used to ease this problem.

9. ! may have to pass my water more of<en. Sometimes [ =may have
burning pain when 1 pass my water. These problems usuaily go away
after the treatment is ended.

10. ! understand that about 40% of men wno are “reated may ot be abdle
t0 produce children or have sax.

Signed:

Patient

Date: Time:

~
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?ELVIC-;ND ABDOMINAL LESIONS, FIMALE PATIENTS

Possible Problems and Risks

1. I may get ulcars or other sores in my stomach and small or large
intestine with pi mason radiation. DJoctors rarely see this happen
with usual radfation, so it is not likely to happen with pi aesan
radiaticn.

2. [ may have changes in by blood cells. Tests will be done every
week or more often for this. [ will be treataed right away.

3. I may lose my hair in the area being treated.

4. My skin may get red and peel in the treatment area.

S. I may have weakness in some parts of my body and not be able to
move those parts. This preoblem does not happen very oftan in usual
radiation treatment, so it is not expected to happen very oftan to
patients receiving pi meson radiatfon.

§. I may have pain and swelling in the treatment area.

7. I may have dfarrhea and some bleeding with the diarrhea. This
problem can be treated quickly, and it usually goes away after the
treatments are over.

8. I may be sick at my stomach. This praplem can Se helzed by drugs
or by slowing the rate of radiation. Sometimes both methods are
used to mase this problem.

9. I may have to pass water more cften. Sometimes I may have burning
pain when I pass my water. Those problems usually go away after
the treatment is ended.

10. I understand that my monthly periods may stop, and [ may not be
able to have children.

1. 1 may have a discharge from the vagina.

Signed:

Patient

Date: Time:
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HEAD AND NECX LESIONS

Possible Problems and Risks

1. No matter what type of radfation [ am given, I might nead an
aperation after the radiation which might make me lose my voice
forever.,

2. [ may have weakness in some parts of my body and not be able to
move those parts. This problem does not happen very often.

3. 1 may have unusual openings in my skin or other tissue. These .
openings might heal themselves, or [ might need surgery .0 rejair
them.

&, 1 may have pain and swelling in the treatnent area.

5. i may lose normal bone or tissue in the treatlent ared.

8. I may get cavities in my teeth.

7. I may get ulcers in my mouth and throat. These ulcers wnight go
awdy or be sermanent.

B. [ may have sore throat and trouble swallowing.
9. 1 =wight have a cough.
10. I might have trouble breathing.

11. I may have changes in blood cells. Tests are given every week or
more often for this. I will be treated right away.

12. 1 may have a fever.
13. I may have more chance of getting an infection.

4. Later, I may get cancer of the thyroid, but this problem does not
happen very often.

15. My skin may get red and peel in the treatment area. *

16. 1 might have much wetness or dryness near the top of my breathing
tubes or food tubes.

17. 1 might Tose my sense of taste. This loss usually does not last
longe.

18. I might lose hair in the treatment area.

19. 1 might get cataracts (clouding of zhe lensas in my eyes). This is
not expected, but if it does happen it can Se corrected by an
operation.
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Signed:

Patient

Cate: ' | Time:
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CAEST LESIONS

Sossible Problems and Risks

1. My lungs may become red and scarred. The redness may go away or
leave scars. The scars usually cause no preblems that would harm
ne. Long-term problems were found in one out of 133 patients in
one saries of studies with usual radiation. [ may have trouble
breathing.

2. 1 may have wazkness in some parts of my body and not be able o
move thasa parts. This problem does not happen very often.

3. I may have unusual openings in my skin or other tissues. These
cpenings might heal themsalves, or ! might need surgery to repair

3. 1 may have pain and swelling in the ireatment :area.

5. I might losa normal bone or muscle tissue in the treatient area.

6. 1 may have a sore throat and trouble swallowing.

7. 1 might have a cough.

8. 1 might have trouble breathing.

9. ! may have changes in blood calls. Tests are given every wesk or
more often for this. [ will pe treated right away.

10. I may have a fever.
1l. [ may have more chance of getting an infection.

12. later, I may get cancer of the thyroid, but this problem does not
happen very cften.

13« My skin may get red and peel in the treatment area. Later, [ might
get skin cancer.

14. 1 might have much wetness or dryness near the top of by dreathing
tubes or food tubes.

15. I might lose hair in the treatnent area.

Signed:

Patient

Cate: Time:

[
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BRAIN LESIONS

Pessible Problems and Risks

1. Patients with brain cancer oftan have some problems that are there
tefore treatment. Treatments can stir up these probiems Tor a
time. Such problems are: :

a. 1 may be sick at my stomach. This problem can be heiped Sy
drugs or by slowing the rata of radiation. Sometizmes both
methods are used to ease the problem.

b. 1 may have hezcaches, but these can be «rgated with medicine.
c. ] may be drowsy, but this can be treated with nedicine.
d. I may have double vision.'

2. 1 may not feel well after the treatments. Some of the sroblems
that might be caused by the trealtmants are:

3. Parts of my normal brain tissue might be destrayved. This
could cause weakness in some parts of my body, and [ may not
be able to move those parts. [ might also have trsuble
seeing, hearing, smelling, tcuching or tasting. I aight also
have trcuble in thinking.

5. My skin may get red and peel in the :reatment area. latar, I
might get skin cancer.

c. I will lose my hair, but it will probably grow back after
treatment.

d. [ might get cataracts (clouding-of the lensas in ay ayes).
This is not expected, but if it Jdoes happen it can be
corrected by an operatsion.

Signed:

ratient

Oate: Time:
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" WOMEN OF CHILD-BEARING AGE

Pessible Problems and Risks

Women of child-bearing age should understand that the pion
treatments, lika x-rays or other radiation, could cause changes that
might resylt in birth defects in children born aftar “reatment has been
given. The chance of this happening is not known. Women who plan to
have children at any time after they complete treatment should seek
counseling from doctors who are qualified to help them understand the
extent of this risk.

Signed:

ratient

Data: Time:

§£142-2
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RADIATION THERAPY ONCOLOGY GRCUP
RTOG 79-24

 EVALUATION OF RADIOBICLOGICAL EFFECTS OF
NEGATIVE PI MESONS ON MISCELLANEOUS METASTATIC LESIONS

Protocal for Yuman Radiobiology Studies aof
P{ Meson Radiation Therapy at
University of New Mexico/Los Alamos Scientific Laboratory

Study Chairman: Steven E. 3ush, “.0. -
Phone: 505/277-6141

Activated: October 30, 1979
Current Edition: May 1, 1381

NOTE: Patients treated subsequent to
canuary 1, 1978 may be registered
recraspectively.

COPIED FOR
-320- HSPT

1091121 ootaas21.38f

4 N



1091122

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0

INOEX

Schema

Introduction

Objectives

E11gibility Criteria

Pretreatment Evaluation

Admission to Study

Treatment

Eadpoints

Follow-up Schedule

Additional Therapy

Pathologqy

Forms

Patient Consent and Peer Judgment
References

Appendix I - Karnofsky Performance Status
Appendix [I - Sample Consent Form

-381~

[

00133521.382

(R



RADIATION THERAPY ONCOLCGY GROUP
RTOG 79-264

EVALUATION OF RADIOBICLOGICAL EFFECTS CF
NEGATIVE PI MESONS ON MISCELLANEQUS METASTATIC LESiONS

SCHEMA

Eligible Patients: Patients with metastatic
lesions originating from biopsy-proven solid tumors,
whose projected survival is at least three montis

Treatment:

Non-randomized Negative P{ Meson Radiotherapy

Zndpoints:

Tumor regression and time to recurrence

Evaluation of tissue tolerance for pion radiotherapy

Qual ity and length of survival

Adequacy of tumor localization, treatment planning,
and inhomogeneity correction
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1.0 INTRODUCTION
The rationale for pion radiotherapy is primarily related to two
factors: (1) a different biological response in the stopping
region of the pion beam from that seen in conventional radiation,
and (2) the capability for localizing this differential response

within the target volume, largely sparing normal surrounding
. tissues.

With high-linear-energy-transfer (high-LET) radiation (for example,
neutrons, pions, and heavy ions), there is increased irresarable
damage of critical molecules (f.e., double-strand bSreaks in IJNA},
as compared to the type of damage cause by low-LET radiation (e.g.,
x-rays, gamma rays of cobalt, electrons, and protons). In
addition, calls exposad to low-LET radiation exhibit up to three
times more resistance to injury if they are not well oxygenatad.
Thus, hypoxic cells, large numbers of which are usually present in
tumors, are less sensitive to damage than are well cxygenatad cells
of the tumor and the surrounding normal tissue. The dense
ionization of high-LET radiaticn may overcome the protective effect
of hypoxia, ki]Tfng those cells almost as effectively as
well-oxygenated calls. Further, cells are more resistant to
low=-LET radiation in certain phases of the cell cycle than in
others. High-LET radiation reduces differences 'n cellular
sensitivity due to cell cycle variations.

Heavy charged parcicles, such as nions and heavy icns, distribute
their dose with a Bragg peak, a region of intense radiation which )
can be located in the tumor volume. =

Pions have the advantages of both high-LET and low-LET radiation,
because they deposit low-LET radiation as they pass through tissue
(plateau region), but produce a high-LET component in the stopping
(tumor) region. DOue to their negative charge, the stapping pions
are apsorbed by the positively charged nuclei of oxygen, carbonm,
and nitrogen atoms. This excess energy makes the nuclei unstable
and they disintegrate, producing neutrons, pratons, deuterons,
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tritons, alpha particles, and heavy ions. Thesa svents increase
the total dose in the pion stopping region and alter the biological
effectiveness of the dose in that region because of the dense

jonization produced mainly by the alpha particles, heavy fons, and
neutrons.

Phase II trials ar:| proposed to study the efficacy of pion radio-
therapy in improving local control and, thus, potentially survival
for patfents with a variety of large solitary metastatic neoplasms,
and to assess acute and chronic normal tissue injury associated
with such treatnent.

Patients with lesfons amenable to treatment with ccnventional

radiotherapy, surgery and/or chemotfurapy with an anticipated

five-year survival rate greatar than approximately iC% would be

excluded. Patients must be between 18 and 75 years of age and have

3 Karnofsky status of 60 or greater.

1.1 Summary of the Study.
This is a non-randomized pilot study %0 evaluate response to
pion radiotherapy of miscellaneous metastatic lesions
originating from any type of solid tumor. The study of local
control as well as tissue tolerances will he the prime goal of
this protocol. Additional valuable information w11l bSe gained
regarding further refinement of techniques of :treatment
planning, patient set-up and immobilization, assessment of

tissue inhomogeneities, and other technical aspects of pion
therapy.

Patients previously treated with chemotherapy but not
demonstrating objective response will be eligible provided

" they have not received previous radiotherapy to the area and
have a life expectancy of at least thres months.

2.0 QBJECTIVES

2.1 To evaluate tumor response to pion radiation.

2.2 To evaluate normal tissue rasponsa and tolerance %0 . o
multi-fraction pion therapy. PIED FOR

HSPT
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2.3 To evaluat:-fmportant aspects of treatment planning and
tachnical aspects of delivering the radiation (including
inhomogeneity corrections) in an attempt to maximize the

therapeutic ratio by minimizing the normal t{ssue volume to be
irradiated.

3.0 ELIGIBILITY CRITERIA

3.1 Conditions of Elfgibil{ty.

The following conditions must be met before a patient can be
admitted to the study:

3.1.1
3.1.2
3.1.3
.14

3.1.5

3.1.6

8iopsy-oroven malignancy.

Metastatic lesfon criginating €rcm any solid tumor.
Patient age between 18 and 7%.

Little or no chance of cure with conventional
therapy.

Understanding by the patient of the provisions of
the study and veluntary informed consent to
participate in the study.

Karnofsky status > 54.

3.2 Conditions of Ineligibility.

3.2.1
3.2.2
.2.3
3. ZQ4

3.2.5

3.2.6

Moderates to high chance of cure by other treatment
modalities.

Previous radiotherapy to site.

Ongoing chemotherapy.

Life expectancy less than three months or Karnofsky
status of less than 60.

Active uncontrollable infection in area of
irradiation.

Medical, psychological or other contraindication to
proposed treatment. Age < 18 and > 75 years.

4.0 PRETREATMENT EVALUATION

Pretreatment evaluation will be performed at the University of Mew
Mexica Cancer Research and Treatment Center (CRTC) or by the
referring physician at another institution, with findings verified
and studies aucmented as required by <he CRTC study zeam. The
evaluation will include: C

1091120
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4.1 Medical hi;Eory.

4.2 Physical examination.

4.3 Laboratory tests.
4.3.1 CBC (including differantial)
4.3.2 Platelet count
4,3.3 Urinalysis
4.3.4 Serum chemistry profile
4.3.5 Others as indicated

4.4 Chest x-ray, tomograms, ultrasound, radfonuclide studies, CT
scans and others as indicated, particularly if tumor is in
close proximity to bdone.

4.5 Staging procedures as indicated.

4.5 An ophthalmologic examination to assess lens opacity (to te
serfarmed upon admission to the study).

[$])
.
o

ADMISSION TO STUDY

Any patient who meets the require eligibility and pretreatlent
evaluation criteria will be admitted to the protocol for pion
radictherapy at LAMPF. The following records will be generated by
the study team and participating institutions for storage,
retrieval and analysis.

1. Patient eligiblity form.

2. Pretrsatment evaluation form. This form, documenting tle
history and physical information, laboratory tests and
special studies including surgery, will be submitted on
those patients referred for treatment.

3. Study entrance form (patient name, address, referring
institution, referring physician, etc.)

4. Patient consent form.

A study cass number will be assigned to each patient by RTCG
Headquarters.
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§.0 TREATMENT
All patients will receive non-randomized pion therapy at the
Clinton P. Anderson Meson Physics Facility (LAMPF) in Los Alamos,
New Mexico, either alone or as a planned boost in conjunction with
conventional radiotherapy. Pion doses are based upon previous
experience with pion irradiation of varicus human tumorsl ang for
representative sites are outlined below.

Current Treatment Policy

Maximum Dose Minimum Dose

Site (Peak Pion Rad) (Peak Pion Rad) Fractions Days
Pelvis 4500 3600 kl) g0
Head & Neck* 4500 2600 35 £0
3rain

Whole 2750 2200 22 32

Cone-down 4500 3600 35 50
Pancreas*~

whole 2400 1920 24 35

Cone-down 3840 3072 24 38

“Scost fields treated to S000 peak pioh c3y (rad) maximum

*rCcmbined with planned external beam conventional therapy
Variations in total dosa in the range of + 10% about the above
doses will be explored to further evaluate tumor responsa and
normal tissue tolerance. Oosa2s in this range will be con-
sidered definitive and will be combined with other conven-
tional therapy as outlined in Section 10.0 Additional Therapy,
below.

Planned combhinations of convenmtional radiation therapy with
cone-down pion boost therapy will be applied in selected
situations bisad upon previous experience regarding normal

tissue tolerance in patients receiving pions alone. The
estimated biological equivalent of combined pion and conven-
tional treatment will not exceed that recognized as tolerance
for pion or conventional therapy alone. C

-387-
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Treatment methods will be those developed previcusly for pion
therapy with the fixed vertical beam at LAMPF with appropriate
modﬁ"fcations and improvéments consistant with improved tech-
m‘ques.2 Single or multiple port therapy with or without
cone-down therapy will be applied on an individualized bdasis
to maximize normal tissue sparing and to accommodate partic-
ular difficulties with patient positioning or disease site.

Treatment planning will be performed by computerized calcula-
tion from CT data of necessary compensation for body and tumor
contours and tissue inhcmogeneities.3 VYerification of treat-
nent volumes will be accomplished bj simulation using
or:hodiagraphic scanning‘ and routine in vivo dosimetry.

7.0 ENDPOINTS
7.1 Tumor regression and time to recurrence.
7.2 Evaluaticn of tissue tolerances for pnien radiotherapy.
7.3 " Quality and length of survival.
7.4 Adequacy of tumor localization, treatnent plananing and
{nhomogeneity correction.

8.0 FOLLOW-UP SCHMEDULE
8.1 Follow-Uo Plan and Schedules.
The referring physician will be encouraged to s2e the patient
in accordance with his customary schedule.

The patient will be sesen at the Cancer Research and Treatment

Center at one month after treatment, then every three months a
for 12 months counting from day 1, and semi-annually '
thereaftar until death occurs or survival reaches five years.

[f the patient cannot return to the CRTC, arrangements will be

made to have him examined at another hospital by his referring

physician and preferably his radiotherapist and a recort of

this examination submitted to the CRTC.
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8.2 Eochw-Uo foonn:tion.

The following information will be recarded on the foilow-up
Yorms at each visit{
8.2.1  Brief interval history related to disease.
8.2.2 Physical examinaticn:
Weight, blood pressure
Temperature
Appropriate aspects of physical examination
Regression of palpable or visible tumor

8.2.3: Laboratory tests and routine x-rays; appropriate
studies as indicated.
8.2.4 Specific diagrostic studies, or studies which gave

the most reliable information regarding the initial
extent of tumor will be reneated at periodic

intervals.

8.2.5 Complications of treatment.

8.2.6 Recording and scaring of late reactions and
pathologic studies by re-biopsy/autopsy as
indicated.

8.2.7 Ophthalmologic exam to assess lens apacity
(annually).

8.3 Study Parameters.
Parameters to be recorded throughout the study include:

8.3.1 Degree and time of regression and regrowth.
8.3.2 Assessment of acute radiation affects.
B.3.3 Assassment of long-term radiation effacts.
ct :
I .
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9-0

Surmary of Study Parameters

Yistory and Physical
Performance Status (Karnofsky)

Chemistry Profile

Pretreatment Follew-Up
X

Urinalysis

Ciagnostic (radfcgraphs, ultrasound,

X

X

€3C, Differential, Platelet Count X
X

X

x

nuclear scans)

taging/Localization Procedures
Cphthaimologic Exam b X

ol

a - As Indicated
b - Yearly

ADDITIONAL THERAPY

Subsequent tharapy should proceed at the discretion of the
patient's responsible physician. The patient or physician will
notify the investigator of any treatment instituted that has not

Seen

prescribed by the investigator.

PATHOLOGY
10.1 Initial Surgical (Bioosy) Socecimens.

10.2

10.3

Reoresentative slides and copies of biopsy resorts will be
submitted to the study csnter and reviewed by the study
pathologists. Copies of the reports from the study
pathologists will be forwarded to the referring and/or
follow-up physician.

Subseguent Surgical Soecimens. Pt
Any tissue surgically removed from anatomic sites will be
examined by pathologists at the participating institution
where surgery was performed. Appropriate microscopic slides
and pathologic reports will be forwarded to the study center
Tfor review by the study pathologists.

Autoosies. COPIED FOR
Autopsies are strongly urged on all study patients by HSPT
pathologists at the participating institutions. Post-mortem
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11.0

12.0

studies should include a description of irradiated tissues and
the character and extent of any persistant, recurrent or
metastatic tumor. Autopsy reports and represantative
microscopic slides will be forwarded to the study canter for
review by the study pathologists.

FCRMS.

Two copies of each study form must be submitted to RTOG
Headquarters. Data will be recorded on standard forms to be
supplied to participating institutions by RTCG Headquarters.

3. Photocopy of patient consent form.

Be Patient eligibility form.

C. Pretreatment evaluation form.

d. Study entrance form.

e. Radiation treatment summary. A daily schedule of pion
therapy will be prenared at LAMPF. This report will also
include an end of treatment examination to include
weight, pertinent general physical examination,
rerformance status, current medications, and, if
possible, an assessment of tumor response.

f. Follow-up examination form.

g. Pathology form.

PATIENT CONSENT AND PEER JUDGMENT

All institutional, Food and Orug Administration, and National
Cancer Institute regulations requiring submission to the
institutional human experimentation committee and the use of
procedures for obtaining and recording informed consent will be
followed. A patient may be removed from the study if the study is
not in the best interest of the patient. A patient may withdraw
voluntarily from the study at any time, as will be indicated in the
consent form.

¢t
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" APPENDIX I

KARNOFSKY PERFORMANCE STATUS

100 “ormal; no complaints;.no evidence of disease.
90 Able to carry on normal activity; minor signs or symptoms of
disease.
80 Normal activity with effort; some sign or symptoms of disease.
70 Cares for self, unable to carry on normal activity cr do active
work. -
£Q Razuires oc:asiona1‘assistance. but is able to care for most
-ersonal needs.
50 Requires considerable assistance and frequent nedical care.
40 Cisabled; requires special care and assistance.
0 Saverely disabled; hospitalization is indicated, although death
ne imxinent.
20 Yery sick; hospitalization necessary; active support treatment
is necessary.
0 “oribund; fatal process progressing rapidly.
0 Jead.
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APPENDIX II

PATIENT CONSENT F