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GRANTEE CR CONTRACTOR INSTITUTION NAME .

UNIVERSITY OF NEW MEXICO, CRIC

Please complete both parts of this report:

Part 1. All persons receiving any salary from the direct cost awarded for this grant or contract during budget period.
Part [I. All persons who performed some work during budget period on the research project for which no salary was

received from this grant or contract.

Individual reports will be treated as confidential and will be used only in the form of statistical summaries. Names and Social

Security numbers are necessary to avoid duplicate counting.

satisfactory.

GENERAL INSTRUCTIONS
If data are not available on all questions, please supply as much informati NEPOSITORY

Please use whole numbers. Do not use fractions, decimals or cents.,
All information requested applies to the budget period specified above.

Please return one copy of the questionnaire and retain the other for your fi’
Division of Research Grants, National Institutes of Health, Westwood Buil
Bethesda, Maryland 20014, For information on completion of {orm telephon
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{Part | ond Part [I)

PROFESSIONAL: Individuals who hold positions which noimally: (1) require a baccalaureate, equivalent, or higher degree,’
and (2) are considered by the grantee institution as performing professional work. Exclude all consultants.

Foculty Stotus: All professional persons working on this grant or contract—including temporary, part-time and retired—
who hold appointments designated as ‘“facuity’’ by an institution of higher education.

Non-Foculty: All professional persons working on this grant or contract who do not hold appointments designated as
‘‘faculty’’ by an institution of higher education. This includes all non-faculty professional staff employed by non-
academic institutions (independent hospitals, research institutes, nonprofit foundations, and private companies).

R Postdoctorals considered as primarily in a training status should be reported under “‘In Training Status.”

In Troining Stetus: Include only those individuals who, while working on a grant or contract, are considered to be in
a predoctoral or postdoctoral training status. This includes graduate students registered in institutions of higher
education for part-time study leading to an academic (PhD, ScD, MA, MS, MPH, or equivalent) or professional (MD,
DDS, DVM, or equivalent) degree. Predoctorate students working on their dissertation should be entered in this sec-
tion. Individuals who already have an academic or professional doctorate but are considered as being primarily in a

training status should be included. Residents and interns should also be included except those serving on rotation as
part of their regular medical training. Undergraduate students should be counted as ‘‘All Other Staff,”

ALL OTHER STAFF: All other personnel working on this grant or contract. Include undergraduate students. Exclude all

consultants.

SPECIFIC INSTRUCTIONS FOR PART |

1.

List in Items 1, 2, and 3 the names of all professional personnel who worked on activities supported by this grant or cone

tract during the budget period specified who received any salary from the grant or contract.

In Item 4, **All Other Staff,”’ count all other personnel who received any salary from the grant or contract during the budget

period specified. Give total number of persons in each of the four categories listed and estimate total manweeks and per

Exclude employer payments for Social Security and other fringe benefits from all amounts reposted for salaries and person-
Social Security Number (Items 1, 2, ond 3, Column b): If the individua! does not have a Social Security Number, enter the

Number of Weeks Worked (ltems 1, 2, and 3, Column f): Weeks worked during the budget period specified on activities

supported by the grant or contract for which salary was received from grant or contract funds. Count each week regardless

2.
sonnel costs,
3.
nel expenditures.
4.
ronth and day of birth. Example: 06-15 for June 15.
5.
of number of hours worked. Do not report percent of effort.
6.

Estimated Total Manweeks (Item 4, Column r}): The total number of weeks all persons counted were paid for their work on

the project. Reasonable estimates are acceptable. Part-time work should be computed an the basis of 40 hours a week or
the accepted work week in the grantee institution if it is less than 40 hours.

.« Tota! Personnel Expenditures (1tem 5): The amount given should be the sum of the professional salaries and the expendi-

tures reported for the *'all other staff.”” If continuation pages have been used, be sure to include all persons listed for a
given prolessional category regardless of the page on which the name appears.
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DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE CA-14052-35 6-01-76/05-31-77

PUBLIC HEALTH SERVICE

FRINCIPAL INVESTIGATOR QR PROGRAM DIRECTOR
NATIONAL INSTITUTES OF HEALTH

KLIGERMAN, MORTON M.

MANPOWER REPORT GRANTEE OR CONTRACTOR INSTITUTION NAME
UNIVERSITY OF NEW MEXICO, CRTC

Please complete both parts of this report:

Purt 1. All persons receiving any salary from the direct cost awarded for this grant or contract during budgot period.

Port 1. All persons who performed some work during budget period on the research project for which no salary was
received from this grant or contract.

Individual reports will be treated as confidential and will be used only in the form of statistical summaries. Names and Social
Security numbers are necessary to avoid duplicate counting.

GENERAL INSTRUCTIONS

If data are not available on all questions, please supply as much information as you can. Reasonable estimates wxll be
satisfactory.

Please use whole numbers. Do not use fractions, decimals or cents.
All information requested applies to the budget period specified above.

Please retum one copy of the questionnaire and retain the other for your files. If additional copies are needed write to:
Division of Research Grants, National Institutes of Health, Westwood Building, Room 126, 5333 \&estbard Avenue,
Bethesda, Maryland 20014. For information on completion of form telephone (301) 496-7263.

DEFINITIONS
(Part I and Port II)

PROFESSIONAL: Individuals who hold positions which normally: (1) require a baccalaureate, equivalent, or higher degree,”
and (2) are considered by the grantee institution as performing professional work. Exclude all consultants.

Foculty Status: All professional persons working on this grant or contract—including temporary, part-time and retired—
who hold appointments designated as *‘faculty’’ by an institution of higher education.

Non-Focuity: All professional persons working on this grant or contract who do not hold appointments designated as
7 ““faculty’’ by an institution of higher education. This includes all non-faculty professional staff employed by non-

‘(‘? ucademic institutions (independent hospitals, reseatch institutes, nonprofit foundations, and private companies).
- - Postdoctorals considered as primarily in a training status should be reported under “'In Training Status.”
1_" ' In Troining Status: Include only those individuals who, while working on @ grant or contract, are considered to be in
‘-~ a predoctoral or postdoctoral training status. This includes graduate students registered in institutions of higher
™ =. education for part-time study leading to an academic (PhD, ScD, MA, MS, MPH, or equivalent) or professnonal(MD
% DDS, DVM, or equivalent) degree. Predoctorate students working on their dissertation should be entered in this sec-

tion. Individuais who already have an academic or professional doctorate but are considered as being primarily in @
training status should be included, Residents and interns should also be included except those serving on rotation as
part of their regular medical training. Undergraduate students should be counted as ‘‘All Other Staff.’’

ALL OTHER STAFF: All other personnel working on this grant or contract, Include undergraduate students. Exclude all
consultants.

SPECIFIC INSTRUCTIONS FOR PART |

1. List in Items 1, 2, and 3 the names of all professional personnel who worked on activities supported by this grant or con-
tract during the budget period specified who received any salary from the grant or contract.

In Item 4, *“All Other Staff,’” count all other personnel who received any salary from the grant or contract during the budget

period specified. Give total number of persons in each of the four categories listed and estimate total manweeks and per-
sonnel costs.

2.

Exclude employer payments for Social Security and other fringe benefits {rom all amounts reported for salaries and person=
nel expenditures.

4. Social Security Number (Items 1, 2, and 3, Column b): If the individual does not have a Social Security Number, enter the
ronth and day of birth. Example: 06-15 for June 15.

5. Number of Weeks Worked (Items 1, 2, and 3, Column f): Weeks worked during the budget period specified an activities
supported by the grant or contract for which salary was received {rom grant or contract funds. Count each week regardless
of number of hours worked. Do not report percent of effort.

6. Estimated Totcl Monweeks (Item 4, Column ¢): The total number of weeks all persons counted were paid for theit work on
the project. Reasonable estimates are acceptable. Part-time work should be computed on the basis of 40 hours a week or
the accepted work week in the grantee institution if it is less than 40 hours.

fotol Personne! Expenditures (Item 5): The amount given should be the sum of the professional salaries and the expendi-
tures reported (or the ‘‘all other staff.’’ If continuation pages have been used, be sure to include all persons listed for a
given professional category regardless of the page on which the name appears.
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PART I: PERSONNEL REC™ 'ING ANY SALARY FROM THiIS GRANT CONTRACT DURING BUDGET PERIO.

READ INSTRUCTIONS BEFORE COMPLETING FORM, USE TYPEWRITER, USE CONTINUATION PAGES, IF NECESSARY

OTHER SOURCES OF INCO
cex 1 WOURS AND EARNINGS | |\ LILE ON PROJECT (Che.
L BUDGET PERIOD v more than one 1l appeopriaic
w
[ R 3 Nim SUPPORT !
SOCIAL EAR MIGKEST | E? ; : 150l ¢ 2|,
NAME < Y u | OEGREE ¥ |us ;:-z‘ g’,_ «.g < z _,5:;
(Last, firas initial) SECURITY CF KELD . ‘::E :ﬁo .z E& il w g 49:1
NUMBER BIRTH | OR|  e* 1o vey <oz Wil s U 5: ., 553!
F raolv< "L 8; ztel & jesitglcl™
axlzc <13 o3l Zaul Sz|sElESivze
Jg|wd 00 wa | <J8l 14|82 x: z<<l
20(>0 ot g 03I |eW<el rajwo(sloEe
z3|«z1 L wuWw itV gulevioajZer
. b < d. . f 9 h i i k f m n
Non=-
1. PROFESSIONAL: FACULTY STATUS
Knapp, E. A. M 5 8 Sé
“Bradbury, J. N. M 5 16 . S6
Amols, H. I. M ) 26 S6
Helland, J. M 5 52 Sé
Paciotti, M. M 5 52 Sé
Schillaci, M. M 5 26 S6
Berardo, P. M 5 26 Sé
2. PROFESSIONAL: NON.FACULTY continued
Bush, E. S rnes M 4 ) 2
Wing, J. ’ M 3 52 Q2
Hutson, R. L. M 5 52 S6
Liska, D. M 4 26 Q2
|
OE
3. PROFESSIONAL: IN TRAINING STATUS (Predoctorals and postdoctorala) oy
p
NUMBER TOTAL TOTAL AMOUNT FPAIO FAOM
4. ALL OTHER STAFF RECEIVING ANY SALARY FROM THIS GRANT  oF MANWEEKS THIS GRANT OR CONTRACT-
OR CONTRACT DURING TH!S BUDGET PERIOD PERSONS (eatimate) OOLLARS ONLY (estimmate)
q ] s
CLINICAL SUPPORTING STAFF - those whose duties primarly
involve patient care (orderlies, practical nurses, etc.) (2.
TECHNICAL -« includes technicians, loboratory gssistants,
on:mal coretakers, etc. (3.) 4 52
CLERICAL AND ADMINISTRATIVE STAFF (4. 1 52
OTHER STAFF {5.)
TOTAL: ALL OTHER STAFF (1. 5 260
S. TOTAL SALARIES RECEIVED IN BUDGET PERIOD (Cols. h t 5) 246.287
(Exclude employer psyments for Social Security and Iringe benefits) $ ,2
AIH-17 49 *See CODE SHEET on Page 4.
Rev. 3. 74 * Exclude any weeks and hours worked for which no salary was recewedﬂﬁm this gront or contract, Report
such time in Part I, column w. Lo . g

Page 2

00133396.003
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I;ART {l: PERSONNEL PERFOR) 5 SOME PROJECT WORK DURI!NG THI® ANT OR CONTRACT BUDGET
PEn(OD FOR WHICH NO SALARY wAS RECE.. ED

The purpose of this portion of the report form is to obtain information to help evaluate the contributions to NIH research
grams by individuals who perform significant work on an NIH reseatch project for which no salary is received from that
~iH research grant or contract.

1f no individuals performed unpaid work on this project as defined in the instructions below, please check box, [ ]

1. Exclude interns and residents working on this project on rotation as part of their regular medical training.

2. Coluan {t)s Estimste the nusber of individusls In each occupstional category given in {.ho table below who contributed st
least 80 hours of unpaid vork on the ressarch project during the budgst psricd and received no sslary from the gPlﬂ? or
contract. Enter these nusbers in Coluan (t). Exclude those individuals who contributed less than B0 hours of unpaid wor
Note that individuals reported in Part | who alaso perforssd unasleried work should be entered in Columns (v) and (w).

3. Column (v): For each of the individuals entered in Column (t) estimate the total rnumber of unsalaried hours worked and
divide by 40 hours (or the accepted work week in the grantee institution if it is less than 40 hours) to calculate man-
weeks. Add the number of manweeks for all individuals in a given occupational categery and enter in Column (u).

4, Column (v): Estimate the number of individuals in each occupational category who received salary for work performed on
the grant or contract but also performed any amount of work on the project without receiving salary from the grant or cone
tract. Enter this number in Column (v).

5. Column (w): For all of the individuals entered in Column (v), estimate the total number of unsalaried hours worked.
Convert to occupational category manweeks as described in paragraph 3 above and enter in Column (w).

PERSONS NOT PAID BY PERSONS REPORTED IN
THIS GRANT OR CONTRACT PART | wHO ALSO
WHO WORKED AT LEAST PERFORMED UNPAID WOAXK
PR ON PROJ T
OCCUPATIONAL CATEGORY $0 HOURS ON oJECT oJEC
NUMBER TOTYAL UNPAID NUMBER TOTAL UNPAID
OF PERSONS MANWEEKS OF PERSONS MANWEEXS
(1) (v} (v) (w)
PROFESSIONAL STAFF:
FACULTY STATUS 13}
NON-FACULTY 14y 2 24
Predocterel in Treining Starus (6.}
Posidoctoral in Troining Starug 7.
ALL OTHER STAFF: 8.1
TOTAL (. 2 24
NIM-1749 Poge 3
Tev. 3/74
”~ -
W .
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1091818



h Y suJUt] BLasay NG AMRC 240

REVIEW GROUP TYPE PROGRAS  [GRANT NUMBER UM SERT
OEPARTMENT O. ON AU PACES
HEALTH, EDUCATION, AND WELFARE SRC 5 PO1 |CA14052-05
PUBLIC HEALTH SERVICE TOTAL PROJECT PERIOD
. om: 06/D1/76 . 05/31/79%
APPLICATION ;ZQ:ESYED BUDGET PERIOD e
FOR CONTINUATION GRANT
rom: 06 /01/77 mrouew: 05/31/78

TO BE VERIHED BY APPLICANT. CHECK INFORMATION IN ITEMS | THRQUGH 6. IF INCORRECT. FURNISH CORRECT INFORMATION IN ITEM 12,

L TITLE

PRECLINICAL STUDIES FOR PION RADIOTHERAPY

2A. PRINCIPAL INVESTIGATOR OR PROGRAM DIRECTOR 4. APPLICANT ORGANIZATION (Yame and Address, Street, City, State. Zip Codey
(Name and Address, Sireet, Cuy, Stass, Zip Coda)

KLIGERMAN, MORTON N CANCER RESEARCH & TREATMENT CTR
UNIVERSITY OF NEW MEXICO UNIVERSITY OF NEX MEXICO
CANCER RES & TREATNENT CTR ALBUQUERQUE, N HMEX 87131
ALBUQOERQUE, N MEX 87131
28. DEGREE 2C. SOCWL SECURITY NO, 5. PHS ACCOUNT NUMBER
MD T 185600064 241
2D. DEPARTMENT, SERVICE, LABORATORY OR EQUIVALENT 6. TITLE AND ADDRESS OF OFFICIAL IN BUSINESS OFFICE
OF APPLICANT ORGANIZATION
CANCER PES & TREATMENT CENTER
2E. MAJOR SUBODIVISION COMPTROLLER
HEALTH SCIENCES CEZNTER UNIVERSITY OP NEW MEXICO
3. ORGANIZATIONAL COMPONENT 10 RECEIVE CREOIT FOR ALBUQUZRQUE, N MEX 87131

INSTITUTIONAL GRANT PURPOSES
01 SCHOOL OF MIDICINE

COMPLETE THE FOLLOWING (See instructions)

7. RESEARCH INVOLVING HUMAN SUSJECTS (Sees {nstructions) 8. INVENTION CERTIFICATION (See /astructions)
Xno Oves Xno [ v#5-NOT PREVIOUSLY
APPROVED: OATE T3 Yes PaEviously REPORTED rerontzo
PERFORMANCE SITE (S) TELEPHONE INFORMATION
ancer Research and Treatment Center TIA. PRINCIPAL INVESTIGATOR AREs VELL NO. & 0T,
University of New Mexico OR
Albuquerque, New Mexico 87131 PROGRAM DIRECTOR (ITEM 24}
Congressional District #1 505 277-2151
TTB. NAME OF BUSINESS OFFICIAL
Los Alamos Scientific Laboratory GTEM b}
P. 0. Box 1663 W
arren Baur 505 277-6264
Los Alamos, New Mexico 87545
Congressional District #1 He. 2‘:“%@?%22&&?’«?&“.‘?#
- Warren Baur
10. OIRECT COSTS REQUESTED FOR BUDGET PERIOD Asst. Comptroller, 505 277-6264
$1,002,684 Health Sciences
T2A. CONG RESSIONAL DISTRICT OF APPLICANT 128. COUNTY OF APPLICANT ORGANIZATION SHOWN IN [TEM 4
RGANIZATION SHOWN IN ITEM 4
__Lo.tﬁ,r.essi.o.na_]_.m_&tri cr {1 Bernalillg
13. USE THTS SPACE FOR CORRECTIONS TO ITEMS | THROUGH 6. INDICATE THE NUMBER(S) WHERE ANSWER(S) APPLY
3. 20 Cancer Research and Treatment Center
5. 726225 ola) -
LR L
6. Asst. Comptroller, Health Sciences, University of New Mexico, Y

Albuquerque, New Mexico 87131

14. CEPTIFICATION AND ACCEPTANCE. WE THE UNDERSIGNED, CERTIFY THAT THE STATEMENTS HEREIN ARE TRUZ AND COMPLETE TO THE BEST OF OUR KNQWAL EDG ¢
AND ACCEPT, AS TO ANY GRANT AWARDED, THE O MIGATION 10 COMPLY WITH PUBLIC HEALTH SERVICE TERMS AND CONDITIONS IN EFFECT AT THE Timt OF THE AWARD.

15A. PRINCIPAL INVESTIGATOR OR PROGRAM DIRECTOR OATE
SIGNATURES
(Sc'_t'nallu::lo nqm"rrd Ucn n . -
onginal coyy oaly. e 158. OFFICIAL SIGNING FORAPPLICANI ORGANIZATION ] p
:xno‘l-a(rqﬂ:?alt.) Hgnatures 0{/&‘_» \() ’I/ EL. eo— 6/25'/'7 7
#ns 2590-) OPTIONAL
v 10 RETURN COMPLETED APPLICATION TO PHS AS SOON AS POSSIBLE:
NO LATER THAN 1 APRIL 1977

l G q i 8 -i q 00133396.005



Kliger 7, M.M,

5-P01-CA-14052-05

CONTENTS
Section Page
II. BUDGET 2
I1I. FISCAL DATA FOR CURRENT BUDGET PERIOD 4
Iv. SUMMARY PROGRESS REPORT 5
1. Publications 6
2. Professional Personnel Changes 9
3. Summary Progress Report 9
a. Objectives 9
b. Current Studies 10
c. Significance 14
d. Research Goals for Year 5 15
e. Principal Investigator Assurance 16
ATTACHMENT A - DETAILED PROGRESS REPORT 17

ATTACHMENT B

LETTER OF INTENT TO RENEW CONTRACT

ATTACHMENT C - BIOGRAPHICAL SKETCHES FOR NEW PROFESSIONAL
PERSONNEL
ATTACHMENT D - PUBLICATIONS

-~
-‘)

et
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STCTION It

FROM . 9i4] CRAMT NUNDER
SECTION {I—BUDGET  usuaLr 12 Mori=3) 1 June 1977 31 May 1978 CA-14052-05
A, ITEMIZE DIRECT COSTS REQUESTED FOR NEAT YUDGET PEmIOD
2 TIME D& SALARY FRINGE BEMEFITS
PERSONMEL CreEQRT REQUESTED (See inslructioas)
NAME (Last, First, Initial) TITLE OF POSITION % /HAS
Q) (o) tc) {d) (e)

See Attached

PRINCIPAL INVESTICATOR

SUDTDIaY )

$190,288 $

32,348

('ndicate cost of pach ltem listed Delew)

YOTAL {Columns (d) and (9)

CONSULTANT COSTS (See Instructions)

LQUIPMENT
AN,
SUFPLIES St
BT
S
S
BT |
$
59,331
' 13,300
TRAVEL .
$
PATIENT COSTS (Ses instructions) = =
$

ALTIRATIONS AND RENOVATIONS

Carry~-forward from Year 4

OTHER EXPENSES (Itemwize)

Other Expenses 11,947
Purchased Services 556,470
$ 568,417
TOTAL GIRECT COST (Enter ea Page 1. (tem 10) $1,002,684
INDLAECT £0,0 % swwe Date of DHEW Agrewmunt: 0 Not Regvesied
cost ————% 0L ___ﬂar ch lQﬁ_W1977 O Under negotiation with:

fSre" instruttions) "1t thiy is & speciah rale (e.g. off-sity) explain. wmmmmw
PH3-2590-1 (Formerly NiH-2006-1) recs rare applies, 38.0%
(Rev. 3-75)

i o ) =

1091881

~ - 00133396.007



ADMLNLSTRATLON

3ECTic )
_ f20u . 20UCH CAMNT Hu=pzg
SECTION II=BUBGET ws. .cizrormy 1 June 1977 | 31 May 1978 |CA-14052-05
o STTWIZE DIRECT COSES RIGUISTED FOA 2k JUCCET 2i3ton
L1 TIMI 02 13 FRINGS BEMNERITS
__._—"-!”‘" b ) B TE o (‘:’}DQI R(Q’;J‘E‘;I'[D {See l.ﬂlrx:mm) 10TAL
iest, laitia F POITION %IHAS
HamE e, Firs ta) . (2} te} e () m
[ . N e
Mige‘rn{a’n’ M.I(. PRINCIZAL YEITICATOR 25
xt’ilson, S. ‘I\ssoc. Admin. Res. 10
#Talley, F. Admin. Coordinator 40
Grant, A. l\cctng. Supervisor 10
Mew Hire Artist/Photographer 15
#New Hire \dninistrative Secy. 50
%New Hire Messenger/Clerk 50
*Based in Los Alamos . E
%«ﬁ;gz
E=EEE A
ZEEA
b =
AT
SUdtoldls P 817 , 220 $ 2 N 927 M‘W ‘“—"Vﬁ
('nSicate cost of exeh item listed driow) TOTAL (Columns (3) amd (o) —] %
20,147
CONSRIANT COSTS (S2e instructions) s .
Committee on Human Trials of Pion Radiotherapy and other scientiflc 25,000
consults A o
EQUIPMENT ] __-_{-::E,;
v AT
None ;‘\‘/.Mgzy“\*'_/,'
AR ""gvmég
=TS8R =
$
NI
S A
SCPPLIES '_i\f_\,g:%ﬁ%
= e = SN
Clerical supplies ST
sSS=T
N AT ARE,
¥ 4,000
DOMESTIC ] . s
- Albuquerque/Los Alamos, 36 trips @ $90/trip 3,300
FOREICH 3
PATIENT COSTS (Sea instroctions) R X
$
ALTERATIONS AND PEMOVATIONS s
OTHEX ESPENSES (Itemira) vﬁ—"'
Xerox, communications, mag card typewriter lease ' EA A TS
=
$ 1,947
TOTAL DIRECT COST (Cnter en Page 3, Item 10) $ 5(" 394

INDIRECT
(431

et Instructianyy

———% ST
—_———% e

*fl triy is a aprcidl rats (2.g ollsite),

Dalec of DMEW Agreeement:

exdlain,

[0 Not Requesie?

O Urdre negatioves with

P35~

(Rev."275)

10918862

259%-1 (Fornerly 111H-2005-1)

PALE 24

00133396.008



BIOLOGY LABORATORIES

Jtcrion tl

FROM 1HR0UCH CRInNT hy¥)Ia
SEZCTION N—BUDGET qsusir iz Moniny) 1 June 19/7 31 May 1978 CA-14052-05
% VTEMITE DIRECT COSIS FEQUESTEO FON MELT BUDCTT Péaico
PERSONAEL T1H4E QR SAL LRY l IRINCE Binisits
— - - EFFCRT RiQUiSTED (3te Iaslruelionr) 121l
NaME (L3, Firsk Imli:;). THLE o,m:csmon 7./(:1;& . «© | o
Kligerman, M.M. PRINCIPAL ISVESTICAIODR NA T
Yuhas, J.M., Ph.D. {Assoc. Dir./Biology | 60 |
L1, Alberc, Ph.D. Celluler Biologist 75 C:
New Hire Lab Chiecf 100
New Hire Mamralian Biologist [100
arleton, A. Cell Technician 100 |
Azad, Mahmood Animal Technician . 50
Rhiger, Thomas Cell Technician 100
*New Hire Cell Technician 1030
*New Hire Animal Technician 100
“Blaschak, C. Secretary 60
*Based iIn Los Alamos :
swioun ————> 3125 733 321,374 | :
('ndicate cosk of sach item listed Driow) TOTAL [Columns (8) and (v) e — ;1&7 . 107
CONSILTIANT COSTS (Sev Inslructions) X
5§25§$§55§!§?
tourniyT Centrifuge 56,500 Rotor for ultracentrifuge $3,800 m
Dosimaters 600 Controlled Temp. Cell Exposure &@%
Inverted Phase Microscope $6,000 Chamber 1,400 Sfj*w
Incubators (3) 6,000 - Laboratory Microscope 2,000 2}:_ %’f X
ph lieter 600 Miscellaneous Laboratory s
Analytic balance 1,500 equipment 600 29,000
A A
su??Es Mouse/Rat purchases 10,000 Fetal Calf Serun $7,500 %—:%
Food/Bedding 5.000 _ Chemicals/Misc. 3,090 S
Isotopes 3,000 S=_ =
Plastics/media 10,000 2 S =
Classware 3,000 s
C027 3,000 44,590
DOMESTIC Q.lbuquerque/Los Alamos, 45 trips/year @ $90/trip ' ‘s 000
IPAVEL ettt e tin 5500 iy
FOREIGN s
PATIENT COSTS (Sew Instractions) E A
- 3
ALTERATIONS AND PEROVATIONS
Carry-forward from Year 4 (CRTC animal facility) 75,000
OTHIR EXPLASES (Itemian} %
Xerox, communications, equipment maintenance =
2=
' 7,000
TITAL DIRECT COST (Enter on Paze 1, item 10) $ 307 ,697
INDINECT I A TY I Date of DHEW fglmmtr O hot Requestse
€osT PN A | <1104 O Under n2zatishen wite:
(3+e” Instructions) *8 INis it a speciol rale [e.g. afl-sitz), expiein =
2emns >

(Rev. 2-175

1091883

PHI-2390- 1)(r°rn,,1, HiH-2008-1)

PACE 2]

f 66133396009



BIOMEDICAL PHYSICS $LITI0N 1)

scoTioN H—BUDGET ususir 12 Moniny,

FaQM . WLeH

CRANG MUNMILe

1 June 1977 31 May 1973 CA-14057-05

R
A, (1EmLE DIRECE COSTS FEQUESTED FOA nixl BUDCET pimioD

PERSONNEL VIME OR SALAAY THINCE BENSFITS
—_— - fisoer REQUESTED (See Instraztiony)y 10724
NAME (L, First, fmitol) TITLE CF POSITION = /HRS.
. A3 ©) {c} (] %) (11}
Kligerm:ll‘-l 'M.}[. PRINCIZIL INYISTICAI0Y NA
Xelsey, C.A., Ph.D. | Chief, Biomed. Phys. 10
%Smith, A.R., Ph.D. Physicist 50
#Hogstrom, K.K., Ph.D. Physicist ElY
Rosen, 1.I1., M.Sc. Physicist 30
*Somers, John Technician 50
#Hills, John Technician . 30
%fased In Los Alamos 3
T 3
e
OSSR
AT
sotns ——=3 47,335 s 8,047 et
{*'ndicate cost of exch (tam (isted betow) TOTAL (Calumns () and (2) —el
' . . 55,382

COMNSIJLTANT COSTS (See Instroctions)

€QUIPMENT

Dosimetry equipment $5000

Immobilization equipment $5000

SUPPLIES

Dosimetry and immobilization supplies

TRAVEL

OOMESTIC 1 os Alamos/Albuquerque, 57 Trips @ $90/trip

FOREIGN

PATIENT COSTS (Sew instructisons)

*

ALTERATIONS AND RENOVATIONS

3

DIMIR EXPEN3ES (itemizs)

Xerox, communications, equipment maintenance

e
e
../‘g -‘a‘dﬁ‘ a -
:/v: =\ -.-':2\ = w\~

‘\/‘\/‘\M

-
=

$

3,070

TOTAL DIRECT COST (Enter on Paze 1, item 10)

¥ 84,123

INDIRZCT

€031

(322" tnatructions)

= Siwe Date of DHEW Azeeeement:

s %0 TOC

O Mot Request =
O Undsr eezenitan with:

'f3-25?0~1)(rorner1, 11H-2006-1)

(P=w. -7

1091884
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PURCHASED SERVICES -

ASL SUBCONTRACT

STCTI0w It

SECTION 1I—BUDGET

(USUMLY 12 MONTHS)

IROM

1 Jyng 1972

1aROUCH

| 31 May 1978

CRAMT NuM3ZR

CA-146052-05

e ——r——————
a (TC81ZE DIMECT COSTS FEQUESTED fFOX NEXT BUOCIT PImioQ

PERSONNEL JiME OR Sateey rsmnc‘s lttnznrs
NaAME Gast, First, Jaitiah) e OF oS Tion LroRT REQUESIED (St tnsteactiany) Tora
) . (3} tc) {d) 1) m
Kligerman, M.M.. M.D, PRINCIPAL (NVESTICATON NA NA S
Rosen, L., Ph.D. 1 Deputy Prin. Invest, | NA (No_salary Frequested) |'Re===22
Bradbury, J., Ph.D, Group Leader 15 (No salary Fequested) g Z\/-
. 7 = =
Bush, E. Mechanical Engineer [ 25 %Méff_ﬁ%"
Helland, J., Ph.D. Physicist 100 ~~E5 =
Hutson, R., Ph.D. Physicist 25 -
Liska, D. Engineer 50
Paciotti, M., Ph.D. Physicist 100 S
n AT
Richman, C., Ph.D. Physicist 100 Q\_;;’,}"\;
Schillaci, M., Ph.D. Physicist 25
Warner, R. Asst. Division Ldr. 5 (No salary Fequested) é‘\\\lf@"wx/«\;
Wing, J. Engineer 100 S
Blossom, J. Electronics Tech. 100 S
AT
Cont. next page SUBLOLH S e | § 5 S

(indicate cest of sach Item listed Dotow)

TOTAL (Columas (3} and (2}

—f 3

256,100
CONSULTANT COSIS (See Insirections)
s
— : A‘A:/'\/\/‘
tourmenr Nuclear electronics and CAMAC modules $10,000 &V\%\‘%ﬁ =
Dosimetry beam monitoring instrumentation 6,000 N%ﬁ\‘%v’\j
Channel control 11,090 ww\_ﬁ-,—-’-‘?&%f\/\%\;
Computer peripheral/interface equipment 9,009 A
s Z8,600
NEAEEEATAEA
su?ues  Electronic parts 10,000 S ==
SRS
Computer expendables 12,000 W‘Z@/@.ﬁ’
Control hardware 20,000 S
Dosimetry electronics/supplies 20,000 SR
Clerical and other supplies 7,000 ; ob, 4o
. *
TOMESTIC ¥ Clrances r ,,q@ hauy Wilfo 3099 ’
_ anges (e TT=F 2L 4,000
FOREICN - 3
PATIENT COSTS (See lastructions) NS aa

ALTERATIONS AND REMOYATIONS

OTHER EXPENSES (itemizs)

See next page

191,370

TOTAL DIRECT COST (Emter on P2ze 1, item 10)

' 556,470

INODIRECT
cosr

[See” Instructions)

—_—— % SAw*

-——% T0C"

®If Ny L 2 sdecisd rate (e.7. off-dite), exdlain.

Date of DHEW Agreemoent:

O Kot Requested
O Under nrgotizhon with:

PHS-2390-1 (Formerly !11-2006-1)

(Pev. ¢-75)

10818865
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»
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PURCHASED SERVICES - LA_. Subcontract {(Continued) CA-14052-05

Personnel (Continued)

Chavez, A. - Programmer 50
Helm, C. Data Analyst 50
George, C. Electronics Technician 100
Rivera, O. Electronics Technician 100
New Hire Electronics Technician 59

Other Expenses

Computer facility charges $2,000
Electronics and instrumentation maintenance and repair 8,600
Communications 5,000
ADP equipment maintenance/leases 2,000
Construction of beam hardware 9,000
Contractual services . 7,000
Animal housing and care 10,000
Indirect costs @ 57.7Z of personnel costs 147,770

Total Other Expense $191,370

2e
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Craat Nomder

B. Supplemental inlormation TeEArding ITEMS in the propoeed budzet 10r 1hs Neal Period whiCh roquirza gaplanation or jultification, (See inslruclions)

1. Personnel:

Personnel costs are based on current year plus 7 percent. The biology budgat
reflects the consolidation of this activity at the UNM Cancer Research and Treatment
Center, with the Los Alamos Scientific Laboratory providing only short-term
animal care and housing support (see "other evpense' for LASL subcontract). This
consolidation will enable us to operate with greater efficiency in accomplishing
the biology tasks. The budget also reflects our experience during the past year
that the overall funding level for the biology effort was inadequate. This
estimate more closely corresponds with our experience for the past year, and
our auticipated requirements with a relatively continuous operating schedule

for the coning year.
2. Consultants:
Consultant expenses are the same as for the past year, and cover the

consulting services of the Comittee on Human Trials of Pion Radiotherapy,
as well as other sclentific consults and visiting scientists,

3. Equipment:

The equipment budget is based on our projected needs and the recommendations
of the NCI review team. ‘

4. Supplies, Travel, and Other Expense:

Items in these categories reflect our past experience, the recommendations
of the NCI review team, and a projected 7 percent increase for the coming
year. The biology component for Health Division of the Los Alamos Scientific
Laboratory has been reduced to a charge for short-term animal care ($10.000),
included in the "other expense' category of the LASL subcontract budget.

S. Alterations and Renovations: /

A carry-over of $75,000 awarded in Year 4 for animal housing renovations
at the UNM CRIC is requested. We anticipate being able to accomplish this
task during the coming year, and housing is needed, as UNM has assumed
all long-term animal housing requirements for this project.

. PACE D
PHE-259C-1 (Fornerly MIK- !
(Rev. 2-75) y =2006-1,

1091661
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SUCTIOw (it

SECTION I—FISCAL DATA FQ

CURRENT BUDGET PERICD

(USUALLY 12 MONTHY)

FROM

1 June 1976

THA0UGH

31 May 1977

ANT NUMAEX

5 -P01-CA-14052-05

The following pertains to your CURRENT PHS budget. D0 not include cost shanng funds. This information in conunction with 1hat provided on Page 2
will be used in determining the amount of support tor the NEXT budget period.

ACTUAL £5TIMATED
CURNEAT LXPENDITURES ADDITIONAL JOTAL ESTIMATED [STIMATESD
Aotk THRQ E£XPENDITURES AND FIPENOITURES unosLiCaTta
A BUDCET CATECORIES (As 2pproved by OR?{%{RS%RIO. AM}&L 2 plus {Subtract Coi. 4
awardeng uait) {insert Dae) OF CURRENT Cot. 3} from Col. 1)
BUOCET PERIOD .
1 o] o) 0 (L
Personnel (Saiarien) 159,397 107,415 51,982 159,397 0
Frings Benetits 27,098 12,948 14,150 27,098 0
Consuitant Costs 25,000 1,542 23,458 25,000 0
Equipment 35,900 32,845 3,055 35,900 o
Suppliss 42,600 39,920 2,689 42,600 0
Domestie 14,539 12,770 1,769 14,539 0
TRAVEL '
Forvign
Patient Casts
Alterations and Renovstions 75 000 75 ’ 000
Other 2,004 579 5335 z,006% o
Other  Purchased Services | 602,540 297,798 282,142 579,940 22,600
Total Direct Casts 984,138 ° 505,767 380,771 886,538 97,600
Indirect Costs (It inclucded in award)
TOTALS > | 984,138 505,767 380,771 886,538 ¥ 97,690

Use space Deltow to:

B. List ah items of equipment purchased or expecied to be purchased during this busget period which have a unit cost of $1000 or more.
C. Explain any significant Batence or Seficit Shown in any Category of Columa 5.
0. List ai} other ressarch support for Principal investigator by source, project titie, and annual amount.

B. Roller apparatus, cell production
Lyophilizer apparatus
Monroe programmable calculator
Stereomicroscope and camera system
Biloguard cabinet and hood

Incubator

Patient dosimetry equipment
Keithley multimeter and calibration equipment

TOTAL

$1,167
3,453
2,791
2,741
3,541
2,304
3,320
2,509

$21,826

C. $75,000 AR funds forfanimal facility renovation for CRIC requested for

carry-over into Year 5.

$18,400 personnel costs and $4,200 indirect costs to be returned to NCI
from LASL subcontract, due to transfer of mammalian biologist and technician

from project.

rso'.
L2 S

]
PHS-2590~1 (Formerly NiH-2006-1)
{fev. 4-73)

10918868

PAGE 4

(Yre Continuztien Pages a3 necesiiey)
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5-P01-CA-14052-05

NCI-5-P01-CA-16127-03: Clinical Studies cf Pion Padiotherapy, $1,460,692
(current year), $943,029 estimated for Year &4 (beginning 1 May 1977).

NCI-1-R01-CA-20379-01: Radiation Therapy Oncology Group Clinical Investigations,
$25,272 (current year).

NCI-1-P30-CA-~21074-01: Cancer Center Support (Core) Grant, $511,953 estimated
for Year 1 (beginning 1 May 1977).

~
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1091889 00133396 015



SICTI4 Iy

APPUICAE. AEPEAT GAANI AUMBER SHOWA TN PAGE | ————> T T caanT RumBER
SECTION IV—SUMMARY PROGAESS REPORT 5-P01-CA-14052-05
rum(.ir:s INvESTICAIOR OA PROGCRAM DIRECTOR (Lasz, Firxt, Initias) PERICD COVERED BY TWi§ PEPORT
Kligerman, M.¥. FROM THROUCH
NAME OF CACAMIZATION
Cancer Research and Treatment Center, UNM 1 June 1976 31 Mav 1977

TITLE (Repeal lille shown in ftem | on first page)
Preclinical Studies for Pion Radiotherapy

1. List publicatlions: (a} published and not previously reporied; (D} in oreds. Provide live fapeints it not previously submittad.
2. List atl acditions and ceielions in protessional personnel and sny changes in eitort.
3. Progress Report (See Instnctions)

See Attached

) P T PACE S (Use Cantinvation Page m» necersary)
PUS-2590-1 (Formerly NIH-2006-1)
(Rev. 4-75) * U. 5. GOYERNMEINT PRIVTTYO OFPICE : 1974 394-234/3¢
I U q l 8 q U 00133396.016
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1. PUBLICATIONS

*Amols, H.I.; Bradbury, J.; Dicello, J.F.; Helland, J.A.; Kligerman, M.lM.;
lane, T.F.; Paciotti, M.A.; Roeder, D.L.; and Schillaci, M.E.: The dose
outgide of the treatment volume for patients irradiated with negative pions.
Submitted to Physics in Medicine and Biology-

Amols, H.I.; Awschalom, M.; Bradbury, J.; Boyd, T.J.; Bush, E.; Coulsom, L.;
Dicello, J.F.; Faulkner, R.; Jameson, R.A.; Johnson, S.; Knapp, E.A.; Smith, A.;
Stovall, J.; Swenson, D.A.; and Theus, R.: Fast neutron dosimetry and ion linear
accelerators. Workshop on Physical Data for Neutron Dosimetry, Rijswijk, The

Netherlands. Los Alamos, New Mexico: Los Alamos Scientific Laboratory Report No.
UR-76-1007, 1976.

Amols, H.I.; Dicello, J.F.; and Lane, T.F.: Microdosimetry of negative pions.
Proceedings, Fifth Symposium on Microdosimetry. Verbania, Italy: EUR 5452 d-e-f,
Pp. 911-927, 1975.

Amols, H.I.; Dicello, J.F.; Lane, T.F.; Pfeufer, F.W.; Helland, J.A.; and

Knowles, H.B.: Microdosimetry of negative pions at LAMPF. Radiology 116:
183-185, July 1975.

*Amols, H.I1.; Liska, D.J.; and Halbig, J.: The use of a dynamic range-shifter
for modifying the depth dose distributions of negative pions. Submicted to
Medical Phvysics.

Barnes, J.E. and Hutson, R.L.: Techniques for visualizing pion treatment ports
at LAMPF. Los Alamos, New Mexico: Los Alarnos Scientific Laboratory, Informal Report
UC-48, December 1974. .

Carlson, D.E. and Thornton, J.: Effects of negative pi mesons on mouse bone
marrow cells. Radiology 120: 213-215, 1976.

Dicello, J.F.: Dosimetry of pion beams. Proceedings, International Particle

Radiation Therapy Workshop. Chicago: American College of Radiology, pp. 156-182,
1976.

Dicello, J.F.: Dosimetry of beams for negative pi meson radiation therapy.
International Journal of Radiation Oncology, Biology and Physics, in press.

*Kelsey, C.A.; Berardo, P.A.; Schillaci, M.E.; Awmols, H.I.; Knapp, E.A.; Kligerman,

1{.M.; Lane, R.G.; and Smith, A.R.: Clinical treatment planning with static pion
beams. Submitted to Medical Physics.

Kligerman, M.M.: Meson radiobiology and therapy. Atomikernenergie 27:
165-169, 1976.

Kligerman, M.M.: Pfon radiation therapy. Proceedings, International Particle

Radiation Therapy Workshop. Chicago: American College of Radiology, pp. 404-412,
1976.

Kligerman, M.M.; Dicello, J.F.; Davis, H.T.; Thomas, R.A.; Sternhagen, C.J.;
Gomez, L.; and Petersen, D.F.: 1Initial comparative response of experimental
tumors to peak pions and x-rays. Radiology 116: 181-182, 1975.

*Publications during Grant Year 4, Copy Attached. C< AT

6
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Kligerman, M.M.; Knapp, E.A.; and Petersen, D.F.:. Biomedical program leading to
therapeutic trials at Los Alamos. Cancer 35: 1675-168C, 1975.

Kligerman, M.M.; West, G.; Dicello, J.F.; Sternhagen, C.J.; Barnes, J.E.;
loeffler, K.; Dobrowolski, F.; Davis, H.T.; Bradbury, J.N.; Lane, T.F.; Petersen,
D.F.; and Knapp, E.A.: 1Initial comparative response to peak pions and x-rays of
normal skin and underlying tissue surrounding superficial metastatic nodules.
American Journal of Roentgenology 126: 261-267, 1876.

*Kligerman, M.M.; Smith, A.; Yuhas, J.M.; Wilson, S.; Sternhagen, C.J.; Kelland,
J.A.; and Sala, J.M.: The relative biological effectiveness of pions in the
acute response of human skin. International Journal of Radiation Oncology,
Biology and Physics, in press. :

*Kligerman, M.M.; Black, W.C.; Yuhas, J.M.; Doberneck, R.C.; Bradbury, J.N.;
and Kelsey, C.A.: Current status of clinical pion radiotherapy. Subamitted to
Radiology.

Knapp, E.A.: Accelerators for pion clinical facilities. Proceedings, International
Particle Radiation Therapy Workshop. Chicago: American College of Radiology, 1976.

Knapp, E.A.: Physical properties of charged particle beams for use in radiotharapy.
Proceedings, International Particle Radiation Therapy Workshop. Chicago: American
College of Radiology, pp. 108-136, 1976.

Knapp, E.A.: Meson factories, pi meson delivery, and pl meson dosimetry for cancer
therapy. Proceedings of the Joint Meeting of the Radiological Society of North
America and American Association of Physiciscs in Medicine, Chicago, November 1973.

Knapp, E.A. and Swenson, D.A.: The LASL ion linear accelerator program. Proceedings,
International Particle Radiation Therapy Workshop. Chicago: American College of
Radiology, in press.

*Lane, R.G.; Lake, D.; Rosen, 1.I.; and Kelsey, C.A.: A whole-body repositioning
system. Submitted to Radiclogy.

*Liska, D.J.: Pi meson range-shifter for clinical therapy. Review of Scientific
Instruments 48: 52-57, 1977.

Paciotti, M.A.; Bradbury, J.N.; Helland, J.A.; Hutson, R.L.; Knapp, E.A.; Rivera,
0.M.; Knowles, H.B.; and Pfeuffer, G.: Tuning of the first section of the
biomedical channel at LAMPF, IEEE Transactions on Nuclear Science 22: 1784, 1975.

Raju, M.R.: Pions and heavy ions in radiotherapy: A brief review. Excerpta
Medica 353: 161-167, 1974.

Raju, M.R.; Dicello, J.F.; Trujillo, T.T.; and Kligerman, M.M.: Biological effects
of the Los Alamos meson beam on cells in culture. Radiology 116: 191-183, 1975.

Raju, M.R.; Toby, R.A.; Jett, J.H.; and Walters, R.A.: Age response for line CHO
Chinese hamster cells exposed to x-irradiation and alpha particles from plutonium.
Radiation Research 63: 423-433, 1975.

*
Publications during Grant Year &4, Copy Attached

«©
re

1091892 00133396.018



. ,
201-CA-14052-05

Richman, C.: Characteristics of a negative pion beanm in a therapeutic application.

Radiology 116: 187-189, 1975.

*Richman, C.: Characteristics of a negative pion beam for the irradiation of super-
ficial nodules in cancer patients. Radiatjon Research 66: 453-471, 1976.

Robbins, S.E. and Crawford, D.M.: Nursing and the pion project. American Journal
of Nursing 76: 1445-1449, September 1976.

Shlaer, W.J.: PIPLAN: A radiation therapy treatment-planning code for pions.
Los Alanos Scientific Laboratory Report No. LA-5433-MS, Los Alamos, New Mexico:
December 1973. ’

*Smith, A.R.: Intercomparisons of particle generators in the United States, the
United Kingdom, and internationally. Proceedings, International Parcticle Therapy
Workshop. Chicago: American College of Radiology, pp- 59-70, 1976.

*Smith, A.R.: The dosimetry of neutrons, pions, and heavy charged particles.
Radiation Dosimetry (Textbook for American Association of Physicists in Medicice
Summer School), pp. 139-176, 1976.

*Smith, A.R.; Kligerman, M.M.; Kelsey, C.A.; Lane, R.G.; Berardo, P.A.; Paciotti,
M.A.; and Richman, C.: Treatment planning for negative pl meson radiation therapy:
UNM-LASL experience. International Journal of Radiation Oncology, Biology and

Physics, in press.

*Smith, A.R.; Rosen, I.; Lane, R.G.; Kelsey, C.A.; Amols, H.I.; Dicello, J.;
Berardo, P.A.; Helland, J.; Bradbury, J.; Knapp, E.A.; and Paciotti, M.A.:
Dosimetry of pilon therapy beams. Submitted to Medical Physics.

*Smith, A.R., and Richman, C.: W values, stopping power ratios and kerma values
for the LAMPF therapy beam. Biological Sciences, Monograph on Basic Physical
Data for Neutron Dosimetry. J.J. Broerse, ed. Luxembourg: Commission of the
European Communities, EUR 5629C, 1976.

Todd, P.; Shonk, C.R.; West, G.; Kligerman, M.M.; and Dicello, J.F.: Spatial
distribution of effects of negative pions on cultured human cells. Radiology
116: 179-181, 1975.

*Publications during Grant Year 4, Copy Attached.
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2. PROFESSIONAL PERSONNEL CHANGES

a. University of New Mexico:
New Hires:

Albert Li, Ph.D., Research Associate
Andrew Martinez, Ph.D., Research Associate
Michael Yurconic, Lab Chief

Kenneth Hogstrom, Ph.D., Physicist

(Both Dr. Martinez and Mr. Yurconic have left the project.
Replacements are being sought.)

b. Los Alamos Scientific Laboratory:

J. N. Bradbury, Ph.D., promoted to Group Leader, MP-3, Medium
Energy Physics Division.

Leo Gomez, Ph.D., mammalian biologist, has transferred to another
unit within LASL. A replacement (to be based at UNM) is
being sought.

3. SIMMARY PROGRESS REPQORT

a. Objectives

(1) Overall Objectives

The primary objective of this project is to provide a broad base of
information on the expected responses of both normal and tumor tissues following
exposure to negative pi mesons (pions), such that clinical trials of pion radio-
therapy for patients with extensive cancer (which may include regional metastases)
can be designed most effectively. Subobjectives are:

(a) Continue to develop the pion channel and associated
hardware and to understand the physical characteristics of the beam, to achieve
prescribed dose distributions in a treatment volume of arbitrary size and location,
with minimum damage to surrounding normal tissue.

(b) Continue to develop, test, and apply methods of pion dosimetry
essential to the radiobiology experiments, which will logically carry over into
the early pilot trials and subsequent clinical trials of pion radiotherapy.

(c) Continue to employ appropriate quantitative cellular
radiobiology techniques to establish the relative biological effectiveress (RBE),
oxygen enhancement ratio (OER), and effects of dose fractionation of pions.

(d) Continue to observe in appropriate experimental animals

9 cor E
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early and late responses and radiopathology of normal and tumor tissues exposed to

various segments of the pion beaz to assess acute effects and delayed sequelae as
a function of dose and exposure conditions.

(e) Perform such radiobiological and physics experiments as
may be necessary after the start of clinical trials.

(2) Goals for Current Year

(a) Physics. To improve reliability and safety of the pion
operating channel, to develop larger static and range-shifted beams for pion
radiotherapy, to improve dosimetry/microdosimetry systems, to improve the
pion treatment planning code, and to design and test a prototype patient
immobilization, alignment, and transport system.

(b) Biology. To expand studies with single cells and
multicellular tumor spheroids (MIS) exposed to x-rays or pions; to continue
characterizing the bioclogical responses of newly developed tunes; to develop
a predictive model correlating beam composition with biological response; and

to continue to study the response of slowly dividing critical tissues to pions
and x-rays.

b. Current Studies

This report describes studies conducted by personnel of the University
of New Mexico Cancer Research and Treatment Center (CRTC) and the Los Alamos
Scientific Laboratory (LASL) at the Los Alamos Meson Physics Facility (LAMPF),
during Grant Year 4 (1 June 1976-31 May 1977).

(1) Physics

The total physics efforr is directed toward obtaining answers
needed for initiation of clinical trials, with basic projects goal-oriented
toward obtaining specific information needed for clinical applications of the
pion beam. The pion biomedical channel at LAMPF was reactivated in April 1976,
and was operating at 100 microamps of current by August 1976. The accelerator
current was elevated to 150 microamps in February 1977, and is planned to be
escalated to 300 microamps by October 1977 and to design intensity of 1000
microamps (1 milliamp) by the fall of 1979.

(a) Chacpnel Operation and Control System Development. Major
accomplishments during the past year relate to improved reliability and
efficiency. Hardware improvements include a new pion production target, the
addition of water cooling, modification of the target controller, installation
of a gas distribution and monitoring systeam, and improvements in hardware for
regulating slits and wedges. Considerable software development was also
instituted to improve personnel safety and to check out egquipment.

(b) Channel Tuning/Static Beam Development. Static beams vere
developed for radiobiology and radiotherapy. Those for clinical use included:

10 Ci

1091895

00133396.021



o ———— PR

Kligerman, M.M.

5-PN1-CA-14052-05

.

1) A 4 cm diameter beam matched in three dimensions to a 100

kVp x-ray beam for use in comparative studies with tumor nodules at and near
the skin.

2) A 5 x5 x5 cm bean for use with lesions near or deep
to the surface of the skin.

3) A beam with transverse dircensions of 8 x 10 cm, for

use with the dynamic range shifter (to regulate the beam in depth), for deeper
tumors.

The channel tuning system was improved to spread the pion
beam more uniformly in the transverse dimensions, and to produce the sharpest possible
fall-off at depth, at some sacrifice in dose rate. Until a scanning couch system

can be installed and tested, beams will continue to be static in the transverse
dimensions.

The channel momentum has been raised to its limit, providing
a beam of nearly 30 cm range in water, to be used for deep-seated tumors (27 cm
when used with the range-shifter). Bean tuning parameters are measured and
recorded for input into the computerized treatment plamning code.

(¢) Range-Shifter/Dynamic Beam Development. A prototype range-
shifter was fabricated and installed to regulate the pion stopping region in
depth. Computer-controlled sweep functions and dosimetric measurements were also
implemented. Range-shifted beams have been used in dosimetry and radicbiology
experiments and in patient treatment.

Four basic beams have been developed for use with the
range-shifter, with spacing of the beam momenta chosen so that the entire range
of depths from O to 27 cm can be obtained by adding polyethelene absorbers to
shift the peak to shallower depths. The narrow peaks of the basic beams are
spread with the range-shifter to achieve larger treatment volumes, varying the
width of the peak up to a maximum of 15 cm. A new range-shifter is now being
built which will spread the peak up to a maximum of 28 cm.

(d) Dosimetry. Dose distributions for the available static
and dynamic beams have been obtained by use of thimble~chamber dosimeters. Because
conversion from ionization to absorbed dose in the pion beam is extremely
difficult, primarily due to complex secondary charged particle fluence in the
chamber wall, experiments are now being designed to obtain absorbed dose with a
calorimeter. In the interim, approximations of absorbed dose have been made,
using standard calculational techniques, with modifications as indicated
by Monte Carlo calculations of secondary particle effects. The present estimates
of pion absorbed dose have a minimum uncertainty of 10%, and may be in error by as
much as 20%, depending upou the applicability of the Bragg-Gray theory for the
heavy, short-range recoils produced in picn reactions.

A computer-controlled dosimetry collection system has been
installed, which links a three-dimensional scanner with the channel control
computer and output peripherals. Software has been written to co::rol, calibrate,
and test the hardware; acquire dosimetry data; and analyze data from previous
scans. -

CI e
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(e) Microdogimetry. Measurements of dose per particle and
energy per ion pair, previously obtained only from theoretical estimates, have
now been obtained, along with measurements of beam fluence. A system has been
developed to measure the pion flux by use of activation techniques, reproducible
to about +3%Z. W values for pions have been calculated for an ionization chamber
filled with air, nitrogen, argon, methane~based tissue-equivalent gas, and propane-
based tissue equivalent gas. Two new techniques have been developed and tested to
obtain microdosimetric spectra at high average beam intensities. Monte Carlo
programs have been written for generating microdosimetric spectra corresponding to
the experimental data, taking into account straggling, distribution of path lengths
in the detector, and gas multiplicartion.

Silicon detector microdosimetry work included implementation
of a technique for handling the high fluxes of pions required for therapy. Studies
were conducted of radiotherapy and radiobioclogy beams to determine the relative
magnitude of three linear energy transfer (LET) components: low LET, consisting
of passing pions, muons, and electrons; medium LET, consisting of protons,

deuterons, and tritons; and high LET, consisiing of alpha particles, helium
ions and recoils.

(f) In-Vivo Dosimetry. Preliminary measurements have been made
using 12 silicon diode dosimeters on loan from the M.D. Anderson Hospital and
Tumor Institute Physics Department. The results indicate that the diode may be
less sensitive to a non-neutron beam, but the tests will be repeated to determine
a future course of action. A group of silicon diodes and a reader have been
purchased. Initial calibration experiments are underway.

(g) Effect of Inhomogeneities on Dose Distribution. Changes
in dose arising from inhomogeneities being located upstream in the pion beam and
hence shifting the distribution of stopping pions downstream have been investigated.
A variety of bolus materials have been tested to correct for these changes, with
paraffin now appearing most advantageous.

(h) Patient Irmobilization, Alignment, and Transfer Systems. A
prototype system for patient immobilization, zlignment, and transfer has been
implemented so that patients can be made ready for treatment outside of the
treatment room. The system consists of twa movable carts, a whole-body
immobilization cast, ancillary casts, and bolus individualized to each patient;

a collimator holder and collimators; and alignzent lasers (matched in the staging
area and treatment room). Use of the system has reduced loss of beam time due to
patient set—up from about 20 minutes to about 4 minutes (3 minutes for trans-
ferring patients in and out of the room, and 1 minute for patient set-up under
the beam). The system is now being modified for use with the permanent
treatment couch and simulator couch, scheduled to be delivered soon.

(i) Computerized Treatment Planning. Improved physical models
for calculating dose distributions and software improvements for upgraded
clinical utility have been incorporated into the treatment planning program
PIPLAN. PIPLAN is now used for a variety of detailed dosimetry, microdosimetry,
and radiobiology studies and experimental investigations. Detailed comparlsons
between PIPLAN and the Oak Ridge Monte Carlo code, PION-1, are being made so that
PIPLAN can be further improved.

c. .-'?f.l:'-".
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(3) Patient Treatment Software System. Parient treatment
monitoring and record-keeping software has been installed and is being refined.
VWork has begun on linking the ultrasound unit with the treatment planning computer,
so that inhomogeneity data can be directly input to the computer.

(k) Clinical Evaluation of Pion Visualization. Methods of visual-
izing the pion treatment field, for confirmation of treatment planning and delivery
hardware configuration, are being investigated. Problems being explored are inherent
spatial resolution, effects of inhomogeneities, and technique sensitivity., Pion~
induced gamma and beta activity are being evaluated.

(2) Biology

(a) Cellular Biology. Effort has been directed toward an under-
standing of the mechanism of action of an idealized small volume tune and pre-
liminary, but continuing, studies on the relative biological effectiveness (RBE)
of large volume tunes being used for patient treatment. Studies have been conducted
with a 2 x 2 x 2 em biology tune, and 5 x 5 x 5 cm and 8 x 10 x 8 cm patient tunes,
with approximate dose rates of 20, 10-12, and 3 rads per minute, respectively,
at 100 microamps of current in the main accelerator channel.

The CHO and Line 1 lung carcinomas have been studied in

monolayer. Studies of relative survival have indicated a shift to the left in

the survival curve of 120-140 rads, but no change in the slope of the curve. This
is significant in that CHO and Line 1 lung carcinomas are quite different in their
sensitivity to radiation; yet, the shift was of approximately the same size in
number of rads. This would suggest that tissues with a small shoulder (such as
tunmors) would recover relatively less efficiently than tissues with large shoulders
(such as the normal tissues) during pion treatmwent, i.e., a constant number of rads

equals a greater fraction of the shoulder region of the cell line with a small
shoulder.

Fractionation studies with cells have also shown that pions
allow far less recovery than x-rays, which is consistent with a reduction in the
size of the shoulder. Studies with a larger volume tune indicate the same effect
in the distal region of the peak, but less so in the proximal region. This is
with a tune, which has a flat physical dose across depth, but not a flat
distribution of stopping pions or high-LET particles.

A technique has recently been developed at the UNM/CRTC
which allows the simplified production of multicellular tumor spheroids (MIS)
which possess the following characteristics of in vivo tumors: intimate cell/cell
contacts, well-developed hypoxic regions, and altered cell cycle distributions.
This system has been used to study effects of pions on tumors, since the present
beam intensity restricts the quantity of data that can be derived from
in vive tumor studies with animals.

A variety of techniques have been developed to study the
growth, behavior, and responses of MTS to therapy; for pion exposures the most
adequate are delay in growth and "cure." The growth delay studies with Line 1
MTS indicate a no-response region between 0 and 400 rads of x-rays, followed by
a rapidly ascending relationship between dose and delay. Above a dose of 1000
rads, the relationship lessens, reflecting reduced efficiengy in injury to the

b;_ . P
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more radiation resistant hypoxic fraction. With pions, the shoulder region for
Line 1 MTS is completely eradicated, and the RBE is dose dependent, declining
with increasing dose. At about 1000 rads, the RBE again rises, reflecting more
efficient injury to the hypoxic fraction, in comparison with x-rays.

In the "cure" experiments, the ability of MTS to grow out
when placed on standard petri dishes is measured. Approximately 1.7 times as

many x-ray rads as pion rads are required to yield a 50% "cure"” for Line 1
spheroids.

(b) Marmmalian Biology. X-ray data for rat colon acute effects
(ulceration, colitis cystica profunda, and mucosal atypia) and late effects
(muscular hypertrophy, vascular sclerosis, and fibrosis) are complete. Pion
irradiarions are completed but animals are only now being sacrificed.

In spinal cord studies, initial signs of hind limb reflex,
loss and paralysis are just beginning to show and no estimate of RBE is yet
available. Testicular injury studies show no apparent differences between
pions and x-rays in terms of weight loss, but this appears to be a function
of the assay system used, as spermatogenic colony forming unit assays showed
an RBE of 1.5 for peak pions as compared with x-rays.

c. Significance

At present, a large number of patients with large sclid tucors
fail to respond to even the most rigorous therapeutic methods. Heavy charged
particles offer a means of depositing a relatively high dose of radiation within the
tumor volume while sparing surrounding normal tissues, which theoretically could
result in higher cure rates. Because of their unique properties, pions appear to be
the most advantageous of these particles for treatment of large volumes, although
protons and heavy ions are also under investigation. The blomedical pion channel
at LAMPF is the first such facility in the world capable of producing pions in
sufficient quantities for medical testing, although other facilities are expected
to be operational in two to five years for clinical use. The technology developed
for use of the pion channel at LAMPF will logically be tramsferable to other pion
installations as they come on-line. In addition, much of the effort directed at
localizing the tumor volume and body inhowogeneities, computerized treatment planning,
treatment optimization, and improved patient immeobilizarion will improve technology

available in conventional radiation therapy at treatment centers throughout the
nation.

The preclinical biology studies are essential to avoid the possibility that the
complexity of pion interactions with living tissues could result in untoward and
totally unexpected injury to normal living tissues in patients. Secondly, the
biological studies help to ensure that pions are tested under conditions that
maximize tumor injury and minimize normal tissue injury, thus ensuring an accurate
evaluation of any changes in therapeutic ratio with pion radiation. It has now
been shown that the use of pion radiation results in diminished recovery during a
fractionation exposure pattern as compared to X-rays, indicacing that the potential
for a therapeutic gain exists, beyond the expected reduction in protection of
tumor cells by hypoxia or cycle kinetics. The progression of these studies should
make it possible to guarantee patient safety while providing a definitive test of
the practical clinical applications of pions. ca .
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d. Research Goals For Year 5

Research goals for Year 5 are summarized as follows:

. (1) Physics

(a) To continue to improve the channel operating and
control system by increasing its reliability, safery, and efficiency, through
installation of additional updated computer software and peripheral equpment,
installation of optical shaft encoders to all moving hardware, and replacement of
electronic controllers with microprocessors for critical hardware items.

(b) To increase beam-development capability by:

1) Development of a fan tune that is achromatic with
respect to position and momentum, uniform over the depth dimension of the stopping
region, narrow in the couch scanning direction, and that has the highest possible
dose rate.

2) Design and application of new field flattening

techniques and application of those techniques to new beams, in particular the fan
beam.

3) Development of improved magnet current selection
and optimization techniques for providing required therapy beams.

4) Improving understanding of the properties
of the channel and beams in terms of changes in momentum, flux rate, contamination,
momentum spread, and other optical properties.

(¢) To complete and install a new range-shifter that will
spread the peak region up to 18 cm in the dimension of beam penetration (the present
model is useful for spread peaks of 12 cm or less), and to coordinate the range-
shifter functions with the scanuing treatment couch system, variable-jaw collimators,
treatment planning codes, and other hardware and software.

(d) To continue to measure lineal energy and LET distri-
butions of beams required for radiobiology and radiotherapy, for correlation with
experimental results and theoretical calculations.

(e) To evaluate a number of in vivo dosimeters in an effort
to determine those best suited for experimental verification of treatment planning,
including intracavitary ionization chambers, silicon diode dosimeters, thermo-
luminescent dosimeters, and activation reaction dosimeters {to monitor high LET dose).

(f) To continue to refine the computerized treatment
planning code by incorporating new experimental data for pion-nuclear cross-sections
and pion-star secondary distributions in various rtissue, upgrading biological models
of effective dose, incorporating improved beam emittance data, adding new hardware
correlation data (for range-shifter, scanning couch system, simulator, and other
equipment), and coordinating output format with treatment planning evaluation
requirements. ' )
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(g) To improve treatment planning and inhomogeneity
localization and compensation techmiques, and to :ontinue to improve the patient
immobilization, alignment, and transfer systems (including installation and
testing of the scanning treatment couch and pion simulator systems, already ordered).

(h) To continue to investigate methods of visualizatien
of the pion stopping region for verification of treatment planning parameters,

(2) Biology

(a) To compare the pion-induced reduction in shoulder
width with cell lines with small, intermediate, and large shoulders.

(b) To compare reductions in shoulder width noted in
(a) with the extent of pion-induced inhibition of two-fraction recovery.

(¢) To compare the effects of proximal, intermediate,
and distal portions of the larger tunes (~1 liter) on two-fraction recovery in
both monolayers and multicellular tumor spheroids (MIS).

(d) To develop and employ means of studying five or
more treatment fractions in both monolayers and MNTS systems.

(e) To compare the physical beam composition of various
tunes with their biological effect in the hope of developing a predictive model.

(f) To expand our studies on the relationship between
dose size and RBE in the monolayer and MTS systems.

(g) To continue our studies on the radiation .(pion and
x-ray) response of the colon, spinal cord and kidney, and to initiate studies on
the heart, lung and brain.

(h) To continue to use somatic cell mutagenesis as the
most precise biological endpoint for compariseon with mutagenesis.

e. Principal Investigator Assurance

The undersigned agrees to accept responsibility for the scientific
and technical conduct of the project and for the provision of required progress
reports if a grant is awarded as a result of this application.

”V(l MQA?

Date L

nvestigécor
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DETAILED PROGRESS RCPORT
1. OBJECTIVES

a. Overall Objectives

The primary objective of this project is to provide a broad base of informa-
tion on the expected responses of both norcal and tumor tissues following exposure to
negative pi mesons (pions), such that clinical trials of pion radiotherapy for
patients with extensive cancer (which may include regional metastases) can be designed
nost effectively. Subobjectives are:

(1) Contirue to develop the pion channel and associated hardware and to
understand the physical characteristics of the beam, to achieve prescribed dose
distributions in a treatment volume of arbitrary size and location, with mininua
damage to surrounding normal tissue.

(2) Continue to develop, test, and apply methods of pion dosimntry essentia‘
to the radiobiology experiments, which will logically carry over into the eazly pilot
trials and subsequent cllnlc trials of pion radiotherapy.

(3) Continue to employ appropriate quantitative cellular radiobiology
techniques to establish the relative biological effectiveness (RBE), oxygen enhance—
ment ratio (OER), and effects of dose fractionation of pions.

(4) Continue to observe in appropriate experimental animals early and late
responses and radiopathology of normal and tumor tissues exposed to various segments
of the pion beam to assess acute effects and delayed sequelae as a function of
dose and exposure conditioms.

(5) Perform such radiobiological and physics experiments as may be necessary
after the start of clinical trials. .

b. Goals for Current Yeaf

(1) Physics

(a) To improve reliability and safety of the channel operating system.

(b) To develop larger static and range-shifted beams for pion radio—
therapy, which would provide maximum dose rate within,the required uniformity and
penucbra constraints.

(¢) To install, test and place into use a prototype range-shifter for
adjusting depth-dosa distributions for specific shapes.

{d) To refine and improve dosimetry systems, to develop computerized.
dosimetry data collection systems, and to provide dosimetry required for pion biology
and radiotherapy studies.

(e) To measure distributions of lineal energy and LET to obtain data
required for interpreting experimental data, for extrapolation/interpolation to new
beams (to reduce the total number of required measurements), and for incorporation
into trcatment planning models. C. o
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(f) To improve the pion treatment planning code, particularly throuzh
incorperation of an improved pion beam model.

(g) To design and test a prototype patient immobilization, alignzent,
and transport system, to minimize loss of valuable bean time and maximize the nuzhex
of patients who can be treated at LAMPF.

(2) Biology. To expand our studies with single cells and multicellular
tumor spheroids (MTS) to imclude multiple fractionations; to investigate reoxygen-
ation in MIS exposed to x-rays or pioms; to continue characterizing the biological
responses of newly developed tunes; to develop a predictive model correlating beam
composition with biological response; and to continue to study the response of slowly
dividing critical tissues to pions and x-rays. ’

2. CURRENT STUDIES ,

This section describes studies conducted by personnel of the University of New
Mexico Cancer Research and Treatment Center (CRTIC) and the Los Alawos Scientific
laboratory (LASL) at the Los Alamos Meson Physics Facility (LAMPF), during Grant Year
4 (1 June 1976-31 May 1977). Because of the time between submission of the competing
renewal application (August 1975) and the deadline for this application (April 1977),
work performed during the last nine months of Year 3 of the grant period was not
reported in CA-~14052 applications. It was reported, however, as background in the
renewal application submitted in June 1976 for 2-P01-CA-16127-04 (Clinical Studies o
Pion Radiotherapy) and will not be repeated here. .

a. Physics

The total physics effort is an integrated part of the preclinical prograa
designed to obtain answers needed for the initiation of clinical trials. The basic
projects being undertaken are goal-oriented toward obtaining specific information
needed for clinical applications of the pion beam.

The pion biomedical channel at LAMPF was reactivated in April 1976, after a
15-month shutdown for major refitting of the main accelerator and installation of
shielding and remote-handling systems for high-intensity operations. The main proten
accelerator current was reactivated at 10 microamps for initial studies to compare
operations prior to shutdown with those after shutdown. The current was then esca-
lated at intervals until 100 microamps were achieved in August 1976. This level was
maintained until February 1977, when the current was escalated to 150 microamps.
Operation at 300 microawmps is planned to start in October 1977, and 500 microamps are
expected on or before the fall of 1978. Operation at the full design intemsity of

1000 microamps (1 milliamp) is planned in 1979. - .

- o . .

(1) Channel Operation and Control System Development

The biomedical channel was used for clinical, biology, and physics
research. Major accomplishments in this area during the past year relate to imaroved
reliability and efficiency. Some of the hardware was replaced or rebuilt, and new
harduare was added to improve efficiency. Considerable software was rewritten to
nake it more efficient.

The pion production target was redesigned for greater reliability.
llater cooling was added so the target could withstand the increased heat that results
from the higher intensity proton beams. A target-cooling water controller was design.
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and built. The target controller was modified for increased reliability, including a
nore reliable target interlock system, a2 more positive indication that the target is
out, and added safety switches to turn off the target mechanism if the target is
noved out of range. Sofrware was written and the controller was modified to allow
the user to make target scans to determine the vertical extent and shape of the main
proton beam (which can affect the pion beam characteristics).

A gas distribution and monitoring system was installed. This sysiem
is being used for dosimetry, beam diagnostic equipment, and -beam monitoring chaxzhars.

The magnet cables were modified to avoid overheating at junctions.
The mechanical shunt controller was replaced with a far more reliable electroaic con-
trollexr. This required design and fabrication of a DC-to-DC voltage converter with
isolated grounds, since the shunt usually operates up to 100 volts above normal
ground level.

Two sets of slits were installed at the intermediate pion-beam focal
position. The entire control system for these slits was desiguned and built. This
slit control system facilitates the moving of the slits locally, remotely in a manual
mode at two different locations, and remotely with the computer. Considerable soft-
ware had to be developed to move the slits without hitting the various momentux
shaping wedges that might be inserted betwezen the jaws, to calibrate the jaw motion,
and to monitor the positions of the slit jaws.

To make it easiexr for users to change the wedge at the intermadiate
focus, a remotely controlled wedge changer was designed, built and installed. With
this system any one of three wedges can be inserted in the proton beaam, either manually
or by computer. Software was written to accommodate this system. A hardware monitor
wvas added to the prototype range-shifter system to detect malfunctions. Considerablas
computer work was done to develop range-shiftrer functions that would yield pion depth
dose distributions required for specific patient treatwments.

A large effort was devoted to rewriting the overall control software
safety for greater safety and efficiency. This program cycles and sets the magnets,
opens all four pairs of slit jaws to predetermined settings, inserts the appropriate
wedge, and prepares the channel for the insertion of the production target.

" The system has been improved in several other ways. A hardware de-
bugging module was built and connected to the computer Unibus; this model aids in
locating and correcting both hardware and software bugs in the system. The magnetic -
tape units were replaced by later models to improve reliability. A cache memory was
added to the computer to increase its speed. The computer operating system was
recently replaced by the latest version, which greatly improved the stability of the

system. cr - 5
~ : -

(2) Channel Tuning/Static Beam Development De

Static beams have bezen developed for radiobiology and radiotherapy.
For tests comparing effects of 100 kVp x-rays with those of pions on tuzor nodules in
the skin and the surrounding normal tissues, a 4 cm diameter field with a2 maximum
dose rate, consistent with requirements of physical dose uniformity, was developed.
Scattering materials were inserted into the pion beam after the last quadrupole
nagnet in an effort to more uniformly distribute the CGaussian-like profiles of the
bean. This method did not prove successful. The most effective method was one of

retuning the chanunel so that the beam slightly diverged in both planes. Collimation

then produccd the sharpest possible edges and provided acceptable uniformity at sore
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sacrifice in dose rate. The beam shaping and collimation were done with the atteauato
collimator cone shown in Figure 1. 7This brass nose cone was designed to completely
attenuate pions outside the desired treatment volume. The peak of the pion depth
dose distribution was placed at the desired depth by adjusting tha thickness of the
polyethelene absorber.

For the treatmant of skin nodules, the wedge degrader at the momentum
- dispersion plane was used to compress a 7Z A p/p mms momentum spread into a 1.5% A
p/p rms width. The depth-dose distribution was shaped by detuning the entrance
triplet so that the momentum spread was close to 2% A p/p rms. In this way, the pion
depth~dose distribucion was tailored to match the 100 kVp x~ray depth-dose distributio

Figure 2 shows the beam geomatry for the treatment of skin nodules.
The left side of the graph shows the central axis depth distribution of the ionization
resulting from 165 MeV/c plons (E = 76.5 MeV) incident upon a 4 cm diameter attenuator
collimator cone. The polyethylene absorber thickness was adjusted so that the end of
the nose plug (skin surface) was at a point 0.5 cm past the maxioum of the Bragg
peak. This region of the peak is the region of highest linear energy transfer (LET)
resulting from the heavy particle components of the pion capture reaction. A typical
beam profile taken along the y-axis at z=0 is shown on the right side of Figure 2.

These scans were measured in water. The correct thickoess of poly-
ethylene needed ro place the peak at the desired place was calculated, then verified,
by ion chamber measurements.

Figure 3 shows typical central axis depth distributions for static
beams designed to treat larger (up to 5 x 5 x 5 cm) tumors lying at shallow depths
below the skin surface. The beam tune and collimator for these beams were the sane
as for the skin nodule beam but a different wedge degrader was used at the momantuxm
focus of the channel, changing the momentun spread from approximately 1.77 A p/p rms
to 4.57 A p/p rms. The larger momentum spread produced an extended peak by spreading
the stopping pions over a greater distance. The chanmnel tuning system records tra-
Jectories at the position of the wedge, as well as at the exit of the channel. Thus,
the momentum spread from any shape wedge can be calculated by simulating the effect
of the trajectories passing through the wedge. This permitted the desiga of the
wedge producing 4.52 A p/p rms momantum spread. In addition, the shape of the
distribution was controlled to significantly sharpen the fall-off on the downstream
edge of the beam. The distribution at the left of Figure 3 is the widest spread
resulting from this particular wedge degrader. To achieve narrover peaks for smaller
lesions, such as shown on the right of Figure 3, momentum dispersion slits wvere
adjusted to obtain peak dimensions consistent with the size of the tumor to be treated
The beam profiles of these beams were much the same as the profile shown in Figure 2.

For treatment of larger tumors, a beam of approximate trangvarse
dimensions of 8 x 10 cm was developed. The channel was again tunad so that the beam
diverged slightly in each plane, providng optimum conditions for collimation and
field uniformity. To obtain improved dose rate, dose uniformity in depth, and flexi-
bility in depth adjustments, the dynamic range-shifter rather than wedge shaping was
used for z dimensions of up to 8 cm (see subsection (3)). The momentum spread was
nade as small as possible, to provide the sharpest fall-off on the dounstrean edge.
The use of the range-shifter is the first step toward a dynamic beam system. However,
until a scanning couch system can be instazlled and tested, beams will continue to be
static in the transverse dimensions. '

¢l "1 The channel momentum has been raised to its limit, providing a beam of
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nearly 30 cm range in water, to be used for deep-seated tumors. Th2 ranga=-shifter
has a minimum thickness of 3 cm reducing maximuam penetration to approximately 27 em.

The beam tuning instrumentatlon provides total information about each
beam to be used in PIPLAN, the treatment planning code. The sysCem maasures particle
type, particle mozmentum, and position and angle at the treatment location. The
tuning system acquires complete distributicons of these parameters, particle by
particle, in the form of a history tape for each tune. The complexities of the pion
beams are thus represented as input to PIPLAN without approximation.

(3) Range—Shifter/szamic Beam Developmant

Fabrication of the prototype range-shifter was completed (Figuze &), °
and work was initiated to use this device under beam conditions. Calculations were -
performed to determine the periodic piston motion (denoted as range-shifter swesep
functions) required to produce various depth dose distributions needed for biological
and clinical expariments. Different sweep functions were tailored to produce flat
physical dose and shaped physical dose for a variety of different tunes. Iscdosa
regions up to 10 cm in depth were obtained in these initial experiments. ’

The range-shifter is a hydraulically actuated, fluid-filled pistonm,
which can be prograrmed to provide a computer-controlled, time-dependent thickaess to
parform the necessary beanm shaping for therapy. The variable thickness fluid column
is placed in the pion beam, and alters the range of the pions so as to produce any
desired stopping distribution (and hence depth dose distribution). The piston and
zssociated actuator units are neatly packaged in a cylindrical module (92 cm inm ]
diameter, and 33 em thick) which can easily be positioned above a patient in a clinica:
situation. A second range-shifter is now being designed which will have less than
half the volume of the present model, yet enable treatment of larger fields.

The hydraulic actuators require command signals of 0-10 volts DC to
vary the thickness of the fluid column. This signal is provided either by an M&8800
nicroprocessor (dedicated to the range-shifter) or by the PDP-11/45 computer via
CAMAC interfacing. Although the 11/45 is more versatile than the M6800, it operates
in a time sharing mode with other users. Techniques have been developed to run
various swveep functions by means of either of these systems. Comnunication betwaen
the 11/45 and the M6800 is also possible by punched paper tape.

A control module with switch selectable sweep functions (i.e., depth
dose curves), sweep intervals, and control type was installed for use in patient
treatments. Hardware and software were also developed to enable accurate dosimatric
neasurements with the range shifter in the beam.

Four basic beams have been developed for use with the raege-shifrter in
the treatment of deep seated tumors; the central axis depth profiles for thesa beans
are shown in Figure 5. These curves have been normalized to 100Z at the maxinmua peak
dose. The spacing of the beam momenta was chosen such that the entire range of
depths from 0 to 27 cm could be obtained by adding polyethylene absorbers in the beam
to shift the peak of each beam to shallower cepths. These curves were measured
underneath the range-shifter, which has an equivalent water thickness of approximately
3.0 g/cmz at its minimum position. Thus, the range in water for these beams is 3.0
c more than shown in Figure 5.

The narrow peaks of these beams are spread with the range-shifcer to
achiecve larger treatment volumes. The range-shifter can be programmed to produce
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peaks varying in dimension from the width of the static peaks shown in Figure S to
widths up to 15 em. Figure 6 shows a typical spread peak produced by the range-
shifter. This peak is spread over 8 cm, and the physical dose is flat withian 5% over
the entire peak. The range-shifter produces these distributions by varyinz the
column of fluid in the beam path so as to superimpose a large number of the static
peaks over the desired wid:h.

It was cbserved in biology and clinical tests that greater biological
effect was obtained in the distal portion of the 5 x 5 x 5 cm static bear. In the
clinical tests, these observations occurred early enough for the radiotherapists to
attempt to achieve a more uniform biological effect by stepping the extended peak
across the tumor volume and adjusting the tumor dose for each application. With the
range-shifted beam, an effort was made to achieve greater uniformity from the outset
by sloping the physical dose in depth, as shown in Figure 7. The slope was czlculated
on the basis of available biological data. However, the result was not sufficient,
and the beam was again stepped across the tumor volume, with the dose adjusted for
each application. A series of experiments to explore this problem is now underway,
including development and testing of a new range—-shifter function which more uniformly
distributes pion stars across the peak region.

Treatment cones such as the one in Figure 1 are not practical for the
larga volume beam tunes. Currently, collimators made from a low melting point alloy
(Cerrobend) are being tested. The advantage of this alloy is that it is dense (p =
9.4 g/cm3) and can be easily formed into collimators of highly irregular shapas.
Calculatiouns were made to determine the correct thickness of the alloy required to
completely stop the pions from each beam tune. These calculations weighed the pion
stopping power for the components in the alloy (50.0% bismuth, 26.7% lead, 13.3%Z tin
and 10.0%Z cadmium). The calculatioas were then verified by experiment and a comparisor
of calculation versus experimental data is shown in Figure 8.

The collimation effect of the alloy collimators on the pion beaau is
exemplified in Figure 9 which shows a typical x-profile of the beam taken in the
center of an 8 cm spread peak underneath a 9 x 7 cm elliptical collimator 3 cm thick.
The collimators are most effective when placed at the surface of the phantom with the
range-shifter directly above and in physical contact with the upper collimator surface.

The shape of the beam profiles varies considerably with depth in
phantom. At the surface (z=0) directly under the collimator the plateau profile is
very flat with almost perpendicular fall-off on the edges. In the peak region the
profiles diminish in flatness as the depth increases as shown in Figure 10. At the
80% level the distal peak profile is 6.4 cm wide compared to a width of 7.8 cm at the
same level for the profile taken in the proximal peak. The profile shapes also
change depending on which beam tune is used, being flatter and sharper for tha beams
vhich have shallower penetration (less multiple scattering). “In the near future
scanning pion beams will be developed which will have much sharper edges and higher
dose rates than the beams presented in this report.

A typical isoionization distribution for the 170 MeV/c pion 8 cm
spread peak is shown in Figure 11. This beam is composed of 81.7% pions, 6.67% muons,
and 11.77% electrons.

(4) Dosimetry .-

The pion dose distributions described in subsections (2) and (3) above
have been given in terms of ionization produced in the thimble chamber, because the
conversion from ionization to absorbed dose in the pion beam is a complicated problen.
This is primarily due to the complex secondary charged paxrticle fluence generated in
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the chamber wall. Pion interactions in the wall material produce electrons, protons,
deuterons, tritons, alpha particles and heavy recoils, which in turn produce ionizatio
in the tissue-equivalent gas volume. To give a complete physical characterization of
the energy deposition in the gas it is necessary to know accurately the fluence and
erergy spectra of a2ll the secondary charged particles. These data are not available
at this time. However, experiments are being designed which will provide this

. information.

Presently, it is assumed that the thimble ion chamber acts as a Bragg—-
Cray cavity in the pion beam and the dose in muscle is calculated using the relation

D ; 100 Q (W/e) S rad, (1)
MK

vhere D is the absorbed dose, Q is the ionization charge in coulombs, W is the

energy in joules required to produce an ion pair in the gas volume, e is the electron
charge, S is the average mass-stoppirng-power ratio for the secondary charged particles
in the chambar wall relative to the chamber gas, M is the mass of gas in Kg, and

K is a kerma correction required to convert the dose in the chamber wall to doso in
muscle.

For the Bragg-Gray relation to be valid, the range of secondary parti-
cles must be large compared to the dimensions of the gas volume. This restriction can
be relaxed if the wall material and gas are matched such that the atomic composition
of the wall and gas are nearly the same and there are no density effects. Complete
natching would require. that the interaction cross-sections and the mass stopping
powver be identical for the wall and gas. Even when the atomic compositions of the gas
and wall are identical, a correction for the density effect has to be made in practice.

The gas voluma (~0.lcc) cannot be reduced for absorbed dose measure-
ments in the pion beam because the rather low beam intensities (3-15 rads/min) would
not give signal responses large enough for reliable measurement. -As the beam
intensities are increased it will be practical to use chambers having smaller gas
volumes. Uhether or not the wall and gas are sufficiently matched to apply the
Bragg-Gr# principle must be verified by experiment. The greatest problem lies
with the heavy recoils, which produce significant biological effect, and whose
ranges extend only about 20 wmicrons in tissue with an average of about 8 microns.
Yfnen Equation 1 is used to calculate the absorbed dose, the mass of gas is determined
by exposing the chamber to cobalt-60 radiation that has been calibrated independently
by a chamber whose correction factor is traceable to the National Bureau of Standards.
‘The cobalt-60 values of the Bragg-Gray parameters are used in the mass determinatiomn.
The W values are weighed according to the components of the secondary charged
parcicle fluence and the constituents of tha compound gas. The average valua of S
nust be obtained by integrating over the charged particle energy spectra and -
weighing accordinz to the gas componants and the wall materials. The detailed
information required for these calculations is not well known for the pion bezas.
Therefore, certain assumptions have been made for the pion absorbed dose calculations.

From Monte Carlo calculations for ‘175 MeV/c pions in tissue (1), internuclear
cascade model calculations for 180 MeV/c pions in carbon (2), and silicon dioda
neasurements for 168 MeV/c pions in lucite (3), estimates have been made of the
fraction of the absorbed dose contributed from each class of secondaty particles
and their average enerpies. These are given in Table 1 for the peak region. It
has been assumed that all singly charged heavy particles are protons and all heavier
particles are alpha particles. The average energles of particles are measured by
silicon dectectors; these energies are sufficiently high to transport the particles in
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the tissue—equivalent gas more than ten tines the average distance traversed by
particles in crossing the 0.1 cc ionization chamber, but a significant fraction of
heavier particles is known to have much lower energies.

The W values for the charged particle components in Table 1 were
measured values taken from the literarure. The mass stopping povers vere calculated
using standaxd formulas. The kerma correction, K, which transforms the absorbved dose
from the tissue—equivalent plastic chaaber wall to absorbed dose in nuscle was deduced
from measured data and calculations. The calculated parameters are given Table 2.
These values are currently being used to calculate pion absorbed dose in muscle.

At present it is not possible to present pion dosimetry in terus of
absorbed dose distributions because of the great variance in the charged particle
fluence in the plateau and in the peak. It is expected that the charged particle
fluence will vary considerably across the spread peaks and also be dependeat upon the
wvidth of the peak. Very detailed measurements must be made in all regions of the
beam before complete absorbed dose distributions can be calculated.

The present statement of pion absorbed dose has a minimum uncertainty
of 107% and, in fact, may be in erroxr by as much as 20%, depending upon the applica-
bility of the Bragg-Gray theory for the heavy, short-range, recoils produced in pion
reactions. ‘

A computer-controlled dosimetry data collection system has been install
which uses the PDP 11/45 computer connected to the necessary dosiwmetry hardware
through a CAMAC interface system. A three-dimensional scanner which moves an ioa- ,
ization chamber through the beam and electrometers for the ionization chamber and
monitor chambers are controlled and monitored by the computer. A Tektronix 4010
graphics terminal is used for interactive control and data display. Hardcopy output
is obrained via a Versatek electrostatic plorter/printer. ‘

The existing software can be divided by function into three groups of
prograns. The first group of programs can be used to control, calibrate, and test
the hardware. The user can test the scanner limits, move the scanner to any position
within the limits, calibrate the analog position signals, check the present scanner
position, monitor the scanner position during:scanning, or test the scanner inter-
face. The second group of programs is used for dosimetry data acquisition. The user
can select one-, two—, or three-dimensional scans with a variety of options, and can
change the scan parameters during scanning. The third group of prograxs allows the
user to analyze the data from previous scans. Data from different scans may be
compared or combined. Any scans may be reproduced with any desired normalization.
Two- and three-dimensional scans may be displayed in a variety of formats.” All the
sofrtware is activated through a button pannel and is user oriented, requiring no
computer experience of the user.

(5) Microdosimatry

(a) Conventional Microdosimetry, Pion Fluence, and Pion W-Values.
Dose per particle and energy per ion pair (W-values) for pions have been obtained
previously only from theoretical estimates. Measurements of both quantities, along
uvith the beam fluence, were performed at the biomedical channel at LAMPF during the
current grant year.

A system has been developed to measure the pion flux by use of
activation techniques. Disks of plastic scintillator are placed in the beam and
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irradiated for several minutes. After the irradiation, 2n off-line measurement is
made to determine the amount of Bt activity from 11C produced in the plastic. Cross=—
sections (4) -for the reaction 12C(r,7m n)1llC are then used to determine absolute
fluences. An initia) check on the relative precision of the method shcwed it to be
reproducible to about +37. This valua could be improved if necessary.

- W-values were determined in the following mannrer. A parallel
plate ionization chamber, 2.5 cm in diaceter, was sandwiched betwean two disks of
plastic scintillator of the same diameter. The tatal charge produced in the gas
volume of the chamber during irradiation was measured, and the total fluence through
the gas was determined by the techanique described in the previous paragraph. Data
were obtained with the chamber filled with air, nitrogen, argon, methans—based tissue-
equivalen: gas, and propane-based tissue—equivalent gas. Preliminary W-values for
these gases for 78 + 2 MeV negative pions are 35.8 + 0.7, 36.2 *+ 0.7, 27.5 + 0.6,
35.1 4 0.8, and 28.1 + 0.4 eV per ion pair, respectively. Only the relative un-
certainties are given. The absolute uncertainties include uncertainties in incident-
energy of the pions, stopping powers, and activation cross—sections. These W-values
also include contributions from delta-rays from the walls of the ion chamber. It is
not yet known to what extent this effect could alter the values given. The fraction
of the total charge in the ion chamber produced by delta rays from the walls has been
calculated analytically. Preliminary results are shown in Figure 12.

Since the last report, two new techniques have been ‘developed to
obtain microdosimetric spectra at high average beam intensities, and data have been
acquired using both methods. The high intensity of the biomadical beam (typically
about 106 pions/sec/cm? average) necessitates using a programmed low intensity pulse
(every tenth pulse) for counting experimancs. Even with these low intensity pulses,
pile—up is still a problem. For this reason, and to collect data at the maxinmum
possible count rate, a pile—up rejection system vas developed. This system has a
typical resolution of less than 200 nsec, the present limitation being tha response,
time of the detector itself. This system, along with continued development of low
noise, fast-recovery preamplifiers and linear energy transfer (LET) chaubers capable
of having the bias voltzge pulsed in coincidence with the 1-in-10 pulse, has allowad
data acquisition with beams of high average intensity. To check the reliability of
the new methods data have been taken in the plateau and Bragg region of various
beams. The agreement with data reported in a previous progress report is generally
satisfactory, although differences have been observed below lineal energies of 1
keV/um.

Monte Carlo programs have been written for generating micro-
dosimetric spectra corresponding to the experimental data. The calculations take
into account straggling, the distribution of path lengths in the detector, and gas
multiplication. The effects of delta rays are now being incorporated. The program
requires as input the energy spectrum for ecch particle type. A comparison is shown
in Figure 13 of the calculated spectrum for 168 lleV/c negative pions and experimental
data. It is believed that the response of the detector to monoenergetic particles
can nov be accurately calculated. Calculations are now being performed that include
the scattered pions, secondary protons, and heavier particles, and results shauld be
available soon.

(b) Silicon Detector Microdosimetry. The work of the past year was
directed toward developing a technique for handling in a silicon detector the high
fluxes of pions required for therapy. The LET analysis of a pulse requires several
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microseconds in the system, and a second pulse must not enter during this period of
analysis. In the electronic technigque finally adopted, the 1 in 10 low intensity
bean is used for the LET measurements of the incoming pions. For the star products
the counting rate is low so the full intensity bzam was used. The monitor can count
with either beam. The LAMPF gate generator is used to gate all of the scalars, the
analyzer, and the oscilloscopes with either bean.

. Three different beams have been characterized with this tech-
nique, two patient beams and a radiobiology beam. The first beam studied was the 5 x
5 x 5 co beam produced by a collimator-attenuator unit. For this beaa, Figure 14
shows the analysis of three basic LET components: low LET, consisting of passing
pions, muons, and electrons; medium LET, consisting of protons, deuterons and tri-
tons; and high LET, consisting of alpha particles, helium ions and recoils. Figure
15 compares the shape of the total dose measured with an ionization chamber and with
that measured with the silicon detector, as obtzined by adding the doses of the LET
components. The agreement of the total dose distribution of the silicon detector
with the ionization chamber is apparent. This beam was used with a patient having
melanoca lesions deep to the skin surface and it was observed by the radiotherapists
that the distal portion of the tumor became softer and smaller much earlier than the
proxical portion. This may be due to the relatively large component of high LET dose
in the distal region.

Figures 16 and 17 are the same data for a beam 8 x 10 x 8 cm with
the range-shifter. This beanm was intended to be uniform in physical dose over a

depth of 8 cm, and is being used for radiobiologic studies.

Figures 18 and 19 are the equivalent data for an 8 x 10 x 8 c¢m
beam made by the range~shifter for patient trearment and correspond to Figure 7.

~ (6) In-Vivo Dosimetry

Preliminary measurements have been made using 12 silicon diode
dosineters on loan from the M. D. Anderson Hospital and Tumor Institute Physics
Department. These diodes were exposed to a clinical pion beam at dose levels comparab
to those used in treating patients. The following properties were exhibited:

(a) Diode response is correlated to dose via the same relation
found to hold for fast neutron beams (5):

D=XK1ln (vf/vi) (2)

Where D is the dose in rads, K is the response constant, V¢ is the diode forward
voltage for 25 ma current after irradiation, and V; is the diode forward voltage '
for 20 ma current prior to irradiation. The fits to the data are seen in Figure
20. '

(b) The diode response K, varies with position in the pion beanm
as seen in Figure 20. Note that diode sensitivity increcases in and on the-back edge
of the peak where neutron and high-LET dose is at maxiumum.

(c) The response constant K is approximately four times greater
than that in a fast neutron beaw, which indicates that the diode might be less
sensitive to non-neutron dose.

R ]
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These results have prompted a more intense effnct, with icnediate
plans to repeat these measurements at several depths in both the narrow and range-
shifter broadened beams. Because of a smearing effect, it can be predicted that the
diode sensitivity should be reasonably constant across the broad peak.

(7) Effect of Inhomogeneities on Dose Distribution

Two problems are being studied concerning inhomogeneities in pion
beams: the interface effect and the distal effect. The interface effect consists of
the changes in dose near the interfaces of inhomogeneities, which are caused by the
densities of the interfacing tissues and by changes im secondary particle emission.
Dosimetry, microdosimetry, and radioblology experiments are presently being designed ¢t
study these effects. The distal effect is defined as the changes in dose arising
froa inhomogenaities being located upstream in the pion beam and hence shifting the
distribution of stopping pions downstrean. Experimental results are reported below
on this effect.

To correct For the distal effect of inhomogeneities, bolus material is
used. Paraffin appears to be a good material, having a stopping power relative to
wvater of .92, and it has been used in all inhomogeneity experiments. A dental
alginate (stopping power relative to water of 1.10) was used with one series of
patients. However, it has the disadvantages of being less tissue equivalent than
paraffin, deteriorating with tine and hence leaving no permanent record, and re—
quiring considerable care to prevent dehydration. A practical molding system for
paraffin has been developed, so that it can now be used as bolus material for patients.

Two types of bolus must be constructed for patient treatment. The
first is contour bolus, which simply corrects for contours in the skin by producing a
planar surface perpendicular to the incident bean. -The second, compensating bolus,
corrects for inhemogeaneities in the patient and partly shapes the treatment voluze.
Figure 21 illustrates how these bolus components appear in a typical treatment situa- °
tion. . ' B

Inhomogeneity experiments have been performed with a clinical beam.
This beam has a momentum of 163 MeV/c (0 = 1.8%) which produces a depth dose peak at
approximately 17.5 cm. A parallel beam, it is approximately 11 cm wide at the 80Z
level in x and y, and approximately 18 cm wide at the 50% level in x and y. Such a
bean is easily collimated using 3.5 cm thick Cerrobend collimators. Collimation and -
geometry used for these measurements closely resemble a clinical setup. Although
pion peaks in patient beams are normally broadened by the dynamic range-shifter, the
results here are from only the narrow static beam, so that the effects of inhomo=-
geneities can be more easily observed.

Teflon and air inhomogeneities in a water phantom have been chosen for
an approximation of bone and lung. Teflon has a stopping power relative to water of
1.81. ’ . '

A recent calculation emphasizes the change in pion peak dose rate with
the presence of inhomogeneities. This effect is seen in Figure 22 vhere the incident
pion beam passes through an 11 x 9 cm elliptical collimator and an 8x4xbcn
Teflon block is placed along the beam axis 1 cm below the water surface. Note the
forward shift of the pion peak, due to the Teflon causing the direct beam to equi-
velently pass through an additional 3.25 cm water [(1.81 - 1.0) x 4 = 3.24). By
shifting back the peak under Teflon by 3.25 cm, it is easily seen that the peak dose
uvnder Teflon is a few percent less than the peak dose with no Teflon.
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This decrease occurs because there are fewer secondary interactions in the peak,
since pions which do nat pass through the Teflon stop at a deeper depth., Likewise
when these pions do stop, they contribute additional dose to the rear of the central
peak as seen in Figure 22. These effects are significantly less than those of Hama
et al. (6), because the inhomogenaity in this exaople is a factor of two greater in
transverse direction, thus decreasing the second particle effect.

“The ability to comwpensate for the Teflon inhomogeneity using a paral-
lel beam bolus correction is shown in Figures 23 and 24. The bolus is 3.5 cm para-
ffin (3.24/.92) with an 8 x 4 cm rectangular hole directly above the Teflon. In
Figure 23, the depth dose peak is almost identical to that with no irhomogenaity. In
Figure 24 transverse profiles across the peak show how the bolus restores tha original
beam profile. The slight discrepancy is a result of the paraffln bolus being cut to
3.7 cu thiclness rather than 3.5 cm.

Similar results for air inhomogeneities are seen' in Figure 25. Note
that 3 cm from the edge of the inhomogeneity in cases A and C, the depth dose curveas
are influanced little by the stopping pion distribution. In contrast, under tha edge
of the inhomogenaity in Case B, there is maximum distortion in the peak. Again the
bolus sufficiently corrects for the inhomogeneity across the peak. However, the
bolus was 2 mm too thick, over-shifring the peak.

One practical aspect of the inhowmogeneity experiment is the concept of
using quantitative pion radiography to deduce bolus comstruction from Inhomogenaity
attenuation. In Figure 26 the dose image behind a Teflon inhomogeneity suggests this
possibility. The dashed line is the required responsa. However, the effect of :
secondaries washes away such resolution, indicating that a positive pion rather than
a negative pion beam would be required. A positive pion beam has a lower high LET
dose, and thus the advantages of a lower equivalent dose to the patient and 2 de-
creased variation in film response. This method might be beneficial in the head and
neck region, where treatments are often bilateral, since a symmetry Plane is tequired
perpendicular to the treatment beam. : :

The abova results show that paraffin bolus can be used to correct for
inhomogeneities, provided information about the inhomogeneitries is available. A
study of the ability of computerized axial tomography (CAT) scanner data to provide
such information should begin by the summer of 1977. A first-order correlation
between electron density and the pion stopping power of tissue-like material relative
to water should prove helpful in data analysis.

A strong dependence of dose upon the stopping pion distribution
accentuates the need for completion of the treatment planning code PIPLAN (subsection
(9)), so that the dose can be accurately predicted for other stopping pions which do
not stop in a plane perpendicular to the incident beam. Future experiments will be
designed for comparisons to PIPLAN calculations, particularly for converginz baams
where the prablems of inhomogeneities and compensating bolus become more complex.

One long-term goal of the project is to treat with a fan beam (highly convergaat in a
plane perpendicular to the beam plane), to increase the dose rate and improva treat-
nant planning.

(8) . Patient Immobilization, Alipnment, and Transfer Systems

Pion irradiation of patients with portals up to 8 x 10 x 8 cm began in
Kovember 1976, for treatment of large lesions extending several centimeters in depth.
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These treatments constituted a significant departure from previous pion patient
irradiations- for several reasons. First, a collimator, rather than a treatmant
applicator, was used to define the bean. Second, a range-shifrer was utilized to
spread the pilon stopping regioa in depth. Third, bolus was used to present

a flat surface to the pion beam. Fourth, a shaping bolus was used to take into
account variations in tumor depth in the sama treatment field. Fifth, compeasating
bolus was used to overcome differences in stopping power of inhomogeneities in the
treatment volume. Finally, it was now necessary -to use a whole-body immobilization
and repositioning device to ensure proper patient positioning for each treatcect
session. All of these factors combined to make patient set-up a time~consuming
procedure. Because of the extended treatment time and the desire to optimize treat-—
ment room utilization, a technique of prior immobilization and positioning (PIP),
planned from the project inception, was instituced.

A prototype patient immobilization, repositioning and transfer module
has been developed, which has a base of expanded polystyrene foaw such as used in
building insulation. This is the same material used irn making individualized second-
ary field blocks by the hotwire cutting techanique. Two different sizes are used, 2'
x 10' x 2" thick and 2' x &' x 3" thick. The thinnar sheet provides a fouandation
upon which the thicker sheet is mounted. Constructing the basic repositioaing unit
is quite simple. Wirh the patient lying on the thick sheet in the appropriate
treatment position, the patient's contour is traced directly to the foam with a wax
pencil. This ocutline is cut out using a band saw or small hand saw and the sheet is
placed on the thin foundation sheet. The patient then positions himself in the
cutout and minor changes or modifications are made to the cutout. Once a good fit is
obtained, the position of the cutout on the foundation is marked and the patient is
renoved from the unit.

The cutout is then placed on the foundation sheet again as marked, and
lead bricks are used to hold it firmly in place. One to 2" diameter holes are drill-
ed through both sheets of foam about every 16" to 20" around the patient's contour.
Two-component 1liquid polyurethene which expands and hardens to low density foam vhen
combined is then mixed and poured into the holes. It expands and fills the holes
vith a strong hard foam permanently binding together the patient cutout and the
foundation sheet. ’

For conventional radictherapy treatments, the repositioning‘unit nay
be made for anterior and posterior treatments when necessary, as in the case of :
extended field treatments for Hodgkin's disease. The basic unit also may be modified
by cutting the foam to hold an electron cone in the proper orientation. Finally, a
conventional plaster of paris head cast may be fitted to the basic whole-body re-
positioning system for treatments of the head and neck. The advantages of this
system, which is composed almost entirely of foam, are: (a) it is lightwaight, and
(2) fluoroscopic and radiographic procedures performed with the patient in this
inmobilization device are of excellent quality.

Casts used with piorn therapy patients have proved to be gquite good
with some modifications required. Because the dose rate for an 8§ x 10 x 8 em field
was approximately 3 rads per minute with 100 microamps of beam current, a typical
100-150 rad treatment would require the patient to be in the immobilization device
for approximately one hour (occasionally split by a brief rest period). Thirn foam
rubber padding was added to increase patient comfort and proved to be quite adequate.
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More extenslive use of the liquid polyurethene foam is being explored to make the cast
more closely conform to the patient's contour, thereby providing more uniform support.

Aligoment lasers vere installed in the pion treatment area and in the
staging area, so that patient aligmzant could be quickly and accurately reproduced.
Two different arrangamants of laser beams are used to produce visible crosshair
patterns. Both arrangements utiliza the same principle of refraction of light by a
cylindrical lens to convert a lagser spot into a line. The lens is a 3 mm diazeter
quartz rod supported by aluminum holders which are attached to the laser case to
position the quartz rod in the laser beam and to hold z front-surface mirror in front
of the rod. Light enters the quartz rod perpendicular to the longitudinal axis of
the rod and refracts, producing a beam of 1 mau width and 17° divergence.

Two such assemblies are mounted in the treatment yoom to give ortho-
gonal lines which intersect at the vertical axis of tha pion beam. This yields two
visible axes for precise patient alignment in the horizontal plane. A third laser,
without the refracting lens, is used as a vertical height reference.

In the patient staging area, where there is no overhead obstruction
from beam hardware, only one laser is required. The laser beam is passed through a
beam splitter and then reflected onto two quartz rods which are fixed perpendicular
to each other. The resulting cross pattera is used for horizonrtal aligmment of the
treatment couch, collimators, and bolus relative to the patient.

Treatment couchaes for the pion treatment and simulator rooms, which
vill require scanning motion under the pion beam, have been ordered with delivery and
installation expected by the summer of 1977. To implement the PIP system prior to
installation of those couches, two identical stretchers were purchased and modified,
to accept patient immobiljization modules and collimator holders and to allow locali-
zation radiography.

The tables as purchased have variable height and til%, but an in-
adequate top which would not provide the features listed above. New tops vere
constructed of two flat plywood slabs, 1.25 cm thick, 82 cm wide, 200 cm lorg, and
separated by a 2.5 cm gap. This opening allows insertion of x-ray film cassettes for
diagnostic imaging. Flat aluminum rails wvere attached along each side of these tops.
These rails, approximately 5.5 cm wide and spanning tha length of the couch, provide
a straight, flat surface to which the collimator holders are attached. The colli-
mator holders rest on brackets with Teflon bearings which slide easily along the
couch rails. Floor brakes have been obtained which will be installed on each of the
couches. These will replace the manufacturer’'s wheel locks, which have proven in-
adequate. When the permanent treatment couches are delivered and imstallation is.
complete, these temporary tables will be reconverted to patient tramsport stretchers.

Two identical collimator holders have been mounted on the tewporary
treatment tables. The requirements for these devices included the followingz:

(a) Variable positioning was neaded along three linear axes, i.e.,
vertical height above the treatment volume and x-y (horizontal) positioning relative
to the alignment of the patient.

(b) A linmited amount of rotational adjustment was needed for treat-
ments in which the tumor location and surrounding anatomy require imclination of the
treatment couch out of the horizontal plane. In these cases, the collimator must bz
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rotated relative teo the couch, to maintain collimation perpendicular to the beaa.

“(c) Rotation about the vertical axis was required to align asy=metri-
cal collimators.

(d) All positicning needed to be precisely reproducible.

(e) The collimator holder needed .to be strong enough to ensure
pztient safety with the 10 to 25 kg collimators required.

(f) The holder needed to be compatible with the temporary traatment
table. ' T

The collimator holders were cdesigned and fabricated incorporating the
five degreas of freedom required to meet individual patient needs. Vercicle trans-
lation is allowed in 1.25S cm increments over a range of 42 cm. -Translations in the
horizontal plana are continuously variable and have ranges of 40 cm and 150 cm.
Rotation about the vertical axis is continuous over 3609, and rotation about thg axes
of the horizontal plane proceeds in 2° increments over ranges of +20°.

~ The devices were fabricated from aluminum plate and stainless steal
rods with steel fasteners, resulting in strong, lightweight holders which hava tested
safe under a2 load of three times the average collimator weight. The net weight of
one holder is 15.7 kg, which can easily be placed on the treatment couchk by two
people. Ball bushings and Teflon bearings ensure quick, easy adjustment for x-y
positioning and facilitate patient entry to and exit from the treatment couch.
Thumbscrews are used as locks for all translational motion.

" As constructed and modified, these collimator holders have performed
their required functions during patient treatment. They require a minimal amouant of
time and effort for adjustment, thus contributing to optimal patient setup.

Vith all these components assembled, it was possible to implement the
PIP system. On the day prior to the first treatwent, the patients were brought
individually to the treatmant room and set up in their irmmobilization casts under the
treatment beam, using the laser aligament system. The patient was marked appropriatel;
for beam direction and field size, the height of the table was recorded, and the
height of the collimator support assembly above the table top was recorded.

With this information the patient could then be set up and positioned
in the staging room external to the treatment room. After the first patient was set
up and treatment begun, the procedure could be done quite carefully for the next
patient, without losing valuable beam time. When the treatment was cowpleted, the
patient in the treatment room was wheeled out on his treatment table, while tha
second patient, already ismobilized and prepared for treatment, was wheeled into the
treatment room on a second table. The actual positioning of the patient under the
treatment beam required only about one rinute, and the total time spent in the ex-
change of patients averaged about 4 to 5 minuces.

4 T
, o
~ . O

(9) Computerized Treatment Planning

The computer program PIPLAN was the primary focus of treatment planning
development during the past year. This involved both improving physical models for
calculating dose distributions and upgrading clinical utility.
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Coding was completed to convert anatomy contour data into a three~
dimensional density matrix to interface with the BUCKET dose-nmodel program and to
eventually accept CAT-scan data. To obtain high resolution within memory limitations,
densities are converted into 4-bit density codes representing 16 different tissues
and treatment devices. The codes are packed 15 per word, producing 0.25 cm resolutior
in 2 10 x 10 x 20 cm volume with only 8000 words of memory. This feature is general
to 2llow a different number of densities or a different computer word length.

PIPLAN was modified to predict dose distributions for static beams and
the dose model BUCKET was installed. ‘The comparison of dose distributions calculated
from BUCKET with the simplest experiments in water phantoms is good. However, when
collimators, range-shifter and inhomogeneities are added, the agreement betwean
calculation and experimeat deteriorates considerably. To trace the source of these
difficulties, systematic comparisons with the Oak Ridge Monte-Carlo code, PION-1,
have been made starting with the simplest configuration—a pencil beam in a water
phantom. As a result of these comparative studies, jmprovements in botk codes have -
been made, most notably in pion ionization and in-flight interactions. Theoretical .
calculations by Carl Werntz of Catholic University have provided inelastic and
absorption cross-sections for pions not available experimentally. The multiple
scattering algorithm has been improved to more accurately deal with air gaps.
Modifications to the pion stopping distribution calculation have been made, giving a
nore accurate description of the high-LET dose. Fine tuning of the physical approxi-
pations employed in BUCKET, resulting from comparisons with PION-1 as well as experi-
mental dosimetry, will continue until the fundamental accuracy of the code is assured.

Because both PIPLAN and BUCKET are large codes, it was necessary to
"overlay' sections of PIPLAN as part of the BUCKET installation. This step also
further modularizes PIPLAN consistent with the final clinical version. lany non—
clinical features of BUCKET were also adopted. Thus, PIPLAN is now also used for a
variety of detailed dosimetry, microdosimetry, and radlobzology studles and experi-
mental investigations.

New collirator and bolus models have also been installed in PIPLAN.
The main feature of these models is that they enable the code to design devices that
can be easily fabricated using methods presently available in a clinical setting. A
range~shifter model has been installed in PIPLAN, using as a predefined function the
amount of range attenuation as a fuction of time. This function is generated in-
dependently for a particular beam tune by specifying the final depth-dose distri-
bution desired. To accommodate patient set-up, additional geometry has been installed
to definitively locate the patient and treatment volume in the beam channel and to
independently move the peak dose distribution relative to the treatmemnt voluma.
(This is analagous to specifying the source-skin distance in x-ray therapy and using
variable energy x-rays during treatmant).

A remote graphics terminal, a plotter, and an acoustical modem were
obtained to implement the interactive capability of PIPLAN. While the PDP-11/45
computer at the treatment facility will be used for input and data wmanipulatioa, the
1ASL Central Computing Facility (CCF) will be used for calculations. However, the
CCF has been continually changing both machine and operating-system configurations,
as wvell as changing algorithms. This has caused a deliberate delay io implewmentation
of the interactive mode until about June 1977, when the CCF will complete muck of its
conversion to an improved time-sharing system. Postponing this commitment has
avoided the duplication of converting from more than one system to another and
allowed other requirements to be developed instead. ou
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For patient treatment configurations, PIPLAN has been used to calculate
various dose and particle distributions in a water phantom. The results agree well
with both macro- and microdosimetry measuremants. Such calculations are of value in
interpreting clinical results with patients. An earlier version of PIPLAN was used
as part of the first intercomparison of treatment plananing using various types of
high LET radiation. Four typical deep—seated tumors were Lreatment-plarned inde—
pendently for each type of radiation. ' '

(10) Patient Treatment Software System

The biomedical pilon patient treatment software performs a monitoring
function prior to and during patient treatmant. Prior to the treatment, the operator
enters patient information such as name, portal identification, treatment day aad
fraction number. Hardware safety interlocks are checked and continuously monitored
during treatment. Presently, the software has the channel operator verify that the
range—-shifter is running the proper function for each treatment. This check is
backed during treatment by a hardware 'range-shifter dead" alarm. A treatment status
display is generated by the software during treatment, showing dose rate and esti-
mated time to completion of treatment. This display is distributed throughout the
Biomedical Facility via closed circuit television for the information of physicians
and staff. Dynamic chamnel parameters such as time-of-day, dose rate, dose delivered,
and hardware status are sampled periodically and saved in such a manner as to allow
accurate determination of dose delivered in the event of severe hardware/saftware
failure. At the completion of the treatment, this information, along with patieat
specifics, is produced as a treatment surnary for inclusion in the patient's record.

Improvenants to be implem=nted in the near future include a patient
treatment file that can be created in advance of actual treatment to include, 2long
with patient data, the channel tune necessary for each treatment, the range-shifter
function for same, and treatment data such as prescribed dose and minimum acceptable
dose rate. Control functions will be included to allow the propex chaunel tune to be
set up and verified. The range~shifter will come under computer control of the
function followed, and two separate processors will monitor and verify that the
function is properly executed. Cumulative records of pion irradiations will be kept
for each patient, and facilities for transmitting the records to the UNM-CRTC are
being evaluated. ’

An extension of these applications and development of new applications
in preparation for Phase III trials include: (1) computer monitoring of Clirac-18
treatments at the CRTIC, (2) sonic tablet input to the computer of patient treatment
planning data, and (3) direct ultrasound scan data input to the computer for treat-
ment planning and possible diagnostic analysis. Computer monitoring of Clinac-13
treatments may be extended to include patient record-keeping and eventually statisti-
cal analysis of the total patient population. An additional application, indirectly
related to patient treatment, may be the automation of dosimetry hardware, spacificall
the SHM three—dimensional isodose scanner.

At this time, all the hardware required for the above applications has
been ordered and, with the exception of the sonic tablet, received. Until recently,
computer system problems prevented work on the hardware interfacing. Those problers
have been resolved and work on these applications may now begin. Preliminary work on
the ulrrasound application has been done, and involved the identification of the

signal lines to be read by the computer. c:
34
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(11) Clinical Evaluation of Pion Visualization

Pion beams have an advantage cover conventional treatment beams in that
the patient is slightly radicactive following treatment, which allows the possibility
of gamma radiographic imaging. An evaluation of pion visualization from a clinical
viewpoint is planned, basad upon the results of researchers at LAMPF (7,8). The
benefits from pion visualization would be the confirmation of treatment planning and .
localization. :

¢ .

The first problem to be investigated is inherent tomograpliic resolution
based on the estimated activity im a patient for a typical pion irradiation. Computer
simulations should delineate the resolution which could be expected for various
detector arrangenents. The second problem is to investigate the effects of inhomo-
geneities. Positive beta imaging has the advantage that inhomogeneity attenuation
can be measured (9). . Assuming that the study of these two problems indicates visuali-
zation is still practical, additional experiments must be performed to relate dose to
beta activity for various tissues. The final and most perplerding problem is that of
diffusion rates, which not only lower the count rate but may also smear :he activicy.

All but the diffusion problem can be studied by computer simulation
and measurements with a simple solid or Rando phantom. However, the diffusion prohlem
can be answered only by measurements in vivo. Although the resolution presented in
previous beta iwaging papers (9,10), coupled with the above problems, makes pion
visualization appear difficult, the potential clinical benefit is so great as to
warrant evaluation.

b. Biology ‘ ) co
(1) Cellular Biology '

" The cellular biology effort during the past year has been directed
toward development of an undérstanding of the mechanism of action of an idealized
small volume tune and preliminary, but continuing, studies on the biological effective
ness of large volume tunes presently being used for patient treatment.

Three aifferent tunes or depth dose distributions have been studied
within the past year:

(a) The 2x 2 x 2 biology tune which yields a dose rate of approxi-
mately 20 rads per minute at 100 microamps of proton current (Figure 27).

{(b) The 5 x 5 x 5 tune which yields a dose rate of approximately
10-12 rads per minute (Figure 3).

{c) The 8 x 10 x 8 tune which yields a dose rate of approximately 3
rads per minute (Figure 6).

The composition of tunes (b) and {c) in terms of the various LET
componants 1s provided in subsection (a-5) of this progress report. The LET composi-
tion of the 2 x 2 x 2 biology tuna is proportionally the same as for the 5x 5 x 5
tune. .

As the treatment volume is increased the relative proportion of the
higher LET components declinas as does the peak-to-plateau ratio. TYor these reasons
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the biological effectiveness is expected to decline as the treatment volume increases,
and therefore all baseline studies are initially conducted with the 2 X 2 x 2 tune.
Cerrain of these studies have been or will be repeated with the larger tunes as
experience dictates.

(a) Monolayer Studies. Two cell lines have beeun used for the assay
of the response of single cells in culture to the pion beams. These have been CEO
cells (sublines K; and Cjg) and the Line 1 lung carcinoma. Due to the limited voluce
which can be irradiated at a single time and an unwillingness to introduce arcifacts
via trypsinization after exposure, an assay system was developed in which 106 cells
were placed in liquid media in a 15 cc test tube filled with varying amounts of agar
and liquid media. The depths of the agar in the tube regulated the position of the
célls within the depth dose profile, thereby allouing study of 3 range of positions
within any profile. The tubes were immersed in water during the exposure so as to
provide maximum scatter. :

: Figure 28 is a plot of the relative survival of CHO cells which
were exposed to peak pions (a depth of 1.8 centimerers) from the 2 x 2 x 2 biology
tune as compared to results with x-rays. No differences could be detected in the
slopa of the.survival curves between pions and x-rays, but the pion curve was shifted
by approximately 120 rads to the left, i.e., the width of the shoulder for the cell
survival curve was reduced by 120 rads. Figure 29 is a plot of the relative cell
survival for Line 1 carcinoma cells which vere irradiated under the sama conditions.
This cell line, which is more resistant than the CHO cells both in terms of the width
of the shoulder and the slope of the survival curve, shoved a response similar to
that of the CHO cells. Pions were no more effective than x-rays in terms of the _
slope of the survival curve, but the width of the shculder on the survival curva was
reduced by 140 rads (Figure 29). ‘

This raises an interesting point regarding the potential appli;
cability of negative pi mesons in radiotherapy. Table 3 summarizes the survival
curve characteristics for the two cell limes. In this table the cell line with the
small shoulder (CHO) and the cell line with the large shoulder (Line 1) both show a
reduction in the size of the shoulder by approximately 120-140 rads. This would
suggest that tissues with a small shoulder (such as tumors) would recover relatively
less efficiently than tissues with large shoulders (such as the normal tissues)
during pion treatment, i.e., a constant number of rads equals a greater fraction of
the shoulder, region of the cell line with a small shoulder. Verification of this
potential advantage of pions is presently being tested in vivo and is discussed
further below.

. At present the cells can be kept in the exposure tubes for up to
16 hours with only miniwmal clumping, thereby allowing the performance of fractionation
studies. Table 4 summarizes the results of such an investigation and demonstrates
quite clearly that two fractions of 150 rads of pions with a 2-hour recovery period
between allows far less recovery than is observed with x-rays which are similarly
fractionated. This relative lack of recovery in the pion-treated groups is con=-
sistent with a reduction of the size of the shoulder (Figures 28-30), i.e., the
shoulder is reflective of the accumulation of sublethal injury and, therefore,
indicative of the amount of injury which might recover between exposures.

Single cell survival curves have been determined for CHO cells at
depths of 0, 2, 4, 7 and 8 cm along the B cm z axis of the 8 x 10 x 8 tuna (0 = lead
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edge of the peak). The resultant single cell survival data are shoun in Figure 30,
in which, again, no significant differences could be detected in the slopes of the
survival curves at any depth, nor could any differences be detected in shoulder width
among positions 0, 2 and 4 or between positions 7 and 8. The pattern is consistent,
however, with that given above, in that the major effect of the pion exposure has
been to reduce the width of the shoulder region. Agaim, this would predict that
recovery between exposures would be less pronounced in the pion treated groups.
Table 5 is a comparison of pions and x-rays in terms of amount of recovery between
two 150-rad fractions separated by 16 hours. The proximal portions of the peak
(positions 0, 2 and 4) show moderate recovery betweean the two 150-rad erposures
(relative to x-rays), while the distal positions (7 and 8 cm) show barely detectable
recovery between the two exposures. In sucrary, all three tunes tested have bean
characterized by a reduction in the shoulder width. This is consistent with the
fractionation studies which have indicated less recovery between exposures, at
either 2- or l6~hour recovery intervals. '

(b) Multicellular Tumor Sphercids (MTS). Due to limitations on the voluze
that can be irradiated with the smaller runes and the peed to study a numher of
positions in depth with the larger tunes, it has not been possible at the present
beam intensity to study in vivo tumors. However, a technique has recently baen
developed at the UNM/CRTC which allows the simplified production of multicellular
tumor spheroids (MTS) which possess the following characteristics of in vivo tuamors:
intimate cell/cell contacts, well-developed hypoxic regions, and altered cell cycle
distributions. This system has been used in all biological program attempts to study
the effects of pions on tumors. '

The method for producing these MTS involves underlaying petri dishes.
with a mixture of 0.57 agar in complete medium. A single cell suspension of the
tumor cells is then laid over the agar and within 3-14 days (depending on the specifi
tusor type) multicellular tumor sphercids, such as those shown in Figure 31, develop.
These MTS grow unattached over the surface of the agar and can be studied over a size
range of 100 um through 2-3 mm. Included in Figure 31 are sections through these MNIS
which range in size from 280 }im through 840 um. As the MTS increase in size, a
nondividing hypoxic fraction develops beneath the dividing capsule, and at the
largest sizes a necrotic central region is observed. These MIS, therefore, parallel
the in vivo problem in an everted sense, since in vivo oxygen diffuses radically from
a central source whereas in the spheroid it diffuses centripetally from an exterior
source. A wide variety of MIS have been produced from tumors represemnting three
species and four different etiologies (spontaneous, radiation-induced, chemically
induced, and virus-induced), and these will eventually provide a battery of tumors
to be tested with the pion beam. Among the MTS developed, evidence has been found of
variability both in the depth of the dividing shell and the cycle kinetics of those
cells vhich are in cycle.

. A variety of techniques have been developed to study the growth,

" behavior, and responses of these MTS to therapy. For the purposes of studyirg pion
. exposures, the most adequate are delay in growth and "cure.'" Figure 32 is a plot of
" ... the grouth of Line 1 carcinmoma MIS which has been exposed at the size of 280 pm

to graded doses of »-rays. These growth curves are similar to the inhibition of
growth observed with in vivo mouse tumors, such as those used in the Tomlinson assay
(10). Laboratory studies at the UNM/CRIC have established that delay in growth to a
given size can provide an adequate dose response curve for pions and x-rays and that
the size selected for the cut-off point does not affect the overall shape of the

rve. Figure 33 is a plot of the radiatioa-induced delays in growth to a size of
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720 pm for Line 1 MTS which were exposed to peak pions (2 x 2 x 2 biology tume) or x-
rays at a diameter of 280 pm. The x-ray groups are characterized by a no-response
region between O and 400 rads of x-rays, followed by a rapidly ascending relationship
between dose and delay. Extension of these studies to larger doses (Figure 34, taken
from a study on drug alterations of radiation resistance) shows a lesser relatioaship
at doses above 1000 rads which is a reflectioa of injury to the more radiation
resistant hypoxic fraction. Of greater interest to the present study is the complete
eradiczation of the shoulder region in the Line 1 MIS expased to peak pions from the 2
%X 2 x 2 biology tune. In this study, the relative biological effectivenaas (RBE) is .
dose dependent and declines with increasing dose. '

A second assay system is presently being used with these NTIS which
involves determination of whetter the MIS are able to grow out when placad on standard
perri dishes. Table 6 sumarizes the radiation doses (pions and x-ray3) requirted to
Yield a 50% cure (no outgrowth) for Line 1 carcinowma MTS. In this cowmparison a2pproxi-~
nately 1.7 times as many x-ray rads as pion rads are required to 'curae" a spheroid.

To surmarize, from the Line 1 MIS srudies which have been performed
with the 2 x 2 x 2 biology tune, the RBE can be calculated as a function of the pion
dose used. Figure 35 is a plot of these data and shows that the RBE declines rapidly
as the dose is raisaed between 100 and 400 rads and then rises again in the area of
1000 rads of pions. ' The initiation of decline is interpreted as the result of a
declining importance of shoulder reduction as the toral dose is increased, and the
rise of the RBE at the higher dose levels is interpreted as a reflection of tha
increasing importance of the hypoxic cell fraction.

Figure 36 is a plot of delay in regrowth versus dose for Line 1 MIS
exposed to X-rays, peak pions from the 2 x 2 x 2 tune, pions from the proximal
region of the 8 x 10 x 8 tunes (depths of 0, 2 and 4 cm) and pions from the distal
region of the 8 x 10 x 8 tuna (deptha of 6, 7 and 8 cm). In this comparison, it is
clear that the two regions of the 8 x 10 x 8 tune fall intermediate in effect between
x-rays and 2 x 2 x 2 peak pions, and that the distal portion of the 8 x 10 x 8 peak
is more effective than the proximal portion.

Fractionation studies, under the same conditions are presantly ino
progress.

b

(2) Mammalian Biology

(a) Radiation Responses of the Colon. During the past year Sprague-
Davley rats have been exposed to doses of 2000-10,000 rads of x-rays or negative pi
mesons (in the peak region of the 2 x 2 x Z biology tune) and killed four months
later for the analysis of radiation-induced ulceration, colitis cystica profunda,
rucosal atypia, fibrosis, vascular sclerosis and muscle hypertrophy. The x-ray
experiments are complete and have been analyzed, and at the time of writing the plon
exposed animals are being killed.

Within each treatmant group (four to six rats) the six endpoints
were assigned a.numerical grading which was then averaged within the groun. Tables
7-9 give the average responses for the rats exposed to graded doses of x-rays in 1,
2, 5 or 10 fractions for the three early epithelial lesions: wulceration, colitis
cystica profunda, and mucosal atypia. As was indicated in earlier reports thase

J
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three epithelial lesions are already declining by the time of sacrifice, four months,
and, therefore, the dose response curves ware at best marginally informative.

Tables 10-12 present the raw data for the three sunport structure endpoints: nmuscular
hypertrophy, vascular sclerosis and fibrosis. The data for these late-occurring amd
progressive lesions were more adequate and were subjected to an analysis of the
effects of toral dose size and fractionation.

. Through use of multiple regression techniques, both dose size and
number of fractions have been taken into account, according to the formula

DG = DX x FY (3)
where D. = the dose required to produce a given grade of response, D, equals the
nominal staandard dose, F = the number of fractions and Y = the recovery constaat. As
shown in Table 10 the recovery constant for hypertrophy induced by x-ray injury is
approximately .3 for the milder grades but declines to .24 at the higher gradas.
Although thesa differences are not large they suggest that recovery from x-ray injury’
for this endpoint declinas with increasing dose size. Table 1l shows a similar
pattern for the fibrosis data in that the vecovery constant Y declines from .41 at
the mildest grade of injury through .32 at the most severe injury grade. Table 12
for the sclerosis data again shows the same pattern with the recovery censtanc
declining from .41 at the mildest grade through .35 at the most severe grade.

. Considering thase late-occurring injury data in total (Tables
10-12), recovery appears not as a constant fraction of the dose size, but rather as
declining with increasing dose size. The analysis of pion radiation effects for
these same endpoints should be available soon. : ,

- (b) Spiual Cord. A preliminary study of the spinal cord responses to
pion radiation was initiated in August 1976. At the time the available dose rate was
3 rads per minute (the 2 x 2 x 2 biology tune had not yet been developed), and,
therefore, a single dose study was conducted comparing x-rays and pions. Pion doses
of 933 rads through 1733 rads were delivered to the lumbar spinal cord and cowmpared
with doses of 1400-3000 rads of x-rays. At the time of writing initial sigrs of hind
limb reflex, loss and paralysis are just beginning to show and no estimate of the RBE
is available.

(¢) Testicular Colony Forminz Units. As reported earlier in progress
Teports, there appear to be no differences between pions and x-rays in terms of
weight loss. This apparently is a function of the assay system in which a large
stromal component affects the shape of the curve. Uhen similar studies were perforred
using spermatogenic colony forming units (11), an RBE of 1.5 was apparent for peak.
pions from the 2 x 2 x 2 biology tune. '

(3) Summary. The biology studies conducted during the past year have
indicated that the major effect of pions in the peak region is to reduce the width of
the shoulder, thereby resulting in diminished recovery during & fractionated exposure
pattern. These studies are currently being repeated and expanded.
¢

- -

3. SIGNIFICANCE

At present, a large number of patients with large solid tumors fail to respond
to even the most rigorous therapeutic methods. Heavy charged particles offer a means
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of depositing a relatively high dose of radiation within the tumor volume while
sparing surrounding normal tissues, which theoretically could result in highar cure
rates. Because of their unique properties, pions appear to be the most advanrageous
of these particles for treatmeat of large volumes, although protons and heavy ions
are also under investigation. The biomedical pion channel at LAMPF is the first such
facility in the world capable of producing pions in sufficient quantities for madical
testing, although other facilities are expected to be operational in two to five
years for clinical use. The technology developed for use of the pion channal at
LAMPF will logically be transferable to other pion installations as they cooe on-
line. In addition, much of the effort directed at localizing the tumor volume and
body inhorogeneities, computerized treatment planning, treatment optimization, and
improved patient immobilization will iwprove technology available in conventional
radiation therapy at treatment centers throughout the nation.

The preclinical biology studies are essential to avoid the possibility that the
complexity of pion interactions with living tissues could result in untoward acd
totally unexpected injury to normal living tissues in patients. Secondly, the
biological studies help to ensure that pions are tested under conditions that maxi-~
mize tumor injury and minpimize normal tissua injury, thus ensuring an accurate
evaluation of any changes in therapeutic ratic with pion radiation. It has now been
shown that the use of pion radiation results in diminishad recovery during a fraction-
ation exposure pattern as cocpared to x-rays, indicating that the potential for a
therapeutic gain exists, beyond the expected reduction in protection of tumor cells
by hypoxia or cycle kinetics. The progression of these studies should make it
possible to guarantee patient safety while providing a definitive test of the practi-
cal clinical applications of pions.. :

4. RESFARCH GOALS FOR YEAR 5

Researcﬁ goals for Year 5 are summarized as follows:

a. Physics

(1) To continue to improve the channel operating and control system by
increasing its reliability, safety, and efficiency, -through installation of add-
itional updated computer and peripheral equpment, installation of optical shaft
- encoders to all moving hardware, and replacement of electronic controllers with
nicroprocessors for critical hardware items. ' ) ’

(2) To improve beam development capability by:

(2) Development of a fan tune that is achromatic with respect to
position and momentum, uniforn over the depth dimension of the stopping region,
narrow in the couch scanning direction, and has the highest available dose rate.

(b) Design and application of new field flattening techniques 2nd
application of those techniques to neuw beoms, in particular the fan beaam.

(c) Development of improved magnet current selection and optimization ‘
techniques, for providing required therapy beams.

(d) Improving understanding of the properties of the channel and
beans in terms of changes in momentum, flux rate, contamination, momentum spread, and
other optical properties. ‘ '
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(3) To complete and install a new range-shifter that will spread the peak
region up to- 18 cm in the dimension of beau penetration (the present model is useful
for spread peaks of 12 cm or less), and to coordinate the range-shifter functions
with the scanning treatmant couch system, variable-jaw collinators, treatnent planain;
codes, and other hardware and software.

(4) To continua to measure lineal energy and LET distributions of beans
required for radiobiology and radiotherapy, for correlation with experimental results
and theoretical calculations. .

(5) To evaluate a number of in vivo dosimeters in an effort to determige
those best suited for experioental verification of treatmant planningz, including
intracavitary ionizarion chanbers, silicon diode dosimeters, thermoluminascentc
dosimeters, and activation reaction dosimaters (to monitor high LET dose).

(6) To continua to refine the computerized treatment planning code by
incorporating new experimental data for pion-nuclear cross-sections and pion-star
secondary distributions in various tissue, upgrading bioclogical models of effective
dose, incorporating improved beam emittance data, adding new hardware correlation
data (for range-shifter, scanning couch system, simulator, and other equipment), and
coordinating output format with treatment planning evaluation requirements.

) (7) To improve treatment planning and inhomogeneity localization and
compensation techniques, and to continue to improve the patient immobilization,
alignment, and transfer systems (including installation and testing of the scaaniug
treatment couch and pion simulator systems, already ordered).

(8) To continue to inveastigate methods of visualization of the pion
stopping region for verification of treatment planning paracaters.

b. Biology

(1) To compare the pion-induced reduction in shoulder width with cell lines
with small, intermediate, and large shouldars. .

(2) To compare reductions in shoulder width noted in (1) with the extent
of pion-induced inhibition of two—fraction recovery.

(3) To cémpare the effects of proximal, intermediate and distal portions
of the larger tunes (~1 liter) on two-fraction recovery in both monolayers and v
nulticellular tumor spheroids (MTS).

(4) To develop and employ means of studying five or more treatmant
fractions in both monolayer and MIS systems.

{(5) To compare the physical beam composition of various tunes with their
biological effect in the hope of developing a predictive model.

{(6) To expand studies on the relationship between dose size and RBE
in the monolayer and MIS systems.

(7) To continue studies on the radiation (pion and x-ray) response of
the colon, spinal cord and kidney, and to inirciate studles on the heact, lung
and brain.

.

' 09 l QZb 41 . lomsssgs.osz



Kligermaa, M.,

5-P01-CA-14052-05

(8) To continue to use somatic cell rutagénesis as the most preciss
biological endpoint for comparison with mutagenesis.

5.  ADMINISTRATIVE/OPERATIONAL CHANGCES

Dr. James N. Bradbury has been appointed Group Leader, MP-3, lledium Energy
Physics Division, LASL, and is leading the efforc of that division in the pion
bicmedical studies. Dr. E. A. Knapp, former group leader, is now concentrating on -
accelerator technology development (particularly design of a. small pion genarator for
medical use), and is available to this project for consultation on techaical matters.

Dr. Kenneth Hogstrom has been appointad a biomedical physicist at the UNMM/CRIC,
but is based full-tima in Los Alasos. He has been supported on CA-16127-03, but his
support is being shifted to this grant for Year 5. He was formerly wich the TAMVEC
project of the M.D. Andarson Hospital and Tumor Ianstitute (see his c.v. under Acttach-
ment C). Dr. Alfred R. Smith, biomedical physicist at the UNM/CRTC, is being based
at Los Alamos, effective April 1977. Dr. Albert Li has joined the project as a
cellulax biologist (see also Attachment C for c.v.), and Dr. Leo Gomez, marmalian
biologist, has left the project. A replacemenrt is being sought for him.

As noted by the principal investigator last year, the biclogy funding level is
insufficient for the job .to be accomplished if rzpid clinical progress is to be
realized. It was necessary during Year 4 to reprogram resources to bislogy, via
institutional and NCI prior approval mecharisms. Accordingly, it is proposed for the
coming year that all biology resources be consovlidated at the UNM/CRIC, with support
providad by LASL Health Division only in short-term animal care and housing. It is
also proposed that certain UNM techmical staff be based in Los Alamos, as noted in
the budget for Year 5. ’ '
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BEAM

2 ‘: / u:\m
F‘-iﬂ}
_ ALUMINUM)
SHIMS \MOUNTWG_
(POLYETHYLENE) : CONE
X - (BRASS)
NOSE BODY /\r\,os CON
(POLYETHYLENE) ‘\\ (BRASS)
-NOSE PLUG

({ POLYETHYL:.NL‘. )

Figure 1. Atrtenvator-collimator treatment cone -
for chin nodules and supesrficial tumors.
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Figure 4, Thez dynamic range=shifter used to sprea;d
Iin deprrn the Braggz peax of pion beams,
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© 32 o MEASURED -

30 o CALCULATED
28 . . g
oG CERRCBEND: BISMUTH 50.0%

LEAD 26.7% |

TIN 1 3.3%

CADMIUM 10.0%
DENSITY {20°C): 9.4g/cm>
MELTING POINT = 70°C

¥

= N N
6 @) 4
1 T ¥

RESIDUAL PION RANGE IN WATER
SR

»
. , (50Mev/c 170MY/c 190MeV(e
O { 2 3 4 S 6 e

CERROBEND THICKNESS (cm)

Figure 8. Calculated {(closead ciréles) and measured (open circles) residual
pion range in water versus thickness of alloy used for collimation.
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