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GENERAL INSTRUCTlONS 
If data a r e  not a v a i l a b l e  on a l l  quest ions,  p l e a s e  supply a s  m u c h  informati m T  
satisfactory. 
Please u s e  whole numbers. Do not use f ract ions,  decimals  or cents .  
A l l  information requested applies to t h e  budget period s p e c d i e d  above. 
Please return o n e  copy of t h e  quest ionnaire  and retain the o t h e r  for your fi 

Bethesda. Maryland 20014. For information on completion of form t e l e p h o n L F F n . -  -I. --? Division of Research Grants, Nat ional  Ins t i tu tes  of Health, Westwood Bui! 7 -4 

I 
Please complete  both parts  of t h i s  report: 

P o r t  1. All persons  receiving any s a l a r y  from the direct cost awarded for this  grant or contract during budgrt  period. 
Part 11. All  persons who performed some work during budget period on the research project for which no salary w a s  
received from t h i s  grant or contract. 

Individual reports wi l l  be treated as confident ia l  and will be used only in the form of s ta t i s t ica l  summaries, Names andSocia1 
Security numbers a re  n e c e s s a r y  to avoid dupl ica te  counting. 

Focul ty  Stows: Al l  professional  persons working on this grant or contract-including temporary, part-time and retired- 
who hold appointments  des igna ted  a s  “faculty” by an institction of higher education. 
Nun-Faculty: All professional  persons  working on th i s  grant or contract who do not hold appointments designated as 
“faculty” by a n  inst i tut ion of higher education. T h i s  includes al l  non-faculty professional staff employed by non- 
ocademic ins t i tu t ions  (independent hospi ta l s ,  research inst i tutes ,  nonprofit foundations, and private companies). 
P o s t d o c t o r a l s  considered as primarily i n  a training s ta tus  should be  reported under “In Training Status.” 

c; #. - I ’ _ - ’  

. I. 
In Training Stotus: Include only t h o s e  individuals who, while working on a grant or contract, are considered to  be in  
a p n d o c t o r a l  or postdoctoral t ra ining s ta tus .  T h i s  includes graduate s tudents  registered in inst i tut ions of higher 
educat ion for part-time s tudy leading  to an academic (PhD, ScD, MA, MS, MPH, or equivalent) or professional(MD, 
DDS. DVM, or equivalent)  degree. Predoctora te  s tudents  working on their disser ta t ion should be  entered i n  this sec- 
tion. Individuals  who already have  a n  academic or professional doctorate but are considered as being primarily in a 
t ra ining s t a t u s  should  be included. R e s i d e n t s  and interns should a l s o  be included except  t h o s e  serving on rotation as 
part  of their regular  medical training. Undergraduate s tudents  should b e  counted a s  “All Other Staff.” 

’-. 

-;. c. 

ALL OTHER STAFF: All o ther  personnel  working on th i s  grant or contract. lnclude undergraduate students. Exclude ell 
consultants. 

1. 

2. 

3. 

4. 

5. 

6. 

.. 

SPECIFIC INSTRUCTIONS F O R  P A R T  I 
L i s t  in  I tems 1, 2, and 3 t h e  names  of a l l  professional personnel who worked on act ivi t ies  supported by th i s  grant or con- 
t rac t  during t h e  budget period spec i f ied  who received any sa lary  f rom rhr grant or contract. 
In Item 4, “AI1 Other Staff,’’ count a l l  other perronnt l  who received any salary from the grant or contract during the budget 
period specif ied.  Give  to ta l  number of persons  in e a c h  of the four categories  l is ted and es t imate  total  manweeks and p e r  
sonnel  c o s t s .  
Exclude employer payments  for Socia l  Security and other fringe benefits from al l  amounts reported for  s a l a r i e s  a n d  perron- 
ne1 expenditures. 
Social Security Number ( I tomr 1, 2, ond 3, Column b): If t h e  individual does not have a Social Security Number, enter the 
r.onth and day  of birth. Example: 06-15 for June  15. 
Number of Weeks W o r k o d  (Items 1, 2, ond 3, Column 9: Weeks worked during the budget period specif ied on act ivi t ies  
supported by the  grant or contract  for which sa la ry  was  received from grant or contract funds. Count each week regardless 
of number of hours  worked. Do not report percent  of effort. 

Estimated Total Monweokr ( I t em 4, Column r): T h e  total number of w e e k s  all persons counted were paid for their work on 
t h e  project. Reasonable  estimates arc acceptable .  Part-time work should be conputed on the b a s s  of 40 hours a week or 
t h e  accepted work week in the grantee Ins t i tubon if it  i s  less r h 3 n  40 h o u r s .  

Tom1 Perronnd Expenditures ( f tem 5) :  The a m o u n t  given should be t h e  sum of t h e  professional sa la r ies  and the expcndi- 
tures  reported for t h e  “al l  o ther  staff.” I f  continuation paces !-,a\,e been used. be s u r e  to  include a l l  persons l i s t e d  for a 
given professional  category regard less  of  the paEe on w-hich t h e  name appears. 

- ‘ - I T A 9  Pow. 1 001 33396.001 +... 3#7& 0 
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NATIONAL INSTITUTES OF HEALTH 
. P U B L I C  H E A L ~ H  S E R V I C E  

. 

MANPOWER R E P O R T  

- 
GENERAL INSTRUCTIONS 

lf data  art not ava i l ab le  on all ques t ions ,  please supply as m u c h  information a s  you can. Reasonable  es t imates  will be 
satisfactory.  
Please use whole numbers. Do not use f ract ions,  decimals or cents. 

All  in fomat ion  requested a p p l i e s  to the  budget period specified above. 
Please return one copy of t h e  ques t ionnai re  and retain the other for your f i les .  If additional copies are needed write to: 
Division of Reoaazcb Grants, National Inst i tutes  of Health, Westwood Building, Room 126, 5333 \Vestbad Avenue, 
Betherdo, Maryland 20014. For information on completion of form telephone (301) 496-7263. 
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PART 1: PERSONNEL R E C -  'ING ANY S A L A R Y  F R O M  T H I S  ' IRAHT C O N T R A C T  DURING B U D G E T  P E R 1 0 ,  

Bush, E. M 
W w 3 ,  J- M 
Hutson, R. L. M 

R E A 3  INSTRLICTIONS B E F O R E  C O U P L E '  

4 1  
3 
3 

MG FORM. USE T i P E W P i i E R .  \ 

CLINICAL SUPPORTING S T A F F  - thoao whore duties primarily 

T E C X N I C A L  - Inc ludes  tochnlcianr, laboratory onsistanrs. 

r n v o l v e  potrent car. (ordorlioa, proctrcol  n u r s o s ,  etc.1 

ar.:mol caretakers. CIC. 1 3 . )  

CLERICAL AND ADMINISTRAnVE STAFF 1 4 . )  

1 2 . 1  

S O C I A L  

SECURl  T Y  

NUMBER 

9 r I 

4 5 2  

1 5 2  

Non- 
1. PROFESSIONAL: F A C U L T Y  S T A T U S  

T O T A L :  ALL OTHER S T A F F  ( 1 . 1  

b 

5 260 

I S E X  

B I R T H  

n l t n E S T  

D E G R E E  
nELo 

C O D E *  

A T I O N  P A G E S ,  IF N E C E S S A R Y  

I N  B U D G E T  P E R I O D - *  - 
n 
r 
Y 
w 
z 
LL 
0 
u n  
Y Y  
m x  
s u  
a o  
I 3  

I - 

2. PROFESSIONAL: NQN-FACULTY continued ' 

-I- 
I I 1  I I !  I I ! I l l  L 

3. P R O F E S S I O N A L  IN T R A I N I N G  STATUS (Ptwdocloilr and pos ldoc foraf s )  

/ N U ~ ; E " /  T O T A L  1 TOTAL AMOUNT PAIO FROM 

M A N W E E K S  THIS  GRANT om c o n i n w x -  1. ALL O T H E R  STAFF RECEIVING ANY S A L A R Y  FROM THIS GRANT 
O R  CONTRACT D U R I N G  THIS BUDGET P E R I O D  P E RS ON f (*a time re) DOLLARS ONLY (*ali,nat*.) 

OTHER S T A F F  ( 5 . )  



The purpose of this portion of the report form is to obtain i n f o r m s t i o n  to help e v a l u a t e  t h e  contr ibut ions 10 ~ I H  research 
*grams by i n d i v i d u a l s  w h o  p e r f o r m  s ignif icant  work on an N l H  research project for w h l c k .  no salary  I S  received from t h a t  

.*iH research grant o r  contract. 

P E R I O N S  NOT P A I D  E T  

T H I S  G R A N T  O R  C O N T R A C T  
WHO WORKED A T  L E A S T  

80 HOURS O N  P R O J E C T  

If  n o  individuals  performed unpaid work o n  th i s  project a s  defined in the instructions b e l o w ,  p lease  check box. a 

PERSONS R E P O I I T L O  I I )  

P A R T  I WHO ALSO 

C L R F O R M E O  UNPAID WORK 

ON PROJECT 

1. Exclude interns and res idents  working on this  project on rotation a s  part of their regular medical training. 

2. Co1-n ( t ) t  f s t i m r t e  t h e  numbor o f  i n d i r i d u a l a  I n  oach occupational c e t e g o r y  g i v e n  i n  t h e  t r b l m  b e l o r  uho cont r ibutmd a t  
I e a s t  80 hours o f  u n p a i d  r o r k  on the r e r o a r c h  p r o j e c t  d u r i n g  t h i  b u d g e t  p i r i o d  a n d  r e c e ; v i d  no r r l a r y  from t h e  g m n t  o r  
c o n t r a c t .  E n t e r  t h e r m  numbor. i n  Column ( t ) .  Exclude t h o r o  i n d i v i d u a l m  r h o  c o n t r i b u t e d  l e s r  t h a n  BO hourr o f  unpaid r o r  
N o t e  that i n d i r i d u a l r  r e p o r t a d  in P a r t  I bho ~ I J O  p r r f o r o e d  u n a a l r r i e d  work abould  be e n t e r e d  i n  Columns ( v )  and (w).  

T O T A L  U N P A I D  N U M B E R  
Y A h N E E K S  1 O F  P:;,SONS 

I U )  

3. Column (u): For each  of t h e  indi*/iduals entered in Column ( t )  e s t i m a t e  the  total number of unsalaried h o u r s  worked and 
d iv ide  by 40 hours (or t h e  accepted  work w e e k  in the grantee institution if it i s  less than 40 hours) to  calculate  man- 
weeks. Add the number of manweeks for all individuals i n  a given occupational category and enter in Column (u). 

' 4. Column (v): E s t i m a t e  the number of individuals in  e a c h  occupat ional  category w h o  r e c e i v e d  salary for work per form4 on 
t h e  grant or contract  but also p e r f o r m e d  any a m o u r  of work  on the project w i t h o u t  r e c e i v i n g  salary from t h e  grant or con- 
tzact. Enter this number in Column ( v ) .  

TOTAL UNPAID 

Y A N W E E K S  

(-1 

5. Column (u): For all of t h e  individuals  entered in Column (v), es t imate  the total number of unsalaried hours worked. 
Convert to occupational category manweeks as described i n  paragraph 3 above and enter in Column (w). 

TOTAL 1 1 . )  2 

OCCUPAT$ONAL C A T E G O R Y  

N U M B E R  

O F  PERSONS 

( 1 )  

P R O F E S S I O N A L  STAFF: 

F A C U L T Y  S T A T U S  t 1.) 

NOH-C ACULTY 

P o s ~ d o c c n l  in Trainin? Stom. 

ALL O T H E R  S T A F F :  

2 r ,  

2 k  
NlH-1749 
'e*. 3/74 

i 0 9  1 8 - 1 8  

P O O V  3 

. -  
b 

rn ) .  
LrL . - .  

1 .  . 
001 33396.004 



REVIEW G E O ~ P  TYPE 

SR c 5 
D E P A R T M E N T  0, 

HEALTH, EDUCATION. AND WELFARE 

P I I o G ( w , A  C P A H T  h U M 9 c Q  I l m U I T  
ON ALL ?&E9 

P O I  ChlQ052-05 

'A P PL I C AT1 0 N 
FOR COHTINUATION GRANT 

~ R O M .  O6/0 1 /77 inmuen. 0 5 /  3 1 /7 8 
10 BE VERIHZO BY APPLICANT. C W K U  INIOPYAIION IN I T W S  I 1HPOUGM & If INCOPPKl. WPNISW C O P P K T  INK)PI**IION IN I lLM 13. 

1. TITLE 

REVIEW G E O ~ P  TYPE 

SR c 5 
D E P A R T M E N T  0, 

HEALTH, EDUCATION. AND WELFARE 

P R E C L I N I C A L  STUDIES FOR P I O N  B A D T O T H E R A P Y  
U. PRINCIPAL INVLSTICATO2 OR P R W W  DIRKTOI  

P I I o G ( w , A  C P A H T  h U M 9 c Q  I l m U I T  
ON ALL ?&E9 

P O I  ChlQ052-05 
PU BLlC HEALTH SERVICE 

1856000642Al 
6 .  TITLE A N 0  ADDRESS Of OFFKlAl IN BUSINESS OF%E 

M D  I 
lD .  DYARlMHlf ,  SERVICL LABORATORV OR EQUIVAl€MT 

OF APPLICANT ORCANlZATlON 

TOTAL P U O i K l  PCi(100 PU BLlC HEALTH SERVICE 

HEALTH SCIENCES CZNTEB I UNIVESSXTY OP NE3 M E X I C O  

TOTAL P U O i K l  PCi(100 

ALBUQUZSQUE, N MEX 87131 3.0RGANIZATlON& COMCONHIT TO R K W L  CREOIT FOZ 
INS3IUTlO*Y*L GRANT WRCOSW 

K L I G E R H A N ,  WOSTON n 
U U I V E S S I T Y  OF NEW H E X I C O  
CASCER RES & T2EATYENT CTB 
A L B U Q U Z R Q U E ,  N HEX 87131 

2b DKRLE IZC. SOCW S K U R I P I  NO. 

CANCE3 3ESEARCH & TREATMEYT CTB 
UNIVE,SSITY OF N E X  H E X I C O  
A L B U Q U E R Q U E ,  N HEX 87131 

5. PHS ACCOUHl NUMBER 

CANCZR RES & TRE1PTHENT CENTER 
2E. hUJOR SUBOIVISION 

Hp;? 1 th Sc i Pnres I 
128. COUNlY OF A P P L I C A N I  ORGANlZAllOH SHOWN IN ITEM 4 

$1 ,002 ,684  
1%. O N G R E S S I O N A L  DlSTRlC OF APPLlaNl  

b R ~ A N i & i i o N  SHOWN :N iiw 4 

CO fl PT RO L LEE 

7. R E S U X H  INVOLVING HUMAN W S J K T S  (Sea l u i r t u i i o a i )  

m N O  D Y U  
APPROVED: 

WTt 

PERFORMANCE SITE LS) 
Ancer Research and Treatment Center 

University of N e w  Mexico 
Albuquerque, New Mexico 87131 

Los A l s m o s  S c i e n t i f i c  Laboratory 
Congressional District 81 

Los A l a m o s ,  New Mexico 87545 
P. 0. Box 1663 

Congressional Dis tr ic t  81 

3. 20 Cancer Research and Treatment Center 

B I N V C N T I O N  C€RTlFlCATK3N t%r /wimcrioar) 
yrs.NO7 P R I ~ ~ O U Y Y  
R ~ O R U O  

e3 NO 

0 YtS.?l)tVK)VYY P e M I l D  

TELEPHONE IN F O R M A T I O N  
I IA. PRINCIPAL INVESTIGATOR A Q U  I t l l .  NO. L t X T  CODE 

OR 

kOS 277-2151 PROCRAm DIRKTOR (mM ZA) 
- 
118. NAME OF BUSINESS OFFICW 

IIlEM b )  

Warren Baur 505 277-6264 
1 IC.  NAMt AND T l T L L  OF ADMlNC 

STRAI IVE OFFICIAL (IlW l5W 

5 .  726225 

IO. OIRKT cosrs nmumEo FOR DUDGET PERIOD 

: a .  I . 6. A s s t .  Comptroller, Health Sciences,  University of New 'Hexico, 
Albuquerque, New Mexico 87131 

Warren Baur 
Asst .  Compt ro l l e r ,  L O 5  1277-6264 



5-Pol-CA-14052-05 

CONTENTS 

Section 

11. BUDGET 

111. FISCAL DATA FOR CURRENT BUDGET P E R I O D  

N. SUMMARY PROGRESS REPORT 

1. Publ icat ions  

2. Professional Personnel Changes 

3. Summary Progress Report 

a. Objectives 

b. Current Studies 

c . Significance 

d .  Research Goals for Year 5 

e. Principal Investigator Assurance 

ATTACIMENT A - DETAILED PROGRESS REPORT 

ATTACmNT B - LETTER OF INTEXT TO RENEW CONTRACT 

ATTACHMENT C - BIOGRAPHICAL SKETCHES FOR NEW PROFESSIONAL 
PERSONNEL 
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I s 39,000 

59,331 s 

W Y ~ S ~ I C  $ 
13,390 

TRAVfL 

Other Expenses 11,947 
Purchased Services 556,470 

1 0 9 1 8 8 1  . 00133396.007 



I 

25 

9:Talley. F. pldrnin. Coordina tor  40 

Mew Hire Art i s  t / Pho tographer 15 
<:New Hire Adairt istrathe Secy .  I 50 
W e v  Hire F.iessenger/Clerk I 50 

*b?iIson, S . ' . \SSOC. hdmin. R e 5 .  I D  

Grant, A. Licctnq. Superv i sor  10 

I 1 

DoMEsric 
Albuquerque/Los Alanos,  36 trips Q $90/trip 

1xAVI l  

T O . T E I U l  

I I I . .  
E 

3,390 

f .  

I 1 I 

*-'Eased in Los Alcnos I 1 
I I I 

I 1 I 
I I I I IF  rn I 

- 
C O ~ S I L ~ A M  coirs (sa. in.i~nr,) 
Committee on Human Trials of P i o n  Radiotherapy and o t h e r  scientific * 25,000 

Eh 
Kone 13 

O T H i P  CPZNSLS (Itrmirm) 

Xorox, communications, mag card typewriter l e a s e  I g  
1 - I-- 4 

[= 

00 133396.008 



44,590 3,000 s C I 8 s svar e 
co, 3,000 

I 

I 



K l i ~ e r m ; l r - .  , M .PI. m t t t c i v L  i .w?srioiq*  I K h  
Kelsey, C . f , . .  Ph.D. C h i e f ,  Diorned. P h y s -  I 10 . 

*Hogstrota, K . K . ,  Ph.D. Physicist 50 
Rosen, 1.1.. l(.sc. Physicist 30 

QSozters, John Technician 50 
* H i l l s ,  John Technician 30 

*STith, A - R . ,  Ph.D. Physicist j o  

- 

to~trMi?rr Dosimetry equipment $5000 
I m o b i l i z a t i o n  equipment $5009 

10,000 * 

suPalES Dosimetry and immobilization s u p p l i e s  

--- 
- * i a , ~  

I 
DOMtStlC 

T u v n  
L o s  AlamoslAlbuquerque, 57 Trips @ $90/trip 



, 

’ 191,370 
556.470 

00133396.011 



personnel (Con t inued)  

Chavez, A. . 
H e l m ,  C. 
George, C. 
Rivera, 0. 
New Hire 

Other Expenses 

P r og rame r 50 
Data Analysr 50 
Electronics Technician 100 
Electronics Technician 100 
Electronics Technician 50 

Computer facility charges 
Electronics and instrumentation maintenance and repair 
Communications 
ADP equipment maintenancelleases 
Construction of beam hardware 
Contractual services 
Animal housing and care 

Indirecr costs @ 57.72 of personnel costs 

Total O t h e r  Expense 

CA-140 5 2-05 

$2,000 

5,000 
2,000 
9,000 
7,000 
10,000 

8,609 

147,770 
$191,370 

2e 

t 0 4 1 6 S b  001 33396.012 



SECT1 0 N I I-BUD GET (Con ti nu ad) 1 5 -POl-C.\-1405 2 -05 

1. Personnel:  

Personnel  c o s t s  are based o n  cur ren t  year p l u s  7 percent .  The biology budgat 
r e f l e c t s  the c o n s o l i d a t i o n  of this a c t i v i t y  at t h e  U W  Cancer Research and Treatnent  
Center,  w i t h  t h e  LOS Alamos S c i e n t i f i c  Laboratory providing only short-term 
animal care and housing support  (see "other expense" for LASL subcontract) .  
c o n s o l i d a t i o n  will enable  u s  t o  opera te  with g r e a t e r  e f f i c i e n c y  in accomplishing 
the bio logy  tasks. The budget also r e f l e c t s  our experience during t h e  p a s t  year  
t h a t  the o v e r a l l  funding l e v e l  for t h e  biology e f f o r t  was inadequate. 
e s t i m a t e  more c l o s e l y  corresponds Kfth our experience f o r  t h e  p a s t  year ,  and 
our a n t i c i p a t e d  requirements  wi th  a r e l a t i v e l y  continuous operat ing schedule 

This 

This 

. f o r  t h e  coming y e a r .  

2 .  Consul tants :  

Consul tan t  expenses are t h e  same a s  for t h e  p a s t  y e a r ,  and cover t h e  
c o n s u l t i n g  services of t h e  Committee on Human Trials of Pion Radiotherapy, 
as well as o t h e r  s c i e n t i f i c  consul t s  and v i s i t i n g  s c i e n t i s t s .  

3. Equipment ; 

The equipment budget is based on our pro jec ted  needs and t h e  recommendations 
of t h e  NCI review t e a m .  

4. Suppl ies ,  T r a v e l ,  and Other Expense: 

Items i n  t h e s e  c a t e g o r i e s  ref lect  our p a s t  experience.  t h e  recommendations 
of t h e  N C I  review team, and a projected 7 percent  increase  f o r  t h e  coming 
year.  The b i o l o g y  component f o r  Health Div is ion  of t he  Los Alamos S c i e n t i f i c  
Laboratory h a s  been reduced t o  a charge for short-term animal care ($lO.OOO), 
inc luded  in t h e  "o ther  expense" category of t h e  U S L  subcontract  budget. 

5 .  A l t e r a t i o n s  and Renovations: , 
A catry-ovet of $75,000 awarded in Year 4 for animal housing renovat ions 

a t  the UNM CRTC is requested.  
task during the coming y e a r ,  and housing is needed, as UNM has  assumed 
a l l  long-term a u k 1  housing requirements f o r  this p r o j e c t .  

We a n t i c i p a t e  being a b l e  t o  accomplish t h i s  

.. . - - ,. .. . I- .- v ... ' . 

.. 



B. Roller apparatus, cell production 
Lyophilizer apparatus 
Monroe programmable calculator 
Stereomicroscope and camera system 
Bioguard cabinet and hood 
Incubator 
P a t i e n c  dosimetry equipment 
Keithley multimeter and cal ibrat ion equipment 

$1,167 
3,453 
2,791 
2,741 
3,541 
2,394 
3,320 
2,509 

TOTAL $21,826 

C. $75,000 A&R funds forraniml f a c i l i t y  renovation for CRTC requested for 
carry-ova i n t o  Year 5 .  
$18,400 personnel costs  and $4,203 indirect c o s t s  to be  returned to NCI 
from LASL subcontract, due to  transfer of  mannalian b i o l o g i s t  and technician 
from p r o j e c t .  
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D. NCI-5-Pol-CA-16127-03: Clinical S t u d i e s  of Pion Radiotherapy, $1,460,692 
(current year), $943,029 estimated for Year 4 ( b e g i n n i n g  1 May 1977). 

NCI-1-R01-CA-20379-01: Radiation Therapy Oncology Group Clinical. Investigations, 
$25,272 (current year) . 
NCI-l-P30-CA-21074-01: Cancer Center SUppOrK (Core) Grant, $511,953 estimated 
for Year 1 (beginning 1 May 19771. 
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Lane, T.F.; P a c i o t t i ,  M.A. ;  Roeder, D.L.; and S c h i l l a c i ,  t-1.E.: T h e  dose 
o u t s i d e  of t h e  t rea tment  volune for p a t i e n t s  i r r a d i a t e d  with negat ive pions.  
Submitted t o  Phys ic s  i n  Medicine and Biolop,y.  

Amols, H.I.; Awschalom, M.; Bradbury, J.; Boyd, T.J.; Bush, E . ;  Coulson, L.; 
Dice l lo ,  J.F..; Faulkner ,  R.; Jameson, R . A . ;  Johnson, S.;  Knapp, E.A.; Smith, A. ;  
S t o v a l l ,  3. ;  Swenson, D.A.; and Theus, R.:  Fas t  neutron dosimetry and ion l i n e a r  
a c c e l e r a t o r s .  Workshop on Phys ica l  Data f o r  Neutron Dosimetry, Ri jswijk,  The 
Netherlands.  Los Alamos, N e w  Mexico: Los Alamos S c i e n t i f i c  Laboratory Report No 
IJR-76-1007, 1976. 

Arpols, H . I . ;  Dicello,  J.F.; and Lane, T . F . :  Microdosimetry of negat ive pions. 
Proceedings,  F i f t h  Symposiuin on Nicrodosimetry. Verbania, I t a l y :  EUR 5452  d-e-f, 
pp. 911-927, 1975. 

Amols, H . I . ;  D i c e l l o ,  J .F .  ; Lane, T.F.; Pfeufer, F.W. ; Helland, J.A. ; and 
Knowles, H.B.: Microdosimetry of nega t ive  pions at LAMPF. Radio low 116: 
183-185, July 1975. 

*Amols, H.I.; Liska ,  D . J . ;  and Halbig,  J.: The use of a dynamic range-shif ter  
for modifying the depth  dose d i s t r i b u t i o n s  of  nega t ive  pions.  Submitted t o  
Medical Phys ics .  

Barnes, J.E. and Hutson, R . L . :  Techniques f o r  v i s u a l i z i n g  pion treatment p o r t s  
a t  WQF. Los Alamos, New Nexico: Los Alanos S c i e n t i f i c  Laboratory, I n f o m a 1  Report 
UC-48, December 1974. 

Carlson,  D.E. and Thornton, J.: E f f e c t s  of  nega t ive  p i  mesons on mouse bone 
marrow cel ls .  Radiology 120: 213-215, 1976. 

D ice l lo ,  J.F.: Dosimetry of pion beams. Proceedings,  I n t e r n a t i o n a l  P a r t i c l e  
Rad ia t ion  Therapy Workshop. Chicago: American College of Radiology, pp. 156-183, 
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D ice l lo ,  J.F.: Dosimetry of beams for negat ive  pi meson r a d i a t i o n  therapy. 
I n t e r n a t i o n a l  J o u r n a l  of Radiat ion Oncologv, Biology Physics ,  i n  press. 

*Kelsey, C . A . ;  Berardo, P.A.; S c h i l l a c i ,  M . E . ;  Amols, H . I . ;  Knapp, E.A.;  Kligerman, 
I1.M.; Lane, R.G.; and Smith, A.R.:  C l i n i c a l  t reatment  planning with S t a t i c  pion 
beams. Submitted t o  Medical Physics.  

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

Kligennan, M.M.: Pion  r a d i a t i o n  therapy. Proceedinqs,  I n t e r n a t i o n a l  P a r t i c l e  
Radia t ion  Therapy Workshop. Chicago: American College of Radiology, pp .  LOG-412,  
1976. 
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I;ligerman. F l . b l . ;  Knapp, E . A . ;  and P e t e r s e n ,  5.F.: Biomedical program leading to 
t h e r a p e u t i c  t r ia ls  a t  LOS ~ l a m o ~ .  Cancer 55: 1675-1680, 1975 .  

Kligerman, M.N.; West, G.; D i c e l l o ,  J.F.; Sternb.agen, C . J . ;  Barnes, J.E.; 
L o e f f l e r ,  K.; DobrovolsW, F . ;  Davis, H.T.;  Bradbury, J . N . ;  Lane, T . F . ;  Petersen,  
D . F . ;  and Knapp, E.A.: I n i t i a l  comparative response t o  peak p ions  and x-rays of 
normal s k i n  and under ly ing  t i s s u e  surrounding s u p e r f i c i a l  metastat ic  nodules. 
American J o u r n a l  of Roentgenology 1 2 6 :  261-267, 1976. 

*lUigerman, M . M . ;  Smith, A.; Yuhas, J.X.; Wilson, S . ;  Sternhagen, C.J.; t iel land, 
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and Kelsey, C.A.: 
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I n t e r n a t i o n a l  Journa l  of Radia t ion  Oncology, 

Cur ren t  s t a t u s  of c l i n i c a l  p ion  radiotherapy.  Submitted t o  

P h y s i c a l  p r o p e r t i e s  of charged p a r t i c l e  beams f o r  use i n  radlotherapy. 
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therapy .  
America - and American Assoc ia t ion  of Phys ic i s t s  in Medicine, Chicago, November 1973. 
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*Lane, R.G.; Lake, D.;  Rosen, 1.1.; and Kelsey, C.A.: A whole-body repos i t ion ing  
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*Liska, D.J . :  
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0.N.; Knoules, H.B.; and P f e u f f e r ,  G. :  
biomedical channel at ZAMPF. 
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Raju, N . R . ;  Toby, R . A .  ; Jet t ,  J . H .  ; and Walters ,  R . A .  : 
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Radiology 116: 187-189, 1975. 

Characteristics of a negative p i o n  bean i n  a t h e r a p e u t i c  a p p l i c a t i o n .  

"Richman. C.:  C h a r a c t e r i s t i c s  of a nega t ive  pion bean f o r  t h e  i r r a d i a t i o n  of supe r -  
f i c i a l  nodules  i n  cancer  p a t i e n t s .  Radiat ion Research s: 4 5 3 - L 7 1 ,  1976. 

Robbins, S.E. and Crawford, D.El.: Nursing and t h e  p i o n  p r o j e c t .  American Journal  
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2 .  PROFESSIONAL PERSONNEL CWUCES 

a. University of New Mexico: 

New Hires: 

Albert  Li, Ph.D.,  Research Assoc ia te  
Andrew Martinez, Ph.D., Research Associate  
Michael Yurconic, Lab Chief 
Kenneth Hogstrom, Ph.D., P h y s i c i s t  

(Both Dr. Martinez and M r .  Yurconic have l e f t  the  p ro jec t .  
Replacements are being sought . )  

b. Los Alamos S c i e n t i f i c  Laboratory: 

J. I?. Bradbury, Ph.D. ,  promoted t o  Group Leader, Mp-3, Medium 
Energy Phys ics  Divis ion.  

Leo Gomez, Ph.D., mammalian biologist, has t r a n s f e r r e d  t o  another  
u n i t  w i t h i n  LASL. A replacement ( t o  b e  based a t  UNM) is 
be ing  sought.  

3. SUNMA.RY PROGRXSS REPORT 

a. Objec t ives  

(1) Overall Obi ect ives  

The primary o b j e c t i v e  of t h i s  p ro jec t  i s  t o  provide a broad base of 
i n fo rma t ion  on t h e  expected responses of both normal and tumor t i s sues  following 
exposure to negative p i  mesons (p ions ) ,  such t h a t  c l i n i c a l  t r i a l s  of pion radio- 
therapy  f o r  p a t i e n t s  w i t h  ex tens ive  cancer  (which may inc lude  r eg iona l  metastases) 
can be designed most e f f e c t i v e l y .  Subobject ives  are:  

(a> Continue t o  develop t h e  pion channel and a s soc ia t ed  
hardware and to unders tand  t h e  phys ica l  c h a r a c t e r i s t i c s  of the  beam, t o  achieve 
p r e s c r i b e d  dose d i s t r i b u t i o n s  i n  a t reatment  volume of a r b i t r a r y  size and loca t ion ,  
with minimum damage to surrounding normal t i s s u e .  

(b) Continue t o  develop, t e s t ,  and apply methods of pion dos ine t ry  
essent ia l  t o  the  rad iobio logy  experiments,  which will l o g i c a l l y  ca r ry  over i n t o  
t h e  e a r l y  p i l o t  trials and subsequent c l i n i c a l  t r i a l s  o f  p ion  radiotherapy. 

(c) Continue t o  employ appropr i a t e  q u a n t i t a t i v e  c e l l u l a r  
rad iobio logy  techniques  t o  e s t a b l i s h  the  r e l a t i v e  b i o l o g i c a l  e f f ec t iveness  (RBE), 
oxygen enhancement r a t i o  (OER), and e f f e c t s  of dose f r a c t i o n a t i o n  of pions. 

(d)  Continue t o  observe i n  appropr i a t e  experimental  animals 
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e a r l y  and l a t e  responses and radiopathology of  normal and tumor t i s s u e s  exposed t o  
v a r i o u s  segments of the pion beam to  assess acu te  e f f e c t s  and delayed sequelae a s  
a f u n c t i o n  of dose and exposure conditions.  

(e) Perform such r a d i o b i o l o g i c a l  and physics experiments as 
may be necessary a f t e r  the star t  of c l i n i c a l  t r ials.  

(2) Goals for Current Year 

(a) Physics .  To improve r e l i a b i l i t y  and s a f e t y  of t h e  pion 
o p e r a t i n g  channel, t o  develop l a r g e r  s t a t i c  and range-shifted beams f o r  pion 
rad io therapy ,  t o  Idprove dosimetrylmicrodosimetq systems, t o  improve the  
p i o n  treatment planning  code, and t o  design and t e s t  a prototype p a t i e n t  
immobil izat ion,  alignment,  and t ranspor t  system. 

(b) Biology. To expand s t u d i e s  with single c e l l s  and 
multicellular tumor spheroids  (MTS) exposed t o  x-rays o r  pions; to cont inue 
characterizing the b i o l o g i c a l  responses of newly developed tunes;  t o  develop 
a p r e d i c t i v e  model c o r r e l a t i n g  beam composition with b i o l o g i c a l  response; and 
to c o n t i n u e  to s tudy  t h e  response of slowly div id ing  c r i t i c a l  t i s s u e s  t o  pions 
and x-rays. 

b. Current  S t u d i e s  

T h i s  report descr ibes  studies conducted by personnel  of t he  Universi ty  
of New Mexico Cancer Research and Treatment Center (CRTC) and the  LOS A l a o s  
S c i e n t i f i c  Laboratory (LASL) a t  the  Los Alanos Pieson Physics F a c i l i t y  (LAMPF), 
d u r i n g  Grant Year 4 (1 June 1976-31 May 1 9 7 7 ) .  

(1) Phys ics  

The t o t a l  physics  efforr is d i r e c t e d  toward obta in ing  answers 
needed for i n i t i a t i o n  of c l i n i c a l  t r i a l s ,  wi th  basic p r o j e c t s  goal-oriented 
t o v a r d  obtaining s p e c i f i c  information needed for c l i n i c a l  a p p l i c a t i o n s  of the 
pion beam. 
and w a s  o p e r a t i n g  a t  100 microamps of cur ren t  by Augus t  1976. 
c u r r e n t  was e l e v a t e d  to 150 microamps i n  February 1977,  and i s  planned t o  be  
e s c a l a t e d  to 300 microamps by October 1 9 7 7  and to  design i n t e n s i t y  of 1000 
m i c r o a m p s  (1 milliamp) by t h e  fall of 1979 .  

The p i o n  biomedical channel a t  y i p P F  v a s  r e a c t i v a t e d  i n  A p r i l  1976, 
The a c c e l e r a t o r  

(a) Channel Operation and Control S y s t m  Development. Major 
accomplishments dur ing  t h e  past year r e l a t e  t o  improved r e l i a b i l i t y  and 
e f f i c i e n c y .  Hardware improvements include a new pion product ion t a r g e t ,  the 
a d d i t i o n  of water cool ing ,  modif icat ion of  che  t a r g e t  c o n t r o l l e r ,  i n s t a l l a t i o n  
Of a gas d i s t r i b u t i o n  and monitoring system, and improvements I n  hardware for 
r e g u l a t i n g  slits and vedges. 
i n s t i t u t e d  t o  improve personnel s a f e t y  and t o  check ou t  equipment. 

Considerable sof tware development was also 

(b) Channel Tuning/ S t a t i c  Beam Development. S t a t i c  beam were 
Those for c l i n i c a l  use included: developed for radiobiology and radiotherapy.  
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1) A 4 CZI diameter beam matched i n  t h r e e  dimensions t o  a 100 
1;Vp x-ray beam f o r  use i n  comparative s t u d i e s  wirh tumor nodules a t  and near 
t h e  skin. 

2)  A 5 x 5 x 5 c m  beam f o r  use with  l e s i o n s  near or deep  
to t h e  surface of t h e  skin. 

3) A beam with  t ransverse  dimensions of 8 x 10 cm, f o r  
u s e  w i t h  t h e  dynamic range s h i f t e r  ( t o  r e g u l a t e  t h e  beam i n  dep th ) ,  €01 deeper 
tumors . 

The channel tuning system was improved t o  spread 
beam more uniformly in t h e  t ransverse  dimensions, and t o  produce the 
fall-off a t  depth,  a t  some s a c r i f i c e  i n  dose r a t e .  U n t i l  a scanning 
can be  i n s t a l l e d  and t e s t e d ,  beams w i l l  conrinue t o  be  s t a t i c  i n  the 
dimensions I 

the pion 
sharpest  possible  
couch system 
t r ansve rs e 

The channel  momentum has been r a i s e d  t o  i t s  l i m i t ,  providing 
a beam of n e a r l y  30 cm range i n  water, t o  be used f o r  deep-seated tumors (27 cm 
when used with the range-sh i f te r ) .  
recorded f o r  i n p u t  i n t o  t h e  computerized treatment planning code. 

Bean tuning parameters a r e  measured and 

( c )  Range-Shifter/Dmamic Beam Development. A prototype range- 
s h i f t e r  w a s  f a b r i c a t e d  and i n s t a l l e d  to  regula te  t he  pion s topping reglon i n  
depth.  Computer-controlled sweep funct ions and dos imet r ic  measurements were also 
implemented. 
experiments  and i n  p a t i e n t  treatment.  

Range-shifted beams have been used  i n  dosimetry and radiobiology 

Four b a s i c  beams have been developed f o r  use w i t h  the 
range-sh i f te r ,  w i t h  s p a c i n g  of t he  beam mosenta chosen so t h a t  t h e  e n t i r e  range 
of  depths  from 0 to 27 cm can be obtained by adding polyethelene absorbers t o  
s h i f t  t h e  peak to  shallower depths.  The narrow peaks of t h e  b a s i c  beams are 
spread  w i t h  the range-sh i f te r  t o  achieve l a r g e r  t reatment  volumes, varying the 
w i d t h  o f  t h e  peak up t o  a maximum of  15 cm. 
built which w i l l  spread  t h e  peak up t o  a maximum of  28 cm. 

A new range-sh i f te r  is now being 

(d) Dosimetry. Dose d i s c r i b u t i o n s  for t h e  a v a i l a b l e  s t a t i c  
and dynamic beams have been obtained by use of  thimble-chamber dosimeters. 
conversion from i o n i z a t i o n  t o  absorbed dose i n  the  pion beam is extremely 
d i f f i c u l t ,  p r i m a r i l y  due t o  complex secondary charged p a r t i c l e  f luence i n  t h e  
chamber wall ,  e x p e r h e n t s  are nou being designed t o  obtain absorbed dose wi th  a 
ca lor imeter .  I n  t h e  i n t e r i n ,  approximations of absorbed dose have been made, 
u s i n g  s t a n d a r d  c a l c u l a t i o n a l  techniques,  with modif icat ions as indicated 
by Monte Carlo c a l c u l a t i o n s  of secondary p a r t i c l e  e f f e c t s .  
of p i o n  absorbed dose have a minimum uncer ta in ty  of lo%, and may be i n  e r r o r  by a s  
much as Z O X ,  depending upon t h e  a p p l i c a b i l i t y  of t he  Bragg-Gray theory f o r  t h e  
heavy, short-range r e c o i l s  produced i n  pion reac t ions .  

Because 

The present  es t imates  

A computer-controlled dosimetry c o l l e c t i o n  s y s t e m  has been 
i n s t a l l e d ,  which links a three-dimensional scanner w i t h  t h e  channel con t ro l  
computer and output  p e r i p h e r a l s .  
and test t h e  hardware; a c q u i r e  dos ine t ry  d a t a ;  and analyze da t a  from previous 
scans.  

Software has been w r i t t e n  t o  co: :rol, c a l i b r a t e ,  

p .  c.t _ .  
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(e) Nicrodos iae t ry .  bleasurem2nts of  dose p e r  p a r t i c l e  and 
energy per i o n  p a i r ,  p rev ious ly  obtained only from t h e o r e t i c a l  es t imates ,  have 
now been obta ined ,  along with measurements of be= f luence.  A system has been 
developed to  measure t h e  pion f l u  by use  of a c t i v a t i o n  techniques.  reproducible  
t o  about  23%. U values  for p i o n s  have been ca lcu la ted  for a n  i o n i z a t i o n  chamber 
f i l l e d  w i t h  air, ni t rogen ,  argon, methane-based t issue-equivalent  gas ,  and propaae- 
based t i s s u e  e q u i v a l e n t  gas. ?Lo neu techniques have been developed and t e s t e d  t o  
o b t a i n  microdosimetr ic  s p e c t r a  a t  high average beam i n t e n s i t i e s .  
programs have been wri t t en  for genera t ing  microdosimetric s p e c t r a  corresponding t o  
t h e  exper imenta l  d a t a ,  t ak ing  i n t o  account s t r agg l ing ,  d i s t r i b u t i o n  of path lengths  
i n  t h e  d e t e c t o r ,  and gas m u l t i p l i c a t i o n .  

Monte Carlo 

S i l i c o n  d e t e c t o r  microdosinetry work included implementation 
of a t echnique  f o r  handling t h e  h i g h  f luxes  of pions requi red  f o r  therapy. Studies  
were conducted of rad io therapy  and radiobiology beams t o  determine t h e  r e l a t i v e  
magnitude of t h r e e  l i n e a r  energy t r a n s f e r  (LET) components: IOU LET, cons is t ing  
of passing pions ,  mons, and electrons; medium LET, c o n s i s t i n g  of protons,  
d e u t e r o n s ,  and t r i t o n s ;  and h i g h  LET, consisLFng of  alpha p a r t i c l e s ,  helium 
i o n s  and recoils. 

( f )  In-Vivo Dosimetry. Preliminary measurements have been made 
u s i n g  12 s i l i c o n  diode dosimeters on loan from the M.D. Anderson Hospi ta l  and 
Tumor I n s t i t u t e  Physics  Department. The  r e su l t s  i n d i c a t e  chat t he  diode may be 
less s e n s i t i v e  t o  a non-neutron beam, but  the t e s t s  will b e  repeated t o  determine 
a f u t u r e  course of a c t i o n .  
purchased. I n i t i a l  c a l i b r a t i o n  experimencs are underway. 

A group of s i l i c o n  diodes and a reader  have been 

( 8 )  E f f e c t  of Inhomogeneities on Dose D i s t r i b u t i o n .  Changes 
in dose a r i s i n g  from inhomogeneities being loca ted  upstream i n  the pion  beam and 
hence s h i f t i n g  the d i s t r i b u t i o n  of s topping pions downstream have been invest igated.  
A v a r i e t y  of b o l u s  materials have been tes ted t o  c o r r e c t  f o r  t hese  changes, with 
p a r a f f i n  now appearing most advantageous. 

(h) P a t i e n t  Immobilization, Alignment, and Transfer  Systems. A 
p r o t o t y p e  s y s t e m  f o r  p a t i e n t  immobilization, alignment, and t r a n s f e r  has been 
implemented so t h a t  p a t i e n t s  can be made ready f o r  treatment o u t s i d e  of the 
t rea tment  room. The system consisrs of two movab le  c a r t s ,  a whole-body 
immobi l iza t ion  cas t ,  a n c i l l a r y  c a s t s ,  and bolus ind iv idua l ized  to each p a t i e n t ;  
a c o l l f m a t o r  h o l d e r  and collimators; and a l i g m e n t  lasers (matched i n  the s t a p i n g  
area and t rea tment  room). Use of t h e  s y s t e m  has reduced loss of beam time due t o  
p a t i e n t  set-up from about 20 minutes t o  about 4 minutes (3 minutes f o r  t rans-  
f e r r i n g  p a t i e n t s  i n  and o u t  of t h e  room, and 1 minute for p a t i e n t  set-up under 
t h e  beam). The system is now be ing  modified f o r  use with t h e  permanent 
t rea tment  couch and simulator couch, scheduled t o  b e  d e l i v e r e d  soon. 

(i) Computerized Treatment P lann ing .  Xmproved phys ica l  models 
f o r  c a l c u l a t i n g  dose d i s t r i b u t i o n s  and software improvements for upgraded 
c l i n i c a l  u t i l i t y  have been incorpora ted  i n t o  the treatment planning program 
PIPLAN. PIPLAN is now used for a v a r i e t y  o f  d e t a i l e d  dosimetry,  microdosimetry, 
and rad iobio logy  s t u d i e s  and experimental  inves t iga t ions .  Detai led comparisons 
between PIPLAN and t h e  Oak Ridge Nonce C a r l o  code, PION-1, a r e  being made So t ha t  
PIPLAN can be f u r t h e r  improved. . - .. c:. I .  ;- "' ;-6 ._ 12 i 0 9  i 8 c i l  ) I ; :  
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(j) P a t i e n t  Treatment Sof tva re  System. P a t i e n t  t reatment  
monitor ing and record-keeping sof tware  has been i n s t a l l e d  and is being refined. 
Work has  begun on l i n k i n g  the  u l t rasound u n i t  wi th  t h e  t reatment  planning computer, 
so t h a t  inhomogeneity d a t a  can  be d i r e c t l y  input  t o  t h e  computer. 

(k) C l i n i c a l  Evalua t ion  of Pion Visual iza t ion .  Methods of visual-  
i z i n g  t h e  pion t rea tment  f i e l d ,  for confirmation of t reatment  planning and del ivery  
hardware conf igu ra t ion ,  are being inves t iga t ed .  Problems be ing  explored are inherent  
s p a t i a l  r e s o l u t i o n ,  e f f e c t s  of inhomogeneities,  and technique s e n s i t i v i t y .  Pion- 
induced gamma and b e t a  a c t i v i t y  are being evaluated.  

( 2 )  Biology 

(a) C e l l u l a r  Biology. E f f o r t  has been d i r e c t e d  toward an under- 
s t and ing  of  t h e  mechanism of a c t i o n  of an i dea l i zed  small volume tune and pre- 
l iminary ,  but  cont inuing ,  s t u d i e s  on t h e  r e l a t i v e  b i o l o g i c a l  e f f ec t iveness  (DE) 
of l a r g e  volume t unes  being used f o r  p a t i e n t  treatment.  
w i t h  a 2 x 2 x 2 cm biology tune, and 5 x 5 x 5 cm and 8 x 10 x 8 cm pat ien t  tunes, 
w i t h  approximate dose rates of 20, 10-12, and 3 r ads  per minute, respec t ive ly ,  
at  100 microamps o f  c u r r e n t  i n  t h e  main a c c e l e r a t o r  channel. 

S tud ie s  have been conducted 

The CHO and Line 1 lung carcinomas have been s t u d i e d  i n  
monolayer. S t u d i e s  of r e l a t i v e  s u r v i v a l  have ind ica t ed  a s h i f t  to t h e  l e f t  i n  
t h e  s u r v i v a l  cume of 120-140 r ads ,  bu t  no change i n  the slope of t h e  curve. This 
is s i g n i f i c a n t  i n  t h a t  CHO and Line 1 lung carcinomas are q u i t e  d i f f e r e n t  in t h e i r  
s e n s i t i v i t y  t o  r a d i a t i o n ;  y e t ,  the  s h i f t  was of approximately the  same s i z e  i n  
number o f  rads .  This would suggest t h a t  t i s s u e s  with a smal l  shoulder  (such as 
tumors) would r ecove r  r e l a t i v e l y  less e f f i c i e n t l y  than t i s s u e s  v i t h  l a r g e  shoulders 
(such as t h e  normal t i s s u e s )  during p ion  t reatrcent ,  i . e . ,  a cons tan t  number of rads  
equa l s  a greater f r a c t i o n  of t h e  shoulder  reg ion  of t he  c e l l  l i n e  wi th  a s m a l l  
shoulder .  

F rac t iona t ion  s t u d i e s  wi th  c e l l s  have a l s o  shown t h a t  pions 
a l low f a r  less recovery than  x-rays, which is cons i s t en t  w i t h  a reduct ion  i n  the 
s i z e  of t h e  shoulder .  S tud ie s  wi th  a l a r g e r  volume tune i n d i c a t e  t h e  same e f f e c t  
i n  t h e  d i s t a l  region of t he  peak, but less so i n  the proximal reg ion .  This is 
w i t h  a tune ,  which has a f l a t  phys i ca l  dose across  depth,  bu t  no t  a f l a t  
d i s t r i b u t i o n  of s topp ing  p ions  or high-LET p a r t i c l e s .  

A technique has r e c e n t l y  been developed a t  t h e  UNH/CRTC 
which allows t h e  s i m p l i f i e d  product ion of m u l t i c e l l u l a r  tumor sphero ids  (MTS) 
which possess t h e  fol lowing c h a r a c t e r i s t i c s  of i n  vivo tumors: i n t i m a t e  ce l l / ce l l  
c o n t a c t s ,  uel l -developed hypoxic r eg ions ,  and a l t e r e d  c e l l  cyc le  d i s t r i b u t i o n s .  
This system has  been used to  s tudy  effects of p ions  on tumors, s i n c e  the  present  
beam i n t e n s i t y  r e s t r i c t s  t he  quan t i ty  of d a t a  t h a t  can be der ived  from 
i n  v ivo  tumor s t u d i e s  wi th  animals.  -- 

A v a r i e t y  of techniques have been developed t o  s tudy the  
growth, behavior, and responses  of FITS t o  therapy;  f o r  p ion  exposures the most 
adequate  are de lay  i n  growth and "cure." The growth delay s t u d i e s  wi th  Line 1 
!-ITS i n d i c a t e  a no-response reg ion  between 0 and 400 rads  of x-rays,  followed by 
a r a p i d l y  ascending  r e l a t i o n s h i p  between dose and delay. Above a dose of 1000 
r ads ,  t h e  r e l a t i o n s h i p  l e s sens ,  r e f l e c t i n g  reduced e f f i c i e n c y  i n  i n j u r y  t o  the  
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more r a d i a t i o n  r e s i s t a n t  hypoxic f r a c t i o n .  h ’ i t h  pions, t h e  shoulder  region for 
Line 1 NTS is completely e r a d i c a t e d ,  and t h e  RBE is dose dependent, dec l in ing  
w i t h  i n c r e a s i n g  dose. A t  about 1000 r ads ,  t h e  RBE aga in  r ises,  r e f l e c t i n g  more 
e f f i c i e n t  i n j u r y  t o  t h e  hypoxic f r a c t i o n ,  i n  comparison wi th  x-rays. 

I n  t h e  ”cure” experiments, t h e  a b i l i t y  of MTS to grow out 
Approximately 1 .7  t i n e s  as when placed  on s tandard  p e t r i  d i shes  i s  measured. 

many x-ray r a d s  as p i o n  r a d s  are required t o  y i e l d  a 50% “cure” f o r  Line 1 
spheroids. 

(b) Mammalian Biolojzy. X-ray d a t a  f o r  r a t  colon a c u t e  e f f e c t s  
( u l c e r a t i o n ,  c o l i t i s  c y s t i c a  profunda, and mucosal a t y p i a )  and l a t e  e f f e c t s  
(muscular hypertrophy, v a s c u l a r  s c l e r o s i s ,  and f i b r o s i s )  are complete. Pion 
i r r a d i a r i o n s  are completed but  animals are only now being s a c r i f i c e d .  

I n  s p i n a l  cord s t u d i e s ,  initial s i g n s  of hind l i m b  r e f l e x ,  
loss and p a r a l y s i s  are j u s t  beginning t o  show and no estimate of RBE iS y e t  
available. 
pions and x-rays i n  terms of weight loss, but this appears t o  be a func t ion  
of t h e  assay system used, as spermatogenic colony forming u n i t  assays showed 
an RBE of 1.5 for peak pions  as compared with x-rays. 

T e s t i c u l a r  i n j u r y  s t u d i e s  show no apparent d i f f e r e n c e s  between 

c. S i g n i f i c a n c e  

A t  p r e s e n t ,  a l a r g e  number of  p a t i e n t s  with l a r g e  solid t u w r s  
fail t o  respond t o  even t h e  most rigorous therapeut ic  methods. 
p a r t i c l e s  offer a means of  depos i t ing  a r e l a r i v e l y  high dose of r a d i a t i o n  within t h e  
tumor volume whi le  s p a r i n g  surrounding n o m a 1  tissues, which t h e o r e t i c a l l y  could 
r e s u l t  i n  h igher  cure rates. Because of t h e i r  unique p r o p e r t i e s ,  pions appear to  be 
the most advantageous of t h e s e  p a r t i c l e s  f o r  treatment of large volumes, although 
p r o t o n s  and heavy i o n s  are also under inves t iga t ion .  The biomedical pion channel 
at M P F  is the  f i r s t  such f a c i l i t y  i n  the world capable  of producing pions i n  
s u f f i c i e n t  quantities for medical t e s t i n g ,  although o t h e r  f a c i l i t i e s  are expected 
to be o p e r a t i o n a l  i n  two t o  f i v e  y e a r s  € o r  clinical use .  
for use of t h e  p ion  channel  a t  tAMpP will l o g i c a l l y  be t r a n s f e r a b l e  to o t h e r  pion 
i n s t a l l a t i o n s  as they come on-line. 
l o c a l i z i n g  t h e  tumor volume and body inhomogeneities, computerized treatment planning, 
t r e a t m e n t  op t imiza t ion ,  and improved p a t i e n t  immobilization will improve technology 
a v a i l a b l e  i n  convent ional  r a d i a t i o n  therapy a t  treatment c e n t e r s  throughout t he  
na t ion .  

Heavy charged 

The technology developed 

I n  a d d i t i o n ,  much of t h e  e f f o r t  directed a t  

The p r e c l i n i c a l  biology s t u d i e s  a r e  essential to avoid t h e  p o s s i b i l i t y  t h a t  t he  
complexity of pion i n t e r a c t i o n s  with l i v i n g  t i s s u e s  could r e s u l t  i n  untouard and 
t o t a l l y  unexpected injury t o  normal l i v i n g  tissues in p a t i e n t s .  
b i o l o g i c a l  s t u d i e s  he lp  t o  ensure t h a t  p i o n s  a r e  t e s t e d  under condi t ions t h a t  
maximize tumor i n j u r y  and minimize n o m l  t i s s u e  i n j u r y ,  t hus  ensuring an accura te  
e v a l u a t i o n  of any changes i n  t h e r a p e u t i c  r a t i o  with p ion  r a d i a t i o n .  
been shown t h a t  t h e  use of pion r a d i a t i o n  r e s u l t s  i n  diminished recovery during a 
f r a c t i o n a t i o n  exposure p a t t e r n  as compared t o  x-rays, I n d i c a t i n g  t h a t  the p o t e n t i a l  
for a t h e r a p e u t i c  gain e x i s t s ,  beyond t h e  expected reduct ion  i n  pro tec t ion  of 
t u n o r  cel ls  by hypoxia or  c y c l e  k i n e t i c s .  
make i t  p o s s i b l e  t o  guarantee p a t i e n t  s a f e t y  v h i l e  providing a d e f i n i c l v e  test of 
t h e  pract ical  c l i n i c a l  a p p l i c a t i o n s  o f  pions. 

Secondly, t h e  

It has now 

The progression of these s t u d i e s  should 

(E .- 
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d.  Research Goals For Year 5 

Research goals f o r  Year 5 a r e  summarized a s  follows: 

1 (1) Physics  

(a) To cont inue t o  improve t h e  channel operat ing and 
c o n t r o l  system by i n c r e a s i n g  i t s  r e l i a b i l i t y ,  s a f e t y ,  and e f f i c i e n c y ,  through 
i n s t a l l a t i o n  of a d d i t i o n a l  updated computer sof tware and p e r i p h e r a l  equpment, 
i n s t a l l a t i o n  of o p t i c a l  s h a f t  encoders t o  a l l  moving hardware, and replacement of 
e l e c t r o n i c  c o n t r o l l e r s  wi th  microprocessors f o r  c r i t i c a l  hardware items. 

(b) T o  i n c r e a s e  beam-development c a p a b i l i t y  by: 

1) Development of a f a n  tune t h a t  i s  achromatic with 
respect t o  p o s i t i o n  and momentum, uniform over the depth dimension of t h e  stopping 
reg ion ,  nar rou  in t h e  couch scanning d i r e c t i o n ,  and t h a t  has  the  h ighes t  possible 
dose rate. 

2)  Design and appl ica t ion  of new f i e l d  f l a t t e n i n g  
techniques  and a p p l i c a t i o n  of those techniques t o  new beams, i n  p a r t i c u l a r  t he  fan 
beam. 

3) Development of  improved magnet cur ren t  s e l e c t i o n  
and o p t i m i z a t i o n  techniques for provid ing  required therapy beams. 

4) Improving understanding of t h e  p r o p e r t i e s  
of  t h e  channel  and beams i n  terms of  changes i n  mopenturn, flux r a t e ,  contamination, 
momentum spread ,  and o t h e r  o p t i c a l  p r o p e r t i e s .  

(c) To complete and i n s t a l l  a new range-shif ter  that w i l l  
spread t h e  peak region up t o  18 cm i n  t h e  dimension of beam p e n e t r a t i o n  ( t h e  present  
model is u s e f u l  for spread  peaks of 1 2  c m  o r  l e s s ) ,  and t o  coord ina te  the  range- 
shifter f u n c t i o n s  w i t h  t h e  scanning t reatment  couch system, variable-jaw col l imators ,  
t rea tment  planning codes, and o t h e r  hardware and software. 

(d) To cont inue t o  measure l i n e a l  energy and LET d i s t r i -  
b u t i o n s  of beams requi red  f o r  radiobiology and radiotherapy, f o r  c o r r e l a t i o n  wi th  
exper imenta l  r e s u l t s  and t h e o r e t i c a l  c a l c u l a t i o n s .  

(e) To e v a l u a t e  a number of  in vivo dosimeters in an e f f o r t  
t o  de te rmine  t h o s e  b e s t  s u i t e d  f o r  experimental  v e r i f i c a t i o n  of treatment planning, 
i n c l u d i n g  i n t r a c a v i t a r y  i o n i z a t i o n  chambers, s i l i c o n  diode dosimeters,  thermo- 
luminescent  dosimeters ,  and a c t i v a t i o n  r e a c t i o n  dosimeters ( t o  monitor high LET dose). 

( f )  To cont inue t o  r e f i n e  the computerized treatment 
p lanning  code by  incorpora t ing  new exper inenta l  d a t a  f o r  pion-nuclear cross-sections 
and p ion-s ta r  secondary d i s t r i b u t i o n s  i n  var ious t i s s u e ,  upgrading b io logica l  models 
of e f f e c t i v e  dose,  incorpora t ing  improved beam emittance d a t a ,  adding nev hardware 
c o r r e l a t i o n  data  ( f o r  range-sh i f te r ,  scanning couch System, s imula tor ,  and o ther  
equipment),  and c o o r d i n a t i n g  output  format with treatment planning evaluat ion 
requirements .  
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(g) To improve treatm2nt planning and inhomogeneity 
l o c a l i z a t i o n  and compensation techniques,  and t o  :ontinue t o  improve the  p a t i e n t  
immobil izat ion,  a l i g m e n t ,  and t r a n s f e r  systems ( including i n s t a l l a t i o n  and 
t e s t i n g  o f  t h e  scanning treatment couch and p i o n  simulator systems, a l ready ordered). 

(h) To cont inue to i n v e s t i g a t e  methods of v i s u a l i z a t i o n  
of t h e  p ion  s topp ing  reg ion  for v e r i f i c a t i o n  of treatment planning parameters.  

(2) Biology 

(a) To compare the  pion-induced reduct ion  i n  shoulder  
wid th  w i t h  cell l ines  w i t h  small, in te rmedia te ,  and l a r g e  shoulders .  

(b) To compare reduct ions  i n  shoulder  width noted i n  
(a) w i t h  the extent of pion-induced i n h i b i t i o n  of two-fraction recovery. 

(c) To compare the e f f e c t s  of proximal, intermediate ,  
and d i s t a l  p o r t i o n s  of t h e  l a r g e r  tunes (-1 liter) on tuo- f rac t ion  recovery i n  
both  monolayers and m u l t i c e l l u l a r  tumor sphero ids  (MTS). 

(d) To develop and employ means of s tudying f i v e  o r  
more treatment f r a c t i o n s  i n  b o t h  monolayers and KTS systems. 

(e)  To compare the phys ica l  beam conpos i t ion  of var ious  
tunes w i t h  the i r  b i o l o g i c a l  e f f e c t  i n  the  hope o f  developing a p red ic t ive  model. 

( f )  To expand our  s t u d i e s  on t h e  r e l a t i o n s h i p  between 
dose size and RBE i n  the monolayer and MTS systems. 

(8) To cont inue o u r  s t u d i e s  on the r a d i a t i o n  .(pion and 
x-ray) response  of the colon, spinal cord and kidney,  and t o  i n i t i a t e  s t u d i e s  on 
the h e a r t ,  l ung  and brain. 

(h) To cont inue t o  use somatic cell mutagenesis as t he  
most precise b i o l o g i c a l  endpoint f o r  comparison wi th  mutagenesis. 

e. P r i n c i p a l  I n v e s t i g a t o r  Assurance 

The undersigned agrees  to  accept  r e s p o n s i b i l i t y  for t h e  s c i e n t i f i c  
and technical conduct of the pro jec t  and f o r  the provis ion  of  requi red  progress  
r e p o r t s  if a g r a n t  is awarded a s  a r e s u l t  of  this app l i ca t ion .  

c Date 
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DETAILED PROGRESS RTPOXT 

1 - OBJECTIVES 

a. Overall Ob4 e c t i v e s  

The primry o b j e c t i v e  of t h i s  p r o j e c t  i s  to prov ide  a broad base of inforna- 
t i o n  on the expec ted  responses of both  n o m  and t u m r  t i s s u e s  fOllovinS exposure t o  
negative p i  mesons (p ions) ,  such that c l i n i c a l  trials of p i o n  radiotherapy for 
p a t i e n t s  w i t h  extens5ve cancer (whtch may inc lude  r e g i o n a l  metas tases)  can be designed 
nost e f f e c t i v e l y .  Subobjectives are: 

(1) Conticue to develop the pion channel and a s s o c i a t e d  hardware and to 
under s t and  the physical c h a r a c t e r i s t i c s  of the bean, to achieve presc r ibed  dose 
d i s t r i b u t i o n s  i n  a t r ea tmen t  volune of a r b i t r a r y  size and l o c a t i o n ,  w i th  miniau;r 
dunage to su r round ing  normal tissue. 

(2) Continue to develop, tes t ,  and apply methods of p i o n  dosimetry essen t i a l  
to the r a d i o b i o l o g y  experiments ,  which will logically carry over i n t o  t h e  early p i l o t  
rrials a n d  subsequent cliuic t r i a l s  of pion radiotherapy. 

(3) Continue to  employ appropr i a t e  q u a n t i t a t i v e  cel lular  radiobiolagy 
techniques to e s t a b l i s h  t h e  re la t ive biological e f f e c t i v e n e s s  (-E) 
nen t  ratio (OER), and effects of dose fraccionation of pions. 

oxygen enhance- 

(4) Continue to observe i n  appropr i a t e  experimental anfmals e a r l y  and late 
responses and radiopathology of normal and t u m r  t i s s u e s  exposed t o  various segncnts 
of t h e  p i o n  beam t o  assess acute effects and delayed sequelae as a function of 
dose and exposwe c o n d i t i o n .  

( 5 )  Perform such radiobiological. and physics experiments as may be necessary 
af te r  t h e  s tar t  of c l i n i c a l  trials, 

b. Goals f o r  Curren t  Year 

(1) P h y s i c s  

(a) To improve r e l i e b i l i t y  and safety of the channel  operating system. 

(b) To develop larger s t a t i c  and range-sh i f ted  beams for pion radio- 
t he rapy ,  which would provide maximurn dose rate with in- the  required u n i f o m i t y  and 
penuEbra c o n s t r a i n t s .  

(c) 
adjust ing  depth-dose d i s t r i b u t i o n s  for specific shapes. 

To i n s t a l l ,  test  and place into use a pro to type  range-shifter for 

(d) To r e f i n e  and improve dosizetry systems, to develop computerized 
dosinetry data  c o l l e c t i o n  system, and t o  provide dosimetry r equ i r ed  f o r  pion biology 
and r a d i o t h e r a p y  s t u d i e s .  

(e) To measure distributions of l i n e a l  energy  and LET to  obtain data 
r equ i r ed  f o r  interpreting experimental d a t a ,  f o r  extrapolation/interpolation t o  neu 
beams ( t o  r educe  the total nusber  of requi red  measurements), and for incorpora t ion  

i n t o  t r ea tmen t  planning models. c '- . i' 
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K l i g e n n a n ,  Pl.11. 

( f )  To improve t he  pion t rea tment  planning code, p n r t i c u h r l y  throuzh 
i n c o r p o r a t i o n  of an improved pion beam model .  

(6 )  To design and t es t  a proto type  p a t i e n t  i m o b i l i z a t i o n ,  alipman:, 
and transport system, to  minimize loss of  va luable  bean t i m e  and maximize t h e  n a e r  
of p a t i e n t s  who c a n  be t r e a t e d  a t  W P F .  

(2) Biology. To expand our s t u d i e s  wi th  single cells and m u l t i c e l l u l a r  
tumor s p h e r o i d s  (HTS) to i nc lude  m u l t i p l e  f r a c t i o n a t i o n s ;  t o  i n v e s t i g a t e  reoxygen- 
a t i o n  i n  FITS exposed to x-rays or pions; t o  cont inue characcer iz ing  the biological ,  
r e sponses  of newly developed tunes;  t o  develo? a p r e d i c t i v e  nodel c o r r e l a t i n g  be= 
composi t ion  with b i o l o g i c a l  response; and t o  con t inus  t o  study t h e  response of slowly 
d i v i d i n g  c r i t i ca l  t i s s u e s  to p i o n s  and x-rays. 

2. CURREXT STUDIES 

This s e c t i o n  describes studies conducted by personnel of t h e  Un ive r s i ty  of New 
Hexico Cancer  Research and Treatment Center (CRTC) and t h e  Los Alamos S c i e n t i f i c  
Labora to ry  (LASL) at the Los Alws Meson Physics F a c i l i t y  (LANPF), during Grant Year 
4 (1 June 1976-31 Nay 1 9 7 7 ) .  Because of the t h e  between submission of the c o v e t i n g  
renewal application (August 1975) and the deadline f o r  t h i s  a p p l i c a t i o n  (April 1977), 
work performed d u r i n g  t h e  last nine months of Year 3 of t h e  g r a n t  period was no t  
r e p o r t e d  i n  CA-14052 a p p l i c a t i o n s .  It was repor ted ,  however, as background In the  
renewal  a p p l i c a t i o n  submi t ted  in June 1976 for 2-Pol-CA-16127-04 (Clinical Studies  of 
Pion Radiotherapy) and w i l l  nor be  repeated here. 

a- P h y s i c s  

The t o t a l  phys i c s  effort is  an i n t e g r a t e d  p a r t  of t h e  p r e c l i n i c a l  prograa 
des igned  to o b t a i n  answers needed for t h e  initiation of c l i n i c a l  t r i a l s .  The b a s i c  
p r o j e c t s  b e i n g  under taken  are goal -or ien ted  toward ob ta in ing  specific infomation 
needed for cl inical  a p p l i c a t i o n s  of the pion beam. 

The pion biomedical  channel at LQPF vas r e a c t i v a t e d  i n  April 1976, after a 
15-month shutdovn f o r  major r e f i t t i n g  of  t h e  main a c c e l e r a t o r  and i n s t a l l a t i o n  of 
s h i e l d i n g  and remote-handling systems for  h igh- in tens i ty  ope ra t ions .  The main proton 
a c c e l e r a t o r  c u r r e n t  vas r e a c t i v a t e d  a t  10 microanps f o r  initial studies to coinpare 
o p e r a t i o n s  p r i o r  to shutdova v i t h  those  a f te r  shutdown- The current w a s  then esca- 
lated a t  i n t e r v a l s  u n t i l  100 microamps w e r e  achieved in August 1976. 
main ta ined  u n t i l  February 1977, uhen the c u r r e n t  was e s c a l a t e d  to 150 microaaps, 
Opera t ion  a t  300 microarnps is planned to  s t a r t  in October 1977, and 500 nicroamps are 
expected on o r  before t h e  fall of 1978. Operation a t  the f u l l  d e s i g n  i n t e n s i t y  of 
1000 microamps (1 milliaurp) is planned i n  1 9 7 9 .  

This l eve l  was 

‘ 0  * L- ’ .  . 
(1) Channel Operation and Con t ro l  S v s t e a  Development 

The biomedical channel was used for c l i n i c a l ,  b io logy ,  and phys ics  
r e sea rch .  
r e l i a b i l i t y  and e f f i c i e n c y .  
hardware I J ~ S  added t o  improve eEf ic iency .  
m k e  i t  nore e f f i c i e n t -  

Major accomplishmrnts i n  this area during the p a s t  yea r  relate t o  i q t o v e d  
Some of t h e  hardware was r ep laced  or r e b u i l t ,  and n w  

Considerable sof  t v a r e  was r e w r i t t e n  t o  

The p i o n  product ion  t a r g e t  vas redesigned f o r  g r e a t e r  r e l i a b i l i t y .  
L‘nter c o o l i n g  was added SO the  t a r g e t  could withstand the  i n c r e a s e d  heat that results 
f r o =  the hieher i n t e n s i t y  p ro ton  beams. &I t a rge t -cool ing  wa te r  c o n t r o l l e r  was design1 
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and b u i l t .  The t a r g e t  c o n t r o l l e r  w a s  modified f o r  inc reased  r e l i a b i l i t y ,  inc luding  a 
more r e l i a b l e  t a r g e t  i n t e r l o c k  system, a more p o s i t i v e  i n d i c a t i o n  thac t he  t a r g e t  is 
O u t ,  and a d d e d  s a f e t y  swi t ches  t o  t u r n  o f f  the t a r g e t  mechanism if the  target is 
moved o u t  of range. Software tias w r i t t e n  and the c o n t r o l l e r  was modified t o  allou 
t h e  u.i?r to make target scans t o  d e t e r n i n e  the v e r t i c a l  e x t e n r  and shape of t h e  main 
pro ton  beam (which can affect the p i o n  bean c h a r a c t e r i s t i c s ) .  

is being  used for dos imet ry ,  bean d iagnos t i c  e q u i p m n t ,  and.be= monitoring ch;rzbors, 

The mechanical  shunt c o n t r o l l e r  vas rep laced  wi th  a f a r  more r e l i a b l e  e l e c t r o a i c  con- 
t r o l l e r .  
i s o l a t e d  grounds, since &he shunt  usually opera t e s  up t o  100 v o l t s  above no-1 
ground level. 

Two sets of slits were i n s t a l l e d  a t  the  in t e rmed ia t e  pion-beam focal 
position. 
slit c o n t r o l  system facilitates t h e  moving of t h e  slits l o c a u l - ,  remotely in a manual 
node a t  two d i f f e r e n t  l o c a t i o n s ,  and renotely wi th  tha computer. Considerable soft- 
ware had t o  b e  developed to move the sl i ts  r J i t h o u i  hittin3 t h e  Various moment= 
shaping  wedges that m i g h t  be i n s e r t e d  between the jaws, t o  c a l i b r a t e  the jau motion, 
and  t o  monitor the positions of the s l i t  jaws. 

A gas d i s t r i b u t i o n  and monitor ing s y s t e m  was i n s t a l l e d .  This  system 

The magnat cables w e r e  modified to avoid overhea t ing  a t  junct ions.  

T h i s  required des ign  and f a b r i c a t i o n  of a DC-to-DC vo l t age  converter with 

The entire control s y s t e m  €or  these  slits vas designed and built. This 

. 

To make i t  e a s i e r  for users t o  change &he wedge a t  t h e  in te rmedia te  
focus, a remotely c o n t r o l l e d  wedge changer was designed, b u i l t  and installed, With 
t h i s  sys tem any one of three wedges can b e  i n s e r t e d  i n  the proton beaa, either mnuall;  
o r  by conputer ,  Software w a s  w r i t t e n  t o  accorrrcodate t h i s  system. A hardware eonitor 
vas added t o  the proto type  r angesh i f t e r  s y s t e m  t o  d e t e c t  malfunctions.  Considerablz 
computer work was done t o  develop range-sh i fcer  func t ions  t h a t  would y i e l d  pion depth 
dose d i s t r i b u t i o n s  required f o r  s p e c i f i c  p a t i e n t  t reahoents .  

A large effort vas devoted to r e w r i t i n g  the o v e r a U  control software 
s a f e t y  for g r e a t e r  safety and e f f i c i e n c y .  This program c y c l e s  and sets the mgnets,  
opens a l l  four  pairs of slit jaws t o  predetermined s e t t i n g s ,  inserts the approprfate  
wedge, and prepares the channel  f o r  t h e  insertion of the production target. 

. The system has been improved in s e v e r a l  other uays. 
bugging module vas b u i l t  and connected to the computer Unibus; t h i s  model a i d s  in 
l o c a t i n g  and c o r r e c t i n g  both  hardware and software bugs in the systm. 
tape u n i t s  were r e p l a c e d  by l a t e r  models t o  improve r e l i a b i l i t y .  A cache memory was 
added t o  t h e  computer to increase i ts  speed .  
r e c e n t l y  replaced by the la tes t  vers ion ,  which greatly improved the  s t a b i l i t y  OE t h e  
s y s  tern. 

A hardware de- 

The magnotic. 

The conputer ope ra t ing  systemwas 

I. c : .  . . -  . - .  
( 2 )  Channel T u n i n s / S t a t i c  Bean Development 

c 
I ).- 

S t a t i c  beams have been develo?ed f o r  rad iobio logy  and radiotherapy. 
For  t e s t s  comparing e f f e c t s  of 100 kVp x-rays wi th  those of pions on t u o r  nodules in  
t h e  s k i n  and t h e  su r round ing  normal t i s s u e s ,  a 4 c m  diameter f i e l d  with a rnaximzn 
close ra te ,  c o n s i s t e n t  v i t h  requirements  of  physical dose u n i f o r m i t y ,  vas developed, 
Scattering mater ia ls  w e r e  i n s e r t e d  i n t o  t h e  p i o n  beam a f t e r  the  l a s t  quadrupole 
nagnet in an ef fort  t o  mre unif0-y d i s t r i b u t e  the Gaussian-l ike p r o f i l e s  of the  
beam. The  n o s t  e f f e c t i v e  nethod w a s  one of 
r e t u n i n g  the channel SO t h a t  t he  bean s l i g h t l y  diverged in both  planes-  

This method d i d  n o t  prove s u c c e s s f u l .  
Collimation 

then  produced t h e  sharpest p o s s i b l e  edges and provided accep tab le  unifomity at 
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s a c r i f i c e  i n  d o s e  rate. 
c o l l i n a t o r  cone showxt in Figure 1. This b r a s s  n o s e  cone was designed t o  conple te ly  
a t t e n u a t e  p i o n s  o u t s i d e  t h e  des i r ed  t reatment  volume. The peak of the  pion depth 
dose d i s t r i b u t i o n  was p h c e d  a t  t h e  d e s i r e d  depth by adjusting t hz  th ickness  of the 
p o l y  e t h e l e n e  abso rb  er 

The beam shaping and c o l l i n a t i o n  were done u i t h  the  a t r e n u t o  

For the t r e a t n a n t  of s k i n  nodules,  t he  wedge degrazer  at the  momentum 
d i s p e r s i o n  p l a n e  w a s  used to  compress a 72 A p / p  nas momantun spread i n t o  a 1.X A 
p/p r m s  width.  
t r i p l e t  so t h a t  t h e  momentum spread was c lose  to  2% A p/p rms. 
depth-dose d i s t r i b u t i o n  w a s  t a i l o r e d  t o  match the  100 kl'p x-ray depth-dose d i s t r l b u t i o  

The depth-dose d i s t r i b u t i o n  w a s  shaped by detuning the  en t rance  
I n  t h i s  way,  the pion 

F i g u r e  2 shows t h e  beam geona t ry  f o r  the  t rea tment  of skin nodules, 
The l e f t  side of the graph  shows t h e  c e n t r a l  axis depth d i s t r i b u t i o n  Of t h e  i o n i z a t i o n  
r e s u l t i n g  f r o m  165  MeV/c pions (E = 76.5 )lev) inc iden t  upon a 4 diameter a t t enua to r  
collimator cone. 
the nose plug (skin s u r f a c e )  w a s  a t  a p o i n t  0.5 cm p a s t  t h e  maxiaum Of t h e  Brags 
peak. This r e g i o n  of t h e  peak is the region of highest  l i n e a r  energy t r a n s f e r  (LET) 
resulting from the heavy p a r t i c l e  components of the p ion  cap tu re  reac t ion .  
beam p r o f i l e  t a k e n  song the y-axis a t  z=O is shoun on t h e  r i g h t  s i d e  of Figure 2. 

The po lye thy lene  absorber t h i ckness  vas ad jus t ed  SO t h a t  the end of 

A typical 

These scam were measured i n  water. The c o r r e c t  th ickness  of poly- 
e t h y l e n e  needed to p l a c e  t h e  peak a t  t h e  desired place was ca lcu la t ed ,  then v e r i f i e d ,  
by i o n  chssber measurements, 

Figure 3 shows t y p i c a l  c e n t r a l  a x i s  d e p t h  d i s t r i b u t i o n s  for stat ic  
beams designed'to t r ea t  l a r g e r  (up t o  5 x 5 x 5 c m )  tumors lying ae shallou depths  
below t h e  skin s u r f a c e .  The beam tune  and c o l l i n a t o r  for t hese  beans uere t h e  sane 
as for the skin nodule beam b u t  a d i f f e r e n t  wedge degrader  v a s  used a t  t he  GIORPntUZl 

focus of t h e  channel, changing t h e  mornentun sp read  from approxina te ly  1.77, A p/p m s  
t o  4.5% h p/p rms. The l a r g e r  momentum spread  produced an extended peak by spreading 
t h e  s t o p p i n g  pions over a greater d i s t a n c e .  The channel tun ing  system records tra- 
j e c t o r i e s  at t h e  p o s i t i o n  of t h e  vedge, as well as at t h e  ex i t  of t h e  channel. Thus, 
t h e  momentum s p r e a d  from any shape wedge can be  c a l c u l a t e d  by simulating t h e  e f f e c t  
Of t h e  t r a j ec to r i e s  passing through t h e  wedge. 
wedge producfng  4.5% A p/p nns  momonturn spread.  
d i s t r i b u t i o n  was c o n t r o l l e d  t o  s i g n i f i c a n t l y  sharpen the fall-off on the downstream 
edge of the beam. 
r e s u l t i n g  from this p a r t i c a r  wedge degrader .  
l e s i o n s ,  such as shorn on t h e  r ight  of F igure  3, momentum d i s p e r s i o n  slits were 
a d j u s t e d  t o  obtain peak dimensions c o n s i s t e n t  w i th  rhe  size of the  tunor t o  be t r e a t e d  
The beak profiles of t h e s e  beams were much the  same as t he  p r o f i l e  shown in Figure  2. 

dimensions of 8 x 10 cm w a s  developed. The channel  w a s  aga in  tuned SD t h a t  t h e  bea i  
d ive rged  s l i g h t l y  i n  each  p l ane ,  p ro r idng  optimum cond i t ions  f o r  c o l l h a t i o n  and 
f i e l d  u n i f o r m i t y ,  To o b t a i n  improved dose ra te ,  dose uni formi ty  i n  depth ,  and flexi- 
b i l i t y  i n  dep th  ad jus tmen t s  , t h e  dynamic range-sliifter rather than wedge shaping was 
used f o r  z dimens ions  of up t o  8 cm (see subsec t ion  ( 3 ) ) .  
made as s m a l l  as p o s s i b l e ,  t o  provide t h e  s h a r p e s t  fall-off on the  dounstream edge. 
T h e  use of t h e  r a n g e - s h i f t e r  i s  the f i r s t  s t e p  toward a dynnnic beam system. 
until a s c a n n i n g  couch s y s t e m  can b e  i n s t a l l e d  and t e s t e d ,  beams w i l l  continuo t o  be 
s t a t i c  in the t r a n s v e r s e  dimensions- 

This permi t ted  the  des iga  of t h e  
I n  a d d i t i o n ,  t h e  shape of the 

The d i s t r i b u t i o n  at t he  left of Figure 3 is t he  w i d e s t  spread 
To achieve  nar rouer  peaks for smaller 

For t r ea tmen t  of l a r g e r  tumors, a beam of approximate transverse . 

The mo3entus spread was 

However, 
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n e a r l y  30 crn range i n  w a t e r ,  to  be used f o r  deep-seated tunors. 
has a minimum t h i c k n e s s  of 3 CP reducing  naxinum p e n e t r a t i o n  t o  . .  approxinately 27 up. 

The bean t u n i n g  i n s t r u m e n t a t i o n  provides  t o t a l  info-tfon about each 

The rang-shif ter  

beam t o  be used  i n  PIPIAS, t h e  t r e a t n e n c  planning code. 
type ,  p a r t i c l e  mosentum, and p o s i t i o n  and angle 2 t  the  t r e a t m e n t  loca t ion .  
t u n i n g  sys tem a c q u i r e s  c o n p l e t e  d i s t r i b u t i o n s  of  these parameters ,  p a r t i c l e  by 
particle, i n  the form of a h i s t o r y  t a p e  for each ' tune.  
b e a s s  are t h u s  r e p r e s e n t e d  as i n p u t  t o  PIPLAtJ without approximation. 

The system moasctes par t ide  
The 

The com?lexi t ies  of th= pion 

(3) Range-Shif ter/Dynamic Bean Developm2nt 

Fabrfca t ion  of t h e  p r o t o t y p e  range-sh i f te r  was completed (Figure 4 ) ,  
. 

2nd work was ini t ia ted to u s e  t h i s  device  under beam c o n d i t i o n s .  Calcu la t ions  vere - 
performed t o  de termine  t h e  periodic p i s t o n  n o t i o n  (denoted as rang-shif ter  sweep 
f u n c t i o n s )  required t o  produce various depth dose d i s t r i b u t i o n s  needed for b i o l o g i c z l  
a n d  clinical expar inents .  
p h y s i c a l  dose and shaped p h y s i c a l  dose f o r  a v a r i e t y  of d i f f e r e n t  tunes.  
r e g i o n s  up to 1 0  cm i n  depth  were o b t a i n e d  i n  these  i n i t i a l  exper iaonts .  

D i f f e r e n t  sweep func t ions  were t a i l o r e d  t o  produce f l a t  
Isodose 

The r a n g e s h i f t e r  is a h y d r a u l i c a l l y  a c t u a t e d ,  f l u i d - f i l l e d  piston, 
which c a n  b e  progra=ned t o  p r o v i d e  a conputer-controlled,  t i m e d e p e n d e a t  t h i c h e s s  to  
p a r f o m  t h e  n e c e s s a r y  beax shaping  for t he rapy .  
i s  p l a c e d  i n  the p i o n  bean, and alters t h e  range of the p i o n s  so as to  produce any 
r!esired s t o p p i n g  d i s t r i b u t i o n  (and hence depth dose d i s t r i b u t i o n ) .  The piston and 
z s s o c i a t e d  a c t u a t o r  units are n e a t l y  packaged i n  a c y l i n d r i c a l  module ( 9 2  cm in 
d i a s e t e r ,  and 33 cm t h i c k )  v h i c h  can e a s i l y  be  pos i t ioned  above a p a t i e n t  in a c l i n i c a l  
s i t u a t i o n .  
half t h e  volrme of the p r e s e n t  model, yet enable  t reatment  of larger f i e l d s .  

The v a r i a b l e  t h i c k n e s s  fluid column 

A second r a n g e - s h i f t e r  is now bcing designed which will have less than 

The h y d r a u c  actuators require command signals of 0-10 v o l t s  DC to  
vary the thickness of  the f l u i d  column, 
n i c r o p r o c e s s o r  (dedica ted  t o  t h e  range-shif  ter)  o r  by t h e  PDP-11/45 coaputer via 
CW-LkC i n t e r f a c i n g .  
i n  a t i m e  s h a r i n g  node w i t h  o t h e r  users. 
various sweep f u n c t i o n s  by means o f  e i t h e r  of t h e s e  systems. Communication between 
the 1 1 / 4 5  and t h e  PI6800 is also p o s s i b l e  by punched p a p e r  t ape .  

T h i s  signal is p r o v i d e d  e i t h e r  by an 116800 

Although t h e  11/45 is more versat i le  than t h e  P16800, i t  operates  
Techniques have b e e n  developed to run 

A c o n t r o l  module w i t h  swi tch  s e l e c t a b l e  sweep f u n c t i o n s  ( i . e . ,  depth - 
dose  c u n e s ) ,  sweep i n t e r v a l s ,  and c o n t r o l  t y p e  was i n s t a l l e d  for u s e  i n  p a t i e n t  
t r e a t m e n t s .  Hardware and sof tware were also developed t o  e n a b l e  a c c u r a t e  d o s i n r t r i c  
r s a s u r e m e n t s  w i t h  t h e  r a a g e  s h i f t e r  i n  t h e  beam. 

Four basic beams have been developed for use w i t h  t h e  raage-shifter i n  
C, the  t r e a t m e n t  of deep s e a t e d  tumors; the  c e a t r a l  axis depth  p r o f i l e s  for thesc b e a k  
rJ . .  a re  shown i n  Figure 5-  These curves have been normalized t o  100% a t  t h e  maxinua peak - - - -  c!ose, 

( ' .  . *  - . d e p t h s  f r o m  0 t o  27 CTU could  be obta ined  by adding polye thylene  absorbers  i n  t h e  beam 

+ r; 
0 
3i 

- - b  The s p a c i n g  of t h e  beam momcnta v a s  chosen such t h a t  the e n t i r e  range of 

These c u r v e s  were measured t .  4 to shift t h e  peak of each beam to s h a l l o v e r  depths.  
undernea th  t h e  r z n g e s h i f t e r ,  rrhich has an equivalent  water  t h i c k n e s s  of a p p r o x h a t e l y  

CJ more t h a n  shotm i n  Figure 5.  
3.0 g/cm 2 a t  i t s  mininrza p o s i t i o n .  Thus, t he  range i n  water f o r  t h e s e  beams is 3.0  

n e  narrow peaks  of these b e a x  are spread w i t h  t h e  rangs-shifcer t o  
The range-sl i i f ter  can be p r o g r a m e d  to produce a c h i c v e  l a r g e r  t rea tment  volumes. 
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peaks v a r y i n g  i n  dimension f r o m  the  wid th  o f  t h e  s t a t i c  peaks shown i n  Figure 5 t o  
wid ths  up  t o  1s cm. 
s h i f t e r .  
the ent i re  peak-  
colunn of f l u i d  i n  t h e  beam p a t h  so as to super inpose  a large number of the  s ta t ic  
peaks o v e r  the desired w i d z h .  

It w a s  observed i n  b io logy  and c l i n i c a l  t e s t s  t h a t  g r e a t e r  b i o l o g i c a l  
e f f e c t  w a s  o b t a i n e d  i n  t h e  d i s t a l  p o r t i o n  of t h e  5 x 5 x 5 cm Sta t ic  bean. 
c l i n i c a l  tests,  t h e s e  obse rva t ions  occurred  e a r l y  'enough for the  r a d i o t h e r a p i s t s  t o  
attcmpt  t o  achieve a -re uniform b i o l o g i c a l  e f f e c t  by s t epp ing  t h e  extended peak 
across the  tumor volume and adjusting t h e  t u o r  dose f o r  each app l i ca t ion .  With t he  
r ange - sh i f t ed  beam, a n  e f f o r t  w a s  made t o  achieve  g r e a t e r  uniformity from t h e  o u t s e t  
by s l o p i n g  t h e  p h y s i c a l  dose in depth,  as shoim i n  Figure 7. 
on t h e  basis of available biological d a t a .  
and t h e  beam was again s tepped  ac ross  t h e  t u m o r  V O ~ L L U I ~ ,  w i th  t h e  dose ad jus t ed  for 
each  a p p l i c a t i o n .  
i n c l u d i n g  devclopDent  and t e s t t n g  of a n e w  rang-shif ter  func t ion  which more uniformly 
d i s t r i b u t e s  pion stars a c r o s s  t h e  peak region. 

Figure 6 shows a t y p i c a l  spread peak produced by the  range- 
T h i s  peak  is sp read  over  8 cn ,  and the  physical  dose 2s f l a t  w i t h i n  5% over  

The r ange - sh i f t e r  produces these  d i s t r i b u r i o n s  by V a v i n a  t h e  

In t he  . 

. - 

The s l o p e  was cz lcc l a t ed  
However, the r e s u l t  w a s  no t  s u f f i c i e n t ,  

A series of experiments t o  explore  t h i s  problem is nou underway, 

Trea tment  cones such as t h e  one i n  Figure 1 are n o t  p r a c t i c a l  for the 
Current ly ,  c o l l i m a t o r s  made from a l o w  mel t ing  p o i n t  alloy large volume beam tunes. 

(Cerrobend) are b e i n g  t e s t e d .  
9.4 g/cm3) and  can b e  e a s i l y  formed into co l l ima to r s  o f  h igh ly  irregular shapas. 
C s l c u l a t i o u s  w e r e  made t o  d e t e r n i n e  t h e  c o r r e c t  th ickness  of t h e  a l l o y  requi red  t o  
c o n p l e t e l y  s t o p  t h e  p ions  from each beam t u n e ,  These c a l c u l a t i o n s  rreighed t h e  p ion  
s topp ing  paver f o r  t h e  cornponefits i n  t h e  a l l o y  (5G.02 bismuth, 26.7Y. lead, 13.31: t i n  
and 10.01 cadmiun). The c a l c u l a t i o n s  were then v e r i f i e d  by experiment and a comparisor 
of c a l c u l a t i o n  versus experimental  d a t a  is shown i n  Figure 8. 

The advantage of t h i s  d l o y  i s  t h a t  i t  5s dense (p = 

The c o l l h a t i o n  e f f e c t  o f  t he  a l l o y  c o l l i n a t o r s  on the  pion beau is 
exemplified i n  F i g u r e  9 which shows a typical x-p ro f i l e  of t h e  beam taken i n  the  
c e n t e r  of an 8 cm s p r e a d  peak underneath a 9 x 7 CUI e l l i p t i c a l  co l l ima to r  3 cn thick.  
The c o l l i m a t o r s  are w s t  e f f e c c i v e  when placed  a t  the s u r f a c e  of t he  phan tonwi th  t h e  
r a n g e - s h i f t e r  directly above and i n  p h y s i c a l  con tac t  w i t h  t h e  uppar collipatot sur face .  

The shape  of t h e  bean p r o f i l e s  varies considerably wi th  depth i n  
phantom. A t  t h e  s u r f a c e  (230 )  d i r e c t l y  under the  co l l ima to r  t h e  p l a t eau  p r o f i l e  is 
very f l a t  with a l m o s t  perpendicular  f a l l - o f f  on the  edges. 
profiles d i m i n i s h  i n  f l a t n e s s  as t h e  dep th  i n c r e a s e s  as shown i n  F igure  10, A t  t h e  
83% l e v e l  t h e  d i s t a l  peak p r o f i l e  i s  6.4 cm wide compared t o  a width of 7.8 cm a t  the 
s c n e  l e v e l  f o r  t h e  p r o f i l e  taken  i n  t h e  p r o x i n s l  peak- 
change depending  on which beam tune i s  used, b e i n g  f l a t t e r  and sha rpe r  for t ha  baano 
1:hich have  s h a l l o v e r  p e n e t r a t i o n  (less m u l t i p l e  s c a t t e r i n g ) .  ' I n  t h e  near f u t u r e  
scanning p ion  beams t r i l l  b2 developed which w i l l  have much sha rpe r  edges and higher  
dose r a t e s  t h a n  t h e  beans  presented in t h i s  report. 

I n  t h e  peak region t h e  

The p r o f i l e  shapes also 

A t y p i c a l  i s o i o n i z a t i o n  d i s t r i b u t i o n  f o r  t h e  1 7 0  MeV/c  p ion 8 cm 
sp read  peak is shorqn in Figure  11. 
and 11.7% e l e c t r o n s .  

This beam i s  composed of 81.7% pions, 6.67. muons, 

. I  
b c  (4) Dosimetry 

The p i o n  dose  d i s t r i b u t i o n s  descr ibed  i n  subsec t ions  (2) and (3) above 
have been g i v e n  in 
conversion fro;a i o n i z a t i o n  t o  absorbed dose i n  t h e  pion beam is a conpl icated problem- 
This is pr inar i lbv  clue t o  t h e  cog-tplex secondary charged p n r t i c l c  f ludnce  generated i n  

of i o n i z a t i o n  produced i n  t h e  t h i m b l e  chamber, becauso the 
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the chamber wall. P i o n  i n t e r a c t i o n s  i n  the XJall material produce e l ec t rons ,  protons,  
deu te rons ,  t r i t o n s ,  a l p h a  p a r t i c l e s  and heavy r e c o i l s ,  which in t u r n  Produce ion iza t io  
i n  t h e  t i s s u e - e q u i v a l e n t  gas  volume. To give a coa2 le t e  phys i ca l  cha rac t e r i za t ion  of 
t h e  energy  d e p o s i t i o n  in t h e  gas i t  is necessary t o  know accura t e ly  the  f luenca  and 
energy s p e c t r a  of a l l  t h e  secondary charged particles. 
at t h i s  t i m e .  Hogever, e x p a r i a a n t s  are being designed which w i l l  Provide this 

' 

T h e s e  d a t a  a r e  n o t  a v a i l a b l e  

. in forna t ion .  

. P r e s e n t l y ,  it is assumed t h a t  t h e  ' thimble ion chzlnber acts as' a Bragg- 
Gray cavity in t h e  pion beam and t h e  dose i n  muscle is c a l c u l a t e d  us ing  the  r e l a t i o n  . .  

D = 100 Q (lJ/e) S rad, (1) 
Nx 

where D i s  the absorbed dose,  Q is t he  ionization charge i n  coulonbs, 1.1 is t h e  
energy in joules r e q u i r e d  t o  produce an i o n  p a i r  in t h e  gas V O l m Q ,  e is t h e  e l e c t r o n  
charge ,  S is the average mass-stopphg-pouer r a t i o  for t h e  secondarp charged p a r t i d e s  
in t h e  chanbor  w a l l  relative to t h e  chamber gas,  M is the m a s s  of gas i n  Kg, and 
2; is a kerma c o r r e c t i o n  r e q u i r e d  t o  converk t h e  dose in t h e  chamber wall to  dose in 
rnus cle . . _  

For the Bragg-Gray r e l a t i o n  t o  be v a l i d ,  t h e  range of secondary part%- 
cles must be large compared to t h e  dimensiorrs of t h e  gas  v o l ~ a -  
be  r e l a x e d  if t h e  wall m a t e r i a l  and gas are matched such t h a t  t h e  atomic cornpoiition 
of tho w a l l  and gas are nearly t h e  same and there are no dens i ty  effects. 
matching would r e q u i r e .  t h a t  t h e  i n t e r a c t i o n  c ross -sec t ions  and the  mass stopping 
power be i d e n t i c a l  f o r  t h e  wall and gas. Even iJhen t h e  atomic cornpositions of the  gas  
and w ; i l l  are i d e n t i c a l ,  a c o r r e c t i o n  for the dens i ty  e f f e c t  has t o  be rmde i n  practice. 

This r e s t r i c t t o n  can 

Conplete 

. The gas volume (-0.lcc) cannot be reduced for absorbed dose m, -asure 
n e n t s  in t h e  pion beam because  t h e  r a t h e r  low beam i n t e n s i t i e s  (3-15 rads/mia) v o d d  
not g i v e  sigual re sponses  large enough f o r  r e l i a b l e  measureaant.  
i n t e n s i t i e s  are increase2 it  w i l l  be p r a c t i c a l  t o  use chembers having smaller gas 
vohxnes. 
Brogg-Gre p r i n c i p l e  must be v e r i f i e d  by experiment. 
v i t h  the  heavy recoils, v h i c h  produce s i g n i f i c a n t  b i o l o g i c a l  e f f e c t ,  and whose 
r anges  ex tend  o n l y  abou t  20 microns in t i s s u e  wi th  an  averege of about  8 microns. 
Winen Equat ion  1 is used t o  calculate the absorbed dose, t h e  mass of gas is dctzmined 
by exposing the chamber to cobalt-60 r a d i a t i o n  t h a t  has  been c a l i b r a t e d  independently 
by a chamber whose c o r r e c t i o n  f a c t o r  is t r a c e a b l e  to t he  Na t iona l  Bureau of Standards. 
T h e  cobalt-60 v a l u e s  of the Bragg-Gray parameters are used i n  the  mass determination- 
The 11 v a l u e s  are weighed according t o  the  components of t h e  secondary charged 
p a r t i c l e  f l u e n c e  and t h e  c o n s t i t u e n t s  of  th2 compound &as. 
n u s t  be  o b t a i n e d  by integrating over  t h e  charged p a r t i c l e  energy s p e c t r a  and 
m i g h i n g  a c c o r d i n g  t o  t h e  gas components and the wall m a t e r i a l s .  
i n f o r n a t i o n  r e q u i r e d  f o r  t h e s e  c a l c d a t i o n s  i s  not vel1 known fo r  t h e  pion bezos. 
Therefore, c e r t a i n  ~ s u m p t i o ~  have been mad2 f o r  t h e  p ion  absorbed dose ca lcu la t ions .  

As the bean 

lfiethcr or not t h e  w a l l  and gas are s u f f i c i e n t l y  matched t o  apply t h e  
The g r e a t e s t  problem l ies  

. 

The average value of S 
- 

I, 
: The d e t a i l e d  

.- . .  - 
L 

From Plonte C a r l o  c a l c u l a t i o n s  for 175  p l e V / c  p ions i n  t i s s u e  (11, i n t e r n u c l e a r  -, 
1 -. 

5: cascade  model c a l c u l a t i o n s  for 180 l?eV/c p i o n s  i n  carbon (21, and silicon dioda 
li IxeaSurernents for 168 b l e V / c  p ions  in l u c i t e  ( 3 ) ,  estinates have been made of the 

f r a c t i o n  of the absorbed dose  con t r ibu ted  from each c l a s s  of  secondary p a r t i c l e s  
and t h e i r  average ene rg ie s .  It 
h a s  been assumed t h a t  a l l  s i n g l y  charged heavy particles arc pro tons  and a l l  heavier 
P a r t i C l c s  are alpha p a r t i c l e s .  
s i l i c o n  d e t e c t o r s ;  these e n e r g i e s  are s u f f i c i e n t l y  high to t r a n s p o r t  the part ic les  in 

T h e s e  are given i n  T a b l e  1 for t h e  p e a k  region. 

The average energies o f  particles are masurcd  by 
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t h e  t i s s u e - e q u i v a l e n t  gas nore than t e n  t i n s s  rhe average d i s t a n c e  t raversed by 
p a r t i c l e s  i n  Cross ing  the 0.1 c c  i o n i z a t i o n  chamber, but a s i g n i f i c a n t  frac:ion of 
h e a v i e r  p a r t i c l e s  is known t o  have much l o v e r  energies. 

The ’IJ values f o r  t h e  charged p a r t i c l e  components in Table 1 were 
measured values taken from t h e  l i t e r a t u r e .  The mass s topp ing  por’ers were ca l cu la t ed  
u s i n g  s t a n d a r d  formulas .  
f rom the t i s sue -equ iva len t  p l a s t i c  chasber  wa l l  t o  absorbed dose in Ruscle was deducec 
f rom*neasured  d a t a  and c a l c u l a t i o n s .  
These  values are c u r r e n t l y  be ing  used t o  c a l c u l a t e  pion absorbed dose in muscle, 

The kerrm c o r r e c t i o n ,  K, which t r a n s f o r n s  the absorbed dose 

The  ca l cu la t ed  parameters  are given Table 2, 

A t  p r e s e n t  i t  is no t  p o s s i b l e  to p re sen t  p i o n  dosimetry in terus of 
absorbed  dose  d i s t r i b u t i o n s  because of the  great var i ance  i n  t h e  charged particle 
flueoce i n  the p l a t e a u  and in t h e  peak. I t  is expected that t h e  charged p a r t i c l e  
fluence w i l l  vary cons ide rab ly  a c r o s s  the  spread p e a k  and also be dependent upon t h e  
w i d t h  of t h e  peak, V e r y  d e t a i l e d  measurements must be made i n  a l l  regions oE t h e  
b e a m  before complete  absorbed dose d i s t r i b u t i o n s  can be c a l c u l a t e d .  

The p r e s e n t  s t a t emen t  of pion absorbed dose has  a m i n h  unce r t a in ty  
of 10Z and ,  in f ac t ,  mny be i n  error by as much as 20%. depending upon the applica-  
bility of t h e  Bragg-Gray theo ry  for t h e  heavy, shor t - range ,  r e c o i l s  produced i n  p ion  
r e a c t i o n s  - 

A computer-control led dos ine t ry  d a t a  C O l l e C t i O n  system has been i n s t a l l  
w h i c h  u s e s  t h e  PDP 11/45 computer connected to t h e  necessary  dosimetry hardware 
through a CAWC i n t e r f a c e  s y s t e u -  
i z a t i o n  chanber  through the bean and e lec t rome te r s  f o r  t h e  ion iza t ion ’chache r  and 
moni to r  chambers are c o n t r o l l e d  and monitored by t h e  computer. A Tektronix 4010 
g r a p h i c s  t e r m i n a l  is used f o r  i n t e r a c t i v e  c o n t r o l  and d a t a  d i sp lay .  Hardcopy output  
is o b t a i n e d  via a Versatek e l e c t r o s t a t i c  p l o r t e r / p r i n t e r .  

A th ree-d icens iona l  s canne r  which moves an l o a -  

The e x i s t i n g  so f tware  can  be d i v i d e d  by f u n c t i o n  into th ree  groups of 
program, The first group of programs can be  used t o  c o n t r o l ,  c a l i b r a t e ,  and t e s t  
t h e  hardware,  The user can test t h e  scanner  l i m i t s ,  move t h e  scanner  t o  any position 
w i t h i n  t h e  limits, calibrate t h e  analog p o s i t i o n  s i g n a l s ,  check t h e  present  scanner 
p o s i t i o n ,  monitor the scanner p o s i t i o n  during%canning,  or test the scanner in t e r -  
face. The second group of programs i s  used for dosimetry d a t a  acquis iz ion.  The use r  
can select  one-, two-, or  t h r e e d i m e n s i o n a l  scans wi th  a v a r i e t y  of options,  and can 
change t h e  scan parameters  dur ing  scanning. 
user t o  analyze t h e  d a t a  from prev ious  scans. 
cozupared o r  combined. Any s c a n s  m a y  b e  reproduced wi th  any d e s i r e d  noraal izat ion.  
Two- and three-dimensional  s cans  m a y  b e  d i s p l a y e d  i n  a v a r i e t y  of formats.’ All &he 
softuare is a c t i v a t e d  through a button p a n n e l  and is user o r i e n t e d ,  requiring no . 
computer expe r i ence  of t h e  user- 

T h e  t h i r d  group of p r o g r a m  allows tho- 
Data from d i f f e r e n t  scan3 nay be 

c 
- ( 5 )  $ i i c rodos ine t ry  - .  
f 
c 

4 (a) Convent tonal  Nicrodosirnetry,  Pion Fluence ,  and Pion I5’-Velues, 
Y 

-. Dvse pe r  pa r t i c l e  and energy p e r  i o n  p a i r  (\.!-values) for pions have been obtairred _. . 

5. Previously on ly  from t h e o r e t i c a l  e s t ima tes .  Eleasurements of bo th  quan t i t i e s ,  along 
v i t h  t h e  beam f l u e n c e ,  were perforfwd a t  the biomedical channel  a t  LMIPF during t h s  
c u r r e n t  g r a n t  year, 

.A 

A system has been developed t o  measure t h e  p i o n  f l u  by use of 
a c t i v a t i o n  techniques- Disks  of p l a s t i c  s c i n r i l l a t o r  are p laced  i n  the beam and 
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i r r n d i a t c d  for several minutes. A f t e r  the  irradiation, z n  o f f - l i n e  measurenent is 
nade t o  d e t e r m i n e  the amount of Bf a c t i v i t y  fron l l c  p r o d u c e d  i n  t h e  plastic. 
s e c t i o n s  (4) . for t h e  r e a c t i o n  1 2 C ( T , r n ) 1 k  are then used to deternine abso lu te  
f luences .  
r e p r o d u c i b l e  t o  a b o u t 2 3 Z .  

Cross- 

An i n i t i a l  check on the r e l a t i v e  p r e c i s i o n  of t h e  method shcued i t  to be  
This v a l u e  c o u l d  b e  isuproved if necessary.  

U-values were determined i n  the  fol lowing manner- A para l l e l  
p l a t e  i o n i z a t i o n  chambar, 2.5 cm i n  diacleter ,  w a s  sanduiched between tu0 d i sks  of 
plastic scintillator of the same d i a n e t e r .  
volume of the chamber during i r r a d i a t i o n  rras measured, and t h e  t o t a l  f luence  through 
t h e  gas was determined  by the technique descr ibed i n  the p rev ious  Paragraph. Data 
w e r e  obtained v i th  t h e  chaaber  f i l l e d  w i t h  a i r ,  nitrogen, argon,  methanebased t issue-  
equivalent gas, and propawbased t i s s u e e q u i v a l e n t  gas .  Pre l iminary  U-values for 
t h e s e  gases for 78 2 2 NeV nega t ive  p ions  a r e  35.6 2 0.7, 36.2 5 0.7, 27.5 + 0.6, 
35.1 2 0.8,  and 28.1 2 0.4 eV p e r  ion pair, respec t ive ly .  
c e r t a i n t i e s  are given. The a b s o l u t e  u n c e r t a i n t i e s  include u n c e r t a i n t i e s  i n  incident  
energy of the p i o m ,  s topp ing  powers, and a c t i v a r i o n  c ross -sec t ions .  These V-valoes 
also i n c l u d e  c o n t r i b u t i o n a  from de l t a - r ays  from t h e  w a l l s  of the i on  chamber. It is 
n o t  y e t  known to what extent this e f f e c t  could a l te r  the values given. The fraction 
of t h e  to ta l .  charge i n  t h e  ion chanber produced by d e l t a  r a y s  from t h e  valls has  been 
c a l c u l a t e d  a n a l y t i c a l l y .  

The to ta l  charge produced i n  the gas 

Only t h e  relativi un- 

Prelhinary r e s u l t s  are shown i n  F igu re  12. 

Since  t h e  l a s t  report, two new techniques have been'developed to  
o b t a i n  n i c r o d o s h e c r i c  spectra a t  high average beam i n t e n s i t i e s ,  and data havc been 
acquired using both methods. 
about 106 pions/sec/cm2 average) n e c e s s i t a t e s  using a programed  1 0 r ~  i n t e n s i t y  pulse 
(every t e n t h  p u l s e )  f o r  count ing experimsncs. Even with t h e s e  l o v  i n t e n s i t y  pulses, 
pile-up i s  s t i l l  a problem. For t h i s  r e a s o n ,  and t o  c o l l e c t  d a t a  a t  the  raxinu 
possible coun t  rate, a p i l e u p  r e j e c t i o n  system vas  developed. T h i s  system has a 
t y p i c a l  r e s o l u t i o n  of less t han  200 nsec, the present limitation being the  response1 
time of the d e t e c t o r  i t s e l f .  This system, along with cont inued development of low 
noise, fas t-recovery p r e a m p l i f i e r s  and l i n e a r  energy t r a n s f e r  (LET) c h h e r s  capable 
of having t h e  bias voltage pulsed  i n  coincidence wi th  t h e  1-in-10 pulse ,  has allouad 
data a c q u i s i t i o n  with beams of high average i n t e n s i t y .  
the new methods d a t a  have been taken i n  the p l a t e a u  and Bragg region of various 
beams. 
s a t i s f a c t o r y ,  a l t h o u g h  d i f f e r e n c e s  have been observed below l i n e a l  energies of 1 
keV/prn. 

The high intensity of the biomedica lbeam (typically 

To check the  r e l i ab i l i t ) ;  of 

The agreement with data r e p o r t e d  i n  a previous p rogres s  r e p o r t  is generally 

Monte Carlo programs have been w r i t t e n  f o r  genera t ing  micro- 
d o s i n e t r i c  s p e c t r a  corresponding t o  t h e  experimental data .  The ca lcu la t ions  take 
i n t o  accoun t  straggling, t h e  distribution of p a t h  lengths  i n  t h e  de t ec to r ,  and gas 
n u l t i p l i c a t i o n .  
r e q u i r e s  as i n p u t  t h e  energy spectrum for ezch p a r t i c l e  type. 
i n  Figure 13 of the  c a l c u l a t e d  spectrum f o r  '168 FleV/c negative pions  and exper inenta l  
da t a .  It  is b e l i e v e d  t h a t  the response  of t h e  de tec to r  to monoenersetic particles 
can  now be a c c u r a t e l y  ca l cu la t ed .  Ca lcu la t ions  are no3 being per f  orned t h a t  include 
the s c a t t e r e d  pions, secondary pro tons ,  and heavier  p a r t i c l e s ,  and results should be 
availzble soon. 

The e f f e c t s  of d e l t a  r a y s  are now being incorpora ted .  The program 
A coaparison is shown 

(b) S i l i c o n  Detector blicrodosimetn.  The  work of t h e  pas t  'year  was 
d i r e c t e d  toward developing  a t echnique  f o r  handling i n  a silicon dEtec to t  the high 
f l u x e s  of p i o n s  required for therapy.  The LET ana lys i s  of a pulse, requires several 
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microseconds in t h e  s y s t e u ,  and a second p u l s e  nust not e n t e r  dur ing  t h i s  per iod of 
a n a l y s i s .  I n  t h e  e l e c t r o n i c  technique finally adopted, t h e  1 in 10 l O ; r  i n t e n s i t y  
beas. is used for  t h e  LET n e a s u r a e n t s  o f  t h e  incoming pions. For t h e  s tar  products 
t h e  c o u n t i n g ' r a t e  is l o w  so t h e  f u l l  i n t e n s i t y  bzan w a s  used. 
w i t h  e i t h e r  bearo. The WNPF gate genera tor  is used  t o  g a t e  all of the s c a l a r s ,  the  
ana lyze r ,  and the o s c i l l o s c o p e s  w i t h  e i t h e r  bean. 

The monitor can count 

Three d i f f e r e n t  beams have been c h a r a c t e r i z e d  wi th  t h i s  tech- 
nique, two patient beam and a radiobiology beam. 
5 x 5 c m  beam produced by a co l l ima to r -a t t enua to r  u n i t .  
shows the analysis of three basic LET components: low LET, Cons i s t ing 'o f  Passing 
pions, muons, and e l e c t r o n s ;  medium LET, cons lsc ing  of pro tons ,  deuterons and tri- 
tons; and high LET, c o n s i s t i n g  o f  alpha p a r t i c l e s ,  helium i o n s  and r e c o i l s .  Figure 
15 compares t h e  shape  of t h e  t o t a l  dose measured with an i o n i z a t i o n  c h a b e r  and rqith 
that measured w i t h  the silicon d e t e c t o r ,  as obta ined  by adding t h e  doses of t h e  LET 
cornponnnts, 
w i t h  t h e  i o n i z a t i o n  chamber is  apparent .  This beam was used w i t h  a patient having 
nelnnoca lesions deep to  t h e  skin s u r f a c e  and i t  was observed by t h e  r a d i o t h e r a p i s t s  
that t h e  d i s t a l  p o r t i o n  of the tumor becane s o f t e r  and s m a l l e r  much earlier than the 
p r o r c d  p o r t i o n .  Th i s  may be  due to t h e  r e l a t i v e l y  l a r g e  component of  h igh  LET dose 
in the d i s t a l  reg ion .  

The f i r s t  beam s t u d i e d  w a g  the 5 x 
For t h i s  bean, Figure 14 . 

. 
The agreement of the t o t a l  dose d i s t r i b u t i o n  of t h e  silicon de tec to r  

F igu res  1 6  and 17 a r e  the same d a t a  for a beam 8 x 10 x 8 cu with 
Th i s  bean was in tended  t o  be uniform i n  p h y s i c a l  dose over  a the r a n g e - s h i f t e r .  

depth of 8 a, and is b e i a g  used for radiobiologic s t u b i e s -  

F igu res  18 and 19 a r e  the  equivalent d a t a  for an 8 x 10 x 8 cm 
beam mnde by the r a n g e - s h i f t e r  f o r  p a t i e n t  treatment and correspond t o  Figcre 7. 

( 6 )  In-Vivo Dosimetrpl 

Preliminary measurements have been made u s i n g  12 silicon diode 
d o s i m e t e r s  on loan from t h e  PI. D. Anderson Hospital and Tumor I n s t i t u t e  Physics 
Department,  
t o  those u s e d  in t r e a t i n g  p a t i e n t s ,  

These diodes w e r e  exposed t o  a clinical p i o n  beam at dose levels comparab 
The f o l l o w i n g  p r o p e r t i e s  were exhibited: 

(a) Diode response  i s  correlated t o  dose v i a  t h e  same r e l a t i o n  
found t o  hold f o r  f a s t  neut ron  beans (5): 

D = K la (Vf /Vi )  ( 2 )  

There D is the dose in r a d s ,  K is  t h e  response  cons tan t ,  Vf is t h e  diode f o m a r d  
v o l t a g e  f o r  25 ma c u r r e n t  a f t e r  i r r a d i a t i o n ,  and V i  is the diode fomard voltage 
f o r  20 ma current p r i o r  to i r r a d i a t i o n .  T h e  fits t o  the d a t a  are seen  i n  Figure 
20, 

' 

(b) The diode response I;, v a r i e s  with position i n  
Note t h a t  d iode  sensitivity increases i n  and on as seen -in Figure 20. 

of the peak where neu t ron  and high-LET dose is a t  rnaxiuum. 

( c )  The  response constant t; is zpproximately four 
than t h a t  in a fast neu t ron  beam, which indicates that t h e  d iode  might 
s e n s i t i v e  t o  non-neutron dose. 

r- ,- - 
\,, L ' *  . * -. 27 t b .  

t h e  p i o n  bean 
the. back edge 

t i n e s  g r e a t e r  
b 2  less  , 
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These r e s u l t s  have p r o q t e d  a more i n t e n s *  C f f q e t ,  wi th  icq&iate 
p l a n s  to repeat these measurements at s e v e r a l  d e p t h s  i n  b o t h  the  narrov and r a n g e  
s h i f t e r  broadened beams, Because of a smearing efEect ,  i t  can be predic ted  t h a t  t h e  
d iode  s e n s i t i v i t y  should be reasonably cons tan t  across the broad peak. 

(7) Effect of Inhocngenoi t ies  on Dose D i s t r i b u t i o n  

Two problezv  are being s t d i e d  concerning inhomogeneities in pion  
beam:  6he i n t e r f a c e  e f f e c t  and t h e  d i s t a l  e f f e c t .  
the &ana= in dose  n e a r  t h e  interfaces of inhomogeneities,  which are caused by . the  
d e n s i t i e s  of the i n t e r f a c i n g  t i s s u e s  and by changes i n  secondary p a r t i c l e  emission. 
Dosimetry, mic rodos ine t ry ,  and radioblology expsriments arc presen t ly  being designed t$ 
s t u d y  t h e s e  e f f e c t s ,  
f r o 3  i n h o s o g e n o i t i e s  being l o c a t e d  upstream i n  t h e  pion beam and hence s h i f t i n g  the  
d f s t r i b u t i o n  of sropping p ions  downstrean- Experimental  r e s u l t s  a r e  repor ted  below 

The i n t e r f a c e  e f f e c t  c o n s i s t s  of 

The d i s t a l  e f f e c t  is defined as t h e  changes i n  dose arising 

on t h i s  effect. . .  

To correct f o r  the distal e f f e c t  of inhomogeneities,  bolus  material is 
used, Paraffh appears to be a good m a t e r i a l ,  having a stopping power relatfvc t o  
tzater of .92,  and i t  h a s  been used i n  a l l  inhomogeneity experiments.  A dental 
a l g i n a t e  ( s t o p p k g  power re la t ive t o  water of 1.10) w a s  used wi th  one serim of 
p a t i e n t s ,  
p a r a f f i n ,  d e t e r i o r a t i n g  with t i n a  and hence l e a v i n g  no permanent record,  and r e  
q u i r i n g  c o n s i d e r e b l e  care t o  prevent  dehydration. 
p a r a f f i n  has been  developed, so t h a t  i t  can now be used as bolus mate r fa l  €or pa t i en t s .  

However, i t  has the disadvantages of being less t i s s u e  equiva len t  t han  

A p r a c t i c a l  mold ing  system f o r  

Two types of bolus must be  cons t ruc ted  f o r  p a t i e n t  treatment.  T'ne 
first is c o n t o u r  bolus, w h i c h  s i n p l y  corrects for contours  i n  t h e  skix  by producing a 
p k n a r  s u r f a c e  p e r p e n d i c u l a r  t o  t h e  i n c i d e n t  bean- The second, compemating bolus, 
c o r r e c t s  f o r  inhorcogeoei t ies  i n  the  p a t i e n t  and partly shapes the  treamene volume. 
Figure 21 i l l u s t r a t e s  how t h e s e  bolus  components a p p a a r  i n  a t y p i c a l  treaaeat s i t u a -  
t i o n .  

Inhomogeneity experhents  have bean performed wi th  a clinical beam. 
This beam has a rnonentum of 1 6 3  lIeV/c (U = l.S?,) which produces a depth dose peak a t  
epproxirrrately 17.5 cm, A p a r a l l e l  beam, i t  is approximately 11 cm wide a t  t h e  80% 
level i n  x and y, and approximately 18 c m  wide at t h e  50% l e v e l  i n  x and y. 
b e u  is eas(ly c o l l a t e d  us ing  3.5 cm t h i ck  Cerrobend co l l ima to r s .  Collimation and 
geonetry used for these rnelsurements c l o s e l y  resemble a c l i n i c a l  setup. Although 
pion peaks i n  p a t i e n t  beams a r e  no rPa l ly  broadened by t he  dynamic range-shif ter ,  the 
r e s u l t s  h e r e  are f r o m  only t h e  narrow s t a t i c  beam, s o  t h a t  t h e  e f f e c t s  of inhoaa- 
g e n e i t i e u  can be more easily observed. 

Such a 

Teflon and a i r  inhomogeneities i n  a water phantom have'been chosen f o r  ' 
an approximat ion  of bone and lung. 
1.81. 

Teflon h a s  a s topping  power r e l a t i v e  t o  l a te r  of 

A recent c a l c u l a t i o n  emphasizes t he  change i n  p ion  peak dose rate wi th  
This e f f e c t  is seen i n  F igu re  22 where the  incidenc the p r e s e n c e  of inhomogenei t ies -  

pion beam p a s s e s  through an 11 x 9 cm e l l i p t i c a l  c o l l i n a t o r  and an  8 x 4 x 4 cn 
Tef lon  block is p l a c e d  a long  the beam axis 1 cn be lov  the  water surEace. Note t he  
forward shift of t h e  p ion  peak, due t o  the  TeElon causing t h e  d i r e c t  beam t o  equi- 
v e l c n t l y  p a s s  through an a d d i t i o n a l  3 - 2 5  cm water [ (1.81 - 1.0) x lb = 3-24]. 
s h i E t i n g  back t h e  peak under T e f l o n  by 3.25 c m ,  i t  is easily seen t h a t  the peak dose 
under Teflon ic; a feu p e r c e n t  less than t h e  peak dose wi th  no Teflon. 

By 
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This decrease occurs because t h e r e  are f e u e r  secondary i n t e r a c t i o n s  i n  the  peak, 
s i n c e  p i o n s  which do n a t  pass through the Teflon stop a t  a deeper depth. 
when these p i o n s  do stop, they c o n t r i b u t e  additional dose t o  t h e  rear of t h e  central  
peak as  s e e n  in Figure 22, 
_.- et al. 
t r a n s v e r s e  d i r e c t i o n ,  t h u s  decreasing the second p a r t i c l e  e f f e c t .  

L i k e w i s e  

There e f f e c t s  a r e  s i g n i f i c a n t l y  less than those of H a 3  
(6), because t h e  inhouogens i ty  i n  t h i s  exanple i s  a f a c t o r  O f  t w o  g r e a t e r  i n  

'The ab+ l i ty  to compensate f o r  the Teflon inhomogeneity us ing  a p a r d -  
le1 b e a m  bolus c o r r e c t i o n  is s h o r n  i n  F igures  2 3  and 24. 
f f i n  ( 3 . 2 4 1 . 9 2 )  w i t h  an 8 x 4 cm r e c t a n g u l a r  ho le  d i r e c t l y  above the' Teflon. 
Figure 23, t h e  depth  dose peak is almost  identical t o  t h a t  with no  inhosogenoicy. 
Figure 24 transverse p r o f i l e s  a c r o s s  t h e  peak show how the bolus  r e s t o r e s  the  o r i g i u a l  
bean profile. 
3.7 cm t h i c k n e s s  r a t h e r  t han  3.5 cm. 

The b o l t s  is 3.5 cn para- , 

In 
In 

The s l i g h t  d i screpancy  is a r e s u l t  of t he  paraffin bolus being cut  t o  

Similar results f o r  a i r  inhomgona i t i e s  a r e  s e e n ' i n  Figure 25. Note 
that  3 cm from t h e  edge of t h e  inhomogeneity i n  cases  A and C ,  the depth dose curves 
are influenced l i t t l e  by t h e  s topp ing  pion d i s t r i b u t i o n -  
of the inhomoganeity i n  Case B ,  there is m a x i r r r r m  d i s t o r t i o n  i n  t h e  peak. 
bolus s u f f i c i e n t l y  c o r r e c t s  for t h e  inhomogeneity ac ross  t h e  peak. 
b o l u s  was 2 mm t o o  t h i c k ,  over-shifting t h e  peak. 

In Contras t ,  under tha  edge 
Again t h e  

However, the  

One p r a c t i c a l  aspect of the  inhomogeneity experhenc is t h e  concapt of 
u s i n g  q u a n t i t a t i v e  p ion  rad iography to  deduce b o l u s  c o n s t r u c t i o n  from fnhomgenai ty  
a t t e n u a t i o n .  I n  F igure  26 t h e  dose inage behind a Teflon inhomogeneity suggescs t h i s  
p o s s i b i l i t y .  The dashed l i n e  is t h e  r equ i r ed  response. However, the ef€ecc of 
s e c o n d a r i e s  washes away such  r e s o l u t i o n ,  i n d i c a t f n g  t h a t  a p o s i t i v e  pfon rather than 
a n e g a t i v e  p ion  beamwould be  r equ i r ed .  A p o s i t i v e  p ion  beam h a s  a lower high LET 
dose,  and  t h u s  t h e  advantages  of a lower equivalent  dose t o  the p a t i e n t  and a de- 
creased v a r i a t i o n  in  film response. 
neck  region, where t r e a t m e n t s  are o f t e n  b i l a t e r a l ,  s i n c e  a symmetry plans i s  required 
p e r p e n d i c u l a r  to the  treatment beam. 

This method might b e  b e n e f i c i a l  b t h e  head and 

The above results show that  paraffin bolus can b e  used t o  co r rec t  for 
i nhomogene i t i e s ,  provided i n fo rma t ion  about  t he  inhomogeneities is avai lab le .  A 
study of the a b i l i t y  of computerfzed axial tomography (C4T) scanner data t o  provide 
such information should b e g i n  by the s u u r  of 1977. 
between electron d e n s i t y  and the pion s topping  power of t i s s u e l i k e  meterial relative 
t o  water should prove h e l p f u l  i n  d a t a  analysis. 

A f i r s t - o r d e r  co r re l a t ion  

A strong dependence of dose upon the  s topp ing  p ion  d i s t r i b u t i o n  
a c c e n t u a t e s  t h e , n e e d  f o r  complet ion of t h e  treatment planning code PIPLAN (subsect ion 
( 9 ) ) ,  so t h a t  the dose can b e  accurately predic ted  f o r  o t h e r  s topp ing  pions IJhich do 
not stop i n  a plane perpendicular t o  t h e  inc iden t  beam. F u t u r e  exper inents  will be 
des igned  for comparisons to PIPLAN c a l c u l a t i o n s ,  p a r t i c u l a r l y  for converging b e a a  
where the problems of i n h o a o g e n e i t i e s  and compensating b o l u s  become more coaplex. 
One long-term goal of t h 2  p r o j e c t  is t o  t r e a t  w i t h  a fan beam (h igh ly  convergaac i n  a 
plane p e r p e n d i c u l a r  t o  t h e  bean  p l a n e ) ,  t o  i nc rease  the  dose  ra te  and improva creac- 
nl-nt p lanning .  

( 8 )  . P a t i e n t  X m o b i l i z a t i o n ,  Alignm-ent, and T r a n s f e r  S y s t e m  

Pion i r r a d i a t i o n  of p a t i e n t s  with p o r t a l s  up to 8 x 10 x 8 cm began in 
Kovein5er 1976, for t r ea tmen t  of l a r g e  lesions extending several c e n t h e t e r s  i n  depth- 

29 
c i; 

- b  

00133396.040 

1 0 9 1 9 1 4  



These t r e a t m e n t s  c o n s t i t u t e d  a s i g n i f i c s n t  departurc f r o m  prev ious  pion p a t i e n t  
i r r n d i a t i o n j . f o r  several reasons. First, a co l l ima to r ,  r a t h e r  than a t r e a t c a n t  
a p p l i c a t o r ,  uas used t o  d e f i n e  t h e  bean. Second, a r ange - sh i f t e r  "as u t i l i z e d  t o  
s p r e a d  t h e  p i o n  s topp ing  r e g i o n  in depth.  
a f l a t  s u r f a c e  t o  the pion beam. 
accoun t  v a r i a t i o n s  i n  tumor dep th  i n  t h e  sama t reatment  f i e l d -  
bolus vas used t o  overcome d i f f e r e n c e s  i n  s topping  pouer of inhotcogeneities i n  the 
t r ea tman t  volurne. 
and r e p o s i t i o n i n g  device t o  ensure prope r  p a t i e n t  p o s i t i o n i n g  for each t r e a t c e a r  
session- 
procedure,  Because of t h e  extended t rea tment  time and t h e  d e s i r e  t o  opt ic t ize  treat- 
ment room u t i l i z a t i o n ,  a technique of p r i o r  immobilization and p o s i t i o n i n g  ( P I P ) ,  
planned  f rom t h e  p r o j e c t  i ncep t ion ,  was i n s t i t u t e d .  

Third,  bolus  was 'u sed  to presen t  
Four th ,  a shap ing  bolus was used to t ake  i n t o  

F i f t h ,  conpeasating 

Finally, i t  was now necessary . to  use a whole-body imnobilirotion 

AL1 of t h e s e  f a c t o r s  combined t o  make p a t i e n t  set-up a t i m r c o r s u n i n g  

A prototype p a t i e n t  i n s m b i l i z a t i o n ,  r e p o s i t i o n i n g  and t r a n s € e r  module 
has been developed,  which has a base of expanded polys tyrene  foam such es used i n  
b u i l d i n g  insulation- 
ary  field b l o c k s  by the h o t v i r e  c u t t i n g  technique-  Two d i f f e r e n t  sizes are used, 2' 
x 10' x 2" t h i c k  and 2' x 4' x 3" t h i c k -  The t h inne r  sheet prov ides  a foundat ian 
upon which  the thicker s h e e t  is mounted. Construct ing t h e  basic r epos i t i on ing  unit 
is q u i t e  simple- With the p a t i e n t  l y i n g  on t h e  th i ck  s h e e t  i n  t h e  appropr i a t e  
treatment p o s i t i o n ,  t h e  p a t i e n t ' s  contour  is traced d i r e c t l y  t o  t h e  foam with a wax 
p e n c i l .  
placed on t h e  t h i n  foundat ion  shee t .  
c u t o u t  and minor  changes or  mod i f i ca t ions  are made to the  cu tou t .  Once a good f i t  is  
o b t a i n e d ,  the p o s i t i o n  of t h e  c u t o u t  on the  foundat ion is  marked and the p a t i e n t  i s  
removed f ron t h e  u n i t ,  

This is t h e  same m a t e r i a l  used i n  making individualized second- 

T h i s  o u t l i n e  is c u t  o u t  using a band saw o r  small hand san and t h e  shee t  is 
The p a t i e n t  then p o s i t i o n s  himself i n  th+ 

The c u t o u t  is then  p l a c e d  on t h e  foundat ion s h e e t  aga in  as narked, and 
O n e  t o  2" diameter ho les  are drill- l e a d  b r i c k  are used to hold  it f i r m l y  in place. 

ed th rough b o t h  s h e e t s  of foam about  every 16" t o  20" around t h e  p a t i e n t ' s  contour. 
Two-codnponent liquid polyure thene  which expands and hardens to l o w  dens i ty  foan when 
coabined is then nlxed and poured i n t o  t h e  holes. It expands and f i l L s  t h e  holes 
with a strong hard foas permanently b inding  toge ther  the p a t i e n t  cu tout  and the  
f o u n d a t i o n  s h e e t .  

For convent iona l  r ad io the rayy  t rea tments ,  t h e  r e p o s i t i o n i n g '  u n i t  may 
be nade f o r  a n t e r i o r  and p o s t e r i o r  t r e a t n e n t s  when necessary,  as i n  t h e  case of 
ex tended  f i e l d  t r e a t m e n t s  for Hodgkin's d i s e a s e -  
by c u t t i n g  t h e  foam t o  hold an e l e c t r o n  cone in t h e  proper  o r i e n t a t i o n .  
c o n v e n t i o n a l  plaster of p a r i s  head c a s t  nay be f i t t e d  t o  t h e  basic whole-body re- 
p o s i t i o n i n g  sys t em f o r  treatments of t h e  head and neck. The advantages of t h i s  
system, which is composed almost e n t i r e l y  of foam, are: (a> i t  is l igh t rJ t igSt ,  and 
(2) f l u o r o s c o p i c  and r a d i o g r a p h i c  procedures  performed wi th  t h e  p a t i e n t  i n  this 
i n n o b i l i z a t i o n  d e v i c e  are of e x c e l l e n t  quality. 

The b a s i c  unit also may be nodi f ied  
F ina l ly ,  a 

C a s t s  used v i t h  pior- therapy p a t i e n t s  have proved t o  be q u i t e  good 
w i t h  sone m o d i f i c a t i o n s  r equ i r ed .  Because the dose  rate for 6 10 x 8 cat f i e l d  
IJaS approx ima te ly  3 rads p e r  minute  w i t h  100 microamps of beam c u r r e n t ,  a t y p i c a l  
100-150 rad t r e a t m e n t  r ~ o u l d  r e q u i r e  t h e  patient t o  be in t h e  immobil izat ion device 
f o r  approx ima te ly  one hour  (occas iona l ly  split by a b r i e f  rest per iod) .  Thirz foam 
rubbe r  padding  was added to i n c r e a s e  p a t i e n t  comfort and proved t o  be  q u i t e  adequate. 

c::. ; . I  
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Nore 
more 

e x t e n s i v e  use of t h e  l i q u i d  polyurethene foam is being explored to make the cast 
closely .conEorm t o  t h e  p a t i e n t ' s  contour, thereby p rov id izg  n3re u n i f o r a  support. 

Aligument lasers were i n s t a l l e d  i n  the  p ion  t reatment  area and in t h e  
s t a g i n g  area, so that p a t i e n t  a l f g r w n t  could be  quickly and '  accura te ly  rcprodcced. 
TIJO d i f f e r e n t  a r r u l g e n a n t s  of laser beans are used t o  produce v i s i b l e  c r o s s h a i r  
p a t t e r n s .  Both ar rangements  u t i l i z i  the s a o  p r i n c i p l e  of r e f r a c t i o n  o f  l i g h t  by a 
c y l i n d r i c a l  lens t o  convert a laser spot into a l i n e .  
quartz rod s u p p o r t e d  by a l d n u n  holders xhich are a t t ached  t o  t h e  laser case to 
p o s i t i o n  t h e  q u a r t z  rod i n  t h e  l a s e r  beam and to hold c f ront -sur face  mirror i n  f r o n t  
of t h e  rod. 
t h e  rod and refracts, producin'g a beam of 1 mm width and 17O divergencs.  

The l ens  is a 3 mm d i a a e t e r  

Light enters  t h e  q u a r t z  rod perpendicular  t o  the l o n g i t u d i n a l  axis oE 
. 

Two such asseablies are mounted i n  the  t r e a t n e n t  ~ 0 0 9  t o  give ortho- 
This yie lds  two 
A third laser, 

gonal lines w h i c h  i n t e r s e c t  at the v e r t i c a l  a x i s  of the  p i o n  be=. 
v i s i b l e  axes  for p r e c i s e  p a t i e n t  al igment  in t h e  h o r i z o n t a l  plane.  
u i r h o u t  t h e  refracting lens, is used as a v e r r i c a l h e i g h t  re ference .  

In  the p a t i e n t  s taging  area, uhere there I s  no overhead obs t ruc t ion  
from beam hard-dare, only ona laser is r equ i r ed .  The laser beam is passed through a 
beam s p l i t t e r  and t h e n  r e f l e c t e d  onto  t w o  quartz rods  which are fixed perpendicular  
to each o t h e r ,  The resulting c r o s s  pattern is uszd for h o r i z o n t a l  a l i g c l e n c  of t h e  
t rea tmi tn t  couch, c o l l i m a t o r s ,  and bolus r e l a t i v e  t o  t h e  p a t i e n t .  

Treatcacnt couches for t h e  pion t r e a t n e n t  and s imula to r  rooms, which 

To implement t h e  PIP system p r i o r  t o  
Tr i l l  require scann ing  motion uoder t h e  p i o n  beam, have been ordered with delivery and 
i n s t a l l a t i o n  expec ted  by the summer of  1977. 
i n s t a l l a t i o n  of those couches, two i d e n t i c a l  s t r e t c h e r s  were purchased and nodi€ied,  
t o  a c c e p t  p a t i e n t  immobi l iza t ion  m o d u l e s  and col l i tca tor  h o l d e r s  and t o  allow 1ocaJ.i- 
zat ion rad iography.  

The tables as 'purchosed  have v a r i a b l e  height and tilt, but an in- 
adequa te  top which would n o t  p rov ide  t h e  features listed above. 
constructed of two f l a t  plyvood slabs, 1.25 cm chick,  82 cm wide, 200 ca locg, and 
separated by a 2.5 cm gap. 
d i a g n o s t i c  imaging. 
These rails, approxfrmtely 5.5 an wide and spanning tha  l e n g t h  of the couch, provide 
a s t r a i g h t ,  f l a t  surface t o  which t h e  c o l l i m t o r  holders are at tached.  The c o l l i -  
mator  h o l d e r s  rest on b r a c k e t s  w i t h  Tef lon  bear ings  which slide e a s i l y  along the  
couch rails. Floor brakes have been obta ined  which w i l l  be i n s t a l l e d  on each of t h e  
couches,  These will rephce  t h e  manufacturer's v h e e l  locks, which have proven in- 
adequate .  
ConpIcte,  t h e s e  temporary t a b l e s  will b e  reconverted t o  p a t i e n t  t r a a s p o r t  stretchers. 

New tops were 

This opening allows i n s e r t i o n  of x-ray film casset tes  for 
F l a t  aluninum rails  were a t t ached  a long  each s i d e  of these  tops. 

: Nhen t h e  permanent t r ea tmen t  couches are d e l i v e r e d  and i n s t a l l a t i o n  is  

- r. 

Two i d e n t i c a l .  c o l l i m a t o r  ho lde r s  have been nounted on t h e  temporary L - '. 

L L. 
* - 1  
0 
=x) 

t r e a t m e n t  t a b l e s .  The requirements f o r  these devices inc luded  tha  follouin3: - 
(a) V a r i a b l e  positioning was neoded along t h r e e  1in-r axes,  Le., 

Vert ical  height above t h e  t r e a t n e n t  volume and x-y ( h o r i z o n t a l )  pos i t i on ing  relative 
to t h e  a l i g m e n t  of t h e  p a t i e n t .  

(b) A limited m o u n t  of rotational adjus tment  was 
merits in which t h e  tumor l o c a t i o n  and s u r r o u n d i n g  anatomy r e q u i r e  
Srcatment couch out of t h e  h o r i z o n t a l  p l a n 2 .  In these cases, t h e  
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r o 2 t ed r cla t ive t 0 

. (c> 

( d )  

(e 1 

Cf) 

ca l  c o l l i m a t o r s -  

p e t i e n t  safety w i t h  

table, 

the couch, t o  naintain co l l ima t ion  perpendicular  t o  the  bean. 

R o t a t i o n  about the v e r t i c a l  axis was r equ i r ed  to a l i g n  asmctri-  

All p o s i t i o n i n g  needed t o  be p r e c i s e l y  reproducible .  

The c o l l i m a t o r  holder needed t o  be st rong enough to ensure 
the 10 to 25 kg collioators requi red-  

The holdor needed t o  be compatible with t h e  temporary treatment 

' 

. .  

. .  

.. 

The c o l l i m a t o r  h o l d e r s  were lesigned and f a b r i c a t e d  inco&oratiag the 
five degrees of freedom required t o  mezt individual p a t i e n t  needs. 
lation is allmad in 1.25 cm increments over a range of 42 cm. 
h o r i z o n c a  p h m  are continuously variable and have ranges of 40 c m  and 150 a, 
Rotation about the vertical a x i s  is continuous over 360's and rotatlon about t he  axes 
of the h o r i z o n t a l  plane proceeds i n  20 increments over ranges of t20°. 

Verticle trans- 
T r a n s k f o n s  in the 

The devices w e r e  f a b r i c a t e d  f r o m  aluminum plate and stafnless steal  
rods with steel f m t e n e r s ,  r e s u l t i n g  i n  s t rong ,  l igh tweight  ho lde r s  which have t e s t e d  
safe under  a load of three t i n e s  t h e  average collimator weight .  ,The ne t  wei.s$tt of 
one h o l d e r  is 15 .7  Erg, which can easily be placed OR t h e  t r ea tmen t  couch by two 
people. 
p o s i t i o n i n g  and facilitate p a t i e n t  entry t o  and e x i t  from t h e  t reatment  couch. 
Thuriibscrews are used as locks f o r  all tran3lational not ion .  

B a l l  bushings and Teflon bea r ings  ensure quick, easy adjustment for x-y 

. As c o n s t r u c t e d  and m d i f i e d ,  t hese  co l l ima to r  holders have performed 
their r e q u i r e d  functions during pac ien t  t reatment .  
time and effort f o r  adjustment, thus  con t r ibu t ing  t o  opt imal  patient setup, I 

They r e q u i r e  a minimalainouut of 

Nith a U  these  components assembled, it w a s  possible t o  i n p l e e n f  the 
PIP system. 
i n d i v i d u a l l y  t o  the t r e a w n t  room and set up i n  their immobil izat ion cas t s ' unde r  the 
treatment beam, Using the laser alignment system. 
for bean direction and f i e l d  size, t h e  he ight  of the t a b l e  was recorded, and the 
h e i g h t  of the collimator support assembly above t h e  t a b l e  t o p  w a s  recorded, 

O n  t h e  day prfor to the f i r s t  t reatment ,  t h e  p a t i e n t s  were brought 

The p a t i e n t  vas marked appropriate$ 

With this i n fo rma t ion  t h e  patient c o u l d  t hen  be s e t  up and pos i t toned  
i n  the S t a g i n g  room e x t e r n a l  to the t reatment  room. After the first  pat i entuas  set  
Up and tream.ent begun, the  procedure could be  done quite c a r e f u l l y  for the next 
p a t i e n t ,  without losing valuable beas t i n e .  'Iblhen t h e  t r ea tmen t  was completed, t h e  . 
P a t i e n t  in the treatment room vas wheeled out on his t r ea t r r sn t  t a b l e ,  while t h t  
second p a t i e n t ,  already i w o b i l i z e d  and prepared for t rea tment ,  was wheeled i n t o  t h c  
treatr;..ent room on a second t a b l e .  The a c t u a l  pos i t i on ing  Of the p a t i e n t  under t h e  
t r ea tmen t  bem r e q u i r e d  only about one r t incte ,  and the  t o t a l  time spent  i n  t h e  ex- 
change of patients averaged  about 4 t o  5 m i n u t e s -  

c :$ 

(9) Computerized Treatment P1anp.ip-q 

me computer p r o g r m  PIPLAN v a s  t h e  primary focus  of treatnent plannhg 
development d u r i n g  the past year. 
c d c u k t t i n g  dose d i s t r i b u t i o n s  and upgrading C l i n i c a l  u t i l i t y .  

T h i s  involved both improving p h y s i u l  models for 
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Coding vas conpleted t o  cor.vert anatomy COntOUK d a t a  i n t o  a t h r e e  
d im+nsional  d e n s i t y  matrix to i n t e r f a c e  with the  BUCYLT dose-node1 program and t o  
e v e n t u a l l y  accept CAT-scan d c t a .  
d e n s i t i e s  are conver ted  i n t o  4-b i t  d e n s i t y  codes  r e p r e s e n t i n g  16 d i f f e r e n t  tissues 
and t r e a t n e n t  devices ,  
i n  a 10 x 10 x 20 cm volumr w i t h  only  8000 words o€ m e m o r y .  
to allow a d i f f e r e n t  number of  d e n s i t i e s  or a d i f f e r e a t  computer word length.  

To o b t a i n  h igh  resolution u i t h i n  memory l i n i t a t f o n s ,  

The codes are packed 15 p e r  word, producing 0.25 cm resolutior 
This feature is genera l  

PIPLAN was modified t o  predict dosd distributions for static beams and 
'The coapa r i son  of dose d i s t r i b u t i o n s  ca l cu la t ed  the dose model EUCKET was i n s t a l l e d .  

from BUCKET w i t h  t h e  simplest experiments i n  u a t e r  phantom is good. Xoucver, when 
c o l l i m a t o r s ,  r a n g e - s h i f t e r  and inhorcogeneities are added, t h e  agreement betweal; 
c a l c u l a t i o n  and experiment deteriorates considerably. To trace t h e  source' of t h e s e  
d i f f i c u l t i e s ,  sys t e r m t i c  comparisons with the Oak Ridge Plonte-Carlo code, PI0,u-1, 
have  been made s t a r t i n g  with t h e  s b p l e s t  configuration-a p e n d l  beam in a water 
phantom- As a result of  these comparative studies, improvements i n  botk cod- have . 
been made, most no tab ly  i n  p i o n  i o n i z a t i o n  and i n - f l i g h t  i n t e r a c t i o n s .  Theoretical. . 
c a l c u l a t i o n s  by Carl IJerntz ' o f  C a t h o l i c  Universi ty  have provided  ine las t i c  and 
a b s o r p t i o n  c ros s - sec t ions  f o r  p ions  n o t  a v a i l a b l e  exper imenta l ly .  
s c a t t e r i n g  algorithm h a s  been improved to more accu ra t e ly  deal wi th  a i r  gaps. 
1-fodifications t o  the p ion  s t o p p i n g  d i s t r i b u t i o n  c a l c u l a t i o n  have been made, giving a 
n o r e  a c c u r a t e  d e s c r i p t i o n  of the high-LET dose. Fine t u n i n g  of the  physical approxi- 
n a t i o n s  employed in BUCKET, r e s u l t i n g  from comparisons w i t h  PIOx-1 a d  well as experi- 
menta l  dosimetry ,  w i l l  c o n t i n u e  until t h e  f u n d a n m t a l  accuracy  of t h e  code is assured, 

The mult ip le  

Because both  PIPLAY and BUCKET a r e  l a r g e  Codes, it vas necessary t o  
This step also over lay"  s e c t i o n s  of P1PLG.i as p a r t  of the  BUCKET i n s t a l l a t i o n .  11 

f u r t h e r  rnodularizes PIPLlLN c o n s i s t e n t  w i t h  the  f i n a l  c l i n i ca l  version. 
c l i n i c a l  f e a t u r e s  of BUCKET were also adopted. Thus, PIPLNJ is now also used for a 
v a r i e t y  of d e t a i l e d  dosimetry, microdosimetry,  and radiobiology s t u d i e s  and experi- 
m e n t a l  investigations. 

llany now 

New c o l l i r z a t o r  and bolus models have a l s o  b e t n  i n s t a l l e d  in PIRAN. 
The main feature of t h e s e  models 5s t h a t  rhey enable  t h e  code t o  des i -  devices  t h a t  
can be e a s i l y  f a b r i c a t e d  using methods p re sen t ly  a v a i l a b l e  i n  a c l in ica l  se t t i ng .  A 
r a n g e - s h i f t e r  model has been i n s t a l l e d  i n  PIPLAIN, using as a predef ined  func t ion  the 
amount of r a n g e  a t t e n u a t i o n  as a f u c t i o n  of  time. This f u n c t i o n  is genera ted in-  
dependen t ly  for a p a r t i c u l a r  beam t une  by specifying t h e  f i n a l  depth-dose distri-  
b u t i o n  d e s i r e d .  To accommodate p a t i e n t  set-up, additional geometry has been i n s t a l l e d  
t o  d e f i n i t i v e l y  locate t h e  p a t i e n t  and t reatment  voluse In t h e  beam channel and t o  
i n d e p e n d e n t l y  move t h e  peak dose d i s t r i b u t i o n  relative t o  t h e  t reatment  voluini. 
(This is  ana lagous  to  specifying t h e  source-skin d i s t a n c e  i n  x-ray therapy and using 
variable  energy  x-rays dur ing  t r ea tman t ) .  

A remote graphics t e rmina l ,  a p l o t t e r ,  and an a c o u s t i c a l  modernwere 
o b t a i n e d  to  implement the i n t e r a c t i v e  c a p a b i l i t y  of PIPLAN- While the  PDP-11/45 
computer a t  the treatment f a c i l i t y  w i l l  be used f u r  i n p u t  and data  manipulation, the 
LASL Central Computing F a c i l i t y  (CCF) will be used f o r  c a l c u l a t i o n s -  Houevtr, the  
CCF has  been  c o n t i n u a l l y  changing both  machine and operat ing-system configurat ions,  
as  well a s  changing a lgo r i thms-  This has caused a d e l i b e r a t e  de lay  in implementation 
of t h e  i n t e r a c t i v e  mode u n t i l  about June 1 9 7 7 ,  when the CCF w i l l  complete much of its 
c o n v e r s i o n  t o  a n  inproved t ime-sharing system. Postponing t h i s  commitment has 
avoided  t h e  d u o l i c a t i o n  of conve r t ing  from more than one sys tem t o  another and 

t,; - ,  

. -  
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a l lowed o t h e r  requi rev-ents  to be developed instead. 
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For p a t i e n t  t rea tment  configurarions, PIPLAN has been used t o  calculate 
v a r i o u s  dose and p a r t i c l e  d i s t r i b u t i o n s  i n  a wncer  phantom. 
w i t h  bo th  macro- and u i c r o d o s i n e t r y  measureaants. 
i n t e r p r e t i n g  c l i n i c a l  results wi th  p a t i e n t s .  
as  p a r t  of t h e  f i r s t  in te rcompar ison  of t r e a m e n t  planning us ing  Various types of 
h igh  LET r a d i a t i o n .  FOUK t y p i c a l  deep-seated tumors were t r eamen t -p l z raed  in+ 
pei ident ly  for each type of  r a d i a t i o n .  

T h e  r e s u l t s  agree vel1  

An e a r l i e r  version of pIPL4N was used 
Such ca lcu laCions  are of value i n  

(lo) P a t i e n t  Treat-nt Software SysKem 

The b i o s c d i c a l  p ion  p a t i e n t  t r e a t n e n t  software p e r f o m  a rnonitoriug 
f u n c t i o n  p r i o r  t o  and dur ing  p a t i e n t  t r e a t n z n t .  Prior t o  t h e  t reatment ,  t h e  opera tor  
e n t e r s  p a t i e n t  i n fo rma t ion  such as name, portal i d e n t i f i c a t i o n ,  t rea tment  dzy and 
f r a c t i o n  number. Xard;lare s a f e r y  i n t e r l o c k s  are checked and cont inuously monitored 
d u r i n g  t r ea tmen t .  P r e s e n t l y ,  t h e  software has t h e  &ann21 o p e r a t o r  v e r i f y  t h a t  the  
r ange - sh i f t e r  is running  t h e  proper  f u n c t i o n  f o r  each t rea tment .  
backed d u r i n g  treatment by a hardware " r ange - sh i f t e r  dead" alarm- 
display is g e n e r a t e d  by t h e  so f tware  during t reatment ,  showing dose rate and esti- 
mated t i m e  t o  comple t ion  of t r ea tnon t .  T h i s  d i sp l ay  is d i s t r i b u t e d  throughout t h e  
Biomedical Facility via closed c i r c u i t  t e l e v i s i o n  f o r  the in fo rma t ion  of physicians 
2nd s t a f f ,  Dyna;lic c h a r m a  parameters  such as t ine-of-day, dose rate, dose delivered, 
and hardware  status are sampled p e r i o d i c a l l y  and saved i n  such  a manner as t o  allow 
a c c u r a t e  d e t e r m i n a t i o n  of dose d e l i v e r e d  i n  the  event of severe' hardware /saEhtare 
f a i l u r e .  A t  the complet ion of t h e . t r e a t n e n t ,  t h i s  information,  a long  with p a t i e n t  
s p e c i f i c s ,  is produced as a t rea tment  swii iary f o r  i n c l u s i o n  i n  t h e  p a t i e n t ' s  record. 

T h i s  check is 
A t r e a t u e n t  status 

Improvensats  to be impleminted i n  the  near  f u t u r e  include a p a t i e n t  
t r e a t m e n t  file t h a t  can be c r e a t e d  i n  advance of a c t u a l  t r ea imen t  to irrcluds, dong 
with p a t i e n t  data, the channel  t une  necessary  f o r  each t r ea tmen t ,  t h e  range-shLfter 
f u n c t i o n  for same, and t rea tment  d a t a  such  a s  prescr ibed  dose and 
dose  rate- C o n t r o l  f u n c t i o n s  w i l l  be inc luded  t o  allow t h e  p rope r  channel tune t o  be 
set up and v e r i f i e d .  The r a n g e - s h i f t e r  will come under computer c o n t r o l  oE t he  
f u n c t i o n  followed, and tvo separate processo r s  will monitor and v e r i f y  t h a t  t h e  
f u n c t i o n  is properly executed. 
f o r  each  p a t i e n t ,  and f a c i l i t i e s  for t r a n s m i t t i n g  t h e  r e c o r d s  t o  t h e  UXX-CRTC are 
being evaluated. 

acceptable  

Cumulative records  of pion i r r a d i a t i o n s  will be kept  

An e x t e n s i o n  oE t h e s e  a p p l i c a t i o n s  and development of n w  app l i ca t ions  
i n  p r e p a r a t i o n  for Phase I11 trials inc lude :  
treatments a t  t h e  CRTC, (2) s o n i c  t a b l e t  input  t o  t h e  computer of p a t i e n t  treatment 
p l ann ing  d a t a ,  and (3) d i r e c t  u l t r a sound  scan d a t a  input  to the computer for t r e a t -  
t ient p l a n n i n g  and  possible d i a g n o s t i c  a n a l y s i s  - 
t r e a t m e n t s  may be extended t o  i n c l u d e  patient record-keeping and eventua l ly  s ta t i s t i -  
cal analysis of t h e  t o t a l  p a t i e n t  population. 
r e l a t e d  to p a t i e n t  t rea tment ,  may be t h e  automation of dosimetry harduare,  s p e c i f i c t l l  
the SHtI t h r e e - d i m e n s i o n a l  i s o d o s e  scanner .  

(1) conputer moni tor ing  of Clinac-18 

Computer moni tor ing  of Clinac-1S 

An additional app l i ca t ion ,  i n d i r e c t l y  

A t  t h i s  t i n e ,  all the hardware required f o r  the above e p p l i c s t i o n s  has  
been o r d e r e d  and,  w i t h  t h e  except ion  of the  sonic t a b l e t ,  rece ived .  U n t i l  recent ly ,  
computer sys t em problems prevented work on the hardware i n t e r f a c i n g -  Those problecs 
have been resolved and work on t h e s e  a p p l i c a t i o n s  may now begin.  
the u l t r a s o u n d  a p p l i c a t g o n  has  been done, and involved t h e  i d e n t i f i c a t i o n  oE the 
s i g n a l  l i n e s  t o  be read by t h e  computer. 
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(11) C l i n i c a l  Evalua t ion  of Pion Y i s u ~ l i z a t i o n  

Pion beam have an advantage over convent ional  t r ea tnen t  beams i n  t h a t  
t h e  p a t i e n t  is s l i g h t l y  r a d i o a c t i v e  following t reatment ,  which allows the p o s s i b i l i t y  
of garrmra r a d i o g r a p h i c  imaaing. 
vieupoint is planned, basad upon t h e  results of r e sea rche r s  a t  LANPF (7 ,8) ,  
b e n e f i t s  f r o m  pion v i s u a z a c i o n  would be the conf i rmat ion  of treatment planning and . 
l o c a l i z a t i o n ,  

An eva lua t ion  of pion v i s u a l i z a t i o n  fro3 a clinical 
T h e  

f 

The first problem t o  be i n v e s t i g a t e d  is i n h e r e n t  tomographic reso lu t ion  
based on  t h e  e s t i m a t e d  activity in a p a t i e c t  f o r  a t y p i c a l  p ion  i r r a d i a t i o n .  Computer 
s i m u l a t i o n s  should d e l i n e a t e  the  r e s o l u t i o n  which could be expected f o r  va r ious  
d e t e c t o r  a r rnngeuen t s .  The second problem is to i n v e s t i g a t e  the effects  of inhomo- 
g e n e i t i e s ,  Positive beta imaging has t he  advantage t h a t  inhomogeneity a t t e n u a t i o n  
can. be measured (9). - Assuning t h a t  t h e  s t u d y  of these  two problems i n d i c a t e s  v isua l i -  
z a t i o n  is still practical, a d d i t i o n a l  experiments must be performed t o  relate dose t o  
beta activity for various t i s s u e s .  
d i f f u s i o n  rates, whfch n o t  only lower t h e  count r a t e  bu t  may also s m e a r  the activity- 

The final and most  p e r p l e a  problem is t h a t  of 

A l l  but the diffusion problem can be s t u d i e d  by computer s imula t ion  
and measurements with a simple s o l i d  or Rando phantom. 
c a n  be answered only by measurements i n  vivo-  
p r e v i o u s  beta imagtng papers (9,10), coupled w i t h  the above prob les s ,  M k e s  pion 
v i s u a l i z a t i o n  appear d i f f i c u l t ,  the . p o t e n t i a l  clinical b e n e f i t  is so g r e a t  as t o  
war 'rant e v a l u a t i o n .  

However, t h e  d i f f u s i o n  problem 
Although the r e s o l u t i o n  presence5 in 

b. BioloRy 

(1) Cellular Biology 

. The cellular biology e f f o r t  dur ing  t h e  p a s t  year has becn 'd i r ec t ed  
toward development of an understanding of t h e  mechanism of action of an i dea l i zed  
small volume tuna and preliminary, b u t  cont inuing ,  s t u d i e s  on t h e  b io log ica l  effective 
ness of large volume tunes p r e s e n t l y  be ing  used f o r  p a t i e n t  t reatment .  

' 

Three d i f f e r e n t  tunes  or dep th  dose d i s t r i b u t i o n s  have been s tud ied  
, 

w i t h i n  the  p a s t  year: 

. (a) The 2 x 2 x 2 bio logy  tune which y i e l d s  a dose r a t e  of approxi- 
n a t e l y  20 r a d s  per minute at 100 nicroamps of proton c u r r e n t  (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 S tune  which yields a dose r a t e  o f  approximately 3 
rads per minu te  (Figure 6). 

The composi t ion of tunes (b)  and ( c )  i n  terns of t h e  var ious  LET 
compor~znts  is prov ided  i n  subsec t ion  (a-5) of t h i s  p rogres s  r e p o r t .  The LET composl- 
tion of r h e  2 x 2 x 2 b i o l o n  run2 is proporc iona l ly  the  same as for the 5 x 5 x 5 
tune.  

As t h e  t r ea tmen t  v o l w e  i s  increased  the r e l a t i v e  proport ion of the  
higher LET components d e c l i n e s  as does the  peak-to-plateau r a t i o .  For these  reasons 
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the biologi-1 e f f e c t i v c n w s  is expected t o  decline as the t r e a t c e n t  volclre increases, 
and t h e r e f o r e  all b a s e l i n e  s t u d i e s  are initially conducted wi th  t h e  2 x 2 x 2 tune. 
Certain of t h e s e  studies hava been o r  will b e  repeated wi th  the  larger tunes as 
experience dictates. 

(a) Plonolayer Stud ies .  Tvo c e l l  l i n e s  have been used f o r  the essay 
of the response of single cells i n  c u l t u r e  t o  t h e  pion beams. These have been ClIO 
cells ( s u b l i n e s  K1 and (216) and the Line  1 lung carcinosa.  Due to the  l i u i t e d  volutu 
which can be irradiated a t  a single t i m e  and an un*Jil l ingness  to int roduce a r t i f a c t s  
v i a  trypsinization a f t e r  exposure, an assay system was developed i n  which 106 cells 
w e r e  placed i n  liquid media in a 15 cc t e s t  tube filled wi th  varying aitnunts of agac 
s n d  l i q u i d  media, The dep ths  of t h e  agar i n  th* tube r e g u l a t e d  the  p o s i t i o n  of t h e  
cills w i t h i n  the d e p t h  dose p r o f i l e ,  thereby a l lowing  s t u d y  of  a range of positions 
w i t h i p  any p r o f i l e .  The rubes w e r e  immersed in water dur ing  t h e  exposure so as t o  
p r o v i d e  maximum scatter, 

Figure 28 is a p l o t  of the r e l a t i v e  survival of CHO cel ls  which 
w e r e  exposed to peak p i o n s  (a depth  of 1.8 cent imeters )  from t h e  2 X 2 x 2 biology 
tune as compared to r e s u l t s  with x-rays. 
slopa of t h e . s u r v f v a 1  curves between pions and x- rays ,  but t h e  pion Curve was sh i f t ed  
by approximately 120 rads t o  t h e  l e f t ,  i.e., the w i d t h  of t h e  shouldar  for the cell, 
s u r v i v a l  curve was reduced by 120 r ads .  
survival f o r  Line 1 carcinoma cells which were i r r a d i a t e d  under  the  S ~ O L  condi t ions.  
This ce l l  l i n e ,  which i s  more r e s i s t a n t  t h 2 n  rhe CHO cells both  i n  t e m  of the width 
of t h e  shoulder and the slope of t h e  survival curve, showed a response sigil2r t o  
t h a t  o f  the CHO cells, P i o n s  were no more e f f e c t i v e  than x-rays in tenns of the 
s l o p e  of t h e  surv iva l  curve, b u t  the width of t he  shoulder  on t h e  sumlval  curia was 
reduced  by 140 rads (Figure 29). 

No differences could b e  detected iu the 

F i g u r e  29 is a p l o t  of t h e  r e l a t i v e  ce l l  

This raises an interesting point regarding t h e  potential appl i -  
c a b l l i t y  of n e g a t i v e  p i  mesons in  rad io therapy .  
curve characteristics for t h e  two ce l l  lines. In t h i s  t a b l e  the cell line with t h e  
small shoulder (CRO) and the ce l l  l ine  with t h e  large shoulder  (Line 1) both show a 
r e d u c t i o n  in t h e  size of t h e  shoulder'by approximately 120-140 rzds.  
s u g g e s t  t h a t  tissues with a small shoulder  (such as tumors) would recover relatively 
less e f f i c i e n t l y  t h a n  t i s s u e s  wi th  large shoulders (such as t h e  noma1 tissues) 
during p i o n  t r ea tmen t ,  i.e., a cons tan t  number of rads equals a g r e a t e r  fraction of 
t h e  shou lde r .  region of the ce l l  l i n e  wi th  a smal l  shoulder .  V e r i f i c a t i o n  of t h i s  
potential advantage of pions is p r e s e n t l y  b e i n g  t e s t e d  in vivo  and is discusstd 
further below,  

Table 3 summarizes the su rv fva l  

This would 

. 

A t  p r e s e n t  the cells can be kept i n  t h e  exposure tubes f o r  up t o  
16 hours  with only minimal clunping, thereby a l lowing  the performance oE f r a c t i o n a t i o n  

q u i t e  clearly t h a t  two f r a c t i o n s  of 150 rads of pions with  a 2-hour recovery period 
bst.I:cen allows far less recoverp  than is observed K i t h  x-rays which a r e  siuilarly 
fractionated. 

s h o u l d e r  is reflective of t h e  accumulation of sublethal i n j u r y  and, therefore ,  
i n d i c a t i v e  of t h e  amount of i n j u r y  r~lhich night recover  between exposures. 

c r_- s t u d i e s .  Tab le  4 summarizes t h e  r e s u l t s  of such an i n v e s t i g a t i o n  and demonstrates 
C .  .. 
c 

T h i s  r e l a t i v e  l a c k  of recovery i n  the  p ion - t r ea t ed  groups is con- - -  .. S i S t e n t  v i t h  a r e d u c t i o n  of t h e  size of the shoulder (Figures 28-30), €.e., the 

Single cell survival curves have been determined for CHO cells a t  
d e p t h s  of 0, 2 ,  4, 7 and 8 cm along t h e  8 cn z axis of t h e  8 x 1 0  x 8 t u n e  (0 =I l ead  
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e d g e  of t h e  peak). 
in which, again, m s i g n i f i c a n t  d i f f e r e n c e s  could be d e t e c t e d  i n  the slopes of the  
s u r v i v a l  c u w e s  a t  any depth ,  n o r  could any differences be d e t e c t e d  i n  shoulder  width 
among positions 0, 2 and 4 o r  between positions 7 and 8. 
ktouever, 1~5 th  t h a t  g iven  above, i n  t h a t  the major effect of t he  p i o n  exposure has 
been t o  r e d u c e  the width of the shou lde r  region. 
r ecove ry  between exposur- would be less pronounced i n  t h e  p i o n  t r e a t e d  groups. I 

Table 5 is a comparison of p ions  and x-rays i n  t e k  of  amount Of recovery between 
CWO 150-rad f r a c t i o n s  s e p a r a t e d  by 1 6  hours- The p r o m 1  p o r t i o n s  of t h e  peak 
(positions 0, 2 and 4) show moderate recovery between the two 150-rad eqosure, 
(relative to x-rays) ,  while t h e  d i s t a l  p o s i t i o n s  (7 and 8 cm) show barely de tec t ab le  
r e c o v e r y  between t h e  two exposures. In  succary, all t h r e e  tunes  t e s t e d  have bean 
c h a r a c t e r i z e d  by a r e d u c t i o n  i n  t h e  shou lde r  width. This is c o n s i s t e n t  with the  
f r a c t f o n a t i o n  studies which have i n d i c a t e d  less recovery between exposures, at  
e i t h e r  2- or l6-hour recovery i n t e r v a l s .  

The r e s u l t a n t  s i n g l e  c e l l  s u r v i v a l  d a t a  are s h o w  i n  Figure 30, 

T h e  p a t t e r n  is cons i s t en t ,  

Again, this would predict t h a t  

(b) Nul t fce l lu la r  Tumor Spheroids (FlTTS). Due t o  i i m f t a t f o p s  on the V O ~ &  

that can be irradiated w i t h  t h e  smaller cunes 2nd the  need t o  study a number of 
p o s i t i o n s  in depth vith the l a r g e r  tunes, i t  has not been p o s s i b l e  a t  the  present  
beam i n t e n s i t y  t o  s t u d y  i n  vivo tumors. However, a technique  h a s  r ecen t ly  b+en 
developed  at the UNM/CRTC which allows the sinplified produc t ion  of m u l t i c e l l u l a r  
tumor spheroids (NTS) which possess t h e  following c h a r a c t e r i s t i c s  O f  i n  vivo t u o r s :  
i n t i m a t e  cell/cell c o n t a c t s ,  well-developed hypoxic r eg ions ,  and a l t e r e d  cell cycle 
d i s t r i b u t i o n s .  T h i s  sys tem has been used i n  a l l  b i o l o g i c a l  program a t t e m p t s  t o  study 
t h e  effects of p i o n s  on tumors. '  

The method f o r  producing these FITS involves under lay ing  petri dishes. 
w i t h  a mixture of 0.52 agar i n  complete medium. 
tunor ce l l s  is t h e n  laTd over  t h e  agar and within 3-14 days (depending on the speciff 
tumor type)  m u l t i c e l l u l a r  tumor sphe ro ids ,  such as those shown i n  Figure 31, develop. 
These NTS grow una t t ached  over the surface of t h e  agar and can b e  studied over a s i z e  
r a n g e  of 100 p n  through 2-3 mm. Inc luded  in Figure 31 are s e c t i o n s  through these kITS 
which range i n  size f r o m  280 
n o n d i v i d i n g  hypoxic  f r a c t i o n  develops  beneath the dividing capsule, and at t h e  
l a r g e s t  sizes a n e c r o t i c  c e n t r a l  r e g i o n  is observed. These ElTS, therefore ,  parallel 
the i n  vivo problem in an e v e r t e d  s e n s e ,  since i n  vivo oxygen d i f f u s m  r a d i c a l l y  from 
a c e n t r a l  source whereas i n  t h e  s p h e r o i d  i t  diffuses c e n t r i p e t d l l y  frm an e x t e r i o r  
sou rce .  
spec ies  and f o u r  different e t i o l o g i e s  (spontaneous, radiat ion-induced,  chenical ly  
induced ,  and  v i rus- induced) ,  and t h e s e  w i l l  eventua l ly  p r o v i d e  a b a t t e r y  of t u a r s  
t o  be tested with the p i o n  beam. Among the  FITS developed, ev idence  has been found of 
v a r i a b i l i t y  both i n  t h e  depth  of t h e  d iv id ing  s h e l l  and t h e  cycle kinetics of those 
cells v h i c h  are in cycle .  

A s i n g l e  c e l l  suspension of t h e  

through 840 urn. As t h e  blTS i n c r e a s e  In size, e 

A wide variety of &ITS have been produced  from tumors r e p r e s a t i n g  three 

r, 
(-1. .. A variety of techniques  have been developed to s t u d y  the growth, -. . * .  

( . behav io r ,  and r e sponses  of t h e s e  PITS t o  therapy. For the  PurPoses of studyicg pion 
-, . exposures, the m o s t  adequa te  are de lay  i n  grouth and ''cure-" F i g u r e  32 is a'plot OF 

I -  the g r o u t h  of L i n e  1 c a r c i n o s a  PTS which has been exposed at t h e  size of 280 pcl 
t o  graded doses of x-rays- 
gro?Jth obse rved  with -- i n  VIVO mouse tumors, such as those  used i n  t h e  Tomlinson assay 
(10). Labora to ry  s t u d i e s  at t h e  UXM/CRTC have established t h a t  delay in grovth to a 
given size can p r o v i d e  an adequate dose response Cume for pions and x-rays and t h a t  
t h e  s i z e  s e l e c t e d  for the cut-ofE point does  n o t  a f f e c t  t h e  overall shape of t ha  

- 
c. r' 

These growth curves are similar to t h e  i n h i b i t i o n  of 

Figure 33 is a plot of t h e  r a d i z t i o n - i n d u c e d  delays i n  grOrdC!I t o  a size of 
00133396048 
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7 2 0  pm for Line 1 KTS whfch were exposed t o  peak pions (2  x 2 x 2 bio logy  tuna) 01: x- 
rays at a d i a m e t e r  of 280 VP. 
region between 0 and 400 rads of x-rays, followed by a rapidly ascending r e l a t i o n r h t p  
between dose and delay.  Excension of t hese  studies t o  l a r g e r  doses (Figure 34, taken 
from a s t u d y  on d r u g  alterations of r a d i a t i o n  r e s i s t a c e )  shous a lesser relationship 
ac doses above 1000 rads  w h i c h  is a reflection of i n j u r y  t o  t h e  more r a d i a t i o n  
res i s tan t  hypoxic  fraction. O f  g r e a t e r  i n t e r e s t  t o  t he  p re sen r  study i s  t h e  cooplete  
eradication oE the shedder region in t h e  Line 1 PITS exposed to peak pions f r o s  the  2 
x 2 x 2 b i o l o g y  tune, I n  this s tudy ,  the r e l a t i v e  b i o l o g i c a l  e f f e c t i v e n e s s  (RBE) is 
dose dependent  and  d e c l i n e s  w i t h  i n c r e a s i n g  dose. 

The x-ray groups are  cha rac t e r i zed  by a no-response 

A second assay systen is p r e s e n t l y  being used with t h e s e  blTS which 
involves deternination of whether t h e  bLTS are a b l e  to grow out when placad on s t a d a r d  
perri  dishes, T a b l e  6 s w r i z e s  t h e  r a d i a t i o n  doses (pions and x-rays) requi red  t o  
yield a 50Z cure (no outgrowth) f o r  Line  1 carcinoma PES. In t h i s  comparison z?pro;d- 
nately 1.7 times as m y  x-ray rads as pion rads are r equ i r ed  to ' 'cure" a spheroid. 

To summarize, from t h e  Line 1 PES s t u d i e s  which  have bcm perfamed 
w i t h  t h e  2 x 2 x 2 b io logy  tune,  the RBE can be c a l c u l a t e d  as a f u c c t h n  of t he  pion 
dose used. 
as the d o s e  is r a i s e d  between 100 and 400 rads and then rises a g a l n  i n  the area of 
1000 r z d s  of pions. 'The i n i t i a t i o n  o f  dec l ine  is i n t e r p r e t e d  as t h e  result of a 
declining importanct of shoullor r e d u c t i o n  as the  t o t a l  dose is increased;  and t he  
rise of t h e  RBE a t  the  higher dose l e v e l s  is i n t e r p r e t e d  as a ref lec t - lon  of the  
i n c r e a s i n g  impor tance  of  the hypoxic c e l l  fraction. 

Figure 35 is a p l o t  of t h e s e  d a t a  and shous t h a t  the M E  dec l ines  r ap id ly  

Figure 36 is a p l o t  of delay i n  regrowth versus dose for Line 1 PLTS 
exposed td x-raysD peak p i o m  from t h e  2 x 2 x 2 t u n e ,  p ions  from t h e  pro:ci=aL 
region of the 8 x 10 x 8 tune  (depths  of 0 ,  2 and 4 cm) and p ions  from t h e  d i s t a l  
r e g i o n  of t h e  8 x 10 x 8 tuna (depths  o f  6, 7 and 8 cm)- In this comparison, it is 
clear t h a t  the t w o  r e g i o r u  of the 8 x 10 x 8 tune f a l l  i n t e r m e d i a t e  io effect between 
x-rays and 2 x 2 x 2 peak pions,  and t h a t  the distal p o r t i o n  of the 8 x 10 x 8 peak 
is more effective than t h e  proximal  po r t ion .  

F r a c t i o n a t i o n  studies, under t h e  same cond i t ions  are presen t ly  i n  
p r o g r e s s ,  

0 

(2) E I a W  - P Bioloqy 

(a) R a d i a t i o n  Responses of t he  Colon. During t h e  past year Spcague- 
Da:Jley r a t s  have been  exposed t o  doses of 2000-10,@@0 rads of x-rays o r  nega t ive  p i  
mesons ( i n  t h e  peak region of t h e  2 x 2 x 2 b i o l o g y  tune) and k i l l e d  four nonths 
l a t e r  f o r  t h e  anal>.sis of rad ia t ion- induced  ulceration, c o l i t i s  c y s t i c a  profuzctj, ' . 
r;rucosal a t y p i a ,  f i b r o s i s ,  vascular sc le ros is  and muscle hypertrophy.  The x-ray 
e s p e r i m s n t s  arc complete  and have been analyzed,  and a t  t h e  t i m e  of wri t ing  t h e  pion 
exposed animals are be ing  killed- 

1.lithi.n each t r e a t ~ 2 n t  group (four to  s i x  rats) the  sLx endpoints 
wcre a s s i g n e d  a.nm2rical grading  which vas then averaged w i t h i n  t h e  group. Tables 
7-9 give t h e  ave rage  responses for the ra ts  exposed t o  graded doses of x-rays i n  1, 
2 ,  5 o r  1 0  f r a c t i o n s  for t h e  t h r e e  early e p i t h e l i a l  l c s i o n s :  u l ce ra t fon ,  c o l i t i s  
c p s t i c a  profunda ,  and mucosal a typia .  AS 1~2s i nd ica t ed  i n  earlier r e p o r t s  th i se  
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three e p i t h e l i a l  lesions 3re already declining b y  t h e  t i m e  of sacr i f ice ,  f o u r  months, 
and,  t h e r e f o r e ,  t h e  dose  re rponse  curves r:sre a t  b e s t  narginally informative.  
Tables 10-12 p r e s e n t  t h e  rzw d a t a  for the t h r e e  s u p p o r t  s t r u c t u r e  endpoints: nuscular 
hyper t rophy,  vascular sclerosis and f i b r o s i s .  
progressive lesion?, were more adequate  and were subjected t o  an analysis of tho, 
e f f e c t s  of t o t a l  dose size and f r a c t i o n a t i o n .  

The data for t h e s e  l a teoccurr ing  and 

Through use of multiple regression t echniques ,  both dose size and 
number of fractions have been taken i n t o  accounc, according t o  the formula 

DG - D x F Y (3) X 

where DG = the dose r e q u i r e d  to produce a given grade of response, DX equals t he  
nominal s t a n d a r d  dose, F = t h e  number o f  f r a c t i o n s  and Y E the recovery constant. As 
shoun in Table 10 the recovery  c o n s t a t  f o r  hypertrophy i n d u c e d  by x-ray injury is 
approximate ly  - 3  for t h e  milder grades b u t  declines t o  .24 at  the higher  gradas, 
Although t h e s e  differences are not l a r g e  they suggest  tbit recoverp frm x-ray injury'  
for this e n d p o i n t  d e w s  with i n c r e a s i n g  dose size. 
p a t t e r n  for the f ibrosis  data i n  that t h e  recovery cons tan t  Y declines from -41 a t  
the mildest grade of id- through .32 at the most s e v e r e  injury grade. Table 12 
f o r  the sclerosis d a t a  again shous the same p a t t e r n  with the recovery corutanc 
declining from -41 at the m i l d e s t  grade through - 3 5  a t  the East severe grade. 

T a b l e  11 shows a similar 

Considering t hese  late-occurring injury data i n  tota l .  (Tables 
10-12), recovery appea r s  no t  as a c0nstar. t  fraction of t h e  dose s i z e ,  but r a t h e r  as 
d e c l i n i n g  with increasing dose size. 
these Sam* endpoiats shou ld  be a v a i l a b l e  S O O R .  

The analysis of p i o n  r a d i a t i o n  e f f e c t s  f o r  

- (b) Spinal Cord. A p r e l i m i m r y  study of the spinal cord responses t o  
pion r a d i a t i o n  was i n i t i a t e d  i n  August 1976. A t  the t i m e  t h e  available dose rate was 
3 rads per minute ( t h e  2 x 2 .x 2 biology tuna had no t  yet been developed), and, 
t h e r e f o r e ,  a single dose study vas conducted comparing x-rays and pions- 
of 933 rads t h rough  1733 rads were de l ive red  t o  the  lumbar  s p i n a l  cord and compared 
with  doses of 1400-3000 rads of x-rays. At  the t i n e  of writing i n i t i a l  sigr?s of hiad 
l i m b  reflex, loss and paralysis are j u s t  beginning t o  show and no estFPare of the RBE 
is available, 

Pion doses 

(c) Testicular Colony Formin? Units. As r e p o r t e d  earlier in progress 
reports, there *pear t o  be no d i f f e r e n c e s  b e m e e n  p i o n s  and x-rays i n  terms of 
weight  loss. This apparently is a func t ion  o f  t h e  ~ s s a y  system i n  which a large 
scromal component a f f e c t s  the shape of the c u r v e .  \ h e n  s i m i l a r  studies were perEoIlred 
using spermatogenic colony forming units (111, SR FGE of 1.5 was apparent for peak .  
p i o n s  from the 2 )E 2 x 2 biology tune. 

(3) Sumary .  me bio logy  s t u d i e s  conducted during the past year have 
i n d i c s t c d  t h a t  the major e f f e c t  of pions i n  t h e  peak region is to reduce the width of 
t h e  s h o u l d e r ,  thereby r e s u l t i n g  i n  d in in i shed  recovery dur ing  a f r ac t iona ted  exposure 
p a t t e r n ,  These s t u d i e s  are currently being repeated and expanded. 

c 
I-. 

A t  p r e s e n t ,  a large number of p a t i e n t s  w i t h  large s o l i d  tumors f a i l  t o  respond 
to even the most: r i g o r o u s  t h e r a p e u t i c  methods. Heavy charged p a r t i c l e s  offer a means 
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of d e p o s i t i n g  a r e l a t i v e l y  h igh  dose  of radiation \:ithin the c r n o r  volume while 
s p a r i n g  su r round ing  n o m 1  tissues, which theoretically could r e s u l t  i n  hLghcr cure 
r a t e s .  
of t h e s e  pa r t i c l e s  for treatnent of large Volmes ,  although protons  and heavy i o n s  
are also under i n v e s t i g a t i o n .  The biomedical p i a n  channel at LUfPF is the f i r s t  such 
facility in the world capable  of producing p i o n s  in s u f f i c i e n t  quantities f o r  medical 
t e s t i n g ,  a l t h o u g h  other f a c i l i t i e s  are expected t o  be o p e r a t i o n a l  in two to  f ive 
y e a r s  for c l i n i c a l  use. The technology developed f o r  use of t h e  pion channel at 
WIPF w i l l  l o g i c a l l y ' b e  t r a n s f e r a b l e  t o  o t h e r  p i o n  installations as  they coas on- 
line. In addition, much of the eEfo r t  d i r ec t ed  at l o c a l i z i n g  the t u o r  y o l w  and 
body i n h o r o g e n e i t i e s ,  computerized t r e a t c r n t  p l a n n i n g ,  t rea tment  o p t b i z a t i o n ,  and 
improved p a t i e n t  fmoob i l i za t ion  v i l 1 , i u p r o v e  technology ava i lab le  i n  conventional. 
radiation t he rapy  at treatment c e n t e r s  throughout the nat ion .  

Because of  t h e i r  unique p r o p e r t i e s ,  p i o n s  a p p e a r  t o  be t h e  most advancageom 

' 

The p r e - d c d  b io logy  studies are essential t o  avoid the p o s s i b i l i t y  t h a t  the 
complexity of pion interactions with living t i s s u e s  could result i n  uncauard a d  
totally une-upected i n j u r y  t o  normal l i v i n g  t i s s u e s  i n  p a t i e n t s .  Secondly, tha  
b i o l o g i c a l  studfea he lp  to ensure  that  p i o n s  are t e s t e d  under condi t ions  t h a t  tzaxi- 
m i t e  tumor i n j u r y  and midsize no-1 t i s s u ?  injury, thus ensuring art accurate 
evaluation of any chaagm i n  t h e r a p e u t i c  ratio with pion r a d i a t i o n .  
shown t h a t  t h e  use of pion r a d i a t i o n  r e s u l t s  i n  d i ~ i n i s h 2 d  recovery durfng a fraction- 
ation exposure p a t t e r n  as c o q a r e d  to x-rays, indicating t h a t  t h e  potential for a 
t h e r a p e u t i c  gain exists, beyond r h e  expected r e d u c z i o n  i n  p r o t e c t i o n  of tumor cells 
by hypoxia  or cycle k i n e t i c s .  The progress ion  of these s t u d i e s  should make i t  
p o s s i b l e  to guaran tee  p a t i e n t  s a f e t y  while providing a d e f i n i t i v e  tes t  of the practi- 
cal  c l in i ca l  a p p l i c a t i o n s  of pions.  

4. RESE-9RCY GOALS FOR YEAR 5 

It has now been 

Research goals f o r  Year 5 are suamarized as fo l lows:  

a, P h y s i c s  

(1) To con t inue  to improve the channel operating and c o n t r o l  system by 
increasing its r e l i a b i l i t y ,  safety, and e f f i c i ency ,  -through i n s t a l l a t i o n  of add- 
itional updated computer and p e r i p h e r a l  equpment, i n s t a l l a t i o n  of opt ica l  shaft 

. encoders  to all Poving hardware, and replacement of e l e c t r o n i c  c o n t r o l l e r s  with 
n i c r o p r o c e s s o r s  for crirical hardware i t e m .  

( 2 )  To improve beam development c a p a b i l i t y  by: 

(a) Development of a fan t u n e  t h a t  is achromatic  w i th  respect to  
p o s i t i o n  and  nol;lentuP, u n i f o m  over  t h e  d e p t h  d imens ion  o f  the  s toppiag  region, 
narrow i n  the couch scannir.g d i r e c t i o n ,  a n d  has the  highesr available dose rate, - 

(b) Design and application of new field f l a t t e n i n g  techoiqtes 2nd 
a p p l i c a t i o n  of t h o s e  techniques  t o  new b e m s ,  i n  particular t h e  fan baam. 

(c) Development of inproved magnet c u r r e n t  s e l e c t i o n  and o p t b i z a t i o n  
t echn iques ,  for prov id ing  r e q u i r e d  therapy  beams. 

(a) Improvfng unders tandin2  of t h e  p r o p e r t i e s  of the channel and 
beaus i n  te rms  of changes in monentum, f lux rate, contaminat ion,  momcntucr spread, 
other o p t i c a l  p r o p e r t i e s ,  . .- 40 c.- . 

and 
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(3) To complete and install a new range-sh i f te r  t h a t  w i l l  spread t h e  peak 
r e g i o n  up t o - 1 8  cm i n  t h e  d inans ion  oE beau p e n e t r a t i o n  ( t h e  present rooZel is u s e f u l  
f o r  spread peaks of 12 cm o r  less), and t o  coord ina te  t h e  range-sh i f te r  f u n c t i o n s  
w i t h  t h a  scanning t r e a t n a n t  couch system, v a r i a b l r j a u  c o l l i n a t o r s ,  t reatment  plannin; 
codes,  and other harduare and fio€tvare- 

(4) To c o n t i n u e  t o  neasure l i n e a l  energy and LET d i s t r i b u t i o n s  of beans 
required for radiobiology and radiotherapy, f o r  c o r r e l a t i o n  w i t h  experimental results 
and theore t ica l  calculations. 

(5)  To evaluate a nunber of -- i n  vivo dosimeters  i n  a n  e f f o r t  to d e t e d r r e  
t h o s e  b e s t  s u i t e d  f o r  e u p e r i n z n t a l  v e r i f i c a t i o n  of t reatmcnt  plannFn2, i n c l u d i n g  
intracavi tary ionization chanbers,  s i l i c o n  d i o d e  dosimeters,  t h e r c o l ~ a o s c e n c  
d o s i n e t e r s ,  and a c t i v a t i o n  r e a c t i o n  d o s i r a t e r s  ( t o  monitor h i g h  LET dose), 

( 6 )  To c o n t i n u a  t o  r e f i n e  t h e  conputer ized t rea tment  planning code by 
i n c o r p o r a t i n g  new exper imenta l  d a t a  f o r  pion-nuclear c ross -sec t ions  and pion-s t s r  
secondary d i s t r i b u t i o n s  i n  v a r i o u s  t i s s u e ,  upgrading biological c o d e l s  of effective 
dose, incorporating improved bean emi t tance  d a t a ,  adding new hardware c o r r e l a t i o n  
data ( f o r  rangeshifter,  scanning couch system,  s imula tor ,  and o t h e r  eqcipnent) ,  and 
c o o r d i n a t i n g  output f oruat w i t h  t r e a t a e n t  planning e v a l u a t i o n  requirements, 

- 

(7) To improve t rea tment  p lanning  and inhomogeneity l o c a l i z a t i o n  and , 

compensation techniques, and t o  cont inue  t o  improve t h e  p a t i e n t  inmobil izat ion,  
aligmnent-, and t r a n s E e r  s y s t e m  ( i n c l u d i n g  i n s t a l l a t i o n  and t e s t i s  of  the scanning 
trea'inent couch and p ion  s i m u l a t o r  systems,  a l r e a d y , o r d e r e d ) .  

' ( 8 )  To contirxe to i n v e s t i g a t e  methods of v i s u a l i z a t i o n  of t ho  pion 
s t o p p i n g  region for v e r i f i c a t i o n  of t rea tment  planning par-ters. 

b. Biology 

(1) To conpare t h e  pion-induced reduct ion  i n  shoulder width with ce l l  l ines  
w i t h  smal l ,  intermediate, and large shoulders .  

(2) To compare r e d u c t i o n s  i n  shoulder  width noted i n  
of pion-induced i n h i b i t i o n  of two-fraction recovery. 

(3) To compare the e f f e c t s  of p r o x i o a l ,  i n t e r m e d i a t e  
of the larger tunes (-1 l i t e r )  on two-fract ion recovery i n  both 
i i u l t i c e l l u l a r  turnor spheroids (PITS). 

(1) with t h e  e x t e n t  

and d i s t a l  p o r t i o n s  
monolayers and Y' 

(4) To develop and employ means of s tudying  f i v e  or more treatmane 
f r a c t i o n s  i n  both monolayer an3 FITS systens .  

( 5 )  To compare t h e  p h y s i c a l  beam composition of v a r i o u s  tunes w i t h  t h a i r  
b i o l o g i c a l  effect in t h e  hope of developing a p r e d i c t i v e  model. 

( 6 )  To expand s t u d i e s  on the relationship between dose  size and R E S  
i n  t h e  monolayer  and FITS s y s t e m s .  

(7) To continue s t u d i e s  on t h e  r a d i a t i o n  (pion and x-ray) response of 
t h e  co lon ,  s p i n a l  cord  and kidney, and t o  i n i r i 3 t c  s t u d i e s  on t h e  heact, l u n g  

I .  
,-, and brain. .. 
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( 8 )  To c o n t i n u e  to use soxaatic c e l l  ~ u t a g e n e s i s  as the  most precis9 
b i o l o g i c a l  endpoint f o r  conpar i son  wi th  mutagenesis, 

5. ADEIZNIST~~T~/OPER4T~ONAl CIUNCES 

Dr. James N, Bradbury has been appointed Group  Leader,  I p - 3 ,  N e d i u  Energ.] .. 
Physics D i v i s i o n ,  W L ,  and is leading the e f f o r r  of that d i v i s i o n  in the  pion 
b i c m e d i c a l  s tud ie s .  Dr, E. A. Knapp, forrner group leader,  is now concentrating on . 
a c c e l e r a t o r  technology development ( p a r t i c u l a r l y  des ign  of  a S m a l l  P i o n  genarator f o r  
medical use), and is available ro this projecc for c o n s u l t a t i o n  on technical natters, 

. .  

Dr, Kenneth H o g s t r o m  has been appointEd a b ioned ica l  p h y s i c i s t  a t  the W C R T C ,  
He has  been suppor ted  on U-16127-03, but his b u t  is based f u l l - t i n a  i n  Los Alanos. 

s u p p o r t  is b e i n g  s h i f t e d  t o  this grant  f o r  Year 5. He vas  formerly w i t h  the TMVEC 
project of the M.D. Anderson H o s p i t a l  and Tllmnr I s t i t U t e  (See h i s  , C - v .  under A t t r c h -  
nent C). Dr- Alfred EL. Smith, biomedical physicist a t  the  uNM/cRTc, is being based 
at Los Alamos, e f f e c t i v e  A p r i l  1977. D r .  Alber t  Li has joined the projecc as a 
cellular b io log i s t  (see also Attacbent  C for c . v . ) ,  and D r .  Leo Gomcz, uiaixnaliarr 
b io logis t ,  has lefr  the project- A replacement is being  sought f o r  hin. 

As noted by the p r i n c i p a l  i n v e s t i g a t o r  last year, the biology funding l eve l  is 
insufficient for the job .to be accomplished i f  r zp id  clinical progress is t o  be 
real ized.  
i n s t i t u t i o n a l  and NCI prior approval  rnochaniscn5. 
coming year that all bio logy  r e sources  be c o n s a l i d a t e d  at t h e  UKX/CF\TC, with support 
provided by LASL Health Division o n l y  i n  short-term a n d l  care and housipa. 
also proposed t h a t  certain UZ;:? technical staff be based i n  LOS Alamos, as noted ia 
the  budget for Year 5-  

It wag necessary d u r h g  Year 4 t o  reprosran r e s o u r c e s  t o  biology, v i a  
Accordingly, i t  is proposed for the 

It is 
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