
School of-Medicine 
Albuquerque, NM 87:31 

I O 9  e 3 h  I 



GRANT APPLICATION 

Univers i ty  o f  New Mexico 
School of Medicine 
Albuquerque, NM 87:31 

Pr3fessor h Chairman 

Deoartment o f  Radiology 

:e. 2 E " A a ' U E N T  S E R V I C E .  - 4 8 0 R A  7371 Z R  E:UlVALINT 



--. -_. . . . .- .--- 

D E M X l M W l  OF HuLfn AND HUMAN SWlm 
WlUC M W  sm1a 

ABSTRACT OF RESEARCH PLAN 

u n i v e r s i t y  of New Mexico Scnool o f  Y e c l z - n e  
A1 buquerque, New Hcxi co 87131 

C l  i n i c a l  Evaluation of Pion Radiothetaov 

Moseley, Robert D., J r . ,  H.3. Chainnan, Radioiogy UNM Radiology 
T BA Radi a t  i on Oncol og i s t UNM Radiology 
Gilman, Christopher, H . D .  Radi a t i  on Onco 1 ogi  s t  UNM Radlology 
Met t le r ,  Fred, H.D. Chief, 9iagnostic Imaging UNM Radiology 
Scigel, Robert, M.D. Neuroradiologi S t  UNM Radiology 
Black, Wi l l iam C., M.D. Chief, 3ncologic Pathology UIJM Pathology 
Kornfeld, Mario, H.D. Neumoatholog i s t  UNM Pathology 
Anderson, Robert E., M.D. Chai man, Patnol ogy UNM Pathology 
Smith, A.R., Ph.D. Chief, C7inicai Physics, Lo5 Alamos UNM Radiology 
Hi lko,  Robert. Ph.0. l h y s i  ci  sf UNM Radio logy 
Bradbury, James N., Ph.D. Croup Leaoer, C P - 3  LANL 
Berardo, Peter, Ph.D. Phys ic is t  LANL 
P a c i o t t i ,  Michael , Ph.0. Dhysi c i  st LANL 
Wing, James Engineer LANL 
Zink, Sandra, Ph.D. Physi c i s t  UNM Radiology 

LEAVE BLANK 

'ROJLCT NUM6CR 

W A M ~  AND ADDRESS OF A C * L I C A N f  OUGAHIZATIOM ( S n .  om I V C  ' I .  I I  

I l T L E  OF A P C L I U ' I i o ) (  ( S c  mm I n  I. 

N-., Terl. @ 0 r m r - t  d rII ,..&..,-I - a n d  w~wwa m wrtre~,  m ~ r n s y  w i h  P*inclml 1nrqmtn~nrtPt .wr D i m m r  

: I  

- see next page- 
ABSTRACT OF R l S E A R O (  CLAM: Cm8im.h d m d b  ck rwlimhm'e t m t f i e  .(ma. d d m  d I- 0hmC-m. W n r q  nfum** ** 
*u r.im*ll* d i a a d i w  r a . r b v d  r~ c*r k . . l w a - * a  rf rC 1 w a 8 ~ .  The . C a m @  should b r 1 k r r c . M  n *I 19 a n  -0 as * w r a m n  

~CN..IO rs.riwi.r d in. .wlim.r, rk.~l kr I*. PO NOT EXCEED mC SPACE 'ROW=. 

I 
The primary ob jec t i ve  o f  t h i s  program pro jec t  i s  t o  conduct the necessary physical, 

of  negat ive p i  mesons (p ions)  i n  mnagernentof some types and stages of s o l i d  fumors ; 
not we l l  managed by cu r ren t  methods or combinations thereof. The program i s  a j o i n t  

I e f f o r t  o f  t he  Un ive rs i t y  o f  New Mexico (Ui.l#j and the Los Alamos National Laboratory 
(LANL) and u t i l i z e s  negat ive pions produced by the 800-MeV proton l i n e a r  accelerator I 

a t  the C l i n ton  P. Anderson Meson Physics F a c i l i t y  (LAMPF) i n  Los Alamos. Physicians 1 
throughout t h e  na t ion  a re  sending appropriate oat ients  t o  this  f a c i l i t y  for pion I 

radiotherapy. Phase I-I1 studfes are i n  progress f o r  pa t ien ts  w i t h  astmcytoma, 
Grade 111 o r  IV, unres tc tab le  carcinana of t he  pancreas, and squamous carcfnoma of the 
u t e r i n e  cerv ix ,  Stage 111 and IV, and an! planned f o r  expansion t o  inoperable carcinoma! 
of the esophagus and inoperable epidermoid carcinoma of the  lung. 
c l i n i c a l  physics a c t i v i t y  i s  focused on dosimetry, ca lcu la t iona l ,  and p l o t t i n g  
techniques t o  achieve accurate dose d i s t r i b u t i o n  i n  a treatment volume of a r b i t r a r y  
s i z e  and locat ion,  wi th minimum damage t o  surrounding normal t issues, and development 
and implementation o f  technology f o r  pion radiotherapy de l i very .  B io log ica l  studies 
are being conducted t o  meatun t he  b io log i ca l  un i fonni ty  of pion beams rou t i ne l y  
used i n  p a t i e n t  t reatment  andtomeasure acute and l a t e  e f fec ts  of pions on n o m 1  and 
tumor t i ssues  i n  experimental animals, and are prowscd t o  assess mutagenicity and 
oncogenic i ty  o f  p ions and t o  dctennine wnether there 1s a co r re la t i on  between tumor 
d i f f e r e n t i a t i o n  and response t o  p ion  radiotnerapy. 

b i o l o g i c a l ,  and c l i n i c a l  s tud ies t o  evaluate tnc efficacy, po ten t i a l  benefi t ,  and r o l e  ! 
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Yoselcy, Robert D., i r . ,  3.D. m 
BUDGET JIUSTIFICATION 

CLINICAL INVESTIGATIONS: RADIATION ONCOLOGY 

A .  S a l a r i e s  and UaRes 

S a l a r y  f o r  TBA co-principal i n v e s t i g a t o r ,  r a d i a t i o n  oncologis t  i s  
requested a t  75 percent ,  because LANL p a r t i c i p a t e s  in payment of h i s /her  
salary (approximately 25 percent )  v ia  a purchase agrecoent  v i a  UN’H. 
a t i o n  oncologis t ,  Dr. Gilman, w i l l  be based pr raunent ly  a t  Lor Alamos, and 
w i l l  t r a v e l  t o  Albuquerque t o  work v i t h  follov-up pion protocol  p a t i e n t s  a t  
t h e  CRTC during per iods  between cycles.  
varying amounts of time in  Lor Alaoos i n  a t  l e a s t  one-day per iods t o  p a r t i c i p a t e  
i n  planning and conduct of t h e  pion s t u d i e s .  The FTE complement of radiotherapy 
s t a f f  i s  high i n  r e l a t i o n  t o  rout ine vork f o r  two reasons: (1) the  o p ~ i m a l  
pion treatment day is 16 hours long, as opposed LO 8 hours f o r  conventional 
r a d i a t i o n ;  and (2) pion p a t i e n t  care requi res  f a r  more time by t h e  radiother- 
a p i s t s  than does rout ine  p a t i e n t  care i n  terms of d a i l y  observat ion of tumor 
and normal t i s s u e  responses and g r e a t l y  increased complexity of treatment 
planning. I t  i s  a n t i c i p a t e d  t h a t  t h e  LAWPF a c c e l e r a t o r  schedule w i l l  permit 
p a t i e n t  t reatment  over  2k-30 wetkr/year in Years 01-03, with e a r l y  accession 
and carryover  of p a t i e n t s  receiving planned supplementary conventional i r -  
r a d i a t i o n  up to 6-5 weeks preceding and fol lowin8 each treatment cycle.  The 
a c c e l e r a t o r  and channel r e l i a b i l i t y  f a c t o r  during operat ion is approximately 
85 percent  f o r  t reatment  dry.  lrhile t h e  a c c e l e r a t o r  i s  i n  i t s  production 
cyc le ,  t h e  biomedical p ion  channel is used 20 hours p e r  day, usua l ly  l k - 1 6  
hours f o r  p a t i e n t  t reatment  and 8-10 hours f o r  physics  and biology e x p e r h e n t s .  
The p a t i e n t  t reatment  hours can be extended as necessary i n  case o f  a c c e l e r a t o r  
down time. Accelerator  operat ions schedule is t a i l o r e d  t o  accmmodate p a t i e n t s  
opt imal ly ,  c o n s i s t e n t  v i t h  maintenance requirements. I t  should be noced t h a t  
maximum c o s t  e f f e c t i v e  operat ion is 36 weeks per year .  

A radi-  

All CRTC r a d i a t i o n  oncologis t s  spend 

No funds are requested t o  support  a c t i v i t y  by t h e  Diagnostic Imaging 
Sec t ion  because t h e  maging s t u d i e s  performed a r e  rout ine  and customary, and 
reimbursement f o r  s e n i c e s  w i l l  be sought from th i rd-par ty  papers. Costs of 
CT scans and r o u t i n e  b a g i n g  studies are  covered under P a t i e n t  Costs,  v i t h  
f a c t o r s  appl ied  t o  e s t i u t e  c o s t  recovery. Profess iona l  fees a r e  budgeted 
under P a t i e n t  Costs ,  Consul tants ,  for those c o s t s  which cannot be recovered 
from t h i r d  p a r t i e s .  

S a l a r y  i s  requested for two rad io logica l  technologis t s  t o  perform 
s imula t ion  and t rea tment  set-up,  t o  perform orthodiagraphic  and conventional 
p o r t  f i l m s ,  and t o  a s s i s t  i n  f a b r i c a t i o n  of -obi l iza t ion ,  col l imat ion,  bolus 
and o t h e r  devices  f o r  pion p a t i e n t s .  
n o l o g i s t  has primrty r e s p o n s i b i l i t y  f o r  f a b r i c a t i n g  custom c a s t s ,  boluses ,  and 
co l l imators  f o r  wide-field and cone-down t r e a a e n t s .  A rad io logica l  technologis t  
is  requested t o  opera te  the CT scanner f o r  pion patLents receiving pretreatment 
and follow-up d i a p n o s t i c  scans, as well as p a t i e n t s  who a r e  receiving scans 
during t reatment  t o  assess t h e  need f o r  modif icat ions t o  t h e i r  t r e a t a m t  plan.  
S a l a t y  levels f o r  these p o s i t i o n s  a re  based on c u r r e n t  experience w i t h  UXH 
staff and knowledge of t h e  j o b  market elsewhere. 

A 75 percent  c a s t  and mold room tech- 

A Chief Nurse i s  t o  be employed fu l l - t ime t o  perform inventory 
c o n t r o l ,  development of nursing procedures, nursing c a r e  of follow-up p a t i e n t s ,  
and nurs ing- re la ted  research  including, f o r  example. l i t e r a t u r e  rcviev and 
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development of appropr ia te  n u t r i t i o n a l  mana.ganent techniques f o r  p i o n  p a t i e n t s .  
One o t h e r  nurse is t o  be employed full-time, whiie o ther  nurrin# staff  w i s l  be 
employed on a par t - t ime b a s i s .  SO t h a t  they work when p a t i e n t s  are being 
t r e a t e d  aad do not  vork vhen p a t i e n t s  a r e  not being created (except  for planning, 
restocking a p a r t a e n t s ,  e t c . ) .  In a d d i t i o n  t o  performing c l i n i c a l  nursing 
func t ions  a t  t h e  Biomedical F a c i l i t y ,  these ind iv idua ls  perform home nursing 
c a r e  f o r  p a t i e n t s  a t  the o u t p a t i e n t  apartment units next t o  the  Lor Aimor 
t ledical  Center and take on-call duty w k l e  p a t i e n t s  a r e  i n  Lor Alamos. 

S a l r r g  f o r  2.6 FE p a t i e n t  set-up a i d e r  is  requested t o  support  
opera t ion  of the p r i o r  i a o b i l i z a t i o n  and pos i t ion ing  (PIP) system, vhereby 
one p a t i e n t  is set up aa t h e  previous p a t i e n t  is wheeled o u t  a f t e r  treatment.  
This procedure is documented i n  t h e  t e x t  of t h i s  a p p l i c a t i o n  and o p t b i t e r  
pion beam time f o r  actual p a t i e n t  treatment (by a f a c t o r  of 1.5 t o  2.0); it i s  
e s s e n t i a l  E 
four  persons,  each a t  65 p e r c e n t  time, so that t h e r e  will alvays be one radio- 
l o g i c a l  t echnic ian  and two p a t i e n t  set-up a ider  t o  work the  PIP system over 
the 14-16-hour t reatment  day. The 65 percent  t ime-factor  is used because 
these i n d i v i d u a l s  work only uhen the p a t i e n t s  a r c  being t r e a t e d ,  and do not 
work during dowa-tkes. 

success  of t h i s  p ro jec t .  The 2 . 6  FTE's w i l l  be s p l i t  among 

Salary  is requested f o r  a deparment  s e c r c t a r y / r e c e p t i o n i s t  t o  
perform typing and f i l i n g  of  p a t i e n t - r e l a t e d  notes ,  correspondence, progress 
r e p o r t s ,  and o t h e r  c l i n i c a l  m a t e r i a l ,  a s  well  as s c i e n t i f i c  documentation of 
c l i n i c a l  r e s u l t s  and t o  assist p a t i e n t s  i n  the  waiting a rea ,  c a l l  f o r  t rans-  
p o r t a t i o n ,  assist with n u t r i t i o n  f o r  p a t i e n t s ,  and handle phone c a l l s  f o r  UNW 
and LANL s t a f f  bared a t  the Pion Biomedical F a c i l i t y .  

Sa la ry  i n c r e a s e s  f o r  Urn s t a i f  i n  Years 02 and 03 are  bared on 10 
p e r c e n t  per  y e a r ,  i n  accordance with guide l ines  issued by the UNn Hedical 
Center Comptroller 's  Off ice .  
f r i a r i e s  and wages. 

Fringe b e n e f i t s  a re  based on 15 percent  of 

B. Supplies  

The c s t i u t e d  cost of c l i n i c a l  suppl ies  ( e .  g., dressings, instrument 
t r a y s ,  t t c .  1 f o r  pion p a t i e n t s  under t reatment  a t  Lot  'Alamor is based on 
c u r r e n t  experience.  Suppl ies  to maintain p a t i e n t s  a t  L4NL apartments include 
such items as d e t e r g e n t ,  d i sposable  d ishes ,  cleaniaq akents ,  and s i m i l a r  
items. 
c l i n i c a l  photography and a r a p h i c r  requirements for  documenting research results 
p a t i e n t  t r e a t c n t  f i e l d 8  are photographed p e r i o d i c a l l y  during t r e a t u n t  rod a t  
follow-up vis i ts .  I m b i l i u t i o o ,  s imulat ion and r a d i a t i o a  t reatment  supplies 
f o r  70 new p a t i e n t s  are  budaeted based on a c t u a l  c o s t s .  

The photographic supply c o s t s  are based on c u r r e n t  experience with 

Cost of s u p p l i e s  fo r  the CT scanner i s  es t imated based on p r i o r  
experience.  

Increaser i n  supply costs f o r  Years 02 and 03 a r e  est imated a t  10 
percent  per year f o r  i n f l a r i o n .  
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norclcy, Robert D a  

C .  Trave l  

Funds a r e  requested t o  support  t r a v e l  by radiotherapy, t e c h a i c i l n ,  
and nurs ing  s t a f f  to and from Los Alamos and Albuquerque. 
a r e  e s c a l a t e d  10 percent per  year  f o r  i n f l a t i o n .  

A l l  t r a v e l  cos ts  

Costs f o r  profess iona l  s t a f f  t r a v e l  is g r e a t e r  than f o r  nurses 
and technic ians  s ince  t h e i r  v i s i t s  tend t o  be longer and, t h e r e f o r e ,  involve 
more p e r  d i m  payments. 

Travel  cos ts  a r e  a l s o  requested t o  send CRTC r a d i o t h e r a p i s t s  t o  
o t h e r  c i t ies  ( e r t i m t r d  four t r i p s  per  year )  t o  perform follow-up e u n i n a t i o n r  
of pion and cont ro l  p a t i e n t s  i n  regional  catchment a reas  (e .g . ,  Lor Angeles, 
New Yort, Denver, e t c . ) ,  i n  an e f f o r t  t o  save p a t i e n t  cos ts  f o r  t r a n s p o r t i n g  
a l l  p a t i e n t s  back t o  Albuquerque and Lor Alamos f o r  regular  follow-up. 
1s also requested f o r  two s c i e n t i f i c  meetings p e r  year. 

Support 

D .  P a t i e n t  Costs (Grant Reimbursement) 

P a t i e n t s  accessed t o  t h e  p i o n  pro tocols  vi11 be b i l l e d  f o r  coa ts  of 
phys ic ians '  s e m i c e s ,  c l i n i c  fees, treatment fees, and CT fees on the  same 
b a s i s  as they would be b i l l e d  i f  they were t o  receive conventional therapy. 
The amounts c o l l e c t e d  from t h i r d  p a r t i e s  a r e  reimbursed t o  the grant t o  o f f s e t  
t h e  c o s t s  of s a l a r i e s  and wages, s u p p l i e s ,  and maintenance erpenres associated 
w i t h  these aspec ts  of pion p a t i e n t s '  medical care .  Amounts not col lec ted  a r e  
w r i t t e n  o f f  t o  research support .  P a r t  experience has shown approximately a 70 
percent  c o l l e c t i o n  f a c t o r  f o r  b i l l i n g s  t o  pion protocol  p a t i e n t s .  The amount 
a n t i c i p a t e d  t o  be col lec ted  a g a i n s t  b i l l i n g s  f o r  Radiation Oncology serv ices  
is shoun i n  t h e  Radiation Oncology budget as an o f f s e t  a g a i n s t  t h e  t o t a i  
reques t .  The b i l l i n g  component of t h e  pion program i s  an t ic ipa ted  t o  s t a r t  
p r i o r  t o  Hay 1, 1982. 

E. Other Expense 

Funds a r e  needed f o r  processing co lor  s l i d e s  of p a t i e n t  treatment 
f i e l d s ,  and f o r  comunica t ions  and reproduction c o s t s .  Funds a r c  also needed 
t o  provide our  CT scanner maintenance through a cont rac t  v i t h  h i m e d i c a l  and 
t o  support  of publ ica t ion  c o s t s .  These e s t m a t e s  a r e  esca la ted  by 10 percent  
per year  f o r  i n f l a t i o n .  
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C; i n i ca 1 I nvest i g a t  i ons : P a t  no 1 ogy 
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BUDGET ESTIMATES FOR ALL Y E A R S  OF SUPPOZT tEOUESTED 
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BUDGET JLISTIFXCATXON 
CLINIUL INVESTIGATIONS: PATHOLOGY 

Support for the Pathology Section includes reviewing his to logy  specimens, 
petformang autops ies ,  and preparing reports .  Time required by Drt . Black,  
Kornfeld,  and Anderson for  t h i s  a c t i v i t y  a s  budgeted a t  15 percent o f  an FTE. 
A morphologic technician a t  50% of an E1T i s  required LO prepare the various 
morphologic materials for evaluation. Fringe benef i t s  are ca lculated a t  15 
percent of s a l a r i e s  and wages. C o s t s  are escalated by 10 percent per year €or 
Years 02 and 03,  baaed on guidel ines  from the UNn Jedacal Center Comptroller's 
Office. 
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BUDGET ~ ' S T I E  CATION 
CLINICAL INVESTIGATIONS : PATIElPT COSTS 

1. Data Used f o r  Projected P a t i e n t  Costs 

A .  P a t i e n t  Categories  

1. New Pion P a t i e n t s :  Those p a t i e n t s  evaluated,  t r e a t e d  and folloved 
during grant  year in ubi& accepted i n  program. 

2. Follov-up Pion Pa t ien ts :  Those p a t i e n t s  in second year  o r  l a t e r  
a f t e r  pion t reatment .  

3 .  Evaluated and Rejected Pa t ien ts :  Those p a t i e n t s  vbose tumors 
were found upon evalua t ion  LO be unsui tabie  f o r  atuay. 

B .  P a t i e n t s  Per Locale 

Total P a t i e n t s :  percent from New !lexica, 56 percent  from out-of- 
s t a t e .  

C. Escor t s  

Some p a t i e n t s  requi re  medically authorized e s c o r t s  f o r  vhom expenses 
w i l l  be paid.  

D. Food 
Costs a r e  based upon a c t u a l  p a t i e n t  expendi tures  within t h e  University 

of New Mexico's meal rehbursement  l imi tac ion  of S18.50 per  day. 

E. I n f l a t i o n  Fac tor  

Costs f o r  Years 02 and 03 are based on est imated c o s t s  for Year 01 
and increased by an i n f l a t i o n  f a c t o r  o f  10 percent each year. 

F. P a t i e n t  Travel 

A c o n t r a c t  (57,200) has been negot ia ted w i t h  Yellov Cab Company for 
van s e r v i c e  between Albuquerque and vLos A l m s .  
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2.  P r o j e c t e d  Number of  Patients 

Based on t h e  number o f  new pion p a t i e n t s ,  follow-up p i s a  p a t i e n t s .  and 
e v a l u a t e d  and rejected p a t i e n t s ,  t h e  t o t a l  number cef ? a t i e n t s  for  each grant 
year can be projected. The following chart shovs the Lotal amber of p a t i e n t s  
per grant  year. 

TOTAL P A T I E N T S / W  YEAR 

New Follov-up Evaluated 
TOTAL Grant Year - Pion Pion & Rejected - 

01 70 96 3 169 

02 70 103 3 !76 

03 70 109 3 182 

TOTALS 210 308 9 52 7 

i 
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Yoseley, Robert D a  

PATIENT COSTS DETAIL: ITAR 01 

I. Consulting Physician Fees 

A. Neu Patients - Pion (70)  = m , a s  
B .  Follow-up Patients - Pion (96)  f 1,220 

C. Evaluated and Rejected Patients ( 3 )  - 50 

TOTAL CONSULTING PHYSICIAN FEES $18,129 

- 

The consulting physician fee budget 1s used to pay physicians 
for  services rendered t o  our p a t i e n t s .  

.. . . .  
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PATIENT COSTS DETAIL: TEAR 01 

IIA. TRAVEL - MILEAGE:, AXWARE, AND CABFARE 

A. New Patients  - Pion i:O) = s S L , 1 2 4  

- - 60,862 B. Follow-up Patients - Pion (961 

C .  Evaluated and Rejected Patients ( 3 )  - - 1,503 

TOTAL $116,529 

-. 
L '  C. . I b  

. . . 

-24 -  

00 133521.025 



PATIEN? C3STS DETAIL: YEAR 01 

IIB. TRAVEL - ALBUQUERQUE - LOS U O S  

A .  New Patients - Pion (70) = 52,970 

6,140 

40 

TOTAL $7.200 

- E. Follow-up Patients - Pion (96) - 
- C. Evaluated and Rejected Patients (3) 

I .  . . .  .- ' .. * .  4 
. L  
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PATENT COSTS DETAIL: YEAR til 

m. OUTPATIENT COSTS 

A.  New Patients - Pion ( 7 0 )  

B. Follov-up Patients - Pion (96)  

C. Evaluated and Rejected ( 3 )  

Subtota l  

D. Grant Reimbursement 

TOTAL 

f 0 9 I 3 b -1 

= 53G,301, 

- - 5,123 

229 

39,656 

(19.828) 

S 19,828 

- - 
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Yorclcy, Robert D- 

PATIENT COSTS DETAIL: YEAR 01 

IV. INPATIENT COSTS 

A .  New Patients - Pion (,a) = 518,OLl 

0 

773 

TOTAL $18,814 

- B .  Follov-up Patients (96) - 
C. Evaluated and Rejected Patients ( 3 )  - - 
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PATENT COSTS DETAIL: 

v. SUBSISTENCE 

A .  Nev Patients - ?ion ( 7 0 )  

3.  Follow-up Patients ( 9 6 )  

C. Evaluated and Rejected (3) 

TOTAL 

= $ 79,089 

- 32,383 

- 0 

flll,L12 

- 
- 
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Physics - UNM 
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-:11,5 C U I N G €  

* . w s  - 9  9 E N E C I T S  
*.e. 

N A V E  I T I T L E  3 F  POSl-iOW 

Moselev. R . D . ,  J r . .  MO ?.+ecn H 1 111 r e 8  I ,p1.1 - 
I BA X o  Pr inc iDa I  Invest  

Hilko, R . ,  PhD Sr. Res. S c i e n t i s t  100 .?O 
Zink.  S . .  PhD IAsst. Prof. Radioloav 100 40 
TEA ,Biomcd Enaineer 130 4 0  
TBA ITreat.Plan,Tech. 100 00 
TBA IResearch Technician 100 40 

w. A . .  PhD Chief  Siomed Phvs/l A ;  100 00 

TBA IT r e  a t  . P1 an. Dhvs i r i st, 100 40 

See supplemental page j I 51,230 

I 

I I 

i 
I 

C T h E i r  EXPENSE5 I I V m r x o B r  cm?*w 
Construction o f  special  equipment - LANL shoos 
€qui  p e n t  maintenance 
Pub1 i c a t i  on costs 

23.100 
4 , 620 
1,:oo 
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EQU I FVENT 

Cal I brati on- 
00s imetry- 

Tissue Substitute Lab- 
Treatment P1 anning- 
Lasers- 
freatment Verification- 
Yicrodosimetry- 

Positron Vi sua1 ization- 

Domes t i c 

Reo1 acement i o n  cnamaer 
MICA chambers i s !  
New MICA electromete's ( 7 )  
Vacuum degasser 
Color p r i  nter 
Rep1 acement for CT 
I n  v i v o  ion chamwr 
R o s s i ~ ~ ~  c3amber 
Rep1 acement N IM modu i es 
MCA Interface 
Electronics 
Crystals 

Total Eqbi pent  

12 Los Alamos/Albuqucrquc [? 97 
3 Scientific meetings Q 770 

Total Travel 

c 1. 

1,000 
6,000 
3,500 
3,500 

7G0 
3.000 
2,530 
2 . 3 0  
2,003 
7 000 
5!.200 

1,164 
2,310 
;,4:a 
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I 

26 i ,309 237,281 

I 2,000 C3N SUL T A N  i C 2 S X  

E:;li PMENT 1 51.200 29.775 27,145 

sup P L I E I f 14,500 15,950 :7,545 
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UMI PHYSICS E Q U I P W  SUDGET 

Calibration 
1 .  Replacemcat ion chamber 
2 .  Calibrated pico-amp source 
3 .  Standard cpaciror 

Dor imetry 
1. MICA chambers (8 )  
2. Rcplrcement M I C A  chambers 
3 .  N e w  HICA electrometers ( 7 )  
4 .  Replacement HICA electrometers 

Tissue Subsritutc Lab 
1. Vacuum degaoser 

Treatment Planning 
1. Color printer 

Laser 
1. Replacement for CT, simulation. 

ret-up h treatment rooms (3/yr~ 

Treaacat  Verif icat ion 
1. In vivo ion chamber 
2. Replacement aluminum activation 

-- 
crysta l  

nicrodos ime t ry 
1 .  Rossi LET chamber 
2.  Replacement N M  modules 
3 .  W C  modules 
4. HCA interface 

Positron V i t u l i z r t i o n  
1. Electronics 
2 .  Crystals 

L 

(a? ’  

1,000 

- 

6,000 

3,500 

3,500 

15.00  

4 ,500 

7 ,oo 

3,300 
2,500 

2.500 

2,000 
7 .OOO 

Year 
2 3 

1,100 1,200 
2,275 
1,200 

2,000 2,200 

1.000 1,000 

5 ,280  5 ,800  

770 
1,500 

85 0 

2,750 3,025 
2,000 2,200 

2,200 2.400 
7 ,700  8 ,470 

T o t a l  Phyaicr Budget 

~~ ~~ 

51,200 29,775 27,145 
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Yoscley, Robert D., J r .  - 
BUDGET JUSTIFICA'XON 

UNH PHYSICS 

A. S a l a r i e s  and Wages 

The request f o r  s t a f f i n g  i s  based on t h e  minimal l e v e l  of personnel 
required t o  support  the program p r o j e c t .  
include no indiv idua l  o r  b a s i c  research. 
the  c l i n i c a l  program and are ~ i e m e n t e d  t o  address  s p e c i f i c  needs. 

The research and development a c t i v i t i e s  
All p r o j e c t s  a r e  d i r e c t l y  r e l a t e d  t o  

The personnel budget for  Years 02 aad 03 r e f l e c t s  increases of 10 
percent  each year and, i n  a d d i t i o a ,  i n d i c a t e s  chauges, discussed below, due t o  
terminat ion of  o t h e r  funded p r o j e c t s  from which some r u f f  a r e  p a r t i a l l y  paid.  
Fr inge b e n e f i t s  are ca lcu la ted  a t  15 percent  o f  s a l a r i e s  and wages. 

1. Alfred R. Smith, Ph.D., Chief C l i n i c a l  P h v s i c i s t ,  CRTC/Los Alanos 

Dr. Smith is responsible  f o r  the overall  c l i n i c a l  physics 
program and f o r  l i a i s o n  with and coordinat ion o f  a11 LAHL physics a c t i v i t i e s  
as they  relate t o  the c l i n i c a l  program. He also i s  responsible  for the  physics 
aspects of r a d i a t i o n  biology programs r e l a t e d  to the program p r o j e c t .  
extent t h a t  Dr. Smith is  supported from other  sources (20% from another grant--  
W H  Charged P a r t i c l e  Beam Dosimetry Task Group (terminates Summer 1983)--of 
which he is p r i n c i p a l  i n v e s t i g a t o r  and a pending grant--NCI-Cn-~7182-22, 
Evaluat ion of  Treatment Plaming f o r  P a r t i c l e  Beam Radiotherapy) his budget in 
t h i s  a p p l i c a t i o n  will be reduced accordingly.  

To the  

2 .  Treatment Planning 

Sandra Zink, Ph.D., is t h e  leader  of the t reatment  planning 
sec t ion .  

3. Physics Technical Support  

Primary r e s p o n s i b i l i t y  is d i rec t  control of a l l  systems during 
p a t i e n t  trea-nt, including v e r i f i c a t i o n  of beam tune and a11 i n t e r l o c k  
systems, p a t i e n t  monitoring. d r i l y  c a l i b r a t i o a s ,  dose c r l c u l a t i o a s  and p a t i e n t  
treaumnt records.  Since p a t i e n t s  are nominally t r e a t e d  16 h r s / d r y ,  two 
people each cover one 8-hr s h i f t .  

G. Development and Qual i ty  Control 

a. Robert Hilko, Ph.D. i s  p r h r i l y  responsible  f o r  i n  vivo 
dosimetry systems, microdorimetry,  neutron spec t ra  measurements, pos i t ron  
emission v i s u a l i z a t i o n  and developmental dosimetry. 
and experience i n  both nuclear and medical physics and is  a valuable  addi t ion  
t o  the p r o j e c t ,  

He has extensive t r a i n i n g  

b. Support i s  requested f o r  a bionedical  engineer t o  be 
responsible f o r  q u a l i t y  cont ro l  of the  En1 7070 scaaner, c a l i b r a t i o n  of  UNH 
physics  l a b  equipment and maintenance of  all p a t i e n t  t reatment  devices  and 
laser alignment s y s t e m .  
dosimetry.  

He w i l l  also a s s i s t  v i t h  p a t i e n t  and dcvelopcencal 
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B. Equipment 

1. C a l i b r a t i o n  

This equipment is necessary t o  maintain the  c a l i b r a t i o n s  and 
s tandards f o r  t h e  o v e r a l l  pion dosimetry p r o j e c t .  Ionization chambers receive 
ex tens ive  use, and our  experience has been t h a t  we break or otherwise render 
useless about one ion chubcr per  year. 

A c a l i b r a t e d  pico-amp source and standard capaci tor  a r e  rc- 
quested in Year 02. There itm a r e  necessary t o  c a l i b r a t e  our e lectrometers .  
The s tandard  c a p a c i t o r  we now have is borrowed from the WlPF equipment pooi.  
We have an o l d e r  pico-amp current source,  bu t  it o f t e n  ge t s  u e d  f o r  a u t i l i t y  
cu r ren t  source and cannot be r e l i e d  upon f o r  c a l i b r a t i o n  s tandards.  

2. Dosimetry 

The multi-ionitation-chamber a r r ay  (YICA), which we have devcl- 
oped f o r  r ap id  d o s h e t r y  measurements, incorporates  any number of chambers i n  
a Linear ,  p l a n a r ,  o r  volume a r r a y .  Ue presen t ly  have seven chambers i n  a 
l i n e a r  a r r a y .  In Year 01 we wish t o  purchase add i t iona l  chambers (8)  and 
e l ec t rome te r s  (7 )  t o  expand our  system t o  a planar  a r r ay  of 14 &-bets (this 
w i l l  g ive us one spare chamber). In subsequent years vc request funds t o  
purchase t w o  chambers and tvo electrometers  p e r  year f o r  replacement and 
expansion. 

3. T issue  S u b s t i t u t e  Lab 

We have i n i t i a t e d  a program of s t u d i e s  of var ious t i s s u e  sub- 
s t i t u t e s ,  l i q u i d s  and solids, on both the CT scanner and p ion  therapy beam. 
We have had s o w  d i f f i c u l t y  i n  making somc of the s o l i d  ma te r i a l s ,  and ve 
request  a vacuum mire r /deg r s rc r  in Year 01 t o  support  t h i s  a c t i v i t y .  

L. Treatment Planning 

We v i 1 1  i n i t i a t e  three-dimensional treatment planning calcu- 
l a t i o n s  and w i l l  have the c a p a b i l i t y  t o  d i sp l ay  patient anatomy and isodose 
d i s t r i b u t i o n s  in three dimensions. This program is necessarp t o  coaplement 
o u r  e f f o r t s  in beam shaping in &ret dimemions urial dynamic treatment. 
suppor t  this program, we request  funds t o  purchase a p r i n t e r  i n  Year 01 t o  be 
used w i t h  the color terminal purchased from another source.  
co lo r  d i s p l a y  is e s t e n t i a 1  f o r  three-dimensional viewing because of the complex 
a r r a y  of d a t a  that must be v i s u a l l y  in t eg ra t ed .  Without the co lo r  terminal  
and t h e  p r i n t e r ,  much o f  the u t i l i t y  of t h r e e - d h e a s i o n a l  graphics vould be 
lost. 

To 

We feel t h a t  

5 .  Lasers 

We bare three alignment l a s e r s  each in t h e  CT, s i a u l a t o r ,  and 
set-up rooms and six l a s e r s  in t he  t reatment  room. 
t o  ensure t h a t  p a t i e n t  alignment i s  accura t e ly  t r ans fe r r ed  from one s i t e  t o  
another.  We r eques t  funds t o  r ep lace  two of these i a s e r s  each yea r .  

These lasers a r e  e s s e n t i a l  
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6. Treatment Ver i f ica t ion  

To support  our overa l l  i n  v i v o  dosimetry e f f o r t ,  we request 
funds t o  purchase equipment as follows: 
chamber each year .  
ments several times on each p a t i e n t  treatment f i e l d .  
chewing ( i n t r a - o r a l  measurements) and general  trauma. 
rep lace  t h e  NaI c r y s t a l  i n  our a l u i n u a  a c t i v a t i o n  system in Year 02. 
system is ured f o r  

( a )  A replacement & v i v o  ion iza t ion  
These chambers arc used ex tens ive ly  because we take measure- 

The chamber s u f f e r s  from 
(b)  We request  funds to 

This 
vipo measuremeats of the  high-LET dose. 

7 .  Hicrodos imetq  

Ve have not  had our OM c a p a b i l i t y  to perform microdosimetric 
s t u d i e s ,  and t h e  need f o r  these  s tud ies  is  increas ing .  Hicrodosimetric data 
a r e  necessary f o r  our understanding of the pion beam and f o r  the bio logica l  
models that we a r e  developing. 
t h i s  c a p a b i l i t y  and t o  replace some N M  modules t h a t  we c u r r e n t l y  have borrowed. 
The C M C  modules a r e  needed f o r  i n t e r f a c i n g  the  microdosirPetry system t o  t h e  
multichannel analyzer, which has a programing c a p a b i l i t y  t o  implement these 
modules. 
system. 

&e request  funds t o  enable us t o  mplernent 

The Rossi chamber is an e s s e n t i a l  coatparrent of  t h e  microdosimetry 

8 .  Posi t ron  Visua l iza t ion  

Uc request  funds t o  enable us t o  continue the s t u d i e s  of pion 
stopping v i s u a l i z a t i o n  i n  p a t i e n t s  by pos i t ron  imaging techniques.  We v i r h  t o  
develop a simple system cons is t ing  o f  a rectangular  a r r a y  of f o u r  c r y s t a l s  for 
head scans and a sinrple 2-crystal  system (using l a r g e r  c r y s t a l s )  for  body 
scans. This w i l l  r equr re  a total of 6 c r y s t a l s  - we already have three and we 
request  funds t o  purchase three more. 

C. Supplies 

Supplies  f o r  physics ,  including dosimetry,  e l e c t r o n i c ,  w c h a n i c a l ,  
microdosimctry, tissue s u b s t i t u t e .  and graphic suppl ies  are estimated based on 
a c t u a l  expenses i n  the past. 
percent  per  year f o r  i n f l a t i o n .  

Costs  for Years 02 and 03 a rc  esca la ted  by 10 

D .  Travel  

Support i s  requested f o r  t h r e e  presenta t ions  of pion physics data 
a t  s c i e n t i f i c  meetings. 
Albuquerque and Los A l m s ,  bared on curren t  experience. 

Other travel  support  i s  requested f o r  12 t r i p s  between 

E .  P a t i e n t  Costs (Grant Reimbursement) 

P a t i e n t s  accessed t o  the pion pro tocols  a r e  b i l l e d  f o r  cos ts  of 
t reatment  planning,  c e n t r a l  a x i s  depth-dose c a l c u l a t i o n s ,  design and fabr i -  
c a t i o n  of t reatment  devices ,  and o ther  physics charges normrlly b i l l e d  t o  
p a t i e n t s  rece iv ing  conventional r a d i a t i o n  therapy.  The amounts col lec ted  from 
t h i r d  p a r t i e s  a r e  reimbursed t o  the  gran t  t o  o f f s e t  t h e  c o s t s  of s a l a r i e s  and 
wages* s u p p l i e s ,  and maintenance expenses assoc ia ted  with t h e s e  aspects  of 
pion p a t i e n t s '  medical care .  
support .  P a s t  experience has shown approximately a 70 percent  c o l l e c t i o n  

Amounts not c o l l e c t e d  a r e  v r i t t t n  off  t o  research 
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'. . .. . - . . -- 
co l l ec t ed  
Alamon is 
rcques t . 

factor f o r  b i l l i n g s  t o  pion protocol  p a t i e n t s .  The amount a n t i c i p a t e d  t o  be 
a g a i n s t  b i l l i n g s  f o r  c l i n i c a l  physics a c t i v i t i e s  p e r f o m t d  in Los 
shown in the UN?l Physics budget as an o f f s e t  a g a i n s t  t h e  total 

f. 

of 51.92s 

Other Expense 

Const ruc t ion  of s p e c i a l  equipment i s  estimated on an average basis 
per month. This averages less than 1-1/2 weeks of shop construct ion 

par  month.- The a n t i c i p a t e d  physics a c t i v i t y  f o r  the three years-of  the grant  
period p r e d i c t 6  this r a t e  at vhich spec ia l  equipment cons t ruc t ion  will continue. 
Equipment maintenance includes the con t rac t s  f o r  maintaining the film processor, 
both t h e  t reatment  and simulator  r o m  couch systems, rod the x-ray systems in 
the simulator room. Pub l i ca t ion  cos t s  a r e  based on a c t u a l  experience. 
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P H Y S I C S  - LANL 

me",.  .. r ----. 
' T ' T L E  O f  P 5 S I T I O N  *... 

~ Z P ? P ~  2 J r .  - Dvsns8e.i ~ * r e 8 t l ~ ~ O *  - IC0 Principal !nvest 
Bradbutv.  J.M.,  Ph.D. !Group Leader 40 
Uarner, R.F. IAsst. Division idr.  5 
Berardo, P., Ph.0. ,Physi c i  s t 100 
TEA S t a f f  Proqramner 100 
P a c i o t t i ,  M . ,  Ph.D. Phys i c i  s t 190 
Wing, J .  JEng i neer i 00 

1 

E J , ' I P Y i N T  a o v a m e r . .  

Comwter pe r fphe ra l / i n t e r f ace  equi p e n t  55,300 
Nuclear e l e c t r o n i c s  modules 5,000 
C h a nn e 1 con t r o  1 ha rdwa r d 6,200 i 

(SPOT beam dynami c col l  imator! ; 16,900 

i 
I 

5L@,L.'! IIIrm#.* hcn.. .v,  

Elec t ron ic s  p a r t s  19,500 Dosimet ry /e lec tnn-cs  18,700 
Computer cxpendabl cs 13,100 Control haraware 23,100 

( d i s k  packs, t aDes , e t c>  9 f f i  ce materia 's  5 , SO0 

Chemicals 2,200 
Photographic ma te r i a l s  4,400 M i  s c e l l  aneous 5,500 I 92,900 

! 
:a $770 ! 2 9 eo- . a. . .  : 3 0 h i t S T i C  4 Srjpnt-T i r  meatinac l, t r a i m  session< 

I C d D t l G Y  
T R r  VEL 

:SN T S ~ C T ' J A L  I 
!I*. I 

i 
0 2  

C O S T S  
? M l R C  D A I T Y  -.wcnomJ 

C T M E ?  EXPENSES Illmi?* bv ramvy)  ADP equlprnent maintenance repair 
10,000 Computer f aci 1 i t y  charges 

El ectron i c/ i nstrumentat  i on 9,000 Contractual servi:es 3 , m  

Machine shop !1,000 I 

Comnun i ca t  i on s 

maintenance 8 r e p a i r  Buroen ( see  next 2age)+ 274,750 I 329,750 



I 

'Burden % 

Indirect 
Program Management 
Supp. R & 0 
General i n d i r e c t  & recharge equipment 

56.0 

12.0 
3.0 

78.5 

I. j 

- 

- .._ . -  
. I  
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i 92,000 104,030 :18,000 
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LAHL PtrySICS EQUIP.HUT BLDCE': 

1 

Computer Peripheral/Intcrface Equipment 5,000 
Tape drive, C M C ,  microprocessors 

Nuclear Electronics  b d u l e r  
AM:, crate control lers ,  
D/A converters 

Channel Control Harduar 
Spot beam m i c  col l imrtorr 
He1 ium ba go 
New entrance s l i t  

5 ,000  

6,000 

E!!!! 
2 

r 10) 

5,000 

5.000 

8,000 

3 

(11) 

5,000 

5.000 

10,000 

Total  16.000 18,000 20,000 

! 

-40- 

00133521.041 



BUDGET .JlJSTITICATION 
LWL PHYSICS 

A .  S a l a r i e s  and Wages 

The organiza t iona l  s t r u c t u r e  f o r  the LAHL group providing develop- 

The s t a f f  requested is t h e  minuum 
mental phys ics  and technology devclopmcnt/operations support t o  t h e  pion 
biomedical program i r  shown i n  Figure 2. 
necessary t o  permit e f f i c i e n t  channel opera t ion  and development, determination 
of therapy beam proper t ies ,  f a c i l i t y  opcracion, and treatment planning code 
development. 
and 03. 

Persoanel c o s t s  a r e  esca la ted  10 percent  per  year  f o r  Years 02 
R e s p o n s i b i l i t i e s  of ind iv idua ls  are l i s t e d  below. 

P. Berardo Three-dimensional treatment planning code development, 
physics computer modeling, code e f f i c i e n c y ,  multisystem :onfiguration. 

TBA, S t a f f  Programmer System programming, ongoing support  t o  appl i -  
c a t i o n  p r o g r a m e r s ,  systen software support .  new software i n s t a l l a t i o n ,  technical  
programing.  

H. P a c i o t t i  Development of therapy beams, documentation of beams 
f o r  i n p u t  i n t o  treatment planning code, conception and s u p e m l s i o n  of channel 
development p r o j e c t s .  

Div is ion  (Kp Y= groups f o r  technica l  channel support  not covered by i n t e r n a l  
s t a f f ,  s a f e t y  o f f i c e r ,  t echnica l  w r i t e r  f o r  subsystem procedures,  channel 
system documentation (wir ing,  cables, e t c . ) ,  backup systcm opera tor ,  f a c i l i t y  
interlock system. 

F a c i l i t y  engineer ing,  l i a i s o n  t o  o ther  Medium Energy Physics 

TBA, Elec t ronic  Technician E l e c t r i c a l .  e l e c t r o n i c ,  and electronccban- 
ical r e p a i r ,  design and mprovemcnr of  Channel hardware and instrumentat ion.  

TBA, Systems Technician Computer system routine backups and system 
redress ing;  hardware, software and computer system support .  

0. Rivera Hechonical technic ian  provides mechanical design and 
f a b r i c a t i o n  of equipment f o r  dynamic scanning and cnannel devices .  

B. Swcnson Programing a s s i s t a n c e  1n treatment planning code p r o j e c t .  

B. Equipment 

The only major equipment item i s  development of a spot  beam dynamic 
c o l l i m a t o r  which is required t o  provide dose d i s t r i b u t i o n s  with a s  sharp edges 
a s  p o s s i b l e  i n  dynamic t reatment .  Other equipment is pr imar i ly  f o r  replacement 
of worn-out items and items on l0.a from other  LANI. units. Costs a r e  esca la ted  
a t  approximately 10 percent  p e r  year. 

C.  Suppl ies  

A large component of supply c o s t s  is a l ioca ted  t o  purchase of mater ia ls  
used t o  f a b r i c a t e  hardware f o r  upgrading the  channel and cont ro l  systems and 
f o r  f a b r i c a t i o n  of c l i n i c a l  and experimental apparatus.  These c o s t s  are 
e s c a l a t e d  10 percent  per year f o r  i n f l a t i o n .  
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Hoacley, Robert D. Jr. 3.D. - 
D .  Travel  

Funds a r e  requested t o  support 5 t r i p s  per year t o  s c i e n t i f i c  meeungs 
f o r  LAHL s t a f f  assigned t o  t h i s  program, and c o s t s  are esca la t ed  a t  10 percent 
per  year  f o r  i n f l a t i o n .  

E. Other Expense 

Other expenses f o r  LANL a r e  p r m r i l y  computer f a c i l i t y  charges for 
t he  p a t i e n t  t rea tment  planning and other ca lcu la t ions  perfomed on LANL's 
l a r g e  CDC computers a t  the Central  Computing f a c i l i t y  ( ~ ~ 1 1  because of t he  
a w r i h b i l i t y  of the LAUPF VhX computer), and labor  c o s t s  r s s o c i r t t d  v i t h  
f a b r i c a t i o n  of equipment, e l e c t r o n i c s  modulem, urd other h r r d v r r t .  
also needed f o r  coermaica t iom,  equipment m i n t e u n c e  and r e n t a l .  and contractual  
servaces .  These c o s t s  a r e  e sca l a t ed  a t  the  r a t e  of 10 percent  pe r  ycar. 

Funds are 

IT IS IlwIRTANT TO NOTE THAT THE LANL PHYSICS PORTION OF THE BUDGET 
INCLUDES AN I'LW CALLED WJRDEN," VIlICII IS A DIRECT COST TO THE P R W ,  SINCE 
THE LAHL PHYSICS EFFORT IS PAID BY SUBCONTRACT. The burden is calculated a t  
an average of 78.5 percent  of  personnel costs  f o r  a11  three yea r s ,  and includes 
t h e  follovin~ items: i n d i r e c t  c o s t s ,  program management c o s t s ,  support  re- 
search and development c a s t s ,  and general  i n d i r e c t  and recharge equipment 
c o s t s ,  a s  noted on the budget d e t a i l  sheet.  
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Moselev. R.D. , Jr. , I10 P . , ~ ~ , . . I  In.r.ll~.l.r 

T a A  Co Principal ! w e s t  mu. M . R . ,  D. SC Fell ow ?S 
f o k i t a ,  N . ,  MD; PhD S t a f f  Member 25 
Carpenter, S .  Staff Member 25 
b i n .  E .  Cell Culture Tecn 2 5  
Administrative costs prorated to all  programs 
for secretarial, c lerical ,  and general supporu 
from w o w  and d i v i s i o n  office staff .  VAR 

Isotow detector for kidney and liver studies 1 4,000 

I 
I 
I 

S L ~ C - L I E S  ri~-e=. h ~ n ~ . * j  

Mice {purchase 53,000 / maintenance 516,300) 519,903 
Rats (purchase 59,000 / maintenance S21,OOO) 30, ,203 
Ce 1 1  cul  ture materi a1 s 6,303 
Mi scel laneous suppl i e s  3,500 1 I i3,6CO 

7 .t:n 
i 
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Program Management 
SUDP. R 8 0 
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Hoseley, Robert D . ,  Jr.  

,1D 
BUDGET JUSTITICATION 

WNL BIOLOGY 

The biology component i s  conducted from t h e  L i f e  Sciences Division of the 
Los Alamos Nat ioor l  k b o r a t o r g  (LANL), with the exception of pathology s tudies  
conducted by members of  t h e  UNn Pathology Department. 
team is nudundi R. Raju, D.Sc., Fellow of t h e  UM, L i f e  Sciences Division and 
Adjunct Professor  of  Radiology and Direc tor  of the  Division of Radiobiology i n  
t h e  Department of Radiology, Urn School of Medicine. 
only, t h e  biology e f f o r t  is shown i n  two par t s :  UNn Biology and LAHt Biology 
because some of the  personnel are  employees of UKL and some are appointed by 
UMI. However, resources  a r e  pooled as ind ica ted  by p r o j e c t  need, and f o r  that 
reason a l l  s u p p l i e s  a r e  l i s t e d  under UKL Biology. 

Leading t h e  biology 

For budgetary purposes 

The hours of 8 a.m. t o  10 p.0. o r  midnight on Tuesdays through Saturdays 
(Mondays a r e  reserped f o r  rout ine  accel-  a r e  a l l o c a t e d  t o  p a t i e n t  treatment.  

e r a t o r  maintenance.) Therefore,  biology experiments a r e  performed on veekends, 
usua l ly  s t a r t i n g  a t  9 p.m. on Saturdays and continuinB un t i l  8 a.m. on nondays. 
f r a c t i o n a t i o n  exper i seo t r  are also conducted d u r i n g  weekdays beginning about 
10 p.m. and cont inuing u n t i l  about 8 a.m. the following day. Hcdia exchange, 
a a i n a l  care  rnd feeding,  and scoring of c e l l  c u l t u r e s  and experimental animal 
r a d i a t i o n  symptoms a r e  performed during weekdays and on weekends as  needed. 
For conduct of radiobiology experiments, t v o  persons must be present  it the 
Pion Biomedical F a c i l i t y  f o r  l o g i s t i c a l  and s a f e t y  reasons. 
care  and scorxnng of c e l l  samples and experimental anmals  is  divided among the 
UNn and LAWL t e c h n i c a l  staff. 

Post - i r rad ia t ion  

A.  S a l a r i e s  and Wages 

Funding is requested f o r  25 percent  of Dr. Raju, who i s  d i r e c t i n g  

Funding is requested f o r  25 percent  of N. Tokita ,  H.D., Ph.D., a 
t h e  biology e f f o r t  and who is personal ly  responsible  f o r  the c e l l  cu l ture  
s t u d i e s .  
r a d i o t h e r a p i s t  and r a d i o b i o l o g i s t .  He v i 1 1  be responsible  f o r  s tud ies  of pion 
acute  e f f e c t s  (skin and intestinal c rypt )  and l a t e  e f f e c t s  (mouse l ens ) ,  and 
f o r  coordinat ing t h e  labora torg  s tudies  with the c l i n i c a l  s t u d i e s .  

Support f o r  25 percent  of S. Carpenter ( t o  a s s i s t  with mouse s k i n  
s t u d i e s  and t i s s u e  c u l t u r e  s t u d i e s  and t o  a s s i s t  w i t h  pion exposures and 
colony count ing) ,  and 25 percent  of Elvi ra  Bain ( t o  prepare cel ls  and mater ia ls  
f o r  t i s s u e  c u l t u r e  s t u d i e s  and t o  perform colony count ing) ,  is also requested. 
These s t a f f  w i l l  also provide backup t o  the  Vm biology technica l  s t a f f  as 
needed. 

S a l a r i e s  a r e  e s c a l a t e d  10 percent  per year f o r  Years 02 and 03 f o r  
i n f l a t i o n .  Fr inge  b e n e f i t s  a r e  ca lcu la ted  a t  15 percent .  

B. Equipment 

The equipment requertcd i s  needed t o  c a r r y  out  the biology experiments 
a s  presented i n  t h e  t e x t  of t h i s  appl ica t ion .  

C .  Suppl ier  

Funding is requested f o r  suppl ies  
described i n  t h e  t e x t  of t h i s  appl ica t ion .  

n e c e s s i t y  t o  do the  crperFments 
The requested m o u n t s  f o r  each 
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year af ter  Year 
i s  estimated t o  

9 are escalated by 10 percent for in f la t ion  
cos t  9C/day per mouse and 18C/dav per  r a t .  

Animal maintenance 

D. Travel 

Travel funding i s  requested for 10 trips bctvcu! ;os Xlamos and 
Albuquerque, in addit ion t o  two s c i e n t i f i c  meetings. Costs for professional  
staff are greater than for technicians since their  visits tend to be longer and 
therefore involve more per diem paynents. 
year for  inflation. 

C o s t s  are escalaced 10 percent per 

E. Other Expense 

IT IS IHPORTAXT TO NOTE THAT TEE LANL BIOLOGY PORTION OF THE BUDGET 
INCLUDES AN ITEn CALLED "BURDEN," UHICH IS A DIRECT COST TO THE PROGRAH, SINCE 
THE LAHL BIOLOGY EFFOAT IS PAID BY SUBCONTRACT. The burden is calculated a t  
an average of 7 8 . 1  percent of personnel c o s t s  for  a l l  three years,  and includes 
the folloving items: indirect  costs ,  program management c o s t s ,  support research 
and development c o s t s ,  and general indirect  and recharge equipment c o s t s ,  a s  
noted on the budget d e t a i l  sheet. 

-48-  

00133521.049 



I 

I 
S e e  supolemental Dagc 1 . 2 2 3  - I DOMESTIC 

T R A V E L  

00133521 . o s  



CONSULTANT COSTS 

E. Trav is ,  Ph.0.. Rad iob io log is t ,  Department o f  Radiation Therapy, M.D.  Anderson Hospital  
Houston. Texas 

Per dlem : 16 days @ 552/day 
2 t r i p s  : douston, Texas t o  Los Alams R.T. 
Cab f a r e  
Consult ing fees: 16 days 8 S100/day 

Total 

TRAVEL 

Domestic' - 5 trips Los Alamos/Albuquerqut 0 5 97.00 
2 S c i e n t i f i c  meetings (9 $770.30 

- 

Tota l  

s, 

48 5 
1,540 

2,025 

e32 
928 

50 
i ,600 
3,410 
- 
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BUDGET ,'USTITTC;\TIOW 
UHn BXOMCY 

The biology component is conducted from the Life Sciences Division of the 
Lor A l m s  National Laboratory (LXNL). (See che Budget J u s t i f i c a t i o n ,  .A'iL 
Biology, f o r  a f u l l  j u s t i f i c a r i o n  o f  t he  bioiogy program.)  

A. Salar ies  rad  Wages 

S a l a r i e s  are requested f o r  1 .0  FIT Ph.D. level s c i e n t i s t  (Albert  L. 
van der Kogel, PL.D., Research S c i e n t i s t )  t o  contiaue leading the CYS s t u d i e s  
and v i t h  Dr. Raju, t o  coordiorte o t h e r  late effects s t u d i e s  proposed i n  chis  
a p p l i c a t i o n .  
Alamor vith o f f i c e  aad l aborarory  space being provided by the  LWL Life  Sciences 
Divis ion.  

Although a r r i g a e d  to  UNn, Or. van der Kooel is based in Los 

Technician support  by UNn IS budgeted a t  2 .00  FlZ ( D .  P i e r o t t z  and 
. G. Sherman) a t  the Pion Biomedical F a c i l i t y  i n  Lor Alamor under a e  supervis ion 

of  Drs. 3. Raju, 3. Tokita ,  and van d e r  Kogcl. C o s t s  ace cscalaced 10 percent 
p e r  year f o r  Years 02 and 03.  Fringe benefits a r e  ca lcu la ted  a t  15 percent o f  
salaries end wages. 

8. Consul t i n t s  

Consultant funds are requested for  E. ?ravas,  Ph.D., of the Y.D. 
Anderson E o s p i u l ,  Houston. t o  perform l a t e  effeczs s t u d i e s  on l u g  tissue. 
These c o s t s  include t r a m p o r c a t i o n ,  consul t ing fees, and per diem a t  rates 
a l lovcd  by t h e  Univers i ty  of N e w  Mexico. 
a n t i c i p a t e d  f o r  Years 02 and 03 .  

Similar  consul t ing  requircmcnrs are 

C. Travel - 
Travel suppor t  is rcquesccd f o r  5 t r i p s  bctveen Los Alamos and 

Albuquerque and Lor two s c i e n t i f i c  meetings per year. 
percent  p e r  year for  i n f l a t i o n .  

Costs are  esca la ted  10 

0. Other 

Other expenses include pion exposure gadgets ,  publ ica t ion  costs ,  
h i s t o l o g y  expenses, and sh ipping  of  animals. 
run t h e  proposed biology program during the  i i f e  of this grant .  

These expenses are mccarary  t o  
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Meeting o f  External Advisory Comnittee, v i s i t ? n g  3hys lc ians  and general I 

consultants I 17,500 
€CUI )YEN 7 : I t m a z y  

C ' e t i c a l  suppl ies 3,200 
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00133521.054 



-- 

I 
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I 

, 

I 

TRAVEL 

D O ~ S t l C  - 18 trips Los Alamos/Albuqutrquc @ f 37 
1 Administrative meeting 3 577c 

Total  Travel  

1,746 
770 

2,516 
- 
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C3re: Admin is t ra t ion  
SUWCICIL -NV:T~SAI:I  P C S X A M  ;tat:-c~ Robert 3 .  Moselev. J r . .  Y , D ,  

BUDGET ESTIMATES FOR ALL YEARS OF SUPPOiZf QEOUESTED 
DIRECT COSTS ONLY 

SUP PLI t s 

49,135 I 

3,200 , 3,520 ! 3,872 

I 17,500 1 19,250 21,175 CZNSULTANT costs 

f ai ' lCwCH1 

5,051 ' 

. 
T 
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BUDGET JUSTITICATION 
CORE: i\DnINISl[aATION 

A.  Salaries and Uages 

Mr. Davidson and the  ind iv idua l  t o  be appointed will handle. the 
a d m i n i s t r a r i v t  requirements f o r  the CRTC s c i e n t i f i c  and c l i n i c a l  S t a  f DaSCd 

a t  o r  r o t a t i n g  t o  Los Alamor, as w e l l  as housing, t r a v e l ,  and other  -equirements 
f o r  v i s i t i n g  s c i e n t i s t s .  These individuals will also handle purchrs.nq. 
persoanel ,  budgeting, p a t i e n t  c o s t  rellnbursemcntr t o  heal th  ca re  providers ,  
subs i s t ence  reiPbunements  t o  p a t i e n t s ,  and rlnrlar d u t i e s ,  a s  w e l l  4s l i a i s o n  
wi th  the NCI ,  UKL, The Lor Alamor Hedical Center,  and other agencies concerned 
w i t h  o r  p a r t i t i p a t i n 8  in the pion c l i n i c a l  t r i a l s .  

Penomel c o s t s  are esca la t ed  by 10 percent pe r  year f o r  Years 02 
and 03. Fr inge b e n e f i t r  a r e  ca lcu la ted  a t  :5  percent o f  s a l a r i e s  and vages. 

B. Consultants 

Consulting funds a r e  requested t o  pay f o r  t r a v e l ,  per diem, and 
consu l t ing  fees f o r  nembcrs of the  External  Advisory C o m i t t e c ,  and general  
c o n r u l u t i o o r .  In add i t ion ,  physicians from other  i n s t i t u t i o n s  who a r e  r e fe r -  
r i n g  p a t i e n t s  for pion t rea tment  and/or  t r e a t i n g  pion protocol  cont ro l  p a t i e n t s  
a t  their  own institutions a re  occas iona l ly  brought t o  Lor Alamor f o r  technology 
exchaage, t o  -rove comparabi l i ty  of da ta  f o r  pion versus  conventional therapy 
p a t i e n t s .  
Two c o n r u l u n t r  v i11  be brought t o  Lor Alamor in Year 10 t o  p e r f o m  calor imetry 
measurements needed f o r  the r t u d i e s  designed t o  more c l e a r l y  def ine  absorbed 
dose f o r  pions.  t leasureaents w i l l  be made by a representa t ive  of the National 
Bureau of Standards,  u s i n s  a water  and a carbon ca lo r ime te t ,  and by J o s q h  
McDonald, Ph.D., of t h e  Univers i ty  of  Californra/Loo Angeles, using a t i s sue -  
equ iva len t  ca lor imeter .  
conversion f a c t o r s  f o r  i o n i z a t i o n  chambers or' d i f f e r e n t  materials. gases, and 
geometry, as descr ibed under Sect ion V-E, Physics. Consultant cos t s  a r e  
e s c a l a t e d  10 percent  year  f o r  i n f l a t i o a .  

Thei r  t r a v e l  and per diem expenaes a r e  paid from consul t ing funds. 

This work is necessary t o  t e s t  ca l cu la t ions  of the 

C .  Supplies 

The c o s t  o f  c l e r i c a l  suppl ie r  is escalated by 10 percent  pe r  year 
for i n f l a t i o n .  

D. Travel 

Travel costs  are requested f o r  oae adminis t ra t ive  meeting a t  the  
national level (e .g. ,  w i t h  r ep resen ta t ives  of the  NCI and/or the RTOC),  and 
f o r  18 t r i p s  t o  and from Lor Alamor and Albuquerque. 
10 pe rcen t  pe r  year f o r  m f l a t i o n .  

These cos t s  a r e  esca la ted  

E. Other Expenses 

These expanses incLude maintenance f o r  magnetic card typewri te rs  a t  
t h e  Lor A l m o s  admin i s t r a t ive  o f f i c e  and the  P ion  Biomedical Fact:-ti. Xerox 
and co'rlnicationa c o s t s  inc lude  p r i n t i n g  and d i s t r i b u t i o n  of updated mater ia l  
f o r  the pion pro tocol  and procedure manuals, a s  ve l1  as rout ine  Xerox, phone, 
and por tage  expense. 
e s c a l a t e d  10 percent  pe r  year  f o r  inflation 

These c o s t s  a r e  based on curren t  experience and are  
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Clerical supplies 1 1,500 

I 
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T2AVEL 

Domestic - 12 trips Albuquerquc/Los Alamos 
- 

1 t r i p  to RTOG meeting 
Q f 97 
3 5770 

Total Trave? 

1,164 
770 - 

1,934 

00 133521.058 
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BUDGET JUSTIFICATION 
C t Z :  PROTOCOL SUPPORT 

A .  S a l a r i e s  and Wages 

Support is requested €or  1 . S  FfE program s p e c i a l i s t s  f o r  t h i s  core 
component t o  provide the minimum s t a f f  support  f o r  data management a c t i v i t i e s ;  
p a t i e n t  scheduling, liaisoa, and counseling; t r anspor t a t ion  and housing arrange- 
ments; c o l l e c t i o n  and transmission of  p a t i e n t  records and films; maintenance 
of study forms and fila f i l e s ;  and r e l a t e d  duties. 

Salarg cos t s  a r c  e sca l a t ed  10 pe tcen t  p e r  year f o r  i n f l a t i o n .  
Fr inge benefits a r e  ca l cu la t ed  a t  15 percent  o f  s a l a r i e s  and water. 

B. Supplies 

Supplies  a r e  t u i n l y  c l e r i c a l  suppl ies  fo r  the s i g n i f i c a n t  paper load 
a s soc ia t ed  vith t he  a c t i v i t y  of t h i o  group i n  support of the pion c l i n i c a l  
t r ia ls .  The est imates  a r e  considered minim- amouts, based on cur ren t  exper- 
ience,  and a r e  esca la t ed  10 percent  per year for i n f l a t i o n .  

C. Travel 

Travel  support is requested f o r  one t r i p  t o  an annual RTOG data 
managers' meeting f o r  t r a i n i n g  and coordinat ion on forms and r e p o r t s .  
support  is l l S 0  needed f o r  pe r iod ic  t r a v e l  t o  and from Los Alamo8 (one t r i p  
pe r  month). 

Travel  

D. Other Expense 

Phone expenses were budgeted based on ac tua l  use and projected f o r -  
u r d  a t  a 10 percent  increase each year 
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See i ndi vidual budgets  i 51,200 

I 

I ? I 

See ind iv idua l  budgets f o r  Los Alamos ZZN T Q A C ~ U  AL 
O R  

National Laboratory {LANL! Physics I and Blology 954,156 
I 

See individual  budgets 1 233,256 
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::MSUL'ANT CSslS ! 39,039 ! c4,943 37,237 

EEL'IPUE?41 1 51,200 ! 2 9 , 7 7 5  27,145 

The contractual or t h i r d  party costs include both t h e  Biology - L M L  and the Physics - 
WNL budgets .  
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For ad of thm prokrsionals n a n d  on pog. 2, list, in rhm sopomn pmuos: :1: acnvo suppan; (2) applications 
ponding roviow and/or funding; (31 opplicotions p1onn.d or boing prooarea ior submission. Includo 
F d r u l ,  and institutional gmnr and em- support. If nono, smm “NONf.“ ’or mdr it.m givo rho iourco oi support, 
id.nti+ng numbor, proioct titi., name of principal invortigot~r/pmgmrn d i r e r ,  rim. or p m c m t  of effort on rho pqew 
by praforrionol n a o d ,  onnuol d i n e  -st., a n i  n t i r o  D W I O ~  of suopon. . I f  DO* of a largor pmr-t, provid. the titlor ai 
both mo parmt  gront ond rh. urbprnioct md q i v ~  rho annuol dime costs ior .acir.i 8rcofiy dercrik rho mnnnrs oi .a& 
it- listmd. I f  any of heso avedag, duplicot., ar aro beioq r0ploc.d or suppirmmnd by 
and &lin.oto tho namro and a x m t  of the rclmtlfic and budgot09 ovortaos or mundorios. 

Fdoml, non- 

p n r m t  appiicotion, lustify 

PRlNClPAL INVESTIGATOWPROGRAM DIRECTOR: Robert 0. Hoseley, J r .  , M.D. 
(1) ACTIVE SUPPORT: None 
( 2 )  PENDING SUPPORT: 

NIH app l i ca t i on  “Observer Perfonnance Eva1 uat’on of Imaging Technology”, 2obert 3. 
Yoseley, Jr., H.3.. P r i n c i p a l  Inves t iga tor ,  3: Si5,300 (Yr. 1). 

t3-PRINCIPAL INVESTIGATOR: fBA 
( I )  ACTIVE SUPPORT: 

L o s  Alamos National Laboratory, Purchase Order 4-LZ1-2460V: Professional Services: 
Pion Biomedical Program Direc t ion ,  TEA, to -P t i?c loa l  Invest igator,  25:;. 525,300, 
(renewabie annually). 
cate funds requested here. 

Support f r o m  LANL for  3ion Dngram Ci rec t ion ;  Goes not  dup l i -  

CHIEF,  C L I N I C A L  PHYSICS: Smith, A . R . ,  Ph.0. 
(1 )  ACTIVE SUPPORT: 

National  Cancer I n s t i t u t e  5 801 CA 22286-04: 
Group, A.R. Smith, Ph.D., P r i n c i p a l  Inves t iga tor ,  201,  $53,754 (Yr. a ) ,  1 August 
1980 - 3 1  J u l y  1983. 
of charged p a r t i c l e  dosimetry protocol  ; does not duD1 i ca te  funds requested here. 

National  Cancer I n s t i t u t e ,  RFP # NCI-CM-17482-22: Evaluation of Treatment Planning 
fo r  P a r t i c l e  Beam Radiotherapy, A.R. Smitn, Fh.3. , Pr inc ipa l  Inves t iga tor ,  15% 
23,720 ( Y r .  l ) ,  5250,090 ( T o t a l ) .  Evaluation 
of treatment planning techniques for nat iona l  D a r t i c l e  intercomDatison. 
release t ime fran t h i s  p r o j e c t  will be replaced w l t n  a t c c m i c i a n  i.30 FTE t o t a l :  
Smith (15%),  Hilko (20%). TEA (15:) ) .  

AAPY Charged P a r t i c l e  Oosimetry Task 

Support for charged p a r t i c l e  fntercomWrisons and developnent 

( 2 )  PENDING SUPPORT: 

14 aDurOved, 

FELLOW, LOS A L M S  NATIONAL LABORATORY: Raju, Y . R . ,  3 . k .  
(1) ACTIVE SUPPORT: 

Nationai  Cancer I n s t i t u t e  S R01 CA 17290-06: 
i n  Radiotherapy, H.R. Raju, Ph.D. , Pr inc ipa l  Invest igator,  70X, Si82,160, 1 August 
1981 - 3 1  July 1983. Dots n o t  dup l i ca te  funds requested nere. Release t i m e  from * 
t h i s  app l i ca t i on  w i l l  be used to obta in  additlOna1 tecnnical  support f o r  comparative ? 

studies u n t i l  completing renewal. 

C m p a r a t i v t  Studies of Heavy Partic!es 

CHAIRMAN, PATHOLOGY UNM SCHOOL OF MEDICINE: Anderson, 3.:. , H.J. 
(1) PENDING SUPPORT: 

National  Cancer I n s t i t u t e  2 R01 CA 13805-08: Radiat?on I n j u r y  i n  S;rbWpulations 
of Lymphocytes, R.E. Anderson, M.D., P r inc ipa l  Inves t iga tor ,  25:, 560,457 (vr. ! I ,  
5358,892 (To ta l ) ,  1 January 1982 - 31 December 1386. Does not duo l i ca te  funds 
requested here; e f f o r t  aoes no: overlap. - -  m .  
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~ W K l C A L  I N V E S T I G A T ~ R / P W ~ R A ~  OIRKTOI:  Robert 0. Moseley. J r . ,  M. 2. 

RESOURCES AND ENVIRONMENT 

- 
LL~ Lobremry: T h e  P i o n  Biomedical F a c i l i t y  a t  W P F  i s  e a u i p p e d  w i t h  a s m a l l  tissue 

c u l t u r e  l a b o r a t o r y .  
A lbuquerque  and t h e  Los Alamos National L a b o r a t o r y  f o r  baCKUp as needed .  

Complete tissue cui ture faci  1 i t i e s  are a v a i  1 a b l e  a t  tne CZTC/ 

The  8500 square-foot P i o n  Biomedical F a c l l i t y  i s  cqu ipocd  w i t h  o u t p a t i e n t  
~ t i n t c a ~ :  examination, CT scanning, simulation, s e t - u p  and treatment f a c i l i t i e s  f o r  
p a t i e n t s .  
h p a t i c n t  f a c f l i t i e s  are a v a i l a b l e  a t  t h e  Los Alamos Medlcal Center and a t  t h e  UW 
H o s p i t a l  ( a n  8-bed cancer r e s e a r c h  u n i t ) .  A f u l :  range o f  outy t ien t  c l in ica l  f a c i l -  

A small animal h o l d i n g  f a c i l i t y  i s  a v a i l a b l e  a t  t h e  Pfon Bianedical F a c i l i t y  
a t  LAMPF. Larger backup f a c i l i t i e s  are a v a i l a b l e  a t  t h e  CRTC i n  A lbuquerque ,  a t  t h e  
Los Alamos National L a b o r a t o r y  ( i n c l u d i n g  a h o l d i n g  a r e a  f o r  l a r g e  animals), and a t  
the UNM Medical Center Animal Resource Faci! r t y .  

E Cornmu- T h e  P i o n  B i m d i c a l  F a c i l i t y  a t  LAHPF i s  equ ipped  w i t h  PDP-11/45 and 11/70 
c o m p u t e r s  and an array of p e r i p h e r a l  d e v i c e s  ( t e r m i n a l s ,  CRT d i s p l a y s ,  p r i n t e r s ,  
m i c r o p r o c e s s o t l i ,  W A C  modules ,  e t c . ) .  P u r c n a s e  of a POP ( A X  computer  for the 
f a c i l i t y  w i th  DOE f u n d s  Is b e i n g  e x p l o r e d .  

P i o n  S i m e d i c a 1  F a c i l i t y .  an a d j a c e n t  off ice  b u i l d i n g ,  and t h e  Accelerator Technology 
b u i l d i n g  a p p r o x i m a t e l y  one b lock  from t h e  Pion F a c i l i t y .  
p r o v i d e d  a t  t h e  CRTC i n  Albuquerque f o r  s ta f f  baszd  t h e r e .  

O u t p a t i e n t  hous ing  i s  a v a i l a b l e  by lease from t h e  Los A l m s  Medical Center. 

,ities i s  avai lable  a t  t h e  CRTC in Albuquerque .  
U; Antmal: 

P 
I& o w e r  Office faci l i t ies  for  r e s e a r c h  and  a d m i n i s t r a t i v e  s t a f f  are a v a i l a b l e  a t  t h e  

3ffice fac i l i t i es  are 

- 
iL Cthor I I :  

MAJOR EQUIPMENT: Liar tho moat tclmvmtt yuipnmr i t m a  o h d y  owoilaol. k r  *IO ~ m o c f ,  nwtn m0 iecanon mi #.OI- 

camabilirtoo af ow&. C 1  inac 6 acceferator (Albuquerque)  
90 McV n e g a t i v e  p i o n  channe l  ( f i x e d  v e r t i  c a l  beam) Cl i nac 18 accelerator (Aibuquerque  ) 
2 EM1 7070 whole  body scanners Plcker S i m u l a t o r  ( A 1  buque rque )  

Phi 1 f p s  Medio 5500 stmulator  J r thovol  t a g e ,  super?! cia1 and 
GE 300 kVp Maxitron x-ray u n i t  ( f o r  b i o l o g y )  
Equipment  for p h y s i c s  dosimetry, m i c t u d o s l m e t r y ,  Implan t  s o u r c e s  ( A I  b u w e r q u e )  

d o r d  p r o c e s s i n g  equ ipmen t  (Los 

Comuuter eaufapUIt as &cr i b e d  abo vc 

c o b a l t  machi n e s  (A1 buquerque )  

-- in v i v o  dosimetry, v i s u a l i z a t i o n ,  and 
t rea tment  p l a n n i n g  A t  amos and A1 buquerque )  s 

9 

ADDITIONAL INCORYATION: Pvorile any ohor ~ntarmacian daocnbing *a onwronmant far tha pmtnt. Ilmtfy wewn S.C*IC.O 

ruck a0 conoulnnro, so.rot@nal, machino aha,, on. *i.ctronics shorn. ona vho *wont IU which hoy -111 bo avaiiablo m L O  pm10Ct. 

The Pion Biomedical F a c i l i t y  i n c l u d e s  an e l e c t r o n i c s  shop and medica l  p h y s i c s  l a b o r a t o r y .  
Comple te  s h o p  s e r v i c e s  and e l e c t r o n i c s  i n s t r u m e n t a t i o n  s e r v i c e s  are a v a i l a b l e  t h r o u g h  
LANL. The LANL Central Computing F a c i l i t y  i s  a v a i l a b l e  f o r  treatment p l a n n i n g  and o t h e r  
a p p l i c a t i o n s .  T h e  complete c l i n i c a l  and l a b o r a t o r y  f a c i l  fties o f  t h e  CRTC i n  Albuquerque 
3re a1 SO ava i l ab le  for d i a g n o s i s ,  supp lemen ta l  treatment, and col’low-uP. 
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RESEARCH P U N  

1. INTRODUCTION S T A T E , W  UP OBZCTTVES 

A. Objec t ive  

The primary o b j e c t i v e  of  t h i s  program is t o  tonduct the necessary 
phys ica l ,  b i o l o g i c a l  m d  c l i n i c a l  s t u d i e s  LO eva lua te  the e f f i c a c p ,  p o r e n t i a l  
b e n e f i t ,  and r o l e  of negat ive p i  mesons ( p i o n s )  i n  mmgament  of s o l i d  tumors 
not vel1 maaged by cuxrent methods. 

B. Bactgrouad 

Radia t ion  therapy  used alone or in combiaatioa with surgery o r  
chemotherapy is aa e f f e c t i v e  cu ra t ive  modality f o r  a Large number of  p a t i e n t s  
with l oca l i zed  rod regional  cancers .  
decades i n  the  treatment of cancer with r a d i a t i o n  therapy has been due t o  
a b e t t e r  understanding o f  cancer biology and the r a d i a t i o n  tolerance o f  
noma1 t i s s u e s .  advances in  r a d i a t i o n  dosimerry, inCrL88Id use of  Careful 
treatmeat plapning, rod the w e  of megavoltage r a d i a t i o a  sources (x-rays, 
g a m  r ays ,  and e l e c t r o n s )  with improved physical  dose d i s t r i b u t i o n s .  Despite 
these advances, it has been estimated tha t  approximately 100.000 deaths occur 
annually due t o  f a i l u r e  by a l l  means of therapy t o  con t ro l  local-regional  
cancer.  Improved l o c a l  coo t ro l  would a i d  no t  only these p a t i e n t s ,  b u t  
also p a t i e n t s  w i th  those types of solid tumors in which systemic adjuvant 
therapy may c o n t r o l  d i s t a n t  metastases .  Any modality t h a t  vi11 e r u b l t  t he  
r a d i o t h e r a p i s t  t o  i nc rease  the e f f e c t i v e  r a d i a t i o n  dose t o  the tumor while 
maintaining o r  reducing the  e f f e c t i v e  dose t o  c r i t i c a l  normal t i r s u e  w i l l  
enhance con t ro l  of l a rge  Iesioas,. 
the  b e n e f i t  of systemic therapy on disseminated s u b c l i n i c a l  disease .  

Considerable progress in the l a s t  t w o  

Control of the l o c a l  l e s i o n  will enhance 

Because of t h e  unique phys ica l  and b io log ica l  p rope r t i e s  of p a r t i c l e  
r a d i a t i o n s ,  it h.8  been proposed t h a t  t h e i r  use w i l l  s i g n i f i c a n t l y  enhance the 
a b i l i t y  t o  accomplish uncomplicated l o c a l  con t ro l  of cancer.  To Lest t h i s  
theory,  the Nat iona l  Cancer I n s t i t u t e  has supported several projects t o  explore 
and e x p l o i t  the t h e o r e t i c a l  advantages of h e a v  p a r t i c l e s  io radiotherapy, 
including neufrons, protoas, h e a q  L O L I S .  and negative p i  mesons (pions) .  

I n  terns of b i o l o g i c a l  e f f e c t i v e n e s s ,  r a d i a t i o n  may be c l a s s i f i e d  a t  
low l i n e a r  energy t r a n s f e r  (low LET),  such as x-rays, g a m a  rays,  e l ec t soas ,  
p ro tons ,  and nega t ive  p ioa r  in their p l a t eau  region; o r  high LET, such as 
neutrons,  heavy i o n s ,  and pions in the i r  stopping region. Hiph-JLT beams 
d i f f e r  from low-LET b e a m  in t h e  grea te r  dens i tv  of i o a i t a t i o n  deporited i n  
t i s s u e s ,  which Leads t o  g r e a t e r  des t ruc t ion  o f  c r i t i z a l  molecules, and thus 
increased c e l l u l a r  l e t h r l i t y .  

Beam of h t r q  c b r g e d  particles have a c h a r a c t e r i s t i c  absorption 
cume  wi th  a f i n i t e  depth of penetrat ion.  The depth-dose cume of heavy 
charged p a r t i c l e s  ha8 two p o r t i o n s ,  an i n i t i a l  r e l a t r v e l y  low-dose plateau,  
and a high-dose termiP.1 peak (Brags peak) i n  the stopping region. The depth 
a t  which the Brags peak is located within the absorbing medium depends on the 
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i n i t i a l  momentum o f  t he  p a r t i c l e s .  
and s top ,  a propor t iona te ly  g r e a t e r  laaunt o f  energy is absorbed per u n i t  
volume of tissue, c r e a t i n g  the  high-dore peak. 
peak stopping region i n  comparison uxth the  p l a t eau ,  the g r e a t e r  the p o t e n t i a l  
improvement in the r a t i o  between dose deposi t ion in tumr and adjacent  n o m 1  
t i s s u e .  The depth-dose c h r r r c t e r i s t i c s  of a heavy ion beam, a proton beam 
(even though it is low-LET), or a pion beam can be modulated t o  f i t  a tuIDoc, 
thus u n a i z i n g  t h e  amount of energy deposited in adjacent  norm81 tissues. 
The more rbe r a d i a t i o n  can be l imi t ed  t o  t he  tumor volume i t s e l f ,  the  h i g h e r  
t h e  doac that can be de l ive red ,  thus increasin8 t h e  p r o b a b i l i t y  of destroying 
a11 tumor c e l l s .  The phys ica l  dose d i s t r i b u t i o n  combines with incrersed RBE 
t o  enhance cell killin8 in the r t o p p i n ~  o r  peak region. 
i r o c e o t r i c  equipment and computerized treatment planning, conventional super- 
vol tage r a d i a t i o n  and neutron beams (cvea though they a r e  h i &  UT) cannot be 
l o c a l i z e d  t o  t h e  t w r  i n  the same manner. P a r t i c u l a r l y  in the case of deep- 
seated tumors in  proximity t o  normal tissues of  grea te r  r a d i o s e n s i t i v i t y  than 
the neoplasm, it i s  necessary t o  l i m i t  the dose of r a d i a t i o n  t o  levelr kaowrr 
t o  be suboptimal in terms of e r ad ica t ion  o f  t he  disease. 

As the p a r t i c l e s  lose energy, S l o w  down 

The a r e a r e r  t he  dose a t  the  

Despite soph i s t i ca t ed  

The negat ive  p i  meson, o r  p ioa ,  a subnuclear p a r t i c l e  v i t h  a mass 
approximately 1 /7  t h a t  of a proton,  behaves as low-LET r a d i a t i o n  i n  the plateau 
region,  but  in t he  stopping region, che e f f e c t i v e  dose is high €or  tvo teasoas. 
Ooe is the increased i o n i z a t i o n  caused by the charged p a r t i c l e  slowin8 down 
and s topping,  as mentioned e a r l i e r .  so t h a t  increased energy deposi t ion per 
unit volume of tissue occurs in this peak region. 
charged p a r t i c l e s  Lose energy in the peak x g i o n ,  they a r e  captured by the 
nuclei of atoms, p r i n c i 2 a l l y  carbon, ni t rogen,  and oxygen. This causes an 
unstable  condi t ion  in the  nuclei o f  the atoms, which then undergo fragmencacioa, 
wi th  the  production of a l p b  p a r t i c l e s ,  large nuclear  fragments, neutrons,  
p ro toas ,  and a small percentage of g m  raps.  The i o a i t a c i o o  p a t t e r n  of t h i s  
fragmentation, t h e  " s t a r , "  contaias  the high-LET port ion of t he  pion beam, and 
it augments the p r i n r r y  i o n i z a t i o n  i n  the peak region. P a r t  of t h e  fragments, 
inc luding  neutrons,  a r e  high-LET rad ia t ion .  The pion  peak, t he re fo re ,  has a 
mixture of low- and high-LET rad ia t ion .  

However, as these acgacively 

General ly ,  normal c e l l s  have a grea te r  capaci ty  t o  recover from the 

The increased a b i l i t y  of normal c e l l s  t o  recover from sub le tha l  
damage caused by low-LET r a d i a t i o o  than do tumor c e l l s  a t i s i n 8  in those normal 
tissues. 
dauage makes cure  by r a d i a t i o n  poss ib l e ,  s ince the  s e n s i t i v i t y  of nornrl  and 
n e o p l a s t i c  c e l l s  t o  conventional low-LET r a d i a t i o n  is about the same. 3 u l t i p l e  
small daily f r a c t i o p r  a f  x-rays (5  200 rad) permi t  a g r e a t e r  degree of recovery 
in n o m 1  c e l l s  than in neop las t i c  cells ia a s p e c i f i c  time period.  
reduced amount of  recovery i n  n o m 1  t i s aues  t h a t  occurs v i t h  a pure high-LET 
radiation u y  overcome the d i f f e r e n t i a l  recovery favorin8 the normal tissues 
and thus u y  m i t i g a t e  a g a i n s t  the favorable e f f e c t s  of low-LET f r ac r iona t ion .  
However, the LET d i f f e r e n t i a l  between plateau and peak f o r  pioor should p a r t i a l l y  
overcome this disadvantage by confining cbc high-LET r a d i a t i o n  t o  the t u o r  
volume, provided the tumor can be adequately loca l i zed  f o r  dose del ivery and 
that opt imal  techniques a re  employed in  contouring the  dose d i s t r i b u t i o a  to 
t he  des i r ed  t r e s f P t n t  volume. 

The 

3 

Two r ad iob io log ica l  p r inc ip l e s  cormaon t o  high-LET r a d i a t i o n  may ac t  
( a )  high-LET r ad ia r ion  has been t o  increase c e l l  k i l l i n g  in the pear region: 
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shovn more effec i r e  in k i l l i n g  the hypoxic c e l l s  which are present  -n :he 
major i ty  o f  tumors, and (b) v a r i a t i o n s  of cellular r a d i o s e n s i t i v i t y  v i l S i n  
cell-cycle phases have been shown t o  be less marked with high-LET :adrac:on.'-' 

The fundamental ai turc o f  t h e  negat ive p ion  and i t s  i n t c r a c c - x  a: 
rest With nuclei  have bean known s i n c e  1917 when Powell and his group -1 
England first obrcrocd these p a r t i c l e s .  In the e a r l y  1960's.  Fouler .  Richmaa, 
and o t h e r s  suggested the use of  these  p a r t i c l e s  f o r  caacer therapy 
and Perkins were the f i r s t  KO make c a l c u l a t i o m  of the dose d i s t r r b u t l o a s  of a 
pion beam.: Fur ther  erper-mentll work ensued vi th  a beam of low i n t t n s i t y  a t  ' b u t  a beam 01 suf f ic ien t  intensi ty  t o  p e r f o m  medical t e s t i n g  was 
not a v a i l a b l e  until the biomedical pion channel o f  the 800-!'leV proton Linear 
a c c e l e r a t o r  a t  the Clin ton  P. Anderson Heson Physics F a c i l i t y  ( m r )  was 
a c t i v a t e d  in early 1976. 

Fovler 

In  September 1972, t h e  Universi ty  of Yew Yexico (W) and t h e  Los 
Alamos National  Laboratory (LANL), then c a l l e d  the Los Alamor S c i e n t i f i c  
Laboratory, proposed to  the National  Cancer Institute ( Y C f )  a j o i n t  research  
program of p r e c l i n i c a l  Physics and biology s t u d i e s  f o r  pion radiotherapy,  
based on the planned a v a i l a b i l i t y  of a pion beam more than 100 times as intense 
a s  t h t  produced a t  Berkeley. The biomedical pion channel and biomedical 
f a c i l i t y  a t  LvlpF were then under construct ion with funding from the A t o m i c  
Energy CoPrmission and the NCI. 
was approved f o r  a three-pear per iod ,  s ta r t ing  J u l y  1. :973. The following 
m a t h  (August 1973), the 800-MeV pro too  a c c e l e r a t o r  a t  W F  produced i t s  
f i r s t  p ions ,  although a c t i v a t i o n  of che biomedical p ion  charnel  d id  not  occur 
u n t i l  February 6, 1971. 
161271, w a r d e d  Nay 1, 1976, f o u r  p a t i e n t s  were t r e a t e d  with pions during 
Octobtr-December 1974. 
months f o r  e x t e n a i v t  refurbishang t o  tolerate high i n t e n s i t y  beam apera t ioas .  
C l i n i c a l  t rea tmeat  resumed in June 1976, IlKhOUgh beam zntcns i ty  was then a t  
only LO microamperes (1/100 of t h e  planned design i n t e n s i t y  of 1 mil l iampere) .  
Beam c u r r e n t  was gradual ly  esca la ted ,  as vas the  number of opera t ing  weeks. 
Current vas  r a i s e d  t o  500 microamperes i n  the  s u m e t  of 1979, and recent ly  
e s c a l a t e d  t o  600 microamperes. An increase t o  750 microamperes is plaaned f o r  
t h e  surmer o f  1982. Each increase  in beam curren t  produces a l i n e a r  iacrcase  
i n  pion f l u x ,  so that p a t i e n t  t reatment  time LS proport ionately reduced. With 
t h e  i n c r e a s e  planned f o r  the  s w r  of 1982, ir is estimated t h a t  it w r i l  be 
p o s s i b l e  t o  t rea t  20-25 p r r i e n t s  per  16-hour treamcnt day, compared v i t h  
15-18 a t  present .  

Funding f o r  the p r e c l z u c a l  research p r o j e c t  

Under a gran t  t o  support  the c l i n i c a l  a c t i v i t y  (CA- 

The proton  a c c e l e r a t o r  vas then shut  down f o r  about 15 

The t w o  g n a t s  for  preclinical s t u d i e s  (a-10052) and c l i n i c a l  
studies (CA-16127) were combined Hay 1, 1979, i n t o  a s i n g l e  gran t  t o  support  
c l i n i c a l ,  b iological ,  and physics  s t u d i e s  r e l a t e d  t o  pion radiotherapy.  This 

through Novclber 30, 1985, t o  rep lace  a disapproved appl ica t ion  ( 2  PO1 C.4 
16127-09). 

i 
5. a p p l i c a t i o n  represents  a new a p p l i c a t i o n  f o r  the period December I, 1982, 
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11. IYSTITUT’IONAL ENVIRONHEYT .4KD RESOURCES 

The UlW and LANL have been engaged s ince  1972 LZ a j o i n t  research e f for t  
to t e s t  t h e  rad io therapeut ic  potentla1 of pions produced by the 800-HeV proton 
l i n e a r  accelerator a t  Los Alamos. This a c c e l e r a t o r  i s  t h e  oaly one in the 
U.S.A. r o u t i n e l y  producrng pions a t  s u f f i c i e n t  i n t e n s i t y  f o r  medical t e s t i n g ,  
and phys ic ians  throughout the  na t ion  are  sending approprrat  3 p a t i e n t s  to t h i s  
f a c i l i t y  f o r  pion radiotherapy. 

A. Caacer Research and Treatment Center.  Albuquerque 

The pion research proatam provided the impetus f o r  t h e  c r c a t i o a  of 
a reg iona l  cancer center i n  Albuquerque, the  population center  of Yew Mexico 
with approximately one-third of the s t a t e ’ s  1 . 3  million res idents .  
was cons t ruc ted  with a $3.375 mil l ion  grant  from t h e  NCI and S 1 . 5  m i l l i o n  in 
matching funds from the s a t e ,  couaty,  and UHn. I t  was opened for  c l i n i c a l  
opera t ions  in  January 1975. The CRTC &as developed p r o g r a m a t i c a l l y  into 
a a u l t i d i s c i p l i n a q  center, involving physicians, bas ic  scientists, e p i -  
demiologis t s ,  and others. 
t o  cancer  research.  t reatment ,  education and c o n t r o l  a c t i v i t i e s  in  a geo- 
graphic  area bounded by K o u t o n  t o  the East ,  Tucson t o  the  Uest ,  Denver to 
the Xorth, and the United StatesiHexico border t o  the south.  The center  is 
operated by UNn as a f a c i l i t y  t o  serve the entire S t a t e  o f  New Yexico and 
contiguous a r e a s  of surrounding s t a t e s .  
the New Mexico Health Systems Agency (HSA) and the  Navajo Nation HSA as 
the c e n t r a l  cancer f a c i l i t y  f o r  the S t a t e  of  Jew Yexico and the Navajo 
Nation. The p a t i e n t  c a t c b e a t  area f o r  t h e  center  is depicted i n  Figure 3. 

The ceater 

The CRTC is the  only f a c i l i t y  exclusively devoted 

The center  has been i d e n t i f i e d  by 

The CRTC is  an o u t p a t i e n t  h o s p i t a l .  with 56 ,975  net  square feet  o f  
space f o r  d i a g n o s t i c ,  c l i n i c a l ,  l abora tory ,  epidemiology, aad adminis t ra t ive  
a c t i v i t i c a .  
County Medical Center adjacent  t o  the CRTC, and by che UNH-affiliated h o s p i t a l s  
(Lovelace-Bataan Hedical Center and the Albuquerque Veterans Administration 
Medical Center ) .  
e ight-bed research  unit is a v a i l a b l e  a t  the LHn Hospi ta l  f o r  research pro tocol  
p a t i e n t s  o f  t h e  CRTC. The L’Nn Hospital  is connected with the CRTC by a 
common c o r r i d o r  a t  t h e  clinic f l o o r  level. The CRTC also  has s e r v i c e  tunnels 
connect ing w i t h  the VHn School o f  tledicine Baric Sciences Buiiding and the  
Colleges of Nursing and Pharmacy. 
inc ludes  the B e r r u l i l l o  County Meatal Health Center, t he  Hew .Yexico S t a t e  
Laboratory Building ( f o r  Health, Enviroamcntal and Yedicr; Invcs t iga t ioa  
l a b o r a t o r i e s ) ,  New Htrico Children’s P s y c h i a t r i c  Center. a bui ld ing  housing 
the departments of  Family, Coprpunity, and Ewrgencp tledicine and Psychiatry,  
a new medical Librarp,  and a dental hygiene bui ld ing .  
research bui ld ing  is  under construct ion adjacent  LO the CXTC and Basic 
Sciences Building,  and w i l l  be connected by the  s a w  service tunnel system 
with t h e  C R I C .  

I n p a t i e n t  f a c i l i t i e s  are provided by the UNH Hospi ta l /Berna l i l lo  

These h o s p i t a l s  have a combrned t o t a l  of 900 beds.  29 

The UMI nor th  campus healch complex also 

X 59 million b a s i c  

Approxbate ly  31 percent of CRTC cancer p a t i e n t s  a r e  Berrul i l lo  County 
r e s i d e n t s ,  while 57 percent  a r e  Yew flexico r e s i d e n t s  of counties o t h e r  than 
B e n u l i l l o  and 12 percent  a r e  residents of other s t a t e s .  .A rota1 of 4 , j U  
new and follou-up p a t i e n t s  were seen a t  zht CRTC L I ~  calendar year 1980, of 
vhom 559 were cancer p a t i e n t s  seen in the Radiation Oncology Sect ion.  
Col labora t ive  arrangements with 2 r r t i c i p a t i n g  i n s t i t u t i o n s  throughout the 
country are  discussed i n  d e t a i l  :n Sect:oa V-A (Clinica.  I n v e s t i g a t i o n s ) .  
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Figure 3. CXTC patient cac.c:menr area 
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In a d d i t i o n  t o  the pion research program, the  CR'KC's c l i n i c a l  inves t i -  
gations include p a r t i c i p a t i o n  ( v i t h  full membership) in ta t  Southwest Oncalogy 
Group and l h d i a t i o n  Therapy Oncology Group. 

The c l i n i c a l  f l o o r  of the  CRTC has been planned f o r  ease of rapid 
work-up and decision-aukmg f o r  p a t i e n t  treatment.  
n o s t i c ,  t h e r a p e u t i c  and follow-up serv ices  i s  provided. The primav goal is 
t o  provide rapid pretreatment  eva lua t ion  f o r  most p a t i e n t s .  
ency, a computerized system f o r  scheduling p a t i e n t s  with var ious s p e c i a l i s t s  
and s p e c i a l i z e d  d iagnos t ic  equipment has been impiemented. 

A f u l l  range of diag- 

To improve e f f i c i -  

The center's c l i n i c a l  operat ions a r e  o r l a n i t e d  under a mult idiscip-  
1i-q j o i n t  c l i n i c s  concept,  v i t h  p a t i e n t s  seen i n  one area by phynicians of 
various s p e c i a l t i e s .  
a t  the c e n t e r ,  including gynecologic oncology, colposcopy, gastroenterology,  
d e n t a l  oncology, psychia t ry ,  and a pain cont ro l  c l i n i c .  The c e n t e r  is designed 
as an outpacient  h o s p i t a l ,  since most radiacion therapy and many chemotherapy 
and minor s u r g i c a l  procedures can be performed on an o u t p a t i e n t  basis. 
p a t i e n t  holding area i s  a v a i l a b l e  f o r  p a t i e n t s  vho a r e  recovering from minor 
surgery  o r  vho are undergoing chemotherapy vhich requires  a s h o r t  stay a t  che 
c e n t e r .  P a t i e n t s  m y  stay ut the  holding area for per iods  less than 26 hours, 
bu t  r f  they need i n p a t i e n t  c a r e  a r e  admitted t o  one of chc l o c a l  h o s p i t a l s .  

In addi t ion ,  a number of s p e c i a l t y  c l in ics  are operat ing 

A 

s p e c i a l i z e d  equipment a v a i l a b l e  a t  the  CRTC includes a f u l l  range of 
d i a g n o s t i c  equipment ( v i t h  an EM1 7070 uhole-body scanner i n r u l l e d  i n  February 
19821, a Picker  r h a l a t o r ,  a Varian Cl in ic  18 l i n e a r  a c c e l e r a t o r ,  a Varian 
6 Rev a c c e l e r a t o r ,  a cobalt-60 te le therapy  machine, an orthovol tage machine, 
and a supcrf i c i a l  therapy machine. Research laboratory and animal holding 
f a c i l i t i e s  a r e  a l s o  a v a i l a b l e  a t  t h e  CRTC, v i t h  a d d i t i o n a l  aniinai holding 
f a c i l i t i e s  a v a i l a b l e  through t h e  UNn YedicaL Center A n d l  Resource F a c i l i t y .  

The CRTC provides  educat ion through t r a i n i n g  r o t a t i o n s  €or  medical 
s t u d e n t s ,  r e s i d e n t s ,  and i n t e r n s ;  conferences,  seminars and l e c t u r e s  for  
medical p r o f e s s i o w l s  ; a residency program i n  r a d i a t i o a  therapy and fellowships 
o r  residency r o t a t i o n r  in medical oncology, and gynecologic oacology; and 
cont inuing educat ion program f o r  paraprofessionals .  

Outreach programs began i n  1973 and are conducted in cooperation 
v i t h  t h e  New Hexico Cancer Control Program. Under the  program, teams o f  
oncology s p e c i a l i s t s  from the CRTC, o ther  u n i t s  of the School of Hedicine. and 
the  c o m u n i t y ,  r e g u l a r l y  v i s i t  New nexico cornuni t ies  f o r  vor t ing  tumor boards 
v i t h  local phyrician8.  
c r ed i t  toward r e c e r t i f i c a t i o n  of physicians f o r  l i censure  i n  t h e  S t a t e  o f  Sew 
Mexico. Telephone consul ta t ion  i s  also avai lab le  f o r  the s t a t e ' s  physicians 
on a d r i l y  basis. 
m u l t i d i s c i p l i n a r y  tumor boards (held weekly i n  conjunction with the  UNN Hospital), 
t h e  CRTC is  represented a t  weekly or bi-weekly tumor boards a t  Lovelace-Sataan 
Hedical Center ,  t h e  Veterans Administration Medical Center. and S t .  Joseph 
Hospi ta l  i n  Albuquerque. I t  i s  estimated t h a t  through t h e  CRTC's OM a c t i v i t y ,  
and through the outreach program and l o c a l  twt board p a r t i c i p a t i o n ,  the CRTC 
impacts on approrimrtely 50 percent  of  the s t a t e ' s  cancer p a t i e n t s ,  who thereby 
rece ive  the b e n e f i t  o f  mu1:idisciplinarg consulrat ion.  

These conferences a r c  c l a s s i f i e d  f o r  Category IV 

3 In a d d i t i o n  t o  the  outreach program and the CRTC's OM 

- 7 3 -  

I O 9  I Q I I 

COPIED FOR 
HSPT 

00133521.071 



The New Hexico Tumor Regis try ,  a uni t  a i  the CYTC. has be  
opera t ion  s i n c e  1969 and is  a p a r t i c i p a n t  i n  the  NCI'r Sumrerllance 
olow and End Resul t s  (SEER) program. The .SXTR c o l l e c t s  and anzlyz.  
t he  incidence of cancer  i n  t h e  S t a t e  of New !lexica and the Vavajo !4 
through t h e  cooperat ion of h o s p i t a l s ,  c l i n i c s ,  physicians,  iaborato - 
r a d i a t i o n  therapy c e n t e r s  throughout the  region. ?he New Yexico He 
S o c i a l  S e m i c e s  Board has designaced the NnTR as the o f f r c r a l  rcpos 
cancer d a t a  i n  New Hexico. 

B. Los Xlamos National Laboratory. Los Alamos 

UNL is  8 m l t i p r o g r m  n r t i o r u l  research and development .aboraco ry. 
I t  is l o c a t e d  on a 7,300-foot-hi@ mesa i n  nor ther3  Yew !!exico, 33 arlcs 
northwest of S a n t r  Fe and two hours by car o r  30 minutes by a i r  from Aibuqucrque 
(Ross Aviation provides  nine round-trip flights per  ueckday and t w o  on Sundays 
between Loa Alamoa an2 Albuquerque) - Los Alamor County, which includes nearav 
Ghite Rock, has a populat ion of a p p r o x b a c e l y  20,000. 

LAHL vas founded in  19G3 t o  design and bui ld  the f i r s t  atomic bombs. 
Fol loving  t h e  completion of t h i s  wort  and the end of World liar 11, the United 
States  found i t  necessary t o  maintain continued ouclear weapon development. 
Consequently,  Los Alamos continued t o  funct ion not only as a nuclear  weapons 
laborotorp, but  a l s o  as a basic  nuc lear  science research z n s t i t u t i o n  t o  support  
i t s  pripUtJr r o l e .  
under c o n t r a c t  from t h e  U.S. 3epartment o f  Energy. 
research  today inc lude  nuc lear ,  medium energy, plasma, aad cryogenic physics:  
inorganic ,  phys ica l ,  and nuc lear  chemistry; mathematics; metallurgy; car'& and 
l i f e  sc iences .  These s c i e n t i f i c  d i s c i p l i n e r  support  programs i n  nuclear  
weapons design and development, in t h e  use of nuclear  energy f o r  the production 
of e l e c t r i c  power, i n  nuclear  safeguards,  in control led release of  thermonuclear 
energy both through magnetic energy conf inement and through laser-induced 
implosions,  i n  development o f  geothermal and s o l a r  energy u t i l i z a t i o n ,  i n  
biomedical a p p l i c a t i o n s  of  s t a b l e  isotopes and meson cherapy, i n  cryogenic 
a p p l i c a t i o n s  f o r  e l e c t r i c a l  energy t ransmission and s torage ,  i n  advanced 
a c c e l e r a t o r  design and m other advanced instrumencation development and b a s i c  
research  in l i f e  sc iences  including molecular and mamalian biology and flow 
cytome t rp . 

The l abora tory  i s  operated by the  University of Cal i forn ia ,  
The p r i n c i p a l  f i e l d s  of 

Laboratory facilities encompass approximately 32 square miles of Los 
Alamor County ,  w i t h  an investment in p l a n t  and equipment of approxunately 5600 
m i l l i o n .  Laboratorg floor space totals a p p r o x h a t e l y  5 mil l ion  square feet, 
of which approxiaa te ly  70 percent i s  dedicated t o  d i r e c t  research and develop- 
ment a c t i v i t i e s .  

'fhc Clinton P. Anderson Meson Physics F a c i l i t y  (LMPF),  which is a 
u n i t  of LAHL, is one of  the world's  l a r g e s t  and most powerful nuclear  science 
f a c i l i t i e s .  The h e a r t  of t h e  i n s t a l l a t i o n  is a l i n e a r  acce lera tor  ( l i n a c )  
designed t o  provide a beam of protons of v a r i a b l e  energy up t o  800 HeV and an 
average beam c u r r e n t  of 1 or l l iampere .  
provides  a nev and powerful means for car ry ing  o u t  an extensive program of 
research  over a broad spectrum of s c i e n t i f i c  i n t e r e s t s .  I t  i s  a t o o l  f o r  :he 
a t m i c ,  nuc lear  and elementary p a r t i c l e  p h y s i c i s t ,  nuclear chemist, radio- 
b i o l o g i s t ,  r a d i o t h e r a p i s t  and s o l i d - s t a t e  p h y s i c i s t ,  and has rmportant appl i -  
c a t i o n s  an medicine, i so tope  production. defense s c x n c e ,  and the  study of the 
s t r u c t u r e  of  materials. 

I t  is P s c i e n t i f i c  community, and 
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Gtoudbreaking f o r  the $100 m i l l i o n  f a c i l i t y  waa held in February 
1968, and t h e  f i r s t  proton beam v i t h  an energy o f  5 !lev was achieved on 
June 10, 1970. The full design energy of 800 !lev waa reached on June 4 .  1972. 
In 1 9 7 4 ,  t h e  f i r s t  f u l l  year  of opetat ion,  beam was supplied t o  65  experiments 
involving 400 s c i e n t i s t s  from 56 i n s t i t u t i o n s .  

WIPF c o n s i s u  of a t h r e e s t a g e ,  high-rnccnsity Linear proton 
a c c e l e r a t o r  w i t h  experimental research a r e a s ,  i n s t a l l a t i o n s  f o r  r a d i a t i o n  
therapy and i s o t o p e  production, and support  f a c i l i t i e s .  
the proton i n j e c t o r  (a Coctroft-Ualton genera tor ) ,  the second an Alvarez 
d r i f t  tube a c c e l e r a t o r  which takes the  p a r t i c l e s  t o  an energy of  100 HeV, 
and the t h i r d  (and longest)  i s  a side-coupled a c c e l e r a t o r  which Carrie? the  
p a r t i c l e s  t o  800 &lev. The sidefcoupled design developed f o r  LAUPF: H ions 
(hydrogen n u c l e i  c z  p r o t o a s ) ,  H ions (hydrogen atoms with an e x t r a  e l e c t r o n ) ,  
agd p o l a r i z e d  H Both 
H and e i t h e r  8- o r  polar ized H beams can b e  acce lera ted  a t  the  same time. 
*en the p a r t i c l e s  leave the acce lera tor ,  they e n t e r  the switchyard,  onere 
the p a r t i c l e s  a re  d i r e c t e d  t o  various targets t o  produce new par t ic les :  
muons, neutrons,  and neutrinos--research cools f o r  var ied  experimental p r o j e c t s .  
Yore than 10 experiments C M  b e  conducted concurrent ly  a t  LAHPF f n  the 
var ious  experimental  a reas .  Thus, when the a c c e l e r a t o r  i s  i n  its production 
cycle. the pion biomedical channel is used exc lus ive ly  (ZG hours a day) f o r  
biomedical research.  Tiw-shar ing  with unrelated physics p r o j e c t s ,  as 
is requi red  a t  many major acce lera tor  i n s t a l l a t i o n s  throughout the  country,  
is not  necessary f o r  t h e  bioaiedical users a t  W F .  To d a t e ,  approximately 
90 perceor  of a v a i l a b l e  biomedical pion beam tame has been devoted t o  t h i s  
program, al though o t h e r  researchers  perform b i o l o g i c a l  and physics experi-  
ments when b c u  time i s  a v a i l a b l e  and their p r o j e c t s  meet the required 
c r i t e r i a  of s c i e n t i f i c  merit. 

The f i r s t  s tage  is 

ion. (with the-protons spinning i n  the same d i r e c t i o n ) .  

pions,  

The biomedical pion channel i s  33 fee t  Long from t a r g e t  to trcat-  
ment room. The Pion Biomedical F a c i l i t y ,  which houses the treatment room and 
a n c i l l a r y  laboratoxy and c l i n i c a l  space and equipment, contains 8500 square 
feet .  Specia l ized  equipment ava i lab le ,  most o f  i~ purchased under this grant, 
includes an En1 7070 whole-body scanner,  a P h i l i p s  tledio 5500 s m u l a t o r ,  
PDP 11/70 and 11/45 computers (the l a t t e r  dedicated t o  crcatment planning 
a p p l i c a t i o n s ) ,  a sinal1 animal holding f a c i l i t y ,  and an array of physics ,  
biology,  and c l i n i c a l  equipment f o r  support  of  the  pion program. 
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111. ORGANIZATIONAL AND ADHIXISTRATIVE STRU(TrtaE 

TBA co-pr inc ipa l  i n v e s t i g a t o r  vi11 be responsible  f o r  supervision of a i l  
components and d i r e c t l y  respons ib le  f o r  the c l i n i c a l  i n v e s t i g a t i o n s  componcnc. 
Heishe vi11 a l s o  d i r e c t  the vork of  W s t a f f  assigned KO t he  program (LANL 
p a r t i c i p a t e s  in s a l a r y  suppor t  through a $25,00O/annum purchase order 53 WH).  

The o r g a n i z a t i o n a l  s t ructure  of rhe pion biomedical program is shown Ln 
Figure  6 .  Chris topher  Cilman, H.D., Radiation Oncologist ,  vi11 be based 
fu l l - t ime i n  Loa Alamoa rod sene  as deputy f o r  pion c l i n i c a l  inves t iga t ions .  
W i l l i a m  C .  Black, H.D., Chief of Oncologic Pathology a t  the  CRTC, is  pathologis t  
of record f o r  the pion c l in i ca l  t r i a l s ,  and Fred i r e t t l e r ,  B .D . ,  Chief o f  
Diagnost ic  Imaging a t  t h e  CRTC, is diagnost ic  r a d i o l o g i s t  of record. 

Alfred R. Smith, Ph.D.. i s  Chief o f  C l i n i c a l  Physics f o r  t h e  pro&ram, and 
James 8 .  Bradburg, Ph.D., is Chief of Developmental Physics.  Dr. Smith also 
holds an appointment as Associate  Professoc in the  UNn Department of Radioloiy; 
Dr. Bradbury i s  Group Leader of  the P r a c t i c a l  Applications Group 4KP-3) of 
W F .  
t h e  L&fL group v i t h  beam development, channel operat ing systems, and computerized 
t r e a m e n t  code development. 
a l l  p r o j e c t s .  
which involves c l o s e  i n t e r a c t i o n  among a11 member o f  the  physics term. Since 
t h e  pion beam is operated 24 hours a day during treatment cyc les ,  the physics 
group n o m a l l y  vork approxipr te ly  50 hour weeks (and sometmes much more) 
during p a t i e n t  f r e r t ~ e n t  cycles. 
and midnight),  physics  dosimetry,  beam c h a r a c r e r i t a t i o n .  and other experimental 
measurements a r t  performed with t h e  beam. 
p a t i c n r  t reatment  hours is devoted t o  biology research. 

The L I  physics  group i s  charged vich c l i n i c a l  physics aspec ts ,  and 

The two units wort toge ther  as a team on almost 
An example is t h e  development of dynamic scanning technology, 

After  the t reaunent  day ends (between 8 p.m. 

The balance of  beam t i m e  a f t e r  

n e  WNT. Hedim Energy Physics Divis ioa provides a d d i t i o n a l  support  ( f o r  
vhrch no funds a r e  requested from the NCI) ta the  pion therapy p r o j e c t  including: 

1. 
2. 
3 .  

5 .  
6 .  
7. 

9 .  

Y .  

a. 

Computer/periphersl  purchase.  maintenance and r e p a i r  
.%gntt and magnet pover system maintenance and r epa i r  
K i t h - i n t e n s i t y  t a r g e t  development 
F a b r i c a t i o n  o f  entrance t a r g e t  t r i p l e t  spare  
New slit 1 
r c l . ~ t ~ n t / r d n i n i s t r . t i v e  support  (0 .5  m, 
S e c r e t a r i a l  suppor t  ( 0 . 5  F"E) 
Senior  des igner  support  (0 .5 ITE) 
General engineer ing support  

Biology is =der the d i r e c t i o n  of audundi R. Raju, D.Sc., Fel lov of  
LcWL's Life Sciences Division and Adjunct Professor of Radiology and Chief of 2. 
the Division of Radiobiology in the Department of Radiology, UMI School of  
Medicine. Dr. Raju was ins t rumenta l  i n  e a r l y  rad iobio los ic  and dosimetry 
c r p e r i w n t a t i o a  w i t h  pions a t  the Universi ty  of  Cal i fornra ,  Berkeley, and has 
been assoc ia ted  w i t h  the pion radiobiology program sxnce i t s  inceprion,  v i t h  
unphasis on s t u d i e s  comparing radiobiologic  p r o p e r t i e s  of a v a r i e t y  of p a r t i c l e  
beams, inc luding  p ions .  A . J .  van d e r  Kogel, Ph.3., Research S c i e n t i s t ,  v i l l  
lead the  l a t e  rffecrlr s t u d i e s  w i t h  assistance from Robert E. Anderson, Y.D., 
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Chai-n, UNn Deparment o f  Pathology, along uich Uillram C .  a lack ,  
b r i o  Kornfeld,  H.D., S c o t t  Jordan ,  X.D., and Charles 3 .  Key, Y.D., 
UNtf Department of  Pathology. Dr. Black i s  a l s o  Chief of Oncologic 
a t  the CRTC, and Dr. Key is tledical D i r e c t o r  o f  the  new b x i c o  rum0 
Dr. N. Tokita ,  H.D., Ph.D., of t h e  LLNL Life Sciences Division, i s  
a c u t e  effects studies and p e r f o m i n g  l a t e  e f f e c t s  s t u d i e s  on mouse 

Adminis t ra t ive  o f f i c e r  f o r  the Trogram is Kincard Davidson, Pr e :  

t i c s  suppor t ,  data ma~~.gesent ,  p a t i e n t  l i a i s o n  and c o w s d i n g ,  RTOG - =  s i n  
schedul ing ,  and other serPiccr. T e c b n i c a l / f i s c a l  monitoring; accou1L 1 - Y  

purchasing; personnel  management; budgeting; l o g i s t i c  support  f o r  s ' l d i :  

p a t i e n t s  rnd visitors; and l i a i s o a  with LWL, the  Los Alamor Hedica. :enter 
and other o r g a n i t a t i o n s  cont r ibu t ing  t o  t h e  pion radiotherapy s t u d i e s  i r e  
performed by the Lor Alamol adminis t ra t ive  s t a f f ,  v i c h  documentation zr,runc;ed 
through a p p r o p r i a t e  units of  UNn. 

Xanagcr. He also supernisei the Protocol  Support s t a f f ,  which proo :e a .  

The CRTC is  a discrere en t i ty  wi th in  the LNH Yedical Center, W L : ; ~  .ndc?en- 
dent  lines of  a u t h o r i t y  f o r  allocation of funds,  space, and personnel f a r  
center a c t i v i t i e s .  Physicians and some s e n i o r  s c i e n t i s t  personnel > f  the 
center hold j o i n t  appointments i n  the  CRTC and the lRRI school o f  Hcdicrac o r  
ocher  KNM academic uuiu as appropr ia te .  

An External Advisory C o m i t t e e  has been appointed by Dr. Napolrtano, Dean 
of  the UNH School of Yedicine, LO provide consultat ion t o  t h e  co-pr incipal  
i n v e s t i g a t o r ,  and t o  the leaders  of other s c i e n t i f i c  components of  the program. 
The C O m l t f e e ,  e s t a b l i s h e d  i n  August 1980, is composed of the following persons: 

h l c o l n  Bagshaw, H . D .  (Chairman) 
Chairman, Dcpartrncnt of Radiation Therapy 
StaPford Univets i t y  

Luther Erady, Y.D. 
Chairman, Department of Radiat ion Therapy 
H P h a t a A M  Medical College 
(and Executive Direc tor ,  Radiat ion Therapy Oncology Croup) 

Joseph Castro,  Y.D. 
Department of Radiation Therapy 
Univers i ty  of Cal i fornia/Son Francisco 
(and p r i n c i p a l  i n v e s t i g a t o r  of t h e  Laurence Bcrkricy Laboracorj 
Heavy Ion Radiotherapy Program) 

George Goodman, H.D. 
Medical Di rec tor  
Cancer Control Atency of B r i t i s h  Columbia 
(and p r i n c i p a l  i n v e s t i g a t o r  of the  TRXWF Pion Radiotherapy Program) 

David Eussey, H.D. 
Departocnt of Radiation Therapy 
H.D. Anderson Hospi ta l  and Tumor I n s t i t u t e  
(and p r i n c i p a l  i n v e s t i g a t o r  of  -;le 3 . D .  Anderson Yeutroa Radiotherapy 
Program) 
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Carl von Esrcn, H.D. 
Suirs Insticute o f  Xuclcar Research rSIS) 
(and p r i n c i p a l  investigator of  the SIN Pion Radiotherapy Program) 

Peter Fessendtn, Ph.D. 
Radio l o g i c  P hy s i c is t 
Stanford University 

Yeetiogr a t e  scheduled as  needed, but are anr ic ipated  t o  occur 3 t o  4 
c-des per  year. 

. . 
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IV. PREVIOUS INVESTIGATIONS 

A. S m r p  of Uajor Accomplishments 

1. C l i n i c a l  Invcs t iqa t ions  

C l i n i c a l  a s p e c t s  of t h e  pion radiotherapy program have focused 
oa performance of c l i n i c a l  t r i a l s  definzng tuwr response. n o m 1  t i s s u e  
r e a c t i o n s ,  and opt imal  t ime-dose-fraction r e l a t i o n s h i p s  f o r  pion i r r a d i a t i o n ,  
as well as d e f i n i t i o n  o f  those  d i s e a s e  sites and ca tegor ies  most l i k e l y  t o  
b e n e f i t  from pioo  Lrr8dLation aud comparirou o f  x - i r r a d i a t i o n  and pion i r r a d i -  
a t i o u  f o r  such l o c a l l y  adva~iced aeoplrsnm. 

Phase I1 s t u d i e s  have been conrinucd. vith p a r t i c u l a r  emphasis 
on t rea tment  of patients with as t rocpoma,  Grade 111 o r  IV, uaresec tab le  
carcinoma of the paacreas ,  and squamous carcinoma o f  the  u t e r i n e  cerv ix ,  Stage 
I11 and IVA. 
carcinoma of the ora l  c a v i t y ,  nasopharynx, oropaarpax, and hypopharynx; 
inoperable  o r  l o c a l l y  r e c u r r e n t  adenocarcinoma of the rectum; and Ts/T4 t ran-  
s i t i o n a l  carcinoma o f  t h e  U ~ ~ M W  bladder.  Accessions to these studies t o  
d a t e  t o t a l e d  156 (147 t r e a t e d  with pions,  and 7 randomized t o  coavca t ionr l  
r a d i a t i o n  arm8 of c h t  o r a l  c a r i t y / p h a r p w ,  rectum, and bladder  s t u d i e s ) .  

Limited Phase 1x1 t r i a l s  have been accomplished fot squamous 

The concept of a Phase I11 t r i a l  i s  to compare the  best e m e r i -  
mental therapy  w i t 5  the b e s t  conventional therapy. 
optimized, since dynanic t reatment  has not been r o u t i n e l p  implemented and 
since a l t e r n a t i v e  schedules of time-dose f r a c t i o n a t i o n  hJVe not y e t  been 
adequately explored. Comparison betveen p ion  therapy and coaventional therapy 
is p r e j u d i c i a l  t o  t h e  experimental  technique u n t i l  f u r t h e r  development of pion 
therapy has occurred i n  Phase I1 inves t iga t ions .  

R e f e r r a l s  f o r  noarandomiured t r i a l s  have been received in unprcce- 
dented numbers. 
p a r t  of  t h e  referring physicians but also a iridcr base o f  r e f e r r a l  ( p a r t i c u l a r l y  
from Southern C a l i f o r n i a  and New York C i t y j .  
p a t i e n t  through-put is the  increas ing  use of pions i n  treatment o f  malignant 
gliomas. 
preceded o r  followed by t re~tment  of  cone-down volumes by 1200-1500 n r i d ,  
mximum dose. 
access ion  of p a t i e n t s  throughout the treatment c.;cle and maintenance o f  che 
maximum p a t i e n t  census.  

Pion therapy is not y e t  

This  increase  reflects not only an increas ing  interest on the  

An a d d i t i o n a l  aspec t  of increased 

Conventioual r a d i a t i o n  doses of .tOOO-SOOO rad ln *-5 weeks i r e  

The p o s s i b i l i t y  of b r i e f  (14-25 week) boost t reatments  allows 

A p i l o t  s tudy  of 21 p a t i e n t s  wrth T 3 / f 4  adenocarcinoma of the 
p r o s t a t e  has been completed. 

To f a c i l i t a t e  i n t e r p r e t a t i o n  o f  p i o a  c l i n i c a l  d a t a ,  a data  base 
system has been implemented that permlcs sequent ia l  c m p i l a t i o n  and ana lys i s  
of c l i n i c a l  data being accumulated by the pion  p r o j e c t .  
e i g h t  d i f f e r e n t  forms for  initial obsemation,  follow-up r e p o r t s ,  and o t h e r  
da ta .  Detailed ana lyses  tuve been performed with this nev system o f  all 
previous ly  t r e a t e d  cases with regard t o  demographic d a t a ,  staging, previous 
therapy,  t reatment  parameters,  supplementary treatment.  s u m i v a l ,  l o c a l  cont ro l ,  
and type, txmin8, and severity of acute  and chronic ccact ions.  

The data  base u t i l i z e s  

-- - I :- 
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A t o t a l  of 230 p a t i e n t s  have received pion therapy,  alone o r  in 
combination wi th  surgerp o r  conventional rad ia t ion  through November 1981. 
Nine p a t i e n t s  t r e a t e d  in 197& and 1976 received randomly assigned x- i r rad ia t ion  
or pion  i r r a d i a t i o n  f o r  a u l t i p l e  subcutaneous mctastastt ,  a study which estab- 
l i s h e d  an RBE of  1.6 f o r  p ions ,  compared t o  100 kVp x-rays, in acute  in jury  t o  
human s k i n .  
wi th  g r a d u r l  increments i n  t o t a l  pion dose and adjustments i n  d a i l y  dose for 
each new type of tumor and no-1 t i s s u e  i r r a d i a t e d .  

T r i a l s  with deep-seated tumors began in August 1976, and proceeded 

I n s t a l l a t i o n  of an En1 7070 CT scanner a t  the Pion Biomedical 
F a c i l i t y  in Lor Alamor i n  February 1980 ha8 resu l ted  in major improreaents i n  
many aspec ts  of p a t i e n t  c a r e ,  assur ing  v a s t l y  improved q u a l i t y  cont ro l  i n  
regmrd t o  p a t i e n t  pos i t ion ing  and a l lov ing  implementation of a more e f f i c i e n t  
and accura te  t reatment  planning system. The r a d i o t h e r a p i s t  UY nov superimpose 
t rea tment  volumes, skin surfaces, and c r i t i c a l  organs d i r e c t l y  on CT data by 
use of regioa-of- interest  s o f t v a r c  and t h e  diagnost ic  console,  which can be 
t r r a r l a t e d  i n t o  l i fe -s ized  hard copy f o r  t r e a a e n t  planning. The a b i l i t y  t o  
vary window s e t t i n g s  and t o  superimpose treatment volumes on adjacent  s l i c e s  
allovr improved d e l i n e a t i o n  of  the anatomy of i n t e r e s t .  Oa-rite CT scanning 
alto permits  c o n f i m t i o n  of pos i t ion ing  of  bolus ,  f requent  checks of  changes 
i n  tumor vel-s and i n t e r n 1  anaromy during the course of therapy,  and a 
method of rout ine  monitoring of i aaccess ib le  lesions such a s  tumors o f  t h e  
b r a i n  and pancreas during t h e  follow-up per iod.  

The a b i l i t y  to reproduce p a t i e n t  p o s i t i o n  a t  each s t e p  o f  
t rea tment  planning f r o a  CT scanning, through s imulat ion,  t o  treatment has been 
thoroughly f a c i l i t a t e d  by i n s t a l l a t i o n  o f  three-point  l a s e r  set-up systems i n  
t h e  CT scanning, set-up, and treatment rooms, obviatrng the  need for immobiliza- 
t i o n  c a s t s  o t h e r  thaa  f o r  head and aeck and b r a i n  tumor p a t i e n t s .  
i m n o b i l i t a t i o o  c a s t s  a r e  constructed from a f i b e r g l a s s  mater ia l  (Lightcast  11) 
t h a t  hardens under u l t r a v i o l e t  light. The c a s t s  a r e  mmde on the p a t i e n t ,  then 
b i s s e c t e d  i n  t h e  s a g i t t a l  plane €or l a t e r a l  head and neck t reatments  to accom- 
modate the v e r t i c a l  pion beam. 
t remtpcnt  s i t u a t i o n s .  With o n - r i t e  CT scanning, appropriate  a p p r o x h t i o n s  of 
f i e l d  centers m y  be obtained from "scanogram" i sagcs ,  and use  of a Line-Laser 
system i n  t h e  CT scanner permits marking and t a t t o o i n g  o f  the p a t i e n t ' s  skin 
i n d i c a t i n g  the d i r e c t i o n  o f  movement through the CT scanner and the plane of 
t h e  ind iv idua l  scans.  These marks permit accuracy LII subsequent reposi t ioning 
o f  the p a t i e n t  and alignment of beam-shaping devices. 

'kten needed, 

Special  obl ique c a s t s  a re  made f o r  s p e c i f i c  

After  CT scanning and prepara t ion  oi bolus and co l l imator  
d e s i g n s ,  p a t i e n t  and f i e l d  p o s i t i o n s  a r e  checKcd by orthodiagraphic  films 
obtained a t  f i n a l  s imula t ion .  

Lengthy treatment times and set-ups n e c e s s i t a t e  p a t i e n t  posi-  
t i o n i n g  and alignment of beam-shaping devices i n  a s tag ing  area, thus reducing 
berm-off time while p a t i e n t s  are exchanged wichin the  t reatment  room. 
exchange time is rout ine ly  on the  order  of f i v e  minutes. The -act of a t t e n t i o n  
t o  the  technique of p a t i e n t  i n n o b i l i t a t i o n ,  simulation and t r anspor t  is apparent 
in the excellent c o r r e l a t i o n  of s imulat ion f i l m s  with post-treatment p o r t  
f i l m s  obtained by orrhodiagraphic  scanning through the treatment co l l imator ,  
and i n  the p r e d i c t a b i l i t y  o f  i n  vivo dosmetric measurements, which a re  obtained 
i n  every p a t i e n t .  

This 

? 
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All aspec ts  of treatment plaanxng, dos-cric confirrmcLon. 
channel tuniaq, and hardware and roftvare i n t e r f a c i n g  have been smplementec 
s u c c e s s f u l l y  in the treatment of s e v e r a l  p a t i e n t s  with dynamic scanning. 

rr- rad are given f o r  most s i t e s ,  including brain, head and neck, and pelvis. 
Y i n i m u m  doses ac the periphery of t reatment  volumes a r e  rout inely 80 percent  
of the ma%- dose. 
of 90 percent resulted in greater acute and chronic normal usrue  r e a c t i o n s ,  
presumably related t o  tbe increased volume of n o m 1  tissue receiving r e l a t i v e l y  
high dose i r r a d i a t i o n ,  and bas been abandoned. 
r o u t i n e  d 8 i l p  dose of 125-n rad i s  i n  the CrtafDCnt of pancreat ic  carciaomr. 
For there p8cIent8,  160 II rad i s  giycn d a i l y  in t w o  treatments divided by a 
minimum of six hours. rad =axmum is given t o  a volume encom- 
passing the entire pancrezs,  tumor, and reg iona l  n?der t h o u g h  AP:PA opposed 
p o r t s ,  followed a t  s ix  hours by an a d d i t i o n a l  60 n 
a n t e r i o r  eortal t o  the s i te  of rad iographica l ly  demonstrable disease. 
of 38LO n 
by an a d d i t i o n z l  2600 rad/3 weeks photon i r r a d i a t i o n  t o  the e n t i r e  l i v e r ,  
pancreas and tumor. The other  exapple of rout ine  combination of conventional 
and pion i r r a d i a t i o n  is  in the t reatment  of malignant astrocytomas, i n  which 
convent ional  megavoltage i r r a d i a t i o n  o f  the  vaole bra in  t o  doses of 0200-L500 
rad/&+ weeks is combined v i t h  pion irradiacroa of  cone-dowu volumes t o  doses 
o f  1200-1500 K rad nuximum in  2-3 weeks. 

Under curreat treatment p o l i c i e s ,  maximum d a i l y  doses of 125 

A b r i e f  experience w i t h  treatment planning t o  a minimum 

A notable exception t o  t h e  

h a  hundred n 

rad orximum through an 
A t o t a l  

rad is delivered t o  the s i t e  of gross disease i n  bh weeks, followed 

This a p p l i c a t i o n  d e t a i l s  c l i n i c a l  observations o f  i96 p a t i e n t s  
obo have received p ion  i r r a d i a r i o n ,  with p a r t i c u l a r  emphasis oa a group of 129 
p a t i e n t s  t r e a t e d  vith c u r a t i v e  intent and followed f o r  a arnimua of one pear. 
A group of 33 p a t i e n t s  t r e a t e d  between June 1980 and November 1980 is included 
i n  t h e  uulytes of survival, l o c a l  c o n t r o l ,  and a c u t e  react ions,  bu t  excluded 
from t h e  a n a l y s i s  of  la te  e f f e c t s  due t o  inadequate follou-up time. Excluded 
from the total a n a l y s i s  are 23 p a t i e n t s  t r e a t e d  s ince  January 1981 (due t o  
inadequate follow-up time), 9 p a t i e n t s  t r e a t e d  in Phase 1 = r i a l s  f o r  cutaneous 
metastases ,  15 p a t i e n t s  v i t h  known , d i s t an t  F t a t t a s e r  a t  time of zreatmenc, 
and 20 p a t i e n t s  receiving fever  than 2700 K rad maximum, mat dose a t  which 
complete tumor regreas ion  warn f i r s t  noted, f o r  rea6ocu including d e l i b e r a t e l y  
planned low doses i n  coajunction vi th  Phase I s t a d i e s ,  machine maifunction, 
and i n t e r r u p t i o n  of treatment f o r  medical reasons. 

The d i s t r i b u t i o n  o f  130 tumors t reaccd with cura t ive  i n t e n t  
before  November 1980 according t o  t reatment  modality includer 90 t w r s  (89 
p a t i e n t s ,  one with simultancoru but h i s t o l o g l c r ~ i y  distinc: p ros ta te  and 
bladder  pr imar ies )  trerttd with pions alone. 29 u n o t s  t r e a t e d  v i t h  pions plus 
e x t e r n a l  r z d i a t i o n  therapy andlor implant, and 11 p a t i e n t s  treated with pions 
plus surgery. Except f o r  s ix  p a t i e n t s  receiving cony-down pion i r r a d i a t i o n  t o  
t h e  b r a i n ,  a l l  p a t i e n t s  received a minimum of 1700 n rad. Only j9 were 
t r e a t e d  t o  dose l e v e l s  c u r r e n t l y  thought t o  aeproximate tolerance doses  of 
relevant norm21 tisrucr (approximately A500 ;1 rad i n  35 f r a c t i o n s / 7  weeks). 

Crude s u r v i v a l  s ta t i s t ics  fo r  the group of 129 p a t i e n t s  t r e a t e d  
v i th  c u r a t i v e  i n t e n t  are: herd and neck, i Z  percent (16 of 38 p a t i e n t s ) ;  
brain,  39 p e r c e n t  (14 of 36 p a t i e n t s ) ;  p r o s t a t e ,  90 percent (19 of 21 p a t i e n t s ) ;  
pancreas ,  3 1  percent  (5 of  i 6  p a t i e n t s ) ;  and o t h e r  miscellaneous sites, 53 
percent (10 o f  19 p a t i e n t s ) .  

--9- 
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Local c o n t r o l  i n  pion p a t i e n t s  t r e a t e d  wi th  c u r a t i v e  intent i s  as 

fo l lous :  head and neck, SO percent  (19 of 38 p a t i e n t s ) ;  b r a i n ,  1 7  percent ( 6  
of 36 p a t i e n t s ) ;  p r o a u t e ,  90 percent (19 of 2 1  p a t i e n t s ) ;  p rncreas ,  0 percent  
(0  o f  16 pat i ent s )  ; and o t h e r  miscelfaneoua $ i c e s ,  53 percent  (10 of 19 p r c r e n t s ) .  
Local c o n t r o l  is scored an the case o f  glioma only i f  t h e  p a t i e n t  has stable 
neurologic  symptoms, no s t e r o i d  dependence, and no evidence of c o n t r a s t  emance- 
ment or u s a  e f f e c t  on CI scan. Local cont ro l  i s  scored i n  the  case o f  pancreat ic  
carcanom only if cherc IS reso lu t ion  o f  tumor mass as documented by CT scanning 
or autopsy coafirmation.  

Acute r e r c t i o n r  recorded f o r  the group of p a t i e n t s  t r e a t e d  v i t h  
c u r a t i v e  in ten t  a r c  rcorcd on a s c a l e  of 0-4 aa follows: 0 - oi l ;  1 - s k u  
erythema, mucoral in jec t ion ,  81ld dysuria o r  d i a r r h e r  5 b stools per  day, 
e t c . ;  2 - d r y  desquamation, patchy mucosi t is ,  moderate dysur ia ,  d ia r rhea  urth 
mucus (15 stools per  day), e t c . ;  3 - moist d e s q u m t i o n ,  confluent m u c o s i t ~ s .  
severe d p r u r i a  v i t h  bladder  spasms. diarrnca v r t h  blood,  e t c . ;  and L - acuce 
necrosis .  Average acute  reactlon scores vert obtaured by s u m i n g  severiLies  
of all r e a c t i o n s  f o r  ind iv idua l  anatomic s i t e s  as follows: head and necy - 
mucora, skin, salivary glands; pelv is  - skin, rectum, bladder;  thorax - s u n ,  
dysphagia; abdomen - nausea, diarrhea;  b r a i n  - skin, and d i v i d i n g  bv the number 
of scor ing  c r i t e r i a  for  each category. l o r  dose ranges <LOO0 IC r a d / ( v e r s w )  
> U O O  n rad the average acute react ion scores  vere; herd and neck,  1.7 /1 .9 ;  
p e l v i s ,  l . W l . 6 ;  rhorax  1.2il.5: abdomen. 3 . 9 / l . i ;  b r a i n ,  l . l i 1 . 5 .  The analys is  
shows a crend t o  more severe react ions a t  a l l  s i tes  i n  the higher dose range, 
although these daca ignore such potentially cont r ibu tory  f a c t o r s  a s  Jose p e r  
f r a c t i o n .  hypcrfrrctrorution, and volume. The average a c u t e  reaction score  
i n  11 p a t i e n t s  (10 v i t h  carcinoma Of t3e head and neck and one v r t h  stomach 
cancer) rece iv ing  more than 5000 x rad maxxmum vas 2 . 2 .  

Seventeen p a t i e n t s  t r e a t e d  with pions v e r t  subsequently scored 
as having severe chronic  reactions (Grade 111 o r  g r e a t e r .  according t o  t h e  
L a t e  e f f e c t s  scoring system of EORTC/RTOC). Only four of  these  p a t i e n t s  had 
sucn chronic  e f f e c t s  related to pion r r r a d i a t r o o  alone. m, Case--, a 

year-old female had Chronic, severe iaryag 1 edema a f  5000 x rad f o r  a 
~ s q u a m o r u  carchoma of the larynx. P a t i e e t h ,  Case& had severely 

s w p t o u t i c  pulmo f ibror i  er COO0 n rad or  a l a r g e  adenocarcinoma of 

2haqmgcal v a l l  four months a f t e r  a 0 0  n rad f . squamous carcinoma 
of tht base of the tongue. P a c i e n t m  (Care a”’ received h950 It rad in 
160 R rad increments f o r  a larqe pelvic  recurrence o f  c loacosenic  carcinoma 
of the anus. Ten months later he 6eveloped small bowel obs t ruc t ion  and bleeding 
necess i t a t m g  i l e o r r o y  . 

devclqpcd necros is  of a p o r t i o n  o f  t h e  

Average chroa ic  react ion scores  have been determined for Various 
treatment s i tc r  in a populat ion of  p a t i e n t s  receiving pion i r r a d i a t i o n  tione 
and followed for a m F l p u a  of one pear.  
rad / (versus)  ,6000 n rad showed: head and neck, 0 . 7 / 0  9 ;  p e l v i s ,  0 . 5 1 0 . 9 ;  and 
other s i t e s ,  1 . W O . 7 .  

The analysis f o r  doses <bo00 R 

The group o f  p a t i e n t s  receiving therapy f o r  p e l v i c  p r m a r i c s  
has been analyzed for chronic  cffeccs as r e l a t e d  LO treatOent plrmang pOilCY, 
i . e . ,  vhethcr  the minmum tumor dose was determined as 80 percent o r  90 percent 
o f  maxmum. 
percent  LS 0.6 ( n  = 6), uhile LC is ! . 2  
A i l  p a r r e n t s  received LOOO-U500 x :aa ac !:5-125 il rad per fraction. Four 

The average chronic :eaccion score  € o r  p a t i e n t s  t r e a t e d  a t  80 
a = 3 )  for - those  t r e a t e d  t o  90 percent.  
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p a t i e n t s  t r e a t e d  v i t h  pions a lone  f o r  p r o s t a t e  cancer had r e c t a l  bleeding a t  
9-12 months a f t e r  therapy, and two ,  both t f e a t c d  a t  90 percent ,  developed m i l d  
t o  moderate rec ta l  s t r ic tures  af ter  6500 n rad ~1 115-;1 r3d f r a c t i o n s .  
These data  ruggest  that i n  the dose range above LOO0 n rad,  chronic q u r l  
i n c r e a s e r  d i S p r o p o r t i o M t e l y  i n  comparison t o  acxte  - n j u r p  and m y  manifest 
itself only a f t e r  per iods  of 9-12 months. 

2. Physics 

a. Beam tun ing  and channel development. The ca ta log  of broad 
beams f o r  s t a t i c  treatment. has been expanded t o  provide f i e l d s  with t ransverse 
dimensions up t o  20 cm a t  each of t h r e e  momenta corresponding t o  nominal depth 
p e n e t r a t i o n  of 12 CD* 16 cm, and 23 cm. fan beus f o r  w . o i c  treaKments have 
been prcpr red  a t  several channel momenta, and extensive beam tunin8 and dosi-  
metry have been performed. Heasured beam da ta  b v e  been provided f o r  P I P U N ,  
with p a r t i c l e s  i d e n t i f i e d  by p o s i t i o n ,  angle ,  momentum, and t n e ,  i . e . ,  pion, 
muoa, o r  e lec t ron .  
muon8 r e s u l t i n g  from pion decay, w i n g  multiwlre propor t iona l  counters  located 
before  and a f t e r  the bem-shaping s e c t i o n  of the channel. 
da ta  has been f a c i l i t a t e d  by the use of a ray-t racing code. A neu pprocarboa 
t a r g e t  has been i n r u l l e d  in the biomedical channel, and is considered nearly 
optimum f o r  h igh- in tens i ty  opera t ions .  The t a r g e t  can be set by the operator 
t o  a m i n t i i n  cons tan t  e l e c t r o n  contamination. A o u l t i w i r e  chamber has been 
constructed and t e s t e d  f o r  use as a beam p r o f i l e  monitor. 

An experimental  method has been developed f o r  de tec t ing  

Analysis of there  

Considerable dosimetry has been d i r e c t e d  toward providing 
charac te r izac ion  f o r  a l a r g e  v a r i e t y  of p a t i e a t  beams: 
p a r a l l e l  beams f o r  s t a t i c  t r e a t a e n t ;  beams focused i n  one dimension and broad 
i n  the perpendicular  dimension f o r  one-diocnsional dynamic creruent;  and 
beams focused in  two dimensions f o r  tuo-dimensioaal dynamic treatment. For 
t h e  s t a t i c  beams, three beam sizes (smll, medium, and l a r g e )  have been developed 
and charac te r ized  f o r  each of t h r e e  pene t ra t ions .  Target  volumes requir ing 
l d r g e r  f i e l d  sizes a r e  t r e a t e d  with combipations of abbuttcd f i e l d s .  

beam momentum, the beam tune ( s i z e )  f o r  a given momentum, and the  sire of the 
spread peak region. Typical  dose r a t e s  f o r  the beams in use range from .02 t o  
.03 r a d l m i n l l i t c r  f o r  each micromperc of proton beam cur ren t  on the  biomedical 
pion t a r g e t .  In t h e  s w r  of  1982, the proton beam cur ren t  w a l l  be ra i sed  t o  
750 aicroamperes, r e s u l t i n g  i n  about 600 microamperes of pro toa  c u r r e n t  on the 
biomedical pion t a r g e t ,  y i e l d i n g  dose ra tes  from 12 to 18 cad/min/ l i te t .  
des ign  c u r r e n t  f o r  the LMPF a c c e l e r a t o r  is 1000 microamperes. The average 
t reatment  oolurc is about two l i t e r s  f o r  s i n g l e  parallel-opposed f i e l d s  (abut t ing)  
during each treataent cycle ,  so that the o v e r a l l  average t reaunent  volume is 
probably c l o s e r  t o  2.5 liters. 

brood* e s s e n t i a l l y  

Dose r a t e s  f o r  t h e  pion therapy beams a r e  a funct ion of 

The 

. - 
b. Development of range-modulation funct ions.  The narrow 

Bragg p e a k  of the pion beams a r e  spread in depth by the  use of a dynamic 
range-rhLfter.  The- range-sh i f te r  i s  computer cont ro l led  and can be programmed 
t o  produce spread peaks of varying dimension and shape, ranging in depth from 
3 to 14 UI i n  1-cm i n t e r v a l s .  A series of such range-modulation funct ions has 
been developed f o r  each momentum (148, 167, and 190 HeV/c i .  This i s  necessary 
because the ?eak-to-plat tau r a t i o ,  beam contamination ( e l e c t r o n s  and muons), 
and momentum s p r e r d  ( r e s u l t i n g  in di f fe rences  i n  the full-wldth-half-marupurn 
of  t h e  spread peak) a r e  d i f f e r e n t  €or  each moaentum. For each spread peak it 
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is p o s s i b l e  t o  t a i l o r  the s lope  of the  physical  dose,  and cunsequently the 
d i s t r i b u t i o n  o f  s t o p p u g  pions.  I t  is possible t o  produce spread peaks with 
uniform t o t a l  d o l e ,  uniform high-ET dose, OK uniform broiogica1:y e f f e c t i v e  
dose .  

The range-modulation funct ion descr ibes  the  thickness  of a 
bel lows-control led column of o i l  in t h e  beam path versus time. 
la t ioo  development code takas measured, cen t ra l -ax is ,  uamodulaccd t o t a l  and 
higb-L&f d i r t r i b u t i o a s ,  and applying t h e - w i g h t s ,  o f f s e t s  each curoe bp 
prescr ibed  shifts i n  depth; sums all the o f f s e t  culpea together ;  and renormalizes 
t o  o b t a i n  the resultant modulated total and high-LET depth-dose cumes .  
program then  uses an RBE model t o  c a l c u l a t e  the e f f e c t i v e  dose. 
l a t ioo  functions have been completely redesigned, based on d a t a  obtained from 
gel- tube c e l l u l a r  experiments designed t o  measure c e l l - k i l l i n g  uniformity,  so 
as t o  accomplish g r e a t e r  uniformity in  b i o l o g i c a l  e f f e c t  f o r  s i n g l e - f i e l d  
treaflDents and t o  confirm brologacal  u n i f o m i t y  of treatments performed with 
opposed, overlapping p o r t a l s .  

The range-modu- 

The 
The rmge-modu- 

c .  Dosimctq.  An automated da ta-acquis i t ion  and analysis 
system has been developed f o r  dosimetry measuremtnts on the  pion therapy beam 
us ing  a PDP-11/70 computer and C W C  i n t e r f a c e .  
a r r a y  (MICA) system, v i t h  assoc ia ted  software c o n t r o l ,  has been developed f o r  
dosimetry Masuranents .  This system increases  dosinctry data-acquir i t iDn 
rates by a fac tor  equal t o  the number of  data  channels in use. 
been t e s t e d  and used with a l i n e a r  a r ray  of 10 ionization chambers. 

X multiple i o n i z a t i o n  chamber 

The system has 

The object o f  p a t i e n t  dosimetry is to determine the c e n t r a l -  
a x i s  depth dose and the output  c a l i b r a t i o n  (rad/mouitor u n i t )  a t  the  maximum 
of t h e  peak dose,  using the beam tune, range-modulation funct ioa,  and col l imator  
ass igned t o  a p a r t i c u l a r  p a t i e n t  f i e l d  with the  geometry ( a i r  gaps) between 
appl iances  and between the  co l l imator  and water phantom the  same as t h a t  cx- 
pected f o r  t h e  a c t u a l  p a t i e n t  t reatment .  The channel is c a l i b r a t e d  each 
morning, and d a i l y  t reatments  are adjusted t o  t h i s  c a l i b r a t i o n .  The depth-dose 
c u m %  are  used as input  t o  a code vhich uses the  col l imator  geometq ,  mul t ip le  
s c a t t e r i n g ,  beam emittance, and u c o l l u u t c d  beam dosimetry t o  c a l c u l a t e  
isodose d i s t r i b u t i o n s ,  i n  wacer, f o r  a plane corresponding t o  a CT s l i c e  i n  
the p a t i e n t .  These isodose d i s t r i b u t i o n s  a r e  then folded i n t o  t h e  bolus 
des ign and CT data t o  c a l c u l a t e  an isodose d i s t r i b u t i o n  on the  p a t i e n t .  In 
a d d i t i o n  t o  s p e c i f i c  p a t i e n t  t reatment  measurements, rout ine measurements a re  
also nude t o  determiat  the i n t e g r i t y  (constancy'j o f  the individual  beam tunes 
used f o r  p a t i e n t  treatment.  

To eliminate a l a rge  f r a c t i o n  of the  manpower and beam 
t b e  used i n  the measurement of  dosimetry f o r  each p a t i e n t  f i e l d ,  a p r o j e c t  of 
ex tens ive  measureseats hrr been undertaken from vbich models v i 1 1  be ex t rac ted  
that w i l l  p r e d i c t  the depth dore f o r  any given beam tune, col l imator ,  and 
range-modulatioa f u c t i o a .  
size, taking i n t o  account the neutron spec t ra  produced bp pions stopping 
w i t h i n  t h e  co l l imator .  
d i s t r i b u t i o n  f o r  any spread peak using any collimato~ cpening. 

Depth-dose cumcs can be ca lcu la ted  f o r  any col l imator  

This process then r e s u l t s  in a ca lcu la ted  depth-dose 

Accurate microdosimetry data a re  required AS input  LO the  
algori thms used in the  c a l c u l a t i o n s  of RBE, pion e f f e c t i v e  dose, and range-shif ter  
funct ions.  Such data  a re  obtained from a v a r i e t y  of experimental techniques,  
including Rossi chamber propor t iona l  counters ,  s o l i d  s t a t e  de tec tors  ( r o t a l l y  
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depleted Li thium-drif ted s i l i c o n ) ,  and aluminum acc iva t ioa  measurements. 
Rossi chamber mtasurements a r e  used a s  the prunarp source of microdosmett:c 
d a t a ,  b u t  a r e  trw-coruummg. 
obtained f o r  eath beam c u e ,  rad a d d i t i o n a l  da ta  a r e  obtained from c i c h e r  solsd 
s t a t e  d e t e c t o r s  or alurninum a c t i v a t i o n ,  both of  which permit rapid da ta  c o l l e c u o n .  
These are normalized by cooparison with t h e  Ros t i  cnamber data  Lo obta in  complete 
i n f o m a t i o n  on the s p a t i a l  v a r i a t i o n s  of high-LET dose f o r  all therapy beams. 

Therefore,  one or tvo R o s s i  chamber s p e c t r a  are  

To t a i l o r  beams f o r  i n d i v i d u a l  treauDent si:uations, 
studies have been performed of the e f f e c t s  of inhomogeneities, compensating 
bolus ,  c o l l i m a t i o n  and a i r  gaps befween p a t i e n t  treaLment devices .  
t h e  beam-shaping advantages of pions,  ths in f luence  of t i s s u e  i n h o w g e n e i t i t s  
up00 the dose d i s t r i b u t i o n  must be understood so t h a t  adequate compensation 
can be aade t o  shape the stopping pions i n  the d i r e c t i o n  of the beam. Beam 
shaping i n  the transverse diaensions f o r  p a t i e n t  treatments is achieved by use 
of c o l l h t o r s  i n d i v i d u a l l y  designed f o r  each p a t i e n t .  n e  penerrarlon oi t he  
beam to the d i s t a l  surface o f  t h e  treatment volume can be control led by using 
bolus, designed KO compensate f o r  a i l  geometrical  and t i s s u e  inhomogeneities 
in the beam path.  The proximal edge of t h e  peak dose is control led by properly 
modulating t h e  p ion  peak width using a range- rh is te r .  

To real ize  

h 8 8 U r e m n t S  have been made f o r  inhomogeneity and bolus 
compensation f o r  pion beams of d i f f e r e n t  energy; v a r i a t i o n  of the inhomogeneity 
depth beneath t h e  sur face ;  a i r  and Teflon inhomogeneities t o  s imulate  lung and 
bone; bolus compensation using a p a r a l l e l  beam model; and bolus-inhomogeneicy 
misalignment. 
e f f e c t  of inhomogeneities and t o  compensate f o r  chcsc e f f e c t s  i n  treatment 
planning.  In designing p a t i e n t  bolus ,  one must compensate f o r  skin contour,  
tumor shape, t i s s u e  inhomogeneities, movement of anatoary due t o  breathing,  and 
changes i n  anatomy due t o  f l u c t u a t i o n s  i n  bowel gas, and bladder o r  rectal  
f i l l i n g .  A t  present, anatomy chances a r e  handled by prescr ib ing  carge t  volumes 
chat  w i l l  cncorpass  expected deviat ions.  Considerable e f f o r t  has been expended 
t o  develop c a s t i n g  and immobilization techniques t h a t  m i n d i r e  p a t i e n t  movemeat 
during treatmen& and t h a t  reproduce the treatment pos i t ions  from ,day LO day. 

Such measurements have shown it :S poss ib le  t o  p r e d i c t  the 

Stopping pions give r i s e  t o  a v a r i e t y  of secondary charged 
p a r t i c l e s  by v i r t u e  of t h e i r  i n t e r a c t i o n  wi th ,  and subsequent fragmentation 
o f ,  t h e  n u c l e i  of the stopping mater ia l .  
p r i n c i p a l  instruments employed f o r  determining the absorbed dose in t i s s u e ,  
bu t  r e q u i r e  conversion f a c t o r s  thrt rest on physical  i n t e r p r e t a t i o n  of the 
energy absorp t ion  processes  and involve such consideracions as secoadarg 
charged p a r t i c l e  s p e c t r a ,  re lac ivc  stopping power r a t i o s ,  the energy required 
of secondary charged p a r t i c l e s  to produce ion p a i r s  i n  var ious gases,  and 
c o r r e c t i o n s  f o r  non-tissue equivalence of chamber wal l s .  Precise  information 
requi red  f o r  these i n t e r p r e t a t i o n s  and considerat ions is not well know f o r  
c b r g e d  p a r t i c l e  b e m a ,  g i n n g  rise t o  uncertainties (-10 percent )  i n  the 
s p e c i f i c a t i o n  of the absorbed dose i n  tissue from pion beams when ionimetry is 
used. Calcula t ions  of the conversion f a c t o r  f o r  :he c y l i n d r i c a l  chambers 
c u r r e n t l y  i n  u s e  have been checked by d i r e c t  comparison o f  the ion iza t ion  
chambers with a c a l o r i a c t e r .  Hersurwents were obtained in various pos i t ions  
of  modulated and unmodulated negative pion beams. 
experiments conductad a year a p a r t ,  using a d i f f e r e n t  calor lmetcr  and using a 
d i f f e r e n t  e lec t rometer  f o r  the ion iza t ion  chamber measurements. are  v i t h i n  
experimental  u n c e r t a i n t y ,  dad no systematic di f fe rences  have been de tec ted  in 

Ioniza t ion  chambers have become the 

The di f fe rences  becueen two 
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the d a m .  Bared on comparison of these experimntal r e s u i t s  and recornended 
values r e s u l t i n g  from them, with the values t h a t  have been used f o r  pa t ienrs  
s i n c e  June 1976, changes i n  our curren t  starcment of  absorbed dose xi TE 
p l a s t i c  cannot be j u s t i f i e d .  

For b i o l o g i c a l  experiment:, requi r ing  s p e c i a l  small-volume 
beams, custom c o l l h a t o r s  and/or  bolus have been fabr ica ted  f o r  each experiment, 
and dosimetry has been performed using a combinatioa of ion chambers and 
thermoluminescent d e t e c t o r s .  
t o  a i d  in t h e  i n t c r p r e t a t r o n  of r e s u l t s .  

3 icrodosimetr ic  measurements have a l s o  been made 

d. Treatmeat planning 

i. Previous methods of t reatment  planninq. Treatment 
planning f o r  pat ients  v i t h  and v i t h o u t  the a i d  of CT scans has made i t  apparent 
;&at a d ; q u a t r - t r r a t M n t  plans cannot be developed withour the use of C? scan 
data .  CT scans al low a t h r e e - d h n s i o a a l  tumor treatment volume t o  be uniquely 
prescr ibed by the r a d i o t h e r a p i s t ,  nearby c r i t i c a l  s t r u c f u r e s  LO be placed in 
their proper  perspec t ive ,  and dose del ivered t o  normal t i s s u e  t o  be minimized. 
Information concerning the longi tudinal  dimensioa (para l l e l  t o  d i r e c t i o n  of 
i n c i d e n t  b t m )  of the trtiunent volume can be obtained only from CT scans,  by 
r e l a t i n g  CT numbers t o  pion stopping povers. 
obtained from CT scans is the  quantitatAve d e s c r i p t i o n  of  inhomogeneities. 

Probably the most useful i a f o m t i o a  

When a p a t i e n t  is  accepted f o r  pion therapy, the  

CT scans a re  taken a t  9 .9 -m i n t e r v a l s  
f i r s t  procedure is t o  prepare an inmobil izat ion cast  of the p a t i e n t  t o  be used 
during CT scanning and t reatmeat .  
throughout t h e  volume of interest .  All scans a r e  numbered i n  reference t o  a 
t a t t o o  f o r  each series o f  scans.  
on a CT d i a g n o s t i c  console.  The physician d e i i n e a t e s ,  by means o f  a t racking 
ball, the s k i n  contour, t a r g e t  volume, and c r i t i c a l  n o m 1  s t r u c t u r e s .  These 
regions o f  interesr (ROI's) are  over la id  and s tored  on the CT da ta .  The 
magnetic tape  c o a t l i n i n g  CT scan data  is read i n t o  t h e  bolus design computer 
f i l e .  Addit ional  i n p u t  data a r e  the appropriate  beam penet ra t ion  and range- 
s h i f t e r  fuac t ion .  The bolus (Lucite) required t o  s top  the pions a t  the  prescr ibed 
t a r g e t  volupc boundary is then calculated automarical ly  by the  computer programs 
from examination of the CT data, and is p r i n t e d  l i f e - s i z e  on a p l o t t e r .  
series of bolus  templates  a re  t raced on a 9.9-cm-thick Lucite sheets, c u t  o u t  
on a band sau, and glued toge ther  using as reference a common axis d r a m  on 
each bolus design t o  form the th ree-dhens iona l  bolus.  
d i r e c t l y  from t reatment  volumes prescribed on each CT s l i c e .  
thickness  is governed by the  beam momentum and m y  vary from 2 . 5  a to 5 . 0  ca 
of low-melting-point alloy. 

Afcer CT scanning the CT s l i c e s  a r e  displayed 

These 

Collimators a r e  designed 
The collimator 

Present ly ,  p a t i e n t  isodose contours are calculated 
'I - 

from dosimetry measurements tha t  simulate the p a t i e n t  set-up. Dosimetry 
includes a c e n t r a l - a x i s  depth-dose scan, a t ransverse  scaa a t  mid-peak, and a 
perk  dose c a l i b r a t i o n  f o r  each s r a t i c  beam pioo p o r t .  
a r e  c a l c u l a t e d  i n  the plane perpendicular LO t h e  central a x i s .  
isodose d i s t r i b u t i o n s  a r e  then folded in to  the bolus design and p a t i e n t  CT 
data  f i l es  to produce p a t i e n t  isodose d i s t r i b u t i o n s  f o r  ray CT scaa t h a t  t h e  
t h e r a p i s t  wishes to evaluate. Calculat ions Ear s e v e r a l  s l ices  in the  creatmcnc 
volume are done t o  eva lua te  the dose LO 3d:acent c r i t r a l  s t r u c t u r e s .  

Isodose d i s t r i b u t i o n s  
The calculated 
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ii. PIPLAN--Three dimensional treatment planning code. 
DMamic t r e a t a e n t s  r equ i r e  the  use of t he  three-dimensional treaCnent planning 
code, PIPLAN. 
t o r i e s  in the three-dimensioaal volume represent  penc i l  beams. 
a dose d i s t r i b u t i o n  by s m i n g  the  con t r ibu t ions  of  individual  penc i l  beams as 
they pass  through v r r i o w  p a r t s  of t he  anatomy (determined by CT scans)  and 
c l i n i c a l  appl iances .  fhe dose d i s t r i b u t i o n  f o r  a penci l  beam is predetermined 
a n a l y t i c a l l y  i n  v a t e r  as the sum of its sepa ra t e  components, mcluding  the 
e f f e c t s  of i n - f l i g h t  i n t e r a c t i o n s  and s t r agg l ing .  Tbir dose LI d i s t r i b u t e d  in 
depth as a func t ioa  of water-equivalent range along the t r a j e c t o r y ,  and r a d i a l l y  
as a fuactioo of mult iple  Coulomb s c a t t e r i n g  (which is  both geometry and 
e n e r n  dependent). 
of interest the r e l a t i v e  amount of dose a t  t b a t  po in t  from each p e n c i l  beam. 
Because the t reatment  beams con ta in  s p a c i a l l p  nonunlforn r a t i o s  of pions,  
muons, and e l e c t r o n s ,  and because each p a r t i c l e  type has a d i s t i n c t l y  d i f f e r e n t  
dose d i s t r i b u t i o n ,  s epa ra t e  c a l c u l a t i o n s  a r e  required f o r  each p a r t i c l e  type. 

. To model an  a c t u a l  beam, then ,  r equ i r e s  an accurate  phase-space r ep resen ta t ion  
of p e n c i l  beams. PIPLUJ uses i nd iv idua l ly  measured t r a j e c t o r i e s  f o r  each beam 
tune, with t h e  s p a t i a l  coo rd ina te s ,  angles ,  momentum. and p a r t i c l e  type iden- 
t i f  i c d .  

This Code u t i l i z e s  a ray-tracrng moael vhcre a c t u l i  pion t r a j ec -  
PIPUN c a l c u l a t e s  

D i r t r i b u t i a g  this dose enta i l s  accumulating a t  eJch point  

To improve the  accuracy o f  PIPLAN. considerable 
e f f o r t  b r  been devoted t o  development and incorporation o €  sophis txcated 
models f o r  beam smoothing, neutron dose due t o  i n - f l i gh t  i n t e rac t iooa  i n  the 
plateau as w e l l  as i n  the perk region,  mult iple  s c a t t e r i n g  through r i s s u e  
inhomogeneities and air  gaps betveen treatment appl iances ,  range-modulation 
e f f e c t s ,  e x t c r o r l  appl iances  e f f e c t s  (aotably neutrons produced from pions 
s topping  vithin the c o l l i m a t o r ) ,  improved s p a t i a l  r e so lu t ion ,  and contour 
processing. 
ioa8e as d i g i t a l  x-ray radiography froa integrated CT images, and automatic 
methods and algorithm8 hroe been developed and implemented t o  t r a n s c r i b e  
CT-scanner ROI’s t o  v e c t o r  contours i n  treatment planning programs. A nev 
d i s p l a y  c a p a b i l i t y  was developed t o  s u p e r q o s e  pian dose d i s t r i b u t i o n s  on 
p a t i e n t  CT d a w  on the CRT of t h e  En1 7070 scanner. Tvo supporting l i b r a r i e s  
were coaplet td:  a beam-tune l i b r a r y  aad a range-shif ter-funct ion l i b r a r y .  
Hew models ve re  also i n s t a l l e d  t o  a c c o u c  €or the dose deposited by e l e c t r o n s  
from muon decay i n  the p a t i e n t  and by mons from pion decay both i n  the beam 
channel and t h e  p a t i e n t .  
treatment-planning d r u  f o r  a given p a t i e n t  are co l l ec t ed ;  in  r e so lu t ion  and 
r educ t ion  of  CT data; and in fo ld ing  CT data i n t o  pion dose ca lcu la r ions  vere 
also q l e m e o t e d .  
capable of pe r fo r r ing ,  in one 3-D c a l c u l a t i o n ,  a11 the c a p a b i l i t i e s  of the 2-D 
programs and the assoc ia t ed  manual treatment-planning operacioas . 
j e c t i o n  applies f o r  both s t a t i c  and dynamic trertmencs and includes automatic 
appl iance  design, range-shifter func t ion  s e l e c t i o n ,  p a t i e n t  o r i e n t a t i o n ,  
p o s i t i v e  pion beams, and e f f e c t i v e  dose. Extensive experimental comparisons 
w i l l  be made f o r  v e r i f i c a t i o n ,  espcciaily fo r  dynamic treatment. 

A n e w  computer code vas v r i t t e n  t o  reconstruct  the same kind of 

Iq rovemen t s  t o  the casef i le  system, vhere a l l  

By t he  8-f o f  1982 it is expected that PIPW vi11 be 

This pro- 

iii. CT scanner .  An En1 7070 whole-body CT scanner vas 
installed i n  February 1980 in t h e  W F  biomedical area, and patient scanning 
began in March. 
s o f t v a r e  and b r d v r r c  were updated s e v e r a l  times. In %arch 1981, the  machine 
vas accepted a f t e r  having passed a11 acceptance t e s t s .  
second Dl1 7070 was i n s t a l l e d  by UNn in the CRTC in Albuquerque. 

During t h e  per iod  March 1980 t o  hr :h  1981, the scanner 

IC February 1982, a 
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e. Treatment d e l i v e r y  and v e r i f i c a t i o n  

i. P a t i e n t  inmobi l iza t ion ,  a l iquaent  and t r a n s f e r  svstems. 
These svstems have undergone s e v e r a l  changes during the p a s t  three y e a r s ,  but 
t h e  b a s i c  approach has r&ained the same:- ( a )  t h e  p a t i e n t  m u s t  maintain the 
same p o s i t i o n ,  and t h r s  p o r i t i o n  must be e a s i l y  reproducible during Cf scanning, 
s u u l a t i o n ,  set-up, and t r e r t l ~ ~ n t ,  and (b) p a t i e n t s  m u s t  be set  up outs lde  the 
treatment room so t h a t  be- tame w i l l  not be vasted.  

The b a s i c  components of t h e  i m o b i l i z r t i o n  system a r e  
or thopedic  c a s t i n g  mater ia l s  and vacuum bags. 
rece iv ing  treatment t o  the  herd and neck o r  the  brain,  v h i l e  a11  other p a t i e n t s  
a r e  FlPWbilized with vacuum bags alone.  
i n s t a l l e d  i n  t h e  CT scanner room, simulator  room. set-up area, and treatment 
room, and provide f o r  precise reproduction of p a t i e n t  pos i t ion ing  i n  every 
a r e a .  During the p a s t  year ,  t h e  mechanism f o r  rupportmg and a l ign ing  the 
p a t i e n t  bolus wag completely redesigned. 
i n s r a l l e d  on the  two t r e a ~ m e n t  modules. and an Ident ica l  table has been in- 
s t a l l e d  i n  the simulator room. 

Casts  a r e  used f o r  p a t i e n t s  

Nev l a s e r  a l i g n s e n t  systems bave beet  

Nev treatment tables have been 

ii. Dynamic t reatment .  A method f o r  de l iver ing  pion 
doses t o  deep-seated tumors that provides g r e a t e r  noma1 tissue sparing than 
does the s t a t i c  treatment method has been developed and i s  designated the  
"dynamic t reatment  mode." Implementation of t h i s  method of treatment has 
requi red  the development of s p e c i a l  beam tunes i n  the pion t r a n s p o r t  channel, 
new t rea tment  hrrdvare , and a s p e c i a l  computer-microprocessor-based cont ro l  
system. I n  a d d i t i o n ,  methods of treatmCnt planaing and dosimetry have been 
modified t o  accomodate  t h i s  nev trcatmenr mode. 

Two modes of dynamic t reatment  have been proposed, 
one w i n g  a "fan" beam and another using a "s.pot" beam. 
mode one-dimensionally scans the p a t i e n t  across  a highly focused beam, which 
is narrov in t h e  y-dimension and broad in the  x-dimension. 
vary the range modulation a s  t h e  p a t i e n t  i t  scanned along p allows berm shaping 
o f  t h e  peak dose i n  the y-z plane, bu t  not in the  X-t plane. 
a b i l i t y  t o  c o n t r o l  the uerghtirrg of each scanning por ic ioo  permits the dose 
p r o f i l e  i n  t h e  y-scanning dimension KO have rmproved uniformity.  The dynamic 
"spot" mode two-dimensionally scans the p a t i e n t  across  a beam moderately 
focused and narrow i n  both x- and y-dimensions. The a b i l i t y  to vary the  range 
modulation as the p a t i e n t  is scanned r e s u l t s  i n  complete removal of cOUbttlintS 
on t h e  width of t h e  dose peak i n  the  2-dimension a t  each x-y p o s i t i o n .  
the dose p r o f i l e s  in both x and y vi11 have unproved uniformity with proper 
weighting of the scan p o s i t i o n s .  The dynamic "fan" treatment mode has been 
hplemcntcd ,  and three p a t i e n t s  have received p a r t  of t h e i r  t o t a l  treatment 
w i t h  this technique. 
changes in RBE f o r  peak# spread to  d i f f e r e n t  dimensions, taking i n t o  account 
t h e  d i f f e r e n c e  in boch t h e  neutron and charged p a r t i c l e  components of  the 
high-LET dose. 
a c c u r a t e  wi th in  5 percent .  

The dynamic "fan" 

The a b i l i t y  t o  

In addi t ion ,  the 

Also, 

The veight  of each s t e p  i n  t h e  treatment is adjusted f o r  

Hcasurementr thus f a r  have confirmed t h e  t reatment  p l a n  to  be 

The next s t e p  i n  the  development process is t o  implement 
dynamic "spot" scanning in which t h e  p a t i e n t  is scanned in  tvo  dimensioas, 
thus al lowing f o r  beam shaping i n  t h r e e  dumxmions. 
t o  have a l l  three types of treatment a v a i i a b l e .  
whatever mode b e s t  s u i t s  the needs o i  t S a t  p a r t i c u i a r  'Creameat. 

I: is planned u l t imate ly  
P a t i e n t s  w i l l  be t r e a t e d  by 

. 
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iii. In Vivo d o r h e t q .  -- In  v i v o  meaSurementS arc  rou t rae i y  
taken on p ion  therapy  p a t i e n t s ,  vith a mall-volume ion iza t ion  chamber. l e s e  
include s k i n  dose a t  the  c e n t e r  of &e t reatment  f i e i d  and a t  the  cdqes a i  :kc 
target volume p r o j e c t e d  t o  thr s k i n  sur face .  
mearuranentr are taken on both eyer during treatment v i t h  right  and ief: 
l a t e r a l  f i e l d s .  Whenever poss ib le ,  measurements a r e  also taken a t  various 
p laces  i n  the MSal and oral c a v i t i e s  of head and aeck p a t i e n t s  and in =he 
rectum of p a t i e n t s  receiving p e l v i c  I r r a d i a t i o n s .  On occasion. thermoluminesceut 
dosimeters are also used t o  measure the t o t a l  dose, and aluminum peilcts ace 
used t o  measure the high-LEI dorc. 

For whole brain i r r a d i a t i o n s ,  

Thermoluminescent dosimetry (TLD) is also used exten- 
sively to verify t r e a t n e a t  p lans ,  e s p e c i a l l y  f o r  dynamic t reatment ,  in a water 
phantom under condi t ions  tha t  s imula te  actual paricnt  treatment.  
l a rge  number of dosimeters  ace exposed a t  one trmc, t h e  required read-out t i m e  
is considerable .  

Because a 

For g r e a t e r  eff ic iency.  the read-out rysteo has been automated. 

iv .  Pos i t ron  v i s u a l i z a t i o n  of stopping >ion d i s t r i b u t i o n .  
The method of p o s i t r o n  m i s s i o n  tomography f o r  v i s u a l i z i n g  the stopping a i s t r i -  - .~ 

bution in p a t i e n t s  i r r a d i a t e d  by negative p i  mesons is under inves t iga t ion .  
Five problems have been s tudied:  ( a )  the  c o r r e l a t i o n  o f  posi t ron a c t i v i t y  
v i t h  s topping pions,  (b) the e f f e c t s  of b i o l o g i c a l  d i f f u s i o n  of positron 
emi t t ing  isotopes from the production s i t e ,  ( c )  :he development o f  an experi- 
mental p o s i t r o n  imaging syscem, ( d )  the evalua t ion  of che system using animals, 
and (e )  the cl inical  eva lua t ion  of the system on p a t i e n t s .  Preliminary measure- 
ments vith a p o s i t r o n  d e t e c t i o n  rystea on p a t i e n t s  v i t h  les ionr  of  the pancreas,  
rectum, head and neck, and Lung i n d i c a t e  t h a t  d i f f u s i o n  r a t e s  o f  a c t i v i t y  from 
these  s i t e s  should not  be  a l i m i t i n g  f a c t o r  in m e a s u r ~ e n t s .  Three 3aI c r y s t a l s  
have been purchased and w i l l  be used t o  test the f e a s i b i l i t y  of a low-cost 
one-dimeuiooal  Anger camera f o r  pos i t ron  detection. Hardware tests f o r  
determinat ion of detector configutot ion t o  p r o v i d e  f o r  optimal reso lu t ion  a re  
in progress ,  aa is software development f o r  chc data  acquis i t ion  system. 

f .  S y s t e m  operat ion,  development, and maintenance. A pion 
production t a r g e t  capable  of v x t h s u n d i n g  verp high pover densi ty  has been 
designed and installed. 
monitoring, and d a t a  a c q u i s i t i o n  (where appropriate:  of  a l l  channel hardvare,  
and f o r  t rea tment  couch motion in dynamic scan t reatments .  A new air-operated 
channel beam plug h a  been designed, f a b r i c a t e d .  and i n s t a l l e d  ZII t h e  channel. 

A computerized c o n t r o l  system i s  used f o r  control, 

The churnel c o n t r o l  computer was upgraded from a PDP-ll/LS 
to a PDP-11/70 vith assoc ia ted  improvement i n  mass storage devices. The 
PDP-11/45 has been dedica ted  t o  t reatment  pknrung (with backup f o r  peak 
per iods  p o s r i b l t  on the 11-70). Both systems a r e  interconnected with a DEC.YET 
comunicationm Link a d  opera te  under an RSX-11D operat ing system. 
p a r a l l e l  highuap system has been upgraded, and a DEC graphics subsystem wifh a 
PDP-11/04 microprocessor hrs been a t tached  t o  the  PDP-ll/'O computer. 
RSX-11D o p e r a t i n g  systca  vas oodi f ied  to rmprovc central processing u n i t  (CPU)  
u t i l i z a t i o n  by the a d d i t i o n  of background p r l o r l t a e s  f o r  ca lcu la t iona l  programs 
which would o t h e r v i s e  p lace  too heavy a load on the machine t o  cc-exist with 
p a t i e n t  t rea tment  procedures.  

The CAtiAC 

The 
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An improved range-shif ter  ( f a r  e i t h e r  backup o r  rout ine 
use) vas f a b r i c a t e d  and is c u r r e n t l y  under t e s t .  !lechanical redesign o f  the 
P h i l i p s  treatment couch feedback encoders has v a s t l y  improved couch r e l i a b i l i t y  
during dynamic t r e a ~ m e n t s .  
t a b l e  have been redesigned f o r  increased mechanical r e s o l u t i o n  and r e l i a b i l L t y  
during dyrumic p a t i e n t  t reatments .  

Gray s c a l e  encoder l inkages f o r  the  P h i l i p s  treatment 

A data  base svstem t o  a i d  i n  a n a l y s i s  of c l i n i c a l  data 
being Accuwlr ted  by the pion p r o j e c t  has been acquired,  modified, and i n s t a l l e d  
on a V U  computer a t  W F .  IC is an i n t e r a c r i v c  system,  accessed by a dial-up 
terminrl from t h e  Pion Biomedical F a c i l i t y .  
E n g l i s h - l i t e  c o r r n d  language combined v i t h  i n t e r a c t i v e  da ta  input  t o  make an 
e a s i l y  used data bast system f o r  those vhost expertise does not noraul ly  
include computers, i.c., physicians aad o t h e r  h e a l t h  c a r e  vorkr rs .  

The system, DATARIEVE, uses an 

3. B i o l o w  

Radiobiological  s tud ies  of p i o n  i r r a d i a t i o n  i n  both 2 aad -- in v i t r o  experimental  systems have been undertaken under t he  d i r e c t i o n  of Dr. 
Yudundi R. Raju of the  lANL Life  Sciences Division. His group is involved in 
the performance of  d e t a i l e d  s t u d i e s  of the b i o l o g i c a l  c h a r a c t e r i s t i c s  of the  
beams used in c l i n i c a l  appl ica t ions .  Cell c u l t u r e  s t u d i e s  have focused since 
t h a t  t i m e  on t h e  gel-tube system, which i s  believed t o  be a more s e n s i t i v e  
i i d i c a t o r  of b i o l o g i c a l  change than are  m u l t i c e l l u l a r  tumor spheroids used 
previously.  Results v i t h  all there systems have been reported (Tuhas e t  a1.60).  

U s i n g  a s e n s i t i v e  gel-tube suspension system (Raju e t  a l .  1, 
c e l l - k i l l i n g  across the range-modulated peak f o r  var ious beam tunes was examined, 
along wi th  d i f f e r e n c e s  i n  RBE among beams of d i f f e r e n t  peak v id ths  of a given 
beam r ize  and d i f f e r e n c e s  i n  RBE among pion beams of d i f f e r e n t  sizes b u t  of a 
given peak width.  

The d a t a  shoved uniform c e l l - k i l l i n g  across  rhc peak of a pion 
beam of 14-cm peak width,  o f  a tune (16B) designed f o r  u n i f o m  b i o l o g i c a l  
e f f e c t i v e n e s s  from previously developed b i o l o g i c a l  models, and i d e n t i f i e d  
v a r i a t i o n s  i n  c e l l - k i l l i n g  across  the peak o f  o t h e r  beams with varying s lope 
i n  phys ica l  and high-LET dose designed f o r  use with opposed, overlapping 
p o r t a l s .  
i d e n t i f i e d .  For Tune 168, scudies  indicated t h a t  biologicaA ef fec t iveness  
decrerses v i t h  increas ing  peak width (ranging from b t o  ;G cmj. 

E f f e c t s  of co l l imat ion  on c e l l - k i l l i n g  v i t h  these  beams vete a l s o  

S t u d i e s  vith a constant  peak width,  but  varying beam size ,  did 
not  i a d i c a t c  s i g n i f i c a n t  d i f fe rences  in c e l l - k i l l i n g  when beam size was a l t e r e d  
by col l imat ion  o r  cbnael  tuning. 
using f r a c t i o n a t e d  doses of pions on the muse i n t e s t i n a l  c r y p t  ce l l  system t o  
see i f  t h e  b i o l o g i c a l  e f f e c t s  of f rac t iona ted  pion exposures depend upon beam 
s i t e  when peak width is kept t h e  same. The r e s u l t s  ind ica ted  t h a t  the Large 
site beam was s l i g h t l y  more e f f e c t i v e  than t h e  small s i z e  beam. 

Preliminary experiments have been done 

In 5 s t u d i e s ,  mice bearing the YCa-11 namnarp tumor were 
exposed t o  graded t a u 1  doses of  high-intensi ty  peak p i o n s  o r  x-rays t i t h e r  as 
s i n g l e  f r a c t i o n s  o r  as t h r e e  d a i l y  f ractzons.  Delay i n  grovth ana lys i s  showed 
t h a t  pions were 1.2 t o  1 . 4  times more ef fecz ive  t h n  x-rays in single-dose 
s t u d i e s ,  and that delay induced by th ree  d a i i y  doses of pions was almost as 
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l a r g e  a s  t ha t  induced by s i n g l e  pion doses, while Z h t  f o r  x-rays showed f a r  
greater tumor recovery from f r a c t i o n t t i o n .  

Late e f f e c t s  s t u d i e s  on kidney have been conducted v i t h  1, 2,  
and 5 f r a c t i o n s ,  and resulted in ME'S of 1.i8, L.33, and l .U ,  rcspcc t ivc iy .  
Studies with 15 f r a c t i o n s  are i n  progress .  Spinal  cord i n j u r y  s t u d i e s  v i t b  1, 
5 ,  and 15 f r a c t i o n s  vere  i n i t i a t e d ,  and anumls were observed weekly f o r  s igns 
of p a r a l y s i r ,  f o r  up LO one year p o r t - i r r a d i a t i o n .  The RBE f o r  pions was 
shown t o  increase  f r m  1.3 f o r  s i n g l e - f r a c t i o n  exposure t o  2 . 1  and 3.2 for 5 
and 15 f r a c t i o n s ,  respec t ive ly .  Fract ionated s t u d i e s  with as many as 10 
f r a c t i o w  have betn coarpleted on the colon and rectum in r a t s .  
doses required f o r  the 10-f rac t ion  experiment (ZOO-7000 rad) proved LO be 
problematic, a8 meit animals in the high-dose groups died due t o  overexposure 
of the gut before long-term colon e f f e c t s  could be assayed. Consequently, the  
experiment was repeated using an improved c o l l h t o r  design, and r e s u l t s  a r e  
being arulyzed. These la te  e f f e c t s  s t u d i e s  have a 1 1  been performed with small 
pion f i e l d s  v i t h  high dose r a t e s  b u t  l imi ted  z l i n i c a l  a p p l i c a b i l i c y .  

The hiah  t o t a l  

Yechinism s t u d i e s  have explored e f f e c t s  of p o s i t i v e  pions 
versus negat ive pionr  , v i t h  results i n d i c a t i n g  t h a t  che " s t a r "  formation by 
pioar is LarpeLy respon8ible f o r  the reducrion in threshold seen with  negative 
pion8 versus x-rays o r  p o s i t i v e  pions jwtucb have no high-LET component); and 
rad ioprocec t ioa  of cysteine aga inst  effects  o f  negative p ions ,  dcmonsrrarrng 
t h a t  cyrtciae is near ly  as e f f e c t i v e  -in protec t ing  against pions as a g a i n s t  
x-rays.  

4. Core - 
5cchmisu for b i l l i n g  appropriate  medical c a s t s  f o r  pion 

p a t i e n t s  t o  t h i r d  party providers  have been streamlined t o  maximize recovery 
of coa ts  a t  r i tes  c o q a r a b l e  t o  those f o r  rout ine radiotherapy,  Improving the  
rate of reiabursement t o  tbe g r a n t  f o r  appropriate  expenses. 

F a c i l i t y  improvements have been provided by UNL with funds 
from the U.S. Department of Energy, including modifications t o  t he  Pion Biomedical 
F a c i l i t y  t o  house the E M  7070 whole-body CI scanner and per iphera ls  and an 
expanded t reatment  planning a r e a ,  t h e  i n s t a l l a t i o n  of  a prcfabrica:ed bui lding 
f o r  a d d i t i o n a l  o f f i c e  space and conference space,  and new air-condat ioaing,  
f i r e  aLam and smoke d e t e c t o r  systems. 
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C. Projects Direootinued, Modified, o r  Completed 

1. C l i n i c a l  Inves t iga t ions  

a.  This appl ica t ion  encoatpasses plans to i n i t i a t e  new 
randomized trials, a d  protocol  planning emphasizes development o f  add i t iona l  
well-designed Phase I1 p i l o t  s tud ie s  t o  determine those s i t e s  f o r  which Phase 
111 studies are  b e s t  warranted. New s i t e s  added t o  those already uuder study 
are inoperable  epidermoid carcinoma of the lung and advanced, inoperable  car- 
c inoaa of tha esophagus. 

b. Recent cadiobio logica l  evidence (Fowler, personal  colrmuni- 
ca t ion )  suage r t r  that i f  tumors can be i d e n t i f i e d  which have not  re-oxygenated 
vetrp well, they should be se l ec t ed  f o r  c l i n i c a l  t r i a l s  of hi&h-LET rad ia t ion  
and not a l l  t he  tumors from a p a r t i c u l a r  s i t e .  A r h p l e  technique t o  accom- 
p l i s h  t h i s  vould be t o  look a t  the s i z e  of a tumor, p refer rb ly  by CT scanning 
half-wry through treatment.  
w e l l  and cont inue treatment with s tandard phocons. 
cont inue the  p i l o t  scudy with pion r a d i o t h e r a p y .  
i n  opt imizing p a t i e n t  accession and complete u t i l i z a t i o n  of pion beam time. 

If it has regressed well, assume i t ' s  reoxygenating 
If it ha8 not regressed,  

Such a protocol  would r s s i r r  
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. .. . . . ~  ..-- 

w i t h  pion and 
r eoxygena t i o n  

c .  Shor t e r  o v e r a l l  f r a c t i o n a t i o n  t iws  should be .nvearrgaLed 
o t h e r  bph-LET beams (Fouler,  personal  communicrtioa I since 
h . s  less e f fec t  and s ince d i f f e r e n c e s  between early and ..ate 

i n j u r y  are less marked th.n v i th  photons. 
f r a c t i o n s  of p ion  r a d i a t i o n  vould also improve berm u t i l i z a t i o n  and will be 
cxpiored. 
neutron r a d i a t i o n  (H.IPatrsmith and Fermilab) wi th  s a t i s f a c t o r y  r e s i l t s  
schedules via doses  p e t  f r a c t i o n ,  not exceeding about ri00 rad phocon equivalent,  
is going t o  be t r i e d  w i t h  neucroas and could,  even nore s a f e l y ,  be tried with 
pions.  

The p o s s i b i l i t y  of using 10 o r  12 

Such lull n u b e m  of  f r a c t i o n s  a r e  c u r r e n t l y  being use-i wi tn  
Short 

d. An amendment to KIM; 79-23 (nonrrndooized pion therapy of 
advrnctd!recurrent ncoplrsms) , approved in July 1979, allows the  planned 
combinrtioo of p i o n  i r r a d i a t i o n  as boost therapy wi th  conventional i r r a d i a t i o n  
of more generous volumes. 
rC-5 weeks a r e  preceded o r  fol loved by t r e a t s e n t  of cone-down v o l u e s  by 1200- 
1500 rad of peak pions,  mximua dose. An advantage of t h i s  t r e a t m a t  plan is 

. that the b e n e f i t s  of dose l o c a l i z a t i o n  and normal t i s s u e  spar ing can bes t  be 
used for  localized volumes. The number of lengthy,  mul t i -por t  treatments of 
the vhola b r a i n  us ing  pions can be reduced, and the beam time can be used i n  
treatment of more patients vith l oca l i zed ,  c r i t i c a l  volumes. The p o s s i b i l i t y  
of  b r i e f  (1#-2+ veck) boost treatments also allows access ion  of p a t i e n t s  
throughout t h e  treafa+at cycle  and mainfenance of the  maximum p a t i e n t  census. 

Conventional r a d i a t i o n  doses of G000-5000 rad i n  

e.  Treatment of pancreat ic  carcinoma has been r a d i c a l l y  
revised,  in l i g h t  of early experience w i t h  18 cases, most o f  whom succumbed t o  
d i s t a n t  metastases and received r e l a t i v e l y  low doses as ve were vorking toward 
a t o l e rance  dose. Pancrea t i c  tumors are nov being treated with higher doses 
of pion r a d i a t i o n  t o  the p r i M r y  and nodal drainage a r e a ,  preceded o r  followed 
by prophy lac t i c  large f i e l d  conventional i r r a d i a t i o n  t o  the l i v e r  and pancreat ic  
bed [ including p e r i p a a c r e a t i c  nodes). P a t i e n t s  a re  accepted only a f t e r  meti- 
culous c v a l l u f i o n  f o r  m e t a s t a t i c  disease,  including s u r g i c a l  s taging v i t h  
wedge biopsy of t h e  l i v e r  and a sampling of  t h e  primary tumor mass and per i -  
panc rea t i c ,  p e r i a o r t i c ,  and mesenteric nodes. In  a d d i t i o n ,  t o  avoid delays 
ana undesirable  breaks i n  therapy,  most p a t i e n t s  require  b i l i a r y  and GI bypass 
procedures a t  t h e  t i m e  of o r i g i n a l  explorat ion.  

f .  An External Adoisorg C o m i t t c e  has been es t ab l i shed  t o  
advise  the p r i n c i p a l  i n v e s t i g a t o r  (see Section 1x1). This c o l n i t t e e  supersedes 
t he  Cornittee oa Huun T r i a l s  of Pion Radiatioa Therapy, u N n / w S L .  which 
formerly was both an advisory  group and a r e f e r r a l  group f o r  the p ion  scudies.  
Previous exper ience  has demonstrated t h a t  strona r e f e r r a l  r e l a t ionsh ips  were 
not e s t a b l i s h e d  as a result of mmbership on the Human T r i a l s  Coamittee but 
have developed over the yea r s  as physiciaas  have r e fe r r ed  cases and expressed 
a continuing i n t e r e s t  in t h e  program. 
guidance has been obtained from r a d i o t h e r a p i s t s ,  p h y s i c i s t s ,  and b i o l o g i s t s  
knovledgeable about  p a r t i c l e  r ad ia t ion .  Thus, the  Exterm1 Advtrorp Corni t tee  
is p r r P u r i l y  a s c i e n t i f i c  advisory  body, wnile o the r  mechanisms have been cs- 
t r b l i s h e d  t o  maintain tier with r e f e r r i n g  phys ic i ans ,  who a r e  often surgeons 
o f  o t h e r  s p e c i a l i s t s  r a t h e r  than r ad io the rap i s t s  

Further ,  t h e  most f n r i t f u l  s c i e n t i f i c  
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2.  Physics 

a.  The pion p a t i e n t  d a w  base system has been i n s t a l l e d  and 
i s  fully opera t iona l .  

b .  A complete ca ta log  of  s t a t i c  pion beams has been designed 
and fully charac te r ized .  

c.  Single-chamber dosimetry system software and hardvare a r e  
completed and i n  rout ine  operat ion.  

d. P a t i e n t  a l i m n t  and t r a n s f e r  systems have been designed, 
fabr ica ted ,  t e s t e d ,  and modified, and are now i n  rout ine  uae. 

e .  En1 7070 vhole-body cf scanners are  a v a i l a b l e  a t  the  
CR'ICILos Ahrioa and the CRTC/Albuquerque. 

f .  Hardvare and software systems f o r  implementation of dynamic 
t reatments  have been designed, r e s t e d  and implemented. Further development 
and modif icat ions are  planned as described in Sect ion  V-0. 

2. A new PDP-11/70 computer has been i n s t a l l e d  a t  the Pion 
Biomedical F a c i l i t y  and linked t o  :he PDP-:1/;5 v i a  a DECYET data  t r a n s f e r  
system. 

h. A nev biomedical t a r g e t  assemblp has been designed and 
i n s t a l l e d .  

i. In vivo dosimetry systems f o r  read-out of TLD and aluminum 
a c t i v a t i o n  p e l l e t s  have been i n s t a l l e d .  

j . Tvo-dhensional  treatment planning systems a r e  completed 
and a r e  i n  rout ine  opera t ion .  

3 .  Biology 

a .  The in v i t r o  system f o r  studying b i o l o g i c a l  e f fec t iveness  
across  the modulated peak of various pion bema used f o r  p a t i e n t  treatment has 
been changed from single c e l l  suspensions and m u l t i c e l l u l a r  tumor spherords t o  
the gel-tube system, as it appears t o  be a much more e f f i c i e n t  and s e n s i t i v e  
i n d i c a t o r  of c e l l - k i l l i n g .  

b. Bio logica l  charac te r iza t ion  o f  the rad iobio logica l  e f fec t ive-  
ness of  some of  the pion tunes and peak v id tbr  in rout ine  use with s t a t i c  treatments 
has been completed, and d a t a  have been incorporated i n t o  beam range-modulation 
func t ions .  

c.  New b i o l o g i c a l  assays f o r  CVS, kidney, and lung a r e  being 
explored as p a r t  of  t h e  l a t e  e f f e c t s  s tudieS (see Sect ion V - C I .  

L. 9 
a.  The opera t ion  of t h e  Lor Alamos adminis t ra t ive  o f f i c e  has 

been reorganized so t h a t  it is under a program manager with r o l e  respons ib i l i ty  
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for pion activities, t a ther  than an administrative t if . :ct  f3r  a i l  CRTC research 
p r o g r m .  

manual, s l i d e  show, s l ide  cataloging system, information packets for referring 
physicians and potential referring physicians, financial guidel ines for p a t - e n t s .  
and other similar materials have been complcced. and diil b e  modified as the 
need dictates in the future. 

b. Development of a pion protocol aanuai, pion procedure 
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v. 
A. CLinical  I n v e t t i p a t i o n s  

1. I n v e s t i g a t o r s  

T i t l e  

Robert D. Yoseley, JR., Y.D. Co-Principal Inves t iga tor ,  L i  
TBA Radiation Oncologist ,  UNn 
W i l l i a m  C. Black, H.D. Chief,  Oncologic Pathology, UMI 
b r i o  Kornfeld, 3 . D .  Neuropathologist ,  UNn 
Robert E. Anderson, M.D.  Chaiman, Pathology, UNn 
Fred Mettler, B.D. Chief,  Diagnostic Imaging, CRTC/UNh 
Robert  S e i g e l ,  Y.D.  Yeuroradiologist ,  L'Nn 

2 .  In t roduct ion  

a. Objective.  t l i n i c a l l 7 ,  th i s  pro jccr  is designed t o  studv 
spstematicrlly t h e  a p p l i c a b i l i t y  of aega t ivc  p i  meson radiotherapy i n  t h e  
e rad icac ion  of l o c a l l y  advanced human neoplasms t h a t  are not s a t i s f a c t o r i l y  
managed by conventional therapeut ic  modal i t ies .  This object ive requires  
development of  Optimal techniques of treatment, d e f i n i t i o n  of appropriate  
time-dose-volume re la t ionships  as r e l a t e d  t o  rerpoase of a v a r i e t y  of normal 
and n e o p l a s t i c  t issues,  and c o l l e c t i o n  and ana lys i s  of c l i n i c a l  data as t h e  
b a s i s  of  a r a t i o n a l  decision-making process  regarding wider  development of 
such t h e r a p e u t i c  technology i n  the  in te res t  of t h e  publ ic  heal th .  

b .  Background. F a i l u r e  t o  cont ro l  l o c a l l y  advanced neoplasia 
i s  a m j o r  source  of morbidity and mortality i n  most i n d u s t r i a l i z e d  s o c i e t i e s .  
All too f r e q u e n t l y ,  surgery or conventional i r r a d i a t i o n  is  unsuccessful in 
e r a d i c a t i n g  locally advanced tumors of a v a r i e t y  of s i tes  and h i s t o l o g i e s .  
h o g  t h e s e  d i s e a s e s  a r e  squamous c e l l  carcinoma of the o r a l  cav i ty  and pharynx, 
adenocarcinoma of t h e  rectum, squawus c e l l  carcinoma of the i r e r i n e  cerv ix ,  
adenocarcinoma of the  paacreas,  squamous c e l l  carcinoma of tzs esophagus, 
high-grade gliomas, and epidennoid carcinoma of the lung. Five-year surv iva l  
f o r  advanced s t a g e s  of these d iseases  ranges from approximately 0 t o  LO percent ,  
with corresponding l o c a l  f a i l u r e  r a t e s  of 33 to 100 percent.  Results f o r  the  
l a t t e r  four  sites show surrrival of 10 percent  or Less. wich loca l  f a i l u r e  
r a t e s  of 50-100 percent .  A p p r o x m t e l y  132.000 cases of these four d iseases  
were p r e d i c t e d  f o r  1979, with a n t i c i p a t e d  m o r t a l i t y  predicted for  114 , 700 of 
those cases.13 S e v e n t y f i v e  t o  100 percent  o f  a l l  p a t i e n t s  v i t h  carcinomas o f  
t h e  pancreas ,  esophrgur,  and lung, as w e l l  as high-grade glioma, a re  unsui tab le  
f o r  s u r g i c a l  therapy alone, as a r e  v i r c u a l l y  a l l  p a t i e n t s  with advanced tumors 
of t h e  head and neck. By d e f i n i t i o n ,  advanced (inoperable or unresectablc)  
adenocarcinoma of t h e  rectum i s  not amenable t o  s u r g i c a l  management. 
radiotherapy is a l s o  i n e f f e c t i v e  i n  c o n t r o l l i n g  these  lcrioas i n  t h e  v a s t  
m a j o r i t y  of cases .  Detai led,  p e r t i n e n t  background information is provided f o r  
i n d i v i d u a l  d i s t 8 s e  sites proposed for  pion radiotherapy under Yethods o f  
Procedure below. 

Conventional 
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Given these considerarions , c l i n i c a l  t r i a l s  Copaencxd ..'I 

1976 f o r  t r ea tmen t  of l o c a l l y  advanced, deep-seated human neoplasms 1 ) i  :nese 
and o t h e r  sites using pion radiotherapy i n  an attempt t o  improve local :oncro? 
and s u r v i v a l .  'The 
d e t a i l e d  progress  r e p o r t  belov enumerates the c l r n r c r l  r e s u l t s ,  i a c l u d x q  
sumival,  l o c a l  c o n t r o l ,  acu te  and chronic normal t i s s u e  r e a c t i o n s ,  and r e l a -  
t i o n s h i p s  of t u o r  c o n t r o l  t o  treatment parameters including fractzon s i z e ,  
t o t a l  dose, and t rea tment  volume. 

A t o t a l  o f  196 p a t i e n t s  uere t r e a t e d  as of Apri l  1981 

c .  Rat ionale .  The hypothesis t o  be t e s t e d  is tha t  pion 
rad io therapy  v i 1 1  prove -re e f f e c t i v e  in Phase 11 t r i a l s  d u n  conventional 
rad io therapy  in the c u r a t i v e  treatment of one or more of the fo l lov ing  neoplasms: 

i. High-grade glioma ( r a t r o c y t o m  Grade 111 and I V ) ,  
ii. Inoperable/unrcrectable  carcinoma of t he  pancreas, 

and IVA) , 
iii. Advanced carcinoma o f  the u t e r i n e  cervix (Stage IIT 

i v .  Inoperablc/uarcsectable  carcinoma of t he  esophagus, and 
v. E n o p e r a b l e / ~ e s e c t a b l e  carcinoma of t he  Lung (eprder- 

moid carcinoma j . 
It is por tu l a t ed  that i n a b i l i t y  t o  ob ta in  l o c a l  control  

with conventional rad io therapy  i n  many advanced neoplasms LS due t o  a rubop- 
tin81 r a t i o  bctvetn e f f e c t i v e  r ad ia t ion  dose t o  the tumor and t o  intemtning 
or surrounding normal tissues, i . e .  , a rubopt-1 the rapeu t i c  r a t i o .  This is 
most apparent  i n  the s i t u a t i o a  of a deep-seated tumor surrounded by normal 
tissues of g r e a t e r  r a d i o s e n s i t i v i t y  than the  neoplasm i t s e l f ,  i n  which attempted 
d e l i v e r y  of p o t e n t i a l l y  c u r a t i v e  doses of r a d i a t i o n  r e s u l t s  i n  unacceptable 
t r ea tmen t - r e l a t ed  morbidity and mor t a l i t y .  
of l o c a l  c o n t r o l  in  such neoplarn8 may be r e l a t e d  t o  the presence of a large 
number of hypoxic c e l l s  t h a t  a r e  r e l a t i v e l y  r e s i s t a n t  co r ad ia t ion  in ju ry  by 
c o n v e n t i o u l  low-LET r a d i a t i o n s ,  such as x-rays o r  y rays.  
then be a source of p e r s i s t e n t  o r  recurrent  disease a f t e r  maximally to l e ra t ed  
doses of conventional r ad ia t ions .  

I t  is also por tu l a t ed  t h a t  f a i l u r e  

Such c e l l s  may 

Negative p i  meson i r radiaLion o f f e r s  p o t e n t i a l  so lu t ions  
t o  both of these problems i n  t h a c  it: 

i. Offers more favorable depth dose d i s t r i b u t i o n  charac- 
t e r i s t ics  than conventional radiataons,  with deposi t ion of the majority o f  dose 
in a confined region a t  depth (Brags peak) and minimization of e x i t  dose, allowing 
spa r ing  of ad jacen t  aoLp.1 tissues; and 

ii. Contribute8 a s i g n i f i c a n t  dose of  high-LET r ad ia t ion ,  
t o  vhich  hypoxic c e l l s  a r e  r e l a t i v e l y  more s e n s i t i v e  than t o  low-LET r ad ia t ion ,  
in the reg ion  where the pion  done is maximal. 

By a p p l i c a t i o n  of techniques already developed i n  the  
course of the p r o j e c t ,  it is por s ib l e  t o  t a i l o r  t h e  d i s t r i b u t i o n  of pion 
i r r a d i a t i o n  t o  inc lude  appropr i a t e  treatment volumes with  r e l a t i v e  sparing of 
neighboring normal t i s s u e s  and t o  d e l i v e r  l oca l i zed  hi8h-LE.T r a d i a t i o n  t o  
advanced neoplasms i n  rhose si tes l i s t e d  it:-.c. Routine mplementation o f  the 
t reatment  techniques of dynamic scanning may be expected t o  mprove the  thera- 
p e u t i c  r a t i o  even f u r t h e r .  .Y 

00133521.100 



! l o s r l e y ,  Robert D .  J r  3.0. - 
Thus, the physical  c h a r a c t e r i s t i c s  of pion i r r a d i a t i o n  

allow t h e  delivery of  higher  doses of r a d i a t i o n  w l t h  p o t e n t i a l l y  more l e t h a l  
e f f e c t  on hypoxic ce l l s  to t h e  region o f  tumor involvcacnL than is  poss ib le  
v i t h  conventional r a d i a t i o n s .  For the  same normal tissue t o x i c i t y ,  an increment 
in e f f e c t i v e  dose t o  t h e  tumor may be obtained,  with r e s u l t a n t  improvement in 
l o c a l  c o n t r o l  and, t h e r e f o r e ,  surv iva l .  

C l i n i c a l  aspects  of t h e  p ion  radiotherapy program have 
focused on performance of c l i n i c a l  t r i a l s  def in ing  tumor response, normal 
t i s s u e  r e a c t i o n s ,  and optirnrl  t ime-dose-fraction r e l a t i o n s h i p s  f o r  pion i r r a -  
d i a t i o n ,  as w e l l  a s  d e f i n i t i o n  of those d i s e a r c  si te8 and ca tegor ies  most 
l i k e l y  t o  b e n e f i t  from pion i r r a d i a t i o a  and comparison of x - i r r a d i a t i o n  and 
pion i r r a d i a t i o n  f o r  such l o c a l l y  advanced neoplasms. 

Phase I1 s tudies  w i l l  be continued, with p a r t i c u l a r  emphasis 
on treatment of p a t i e n t s  with astrocycom..  Grade I11 o r  I V ,  uaresectable  
carcinoma of t h e  paacreas ,  and SQLUWOUS carcinoma of the  u t e r i n e  c e w i x ,  
Stage I11 and IVA. Limited Phase I11 t r i a l s  were conducted p r i o r  t o  1982 f o r  
squamous ca tcanom of  the  o r a l  cav i ty ,  nasopharyax, oropharpar. and hypopharynx; 
inoperable or l o c a l l y  recur ren t  adenocarcinoma of the  rectum; and Ta/T, t r a n s i -  
t i o n a l  carcinoma of t h e  bladder.  Phase I11 t r i a l s  a r e  not contemplated 5y 
t h i s  appl ica t ion .  Previous accessions t o  these  s t u d i e s  a r e  shown in Table 3. 

(1) P l a m i n p  and oro tocol  development. Phase 1-11 
c l i n i c a l  t r i a l s  w i l l  be conducted under 3TOG protocois  79-23 and 79-26 f o r  
l o c a l l y / r e g i o n s l l y  advanced rad metas ta t ic  neoplasms, respec t ive ly .  

Accession t o  t h e  randomized protocols  was slow 
with only 10, 3 ,  and 1 p a t i e n t s  randomized t o  RTOC protocols  78-28. 76-25, and 
78-26, r e s p e c t i v e l y .  This problem was r e l a t e d  t o  beam cime a v a i l a b i l i t y  of 
the W F  a c c e l e r a t o r  and t h e  oecers i ty  f o r  a very large catchment area t o  
assure adequate numbers of p a t i e n t s  f u l f i l l i n g  all protocol  c r i t e r i a  a t  approp- 
r i a t e  times. In addi t ion ,  referring physicians outs ide  S e w  Mexico expressed 
concern over t h e  p o l i c y  of br inging a l l  p a t i e n t s  t o  the  CRTC in Albuquerque 
f o r  randomization and planning. To obviate  t h i s  problem, the randomization 
pol icy  was modified to allow both randoairat ion and t r e a m e n t  a t  the r e f e r r i n g  
I n s t i t u t i o n ,  provided t h a t  a11 diagnost ic  e v a l w t i o n ,  pa tholow,  conventional 
treatment p l a n s ,  simulatron f i h ,  and p o r t  f i lms  were submitted f o r  review by 
the Radiat ion Oncology Sec t ion  of the CRTC and the pa thologis t  o f  record for 
the pion p r o j e c t .  Only a f t e r  an exhaustive d iagnos t ic  evaluat ion.  including 
CT scanning and l o c a l i z a t i o n  steps s i m i l a r  t o  those employed f o r  pioa-created 
p a t i e n t s ,  were the p a t i e n t s  accepted t o  t h e  study and randomized. Phase 111 
randomized trials ara not  contemplated in t h i s  appl ica t ion  because o f  these 
a b o r t  iasurmountrble d i f f i c u l t i e s .  

Accession of  p a t i e n t s  t o  nonrandomized t r i a l s  is 
t o  be continued wi th  p a r t i c u l a r  capharis  on patients w i t h  high-grade (Grade I11 
o r  IV) astrocytoma, u n r a r e c r r b l t  adenocarcinoma of the  pancreas,  and advanced 
( S t o l e  I11 and IVA) squamous carcinoma of the u t e r i n e  cervix.  
nonrandomized t r i a l s  were received i n  unprecedenced numbers, p a r t i c u l a r l y  
a f a r  July 1980. This increase  r e f l e c t s  oot  only an increasing i n t e t c s f  on 
the  p a r t  of r e f e r r i n g  physicians but also a vrder  base of r e f e r r a l .  Formal 
ties were e s t a b l i s h e d  w i t h  the Albuquerque Veterans' Administration Medical 
Center with a n t i c i p a t i o n  o f  a possibie  nationwide VA r e f e r r a l  network. 

Refer ra l s  for  

In 
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TABLE 3 

Protocol  

R'IOI; 79-23: Phase 11, 
!lis ccl l a c 0  us 
Advanced/Rccurrcnt 
Primaries (Pion Only)* 

RTOC 79-26: Phase 11, 
Yircellaneous 
Metastatic Lesions* 

RTOG 78-25: Phase 111, 
Rectum/Rectosigmoid 
(Pion/ Conventional 1 
( T o t a l )  

RTOC 78-26: Phase 111, 
U r b a n  Bladder 
(Pion/Conventional) 
( T o t a l  1 

RTOG 78-28: Phase 111, 
Pharynx, Oral Cavity 
(Pion/ Conoentioaal) 
(Total)  

TOTAL 
(Pion/Convcnriorul) 

ACESSXON TO PION PROTOCOLS 
1 Hay 1978 - 30 Apri l  1981 

198 1 - 1980 

L6 .*1 5 2  

- 1979 - 

1 0 3 

0 i 
10/1) 

0 0 

2 
(2/0) 

1 
iO/l) 

0 5 5 
' 3/21 (2/3) 

*Accession started in  1976, although assigned o f f i c i a l  RTOG sta tus  in 1979. 
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add i t ion ,  e f f o r t s  t o  e s u b l i s h  r e f e r r a l  pa t t e rns  v i a  L m a  Linda Universi ty  
and t h e  Universi ty  of Southern Ca l i fo rn ia  through t h e i r  a f f  i l i r t e d  Coamunity 
Radiat ion Oncology Program (CROP), r e su l t ed  in  several r e f e r r a l s  f o r  the mort 
recent  t r e a t s e n t  cycle .  

An add i t iona l  aspec t  of increased p a t i e n t  through- 
pur is the  h c r e a s i n g  use of pions i n  treatment of rml ig lunt  gliomas. 
amendment t o  t he  Phase 1-11 pro toco l s ,  approved in July 1979, al lows che 
planned combination of pion i r r a d i a t i o n  as boost therapy with conventional 
i r r a d i a t i o n  of more generous volumes. Conventional r ad ia t ion  doses of G000- 
5000 rad in 4-5 ueeL a r e  preceded o r  followed by tre~emenf of conc-down 
volumes by 1200-1500 rad of  peak pions,  maximum dose. 
two u j o r  advantages, the f i r s t  of which i r  that t h e  bene f i t s  of dose loca l i za -  
t i o n  and normal tisaue spa r ins  can b e s t  be used f o r  loca l ized  volumes. 
number of lcngthy, mult i -port  t r e a t a m t i  of the vhole b ra in  using pions can be 
reduced, and the beam t i w  can be used i n  treatment o f  more p a t i e n t s  with 
loca l i zed ,  c r i t i c a l  tumor volumes. The p o s r i b i l i t y  of b r i e f  ( l i - 2 5  week) 
b o o s t  t reatments  also allows accession of p a t i e n t s  throughout t he  treatment 
cyc le  and maintenance of t he  marhum par ren t  census.  

An 

This t reatment  p l a n  has 

The 

An extremely important aspec t  of protocol  planning, p a r t i c u l a r l y  
dur ing  Phase XI s tud ie s .  is the a b i l i t y  t o  e f f i c i e n t l y  revieu previous c l i n i c a l  
experience with regard t o  d i s e a r e  c h a r a c t e r i s t i c s .  treatment parameters,  tumor 
response* and normal t i s s u e  reac t ions .  A data  bare system has been obtained 
t h a t  vould permi t  sequent ia l  compilatioa and ana lys i s  of c l i n i c a l  da ta  being 
accumulated by t&e pion p ro jec t .  

The da ta  base has been es t ab l i shed  on a Dig i t a l  Equipment VAX c o q u t e r ,  
using e ight  d i f f e r e n t  fornu f o r  i n i t i a l  obsemacion,  follow-up r epor t s ,  and 
o t h e r  data. The data  bare  cu r ren t ly  includes i n f o m a t i o n  on 173 p a t i e n t s .  
Experience in s e t t i n g  up and using the data  base has been e x c e l l e n t ,  with no 
major problems encountered. 
f o r  i n t e r a c t i v e  s t a t i s t i c a l  ana lys i s  has been accomplished. 

I n s t a l l a t i o n  of an advanced b i o s t a t i s t i c a l  package 

A t o t a l  of 196 p a t i e n t s  received pion therapy,  
alone o r  in combination with surgery o r  conventional r ad ia t ion ,  through April  
1981. 
x - i r r a d i a t i o n  o r  pion i r r a d i a t i o n  f o r  mul t ip le  subcutaneous mefastarer. 
studies es t ab l i shed  an RBE of 1.4 f o r  p ions ,  compared to  100 kVp x-rays, in 
acu te  injury t o  human skto, and provided the baras  fo r  present  Phase I1 p i l o t  
p ro toco l s ,  as well as f o r  Phase I11 t r i a l s  i n  c e r t a i n  anatomic si tes.  T r i a l s  
wi th  deep-lying tumors began i n  November 1976, and proceeded with gradual 
increments i n  to t .1  pion dose and adjustments in d a i l y  dose f o r  eAch new Lme 
of UIPOt and normal t i s s u e  i r r a d i r r e d .  

N i n e  p a t i e n t s  t r e a t e d  i n  1976 and 1976 received randomly assigned 
There 

I n s t a l l a t i o n  of an PI1 7070 ff scanner a t  the  
Pion Biomedical F a c i l i t y  i n  Lor A l u o o  i n  February 1980 re su l t ed  i n  major 
Improcrtcncnta i n  may aspec t s  of p a t i e n t  c a r t .  
scanner  assures  v a s t l y  improved q u a l i t y  con t ro l  i n  regard t o  p a t i e n t  posr t ioa ing  
and has allowed implcocntat ioa of a more e f f i c i e n t  and accurace treatment 
planning system. The r ad io the rap i s t  may now superimpose t reatment  volumes, 
sk in  su r faces ,  and c r i t i c a l  organs d i r e c t l y  on CT data  by uae of region-of- 
i n t e r e s t  sof tware rad the  d i agnos t i c  console. 
l a t e d  i n t o  l i f e - s i zed  hard copy f o r  treatment planning. 

The presence of an on- r i t e  CT 

This information can be t rans-  
The a b i l i t y  t o  vary 
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vindov s e t t i n g s  rod t o  ~uptriPpo~e t r e a m n t  volumes on adjacent  s l i c e s  a l l o w s  
improved d e l i n e a t i o n  of t he  armto- o f  i n t e r e s t .  
permits  confirmation of po r i t i onurg  o f  bolus, f requent  checks o f  changer i n  
tumor volumes and i n t e r n a l  anatomy during the  course of  therapy,  and a w t h o d  
of routine monitor ing of i naccess ib l e  l e s i o n s  such as tumors o f  the brain and 
pancreas dur ing  the follow-up period. 

3n-rite  CT scanning also 

The a b i l i t y  t o  reproduce p a t i e n t  p o s i t i o n  
a t  each s t e p  of t reatment  planning from CT scanning, through smulafion,  t o  
t r e a t n c n t  b s  been thoroughly f a c i l i t a t e d  by i n r t a l l a t i o n  of  threc-point  l a s e r  
set-up systems i n  the CI  scanning, set-up, and t reatment  rooms. In add i t ion ,  
i n p l e s e n u t i o a  of this pos i t i on in8  sysru has allowed development of a more 
convenient and comfortable system of h o b i l i t a r i o a  for p a t i e n t s  with neoplasms 
of the b r a i n  and head 8nd neck, i n  which c a r t  of the shoulders and head 
rep laces  a f u l l  t o r s o  c a s t .  
of l e s i o n s  of the abdomen and pe lv i s ,  rcsulLing in unproved p a t i e n t  comfort 
and e188 Of posicioaing. Ein8l ly ,  the th ree-poin t  set-up systea O l l O W S  accurate 
pos i t i on ing  of  t h e  he ight  of the  p a t i e n t ,  a c r i t i c a i  parameter i n  dynamic 
t reatment  v i t h  focused fan bema.  

This also permits omission of c a s t s  f o r  treatment 

I m o b i l i z a t i o n  c a s t s ,  when needed, arc made 
from a f i b e r g l a s s  material (Lightcas t  11) that  hardens under u l t r a v i o l e t  l i g h t .  
The c a s t s  a r e  -de on the p a t i e n t ,  then b i s sec t ed  i n  t h e  s a g i t t a l  plane f o r  
l a t e r a l  head and neck t r e a ~ ~ n t a  t o  a c c o w d 8 t e  the v e r t i c a l  pion t reatment  beam. 
Spec ia l  ob l ique  c a s t s  a r e  u d c  f o r  s p e c i f i c  t reatment  s i t u a t i o n s .  
c a s t s  a t e  r i g i d ,  yet  comforuble  f o r  t he  p a t i e n f s ,  and they provide rcpro- 
duc ib le  m o b i l i t y .  With on - s i t e  13 scanning, appropr ia te  a p p r o x a t i o n s  of 
f i e l d  c e n t e r s  u p  be obtained from "scanogram'' b a g c s ,  and use of a Line-laser 
system in the CT scanner permits marking and t a t too ing  of the p a t i e n t ' s  skin, 
i n d i c a t i n g  t h e  d i r e c t i o n  of m v m n t  through the  CI scanner and the plane of 
t he  ind iv idua l  scans. 
of the p a t i e n t  and alignment of beam-shaping devices  

The 

These marks permi t  accuracy i n  subsequent repos i t ion ing  

After  CT scanning and preparat ion of bolus 
and c o l l h t o r  des igns ,  p a t i e n t  and f i e l d  pos i t i ons  a re  checked by orthodia-  
graphic  f i lms  obtained a t  f i n a l  r m u l a t i o n .  This technique, which is necessary 
to confirm the alignment of f i e l d 8  t r e a t e d  wi th  the non-diverging, s t a t i c  pion 
beam, c o n s i s t s  of timed exporue radiographs taken with very narrow col l imat ion 
along a c e n t r a l  u i r  of the beam vkule the p a t i e n t  is moved along an a x i s  
perpendicular  t o  that of b e u  col l imat ion.  The r e s u l t  is a f i l m  showing no 
divergence i n  the d i r e c t i o n  of p a t i e n t  movement, and a p a i r  of such films 
provides  coof imat ion,  in x and y dimensions, of the  accuracy of c o l l i r m t o r  
shape. 
f i b  v e r i f i c a t i o n  is being explored. 

The p o s s i b i l i t y  of h s t l l l i n g  an x-ray tube in the beam area f o r  po r t  

Lengthy t reatment  times and set-ups neces- 
sitate p a t i e n t  positioning and a l i s n a e a t  of  beam-shaping devices in a s tag ing  
area, thus reducing beu-off tine v h i l e  p a t i e n t s  are exchanged witbin the 
t rea tment  room. This exchange time is r o u t i a e l y  on the order of f i v e  minutes 
due t o  fur ther  isprovemeat in the  t ab le  and t r o l l e y  system i n  use f o r  the l a s t  
t h ree  years .  
more rapid t r a n s p o r t  with less p a t i e n t  displacement.  The impact of attention 
t o  the technique of p a t i e n t  i amob i l i r a t ion ,  s imulat ion,  and t r anspor t  is  
apparent in t h e  e x c e l l e n t  c o r r e l a t i o n  of iimulactoa f i l m s  with post- t reatment  

I q r o v e d  m a e w e r a b i l i t y  and decreased vetght have r e su l t ed  i n  
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p o r t  films obtained by orthodiagraphic scanning through the  treatment col l imator ,  
and in  t h e  p r e d i c t a b i l i t y  o f  g 9 dosunet r ic  measurements, which a r e  obtained 
i n  every p a t i e n t .  

All aspec ts  oi treatment planning, dosimetric 
confirmation, channel tuning,  and h r d v a r e  and s o f t v a r e  i n t e r f a c i n g  have been 
implemented s u ~ ~ e ~ s f u l l y  i n  the :reatmeat o f  s e v e r a l  p a t i e n t s  v i t h  d p a m i c  
scanning (see Physics).  Further  refinement of a i s  technique and development 
of necessary t reatment  planning coquter  codes f o r  noahomo~eneous treatment 
volumes arc major p r i o r i t i e s  f o r  &e next year .  I n  the interi., s u t i c  beam 
therapy will cont inue t o  be rout ine,  as vi11  s tandardized l o c a l i z i n g  radiographic 
procedures, inc luding  s imulat ion and port-checks by orrhodiagraphic  scanning 
as well a s  & 

i n  the design of  Phase I-XI t r i o l s  and has d i c r a t e d  a conservat ive approach in 
t h e  incrcmcatotion of doses and volumes. Table k show the  e v o h t i o a  o f  l a r g e  
f i e l d  pion radiotherapy from 1976 through 1980 Ear both i n i t i a l  and coae-down 
volumes. The t r e n d  toward increasing volumes and doses reflects increasing 
f a m i l i a r i t y  wi th  normal t i s s u e  tolerance and patteras of  tumor recurrence.  
Average doses f o r  1980 a r e  somewhat decreased from 1979 and r e f l e c t  increasing 
t r e a t n e n r  vo~umes and 10 increasing proport ion of p a t i e n t s  receiving low dose 
(1000-1600 n rad)  pion i r r a d i a t i o n  o f  cone-dovn volumes in the bra in ,  and the  
combination of l a r g e - f i e l d  conventional i r r a d i a t i o n  with cone-dovn pioa i r r a d i -  
a t i o n  i n  the pancreas.  

dos ine t ry  in all cases. 

P a t i e n t  s a f e t y  has been a prhaty  concern 

Treatment p o l i c i e s  a t e  out l ined  i n  Table 5 .  
Yaximum d a i l y  doses of 125 i(- rad a r e  given for most sites, including bra in ,  
head and neck, and pe lv is .  
a re  r o u t i n e l y  80 percent  o f  the  MXMUP dose. 
t reatment  planning t o  a minimum of 90 percent r e s u l t e d  i n  g r e a t e r  acute and 
chroaic  normal tissue reac t ions .  presumably related t o  the  increased volume of 
noma1 t i s s u e  rece iv ing  r e l a t i v e l y  high dose i r r a d i a t i o n .  and has been abandoned; 
t h i s  technique w i l l  be poss ib le  wizh dpnamic_treatment planning. A notable 
exception t o  t h e  rout ine  d a i l y  dose of 125 i( 

pancrea t ic  crreiaoorr. For these p a t i e n t s ,  160 II rad is  giv$n d a i l y  i n  tu0 
treatmeats div ided  by a oinirmp of s i x  hours. 
given t o  a volume e n c o ~ p a s r i n g  the e n t i r e  pancreas,  tumor, amd teg ioaai  $odes 
through AP:PA opposed p o r t s ,  followed a t  six hours oy an a d d i t i o a a l  60 i( rad 
maxiaum through an a n t e r i o r - p o r t a l  t o  the s i t e  of radiographical ly  demonstrable 
d isease .  A t o t a l  of 3840 n rad is del ivered t o  the  s i t e  of gross  disease in 
4 w e b ,  followed by an addi t iona l  2600 rad/3 weeks photon i r r a d i a t i o n  t o  the  
ent i re  l iver,  pancreas  and tumor. The other  example of rout ine  combination of  
conventional urd p ion  i r r a d i a t i o n  i s  i n  the  t reatment  of malignant a8troCytOfUS 
i n  which conventional megavoltage i r r a d i a t i o n  of the vhole b r a i n  t o  doses o f  
4200-4500 rad/4-5 vreks-is combined v i t h  pioa i r r a d i a t i o n  of cone-down volumes 
t o  doses of 1200-1SOO n rad IIUXUJUID i n  2-3 vccks. 

Hinimum doses a t  t h e  per iphery of treatment volumes 
A b r i e f  experience v i t h  s t a t i c  

rag i s  i n  the treatment o f  

One hundred I( cad maxunum is 

This report d e t a i l s  c l i n i c a l  observations of 
the 196 p a t i e n t s  vho have received pion r r r r d i a t i o a ,  v i t h  p a r t i c u l a r  emphasis on 
a group of 96 p a t i e n t s  t r e a t e d  w i t h  cura t ive  i n t e n t  and followed f o r  a minimum 
o f  o n e  year.  Table 6 d e t a i l s  the p a t i e n t  populat ion of interest (excluding 23 
p a t i e n t s  t r e a t e d  s i n c e  January 1,  1981). Thir ty- three  p a t i e n t s  t r e a t e d  between 
June 1980 and November 1980 a r e  included in the a n a l y s i s  of surv iva l  and local 
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TABLE G 

EVOLUTION OF PICN IBERAPY 

vo luoc Vo 1- 
Number of (initial) (cone) Dose ( I n i t i a l )  Doze (Cane) 

Y E  Patients cc cc  7- Rad Hax. n Rad )fax. 

19 76- 1977 34 715 572  2650 2827 

1978 41 1137 654 2682 3866 

I979 h9 1510 i 83 3512 L276 

1980 43  1896 672 3 233 a 7 0  
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t h X i E p D  
g Dose (n rad) 

Pelvis* 6500 

Brain* 

Uhole 2750 
Cone-dovo G O O  

Pancreas* 

Who Le 2600 
Cone-down 3860 

Esophagus* 
Gide Field 3500 
Cone-down 4500 

L u g  
Wide F i e l d  3250 
Cone-down k500 

%Yay be treated by conventional 

ions 
3600 36 

2200 
3600 

22 
36 

1920 2.r, 
3072 2L 

2800 28 
3600 36 

2600 25 
3600 36 

widt-f ic ld irradiation and pion 
boost (approx. 1500 n- rad u x . 1 1 2  fx/2$ weeks). 

+*Combined vith planned external beam conventional therapy. 
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Days 

so 

32 
50 

35 
35 

38 
50 

35 
50 
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TABLE 6 

Total Cases 173 
Follow-up < 1 year 33 

~ C l U i O L u  : 
Skin !letastarts 9 
Distant Hcurtasci :5 
Lov Dose Pi lot  
LOU Dora Berm 10 

3 
Total Exclusions scr 

- 
Lov Dose Medical - 

Total Curative Cases 129 
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u Yoselcy, Roberr D 

con t ro l ,  but  excluded from t h e  ana lys i s  of chronic  e f f e c t s  because o f  i n s u f f i c i e n t  
follow-up time. Of 173 p a t i e n t s  t r ea t ed  p r i o r  t o  1981 ( inc luding  one with 
simultaneous primary l e s i o n s  of the  p r o s t a t e  and ur ina ry  b l adde r ) ,  9 pa t i en t s  
t r ea t ed  in  Phase I t r i a l s  for cutaneous metastases and 15 p a t i e n t s  with known 
d i s t a n t  mctastascs a t  time of t reatment  a re  excluded from the population 
t r e a t t i  with c u r a t i v e  i n t e n t .  In addi t ion ,  20 p a t i e n t s  receiving less than 
2700 II rad ~ x i a u m ,  t ha t  dose a t  which coraplete tumor regress ion  was f i r s t  
noted, a r e  excluded f o r  reasons including d e l i b e r a t e l y  planned lov doses in 
conjunction w i t h  P h r e  I s t u d i e s ,  -chine malfunction, and in t e r rup t ion  o f  
t reatment  f o r  medical reasons.  Table 7 show8 the d i s t r i b u t i o n  of p a t i e n t s  
t r r r t e d  with cu ra t ive  intent  before  November 1980 according t o  t reatment  
rpOd.litY. 
Srailr, a l l  p a t i e n t s  received a rinimua of  2700 II. 
ereaced w l t h  pions alone. 
thought t o  approximate to l e rance  doses of re levant  normal t i S S u t S .  

&cept  f o r  s i t  p a t i e n t s  receiving con$-down pion i r r a d i a t i o n  t o  the 
rad,  a l though only 90 vere 

Only 09 were t r e a t e d  t o  dose l e v e l s  cu r ren t ly  

Data regarding 129 p a t i e n t s  ( w i t h  130 
p r m r p  l ea ions )  t r e a t e d  with cura t ive  i n t e n t  have been analyzed with respect  
t o  s u n i v a l ,  l o c a l  con t ro l  and acute  reac t ions ,  while 96 ,  followed fo r  more 
than one year ,  a r e  analyzed with regard t o  chronic  rcaceionr .  
a r e  reported f o r  p a t i e n t s  receiving less than 1000 n rad maximum and those 
t r e a t e d  t o  h igher  doses.  

Separate analyses 

Tables 8 and 9 show crude r u m i v a l  and 
l o c a l  con t ro l  s ta t is t ics  f o r  the group of 129 p a t i e n t s  t r ea t ed  v i t h  cu ra t ive  
i n t e n t .  
f o r  high-grade gliomas using a p l a n e d  co!biMtioa of conventional whole b ra in  
i r r a d i a t i o n  and pion i r r a d i a t i o n  (C2000 n rad) of cone-down volumes. The data 
a r e  also shown i n  Figurer  5 and 6. Pa t i en t s  with primary neoplasns of the 
head and neck comprise the l a r g e s t  single group, with 38 cases ,  followed by 
glioma, 36; p r o s t a t e ,  21; and pancreas,  16. The "other" categorp includes 
four  p a t i e n t s  wi th  t r a n s i t i o n a l  carcinoma of the ur inary  bladder ,  and two each 
with carcinomas of the esophagus and lung. 
the rectum were t r e r t c d ,  as vere ind iv idua l  p a t i e n t s  with carcinoma of the 
stomach rad sLin. Three p a t i e n t s  were trtrted for advanced carcinoma of the  
u t e r i n e  cerpi.. 
t he  anus aud one p a t i e n t  with an e thes ioneuroep i thc l iou .  Three of four 
p a t i e n t s  with bladder  l e s ions  had loca l  con t ro l ,  al though oae expired of 
unre la ted ,  i n t e r c u r r e n t  G I  b leeding,  while t he  t h i r d  survives  with loca l  
pers i s tence .  One p a t i e n t  with a Pmcoast  tuor  surv ives  without evidence of  
d i sease  a t  t h r e e  years, bu t  the second p a t i e n t  with lung caacer  expired with 
l o c a l  recurrence a t  two years  a f t e r  therapy. B o t h  p a t i e n t s  with csopiaageal 
carcinoma expi red ,  a l though one vas f r e e  of tumor a t  autopsy, having died as a 
r e s u l t  of sequelae of chronic  alchoholism. Two p a t i e n t s  w i t h  rectal carcinoma 
expired With m e t a s t a t i c  d i sease*  although one was free of l o c a l  d i sease  a t  
autopsy. Two others s w i v e  without evidence of d i sease .  The par i en t  with 
stomach cancer d ied  of l o c a l  recurrence,  while a p a t i e n t  with a l a rge  basal  
c e l l  carcinoma of  t h e  face ,  invading boae, remains f r e e  of d i s e r s e  a t  two 
years .  One p a t i e n t  w i th  Stage IIIB carcinoma of the c e m i x  expired with l u g  
metastases and apparent  s-11 bowel necros is  one year  a f t e r  coabined pion and 
i n t e r s t i t i a l  template i r r a d i a t i o n .  Review of autopsy mater ia l  i n  determiniag 
the  r o l e  of i r r a d i a t i o n  i n  the small bowel injurp is pending. 
expired of progress ive  l o c a l  distrsc and uremia, while the t h i r d  has local 
pe r s i s t ence  of d i sease .  
ethcrioncurocpithelio110. are  a l i v e  v i t h  no evidence of  disease a t  ten months. 

Ia each of these tables is a Separate ana lys i s  of six pa t i en t s  t r e a t e d  

Four patients v i t h  carcinoma of 

Also in the "other" category is  one p a t i e n t  with carcinomo of 

Another p a t i e n t  

The p a t i e n t  vith anal  carcinoma and the p a t i e n t  with 
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piom .loor 

Pions D T  

Pions + Surgery 

Total  

90* 

29 

i l  

130 

- 

*89 p a t i e n t s ,  one w i t h  simultaneous prostace and bladder primaries. 
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yostlty, Robert 3 . ,  Jr. Y.D. - 
TABLE 8 

SURVIVAL OF PION PATIENTS TREATED WIl% 
CURATIVE INTENT BY SITE AKD DOSE 

(2000 1(- rad <LOO0 X -  rad >LO00 KO rad T o t r l  

Head b Neck - 6 /  12 i0/26 16/38 (42%) 

Brain 4 / 6  3 i  16 ‘ i  14 14/36 (39%) 

Prostate - ; / 5  1S/ 16 19/21 (90%) 

P a m  r ea s - 5/11 3 i  5 5/16 (31%) 

Other - 5/9 3;  :O 10/19 (53%) 
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TABLE 9 

LOCAL CONTROL IN PION PATIENTS T R U E D  WITH 
CURATIVE INTENT BY SITE AND DOSE 

Pancreas - o/ 11 0/5 

Other - 5 / 9  5 /  10 
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Total 

19/38 [ S O X )  

6/36 (17%) 

19 /21  (90%) 

0116 ( O X )  

10119 (53%) 
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Yoscicy,  Robert 3.- 

Crude surv iva i  rates a re  90, L2, 39 and 
31 percent  for  p a t i e n t s  v i t h  p r o s t a t e ,  head and neck, bra in ,  and pancrea t ic  
tumors, respectively,  with corresponding l o c a l  cont ro l  s t a t i s t i c s  of 90, 50, 
1 7 ,  and 0 percent .  Local cont ro l  i s  scored in the case of glioma only i f  t h e  
p a t i e n t  has stable neurologic symptoms, no s t e r o i d  dependence, and 00 evidence 
of c o n t r a s t  c n h r n c u e n t  o r  a s s  e f f e c t  on CT scan. Local con t ro l  is scored in 
the case  of pancrea t ic  carcinom.8 only i f  cherc i s  reso lu t ion  o f  tumor mass as 
documented by CT scannrng o r  autopsy confirmarion. 

Acute reac t ions  recorded f o r  the  group of 
p a t i e n t s  t r e a t e d  w i t h  cu ra t ive  i n t e n t  a r e  shown i n  Table 10. Acute reac t ions  
are scored on a s c a l e  of 0-4 as follows: 0 - n i l ;  1 - sk in  erythema, mucosal 
i n j e c t i o n ,  mild dysuria o r  d ia r rhea  5 L stools per day, e t c . ;  2 - d r y  desquaaution, 
patchy mucos i t i s ,  moderate dysur ia ,  d ia r rhea  with mucus (z 5 s t o o l s  per day), 
e t c . ;  3 - w i s e  d e s q w t i o n ,  confluent  mucos i t i s ,  severe dyrur ia  with bladder 
spasms, d i a r rhea  w i t h  blood, e t c . ;  and 6 - acute  necrosis .  Average acute  
r eac t ion  scores  vere obtained by s m i n g  s e v e r i t i e s  of  a l l  reac t ions  for 
i nd iv idua l  anatomic s i t e s  as follows: head and neck - mucosa, sk in .  s a l iva ry  
glands;  pc lv i a  - sk in ,  rectum, bladder .  thorax - sk in ,  dysphagia; abdomen - 
nausea,  d i a r rhea ;  b ra in  - skin, and d iv id ing  by the number of scoring c r i t e r i a  
f o r  each category (e .g.  skin, oral mucosa, and sa l iva ry  gland = 3 c r i t e r i a  f o r  
head and neck). 
s i t e s  in the higher  dose range, although it must be noted t h a t  these  data  
ignore such p o t e n t i a l l y  cont r ibu tory  f a c t o r s  a s  dose per f r a c t i o n ,  hypetfrac-  
t i o n a t i o n ,  and volume. Of note i s  the observat ion that the  average acute  
r eac t ion  sco re  i n  11 p a t i e n t s  (10 with carcinoor of  the head and neck and one 
with stomach cancer)  receiving more than 5000 n 

The ana lys i s  shows a t rend  t o  more severe reac t ions  a t  a11 

rad naxiaum vas 2.2. 

A separa te  c v a l u t i o n  of acute  t o x i c i t y  

Figure 7 shows-the d i s t r i b u t i o n  of 36 
data  i n  head and neck p a t i e n t s  vas performed t o  examine the h p o r t a n c e  of 
volume, d a i l y  dore ,  and t o t a l  dose. 
p a t i e n t s  t r e a t e d  before  July 1980, receiving 3000 n rad o r  more f o r  neoplasms 
of t h e  head and neck with s u m a t i o n  of acute  reac t ions  recorded f o r  skin, 
mucosa, and s a l i v a r y  glands.  Average values fo r  f r ac t ion  s i z e ,  t reatment  
volume, and total dose were ca lcu la ted  f o r  eacn Level af acute  i n j u r p  and 
p l o t t e d  with a l i n e  f i t t e d  t o  the data  by t he  aerhod o f  least squares. These 
data  a re  shown i n  Figurer  8, 9 and 10 and suggest that  acute  reac t ions  are  
r e l a t i v e l y  independent of f r a c t i o n  s i z e  and treatment volume, a t  least within 
the  ranges employed, bu t  increase  i n  propoctron LO ro t a1  dose. 
to le rance  o f  skin and mucosa is approximately L500 I( 

usual trea-t volumes, with acute  reac t ions  increasing rap id ly  above t h i s  
dose.  

The acute  
rad i n  seven weeks f o r  

Table 11 shows a compilation of a 1 1  p a t i e n t s  
t r e a t e d  wi th  pioaa and rubrequently scored as having severe chronic reac t ions  
(Grade XI1 o r  g r e a t e r ,  according t o  the l a t e  e f f e c t s  scoring sys t cn  of EORTCI 
RTOG 1 . pptli , f m&paW: Q)y d such chronic  e f f e c t s  re la ted  t o  pion i r r a d i a t i o n  
alone. ear-old female had chronic ,  severe laryngeal  

P a t i p t  

f o r  a l a rge  adenocarcinoma of the  lung. Pa t r en t  devrloped 
nec ros i s  of a por t ion  of t he  pharyngeal w a l l  four  months a f t e r  4600 n 
a T3N& squamous carcinocu of the  base of  tongue. (Case uor 
received L950 n rad i n  160 n rad increments fo r  a l a r g e  pe lv i c  recurrence of 
cloacogenic carcinoma of the  onus. 

0 R rad f o r  a T4 squamous carcinoau of the larynx. 
had severe ly  symptomatic pulmona GOO0 K rad 

? a t l e n t  

Ten montns l a t e r  he developed small  bowel  

-114- 
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TABLE 10 

ACUTE INJURY RELATED TO PION IRRADIATION IN DOSES >2700 R- RAD 
BY SITE AND WSE RANG&* 

Dome 
Range 

(6000 R- rad 

>GO00 R- rad 

S i t e  

Head b Neck 
Pelv i s  
Thorax 
Abdomen 
Brain 

- 

Herd h Neck 
Pelvis 
Thorax 
Abdomen 
Brrxn  

*See t e x t  for explanation of  scoring system. 

Number of  
Patients 

1 4  
1 1  

3 
1; 
13 

26 
22 

1 
5 

20 

Averlie Acute 
Reaction Score 

1.7 
!.4 
1.2  
0 .9  
1 . 1  

1.9 
1.6 
1.5 
1.1 
1.5 

00 133521.1 1 6 
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TABLE 11 

SEVERE CBRONIC REACXONS IN PION IRRADIATED PATIEWS 

Disease Care 
S i t e  Number - 

Bladder 
Rectum 
Anus (Recurrent) 
P r o s t a u  

Head-& Neck 

Head h Neck 
Head h Neck 
Head b Neck 
Head b Neck 
Keod b Neck 
Head b Neck 
Head h Neck 
Head & Neck 
Head b Neck 
Head b Neck 
- u g  
- 

Cervix 135 

I 
Type of  Reaction 

Vasico-vaginal f i s t u l a  
Hematochezia 
Smal l  bowel i n j u q  
Lymphedema 
Small bowel necrosis 
Skin atrophy 
Laryngeal edema 
!fucosal necrosis 
Hucoral necrosis 
Laryngeal edema 
Skin atrophy 
Subcutaneous f i b r o s i s  
Flap necrosis 
Edema 
Laryogcal edema 
llucosal necrosis 
9ucosal necrosis 
P U ~ O M ~ ~  f ibros i s  

-i20- 

Coamrent 

Pers is tent  disease 
Pers is tent  disease 
PIONS ONLY 
Previous LylPphadencctcmy 
Implant + pions 
mT + pions 

Implant + pions 
Surgery + pions 
XRT + pions 
Previous surgery 
Surgery + pioas 
Surgery + pions 
Pers is tent  disease 
PIONS ONLY 
Iaqlrat + pions 
PIONS ONLY 
PIONS ONLY 

COPIED FOR 
qSPT 

00133521.1 21 



o b s t r u c t i o n  and b l e e d i n s ,  n e c e s s i t a t i n g  i l e o s t o q t .  :hree patients had Zhronic 
r eac t ions  that uere co -ex i s t en t  with pLrSiStent d i s e a s e ,  an3 m e  patient, v:cn 
a h i s t o r y  of m u l t i p l e  previous su rge r i e s  f o r  a l a rge  basal  :arcinoau of  the 

: : : : ; .daa:d.y developed mucosal nec ros i s  a f t e r  coabined 'herapy u i t h  
pions an supp mental  i n t e r s t i t i a l  implants o r  surgery;  houever, :tealing 
occurred in each case.  
reactionr after a coobina t ioa  of pion therapy  with surgery >r w i t h  conventional 
i r r a d i a t i o n .  
r e l a t e d  complications.  C.H. (Case H 9 )  exsangwruted  froa a tracheal-rnominate 
a r t e t y  f i s t u l a  tw w e e k s  a f t e r  +*age coaposi te  resectxon f o r  t o a s i l l a t  
carcinoma p e r s i s t e n t  a f t e r  SO00 R tad. P a t i e n t  G.C. (Car) # l3S)  developed 
small bowel o b s t r u c t i o n  and n e c r o r i s  oae yaa r  a f t e r  &SO0 n and 2SOO rad by 
template implant f o r  S u g e  XIIB carcinoma o f  the cervix.  Thirteen patients 
t r e a t e d  f o r  glioma have been autopsied,  and. a l though ail &d gross o r  micro- 
scopic  evidence of r e s i d u a l  tumor, none had patSognooon;c h i s t o l o g i c a l  evidence 
o f  r a d i a t i o n  i n j u r y  t o  n o m 1  brain.  

rophy a f t e r  subsequent pion rzradiat;oa.  Three patients 

Six a d d i t i o n a l  p a t i e n t s  developed severe cnroaic  

Tvo of there p a t i e n t s  a r c  presumed t o  aave expired from treatment- 

Table 12 show8 a comparison of average 
chronic  r e a c t i o n  s c o r e s  for var ious  treatment s i t e s  and f o r  doses less than o r  
g r e a t e r  than 1000 n: 
alone and followed f o r  a minimum of one pear.  The group of p a t i e n t s  receiving 
therapy  f o r  p e l v i c  p r i s a r i e r  has been analyzed f o r  chronic e f f e c t s  aa r e l a t e d  
t o  t r ea tmen t  pl.rnaiag po l i cy ,  i . e . ,  whether t he  minimum tumor dose was determined 
as 80 percen t  o r  90 percent  of mx imm.  
f o r  p a t i e n t s  t r e a t e d  a t  80 percen t  is  0.6  (n = 61, while it is 1 . 2  (n = 3) f o r  
those t r e a t e d  t o  90 percent .  All p a t i e n t s  received 40004500 n rad a t  115-125 
n rad p e r  f r a c t i o n .  Four p a t i e n t s  t r e a t e d  wi th  pions alone for prostate  
cancer had r e c t a l  bleeding a t  9-12 months a f t e r  therapy, and two, both tzeated 
a t  90 pe_rcent, developed mild t o  moderate r e c t a l  s t r i c t u r e s  a f t e r  6 0 0  II 
in 125-R rad f r a c t i o n s .  These d a w  suggest t h a t  in the dcre range above 
LOO0 K rad,  ch ron ic  injury i nc rease r  d i sp ropor r ioaa tc ly  in  comparison t o  
acute  i n j u r y  and u y  v a i f c s t  i t s e l f  oaly a f t e r  per iods of 9-12 months. 

rad in a population of p a t i e n u  receiving pion i r r a d i a t i o n  

The average chroorc r eac t ion  sco res  

rad 

Observations o f  acute  react ions aad the  
p a t t e r n  of i n c r e a s i n g  s e v e r i t y  of chronic  r eac t ions  with higher dose and 
longer follow-up i n d i c a t e  that present dose- f rac t iona t ion  schedules should nof 
be modified u n t i l  a d d i t i o n a l  follow-up of  p a t i e n t s  t r e a t e d  in this fashion is 
ava i lab le .  
pions.  
b ra ins  have been U u i D C d  in d e t a i l ,  c o r r e l a t i n g  gross  and microscopic f indings 
with p r e c i s e  i rodore  c o n t o u s .  A second s tudy,  j u s t  approved by the Human 
Research C o m i t t e t  of the Univers i ty  of New Mexico, w i l l  involve sigmoidoscopy 
and biopsy o f  rectal u c o s a  of age -u tched  p ion  and conventionally i r r a d i a t e d  
p a t i e n t s  with p r o s t a t e  cancer and w i l l  compare in a blinded fashion, microscopic 
morphology based on the system descr ibed  by Black e t  a l . L 4  in an attempt t o  
e s t a b l i s h  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) f o r  chronic injury in a 
normal h u a n  tissue. Sunder !lehta, H.D., of the  Division of Gastroenterology, 
Department of Medicine, i s  a co l l abora t ing  i n v e s t i g a t o r  i n  rhis  study.  

Two studies a r e  undervay t o  f u r t h e r  d e l i n e a t e  chronic e f f e c t s  of  
Thirteen p a t i e n t s  t r e a t e d  f o r  glioma have been autopsied,  and the 
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Dose Raage 

~6000 n- rad 

>6000 n- rad 
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TABLE 12 

CmONIC INJURY RELATE? TO PION IRRMIATXON ALONE IN 
DOSES >2700 n Ru3 BY SITE AHD DOSE 

Site 

Head b Neck 
Pelvis 
Other 

Head L Neck 
Pelvis 
Other 

-122- 

Average Chronic 
Rerction Score 

0 . 7  
0 . 5  
1.4  

0 . 9  
0.9 
0.7 
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3 .  S p e c i f i c  A m s  

a .  To conduct non-randomized t r i a l s  of pion radiotherapy i n  
the management of high-grade gliomas (astrocytoma Grade I11 and IV), and 
inoperable  o r  u n r e s e c t a b h  carcinoma of the pancreas ,  esophagus, Lung and 
u t e r i n e  cerv ix  (Stage 111, IVA), c o q a r i n g  pion therapy r e s u l t s  v i t h  b e s t  
conventional t reaunent  r e s u l t s  published i n  t h e  l i t e r a t u r e  over the  p a s t  5-10 
years ,  as a means of rap id ly  i d e n t i f y i n g  those si tes  f o r  which Phase 111 
t r i a l s  are most appropriate .  

b .  To proceed as r a p i d l y  as is urr ran ted  by data from Phase 
I1 t r i a l s ,  i n  vhich p a t i e n t s  have been t r e a t e d  t o  o p t i u l  dose v i t h  systematic  
technique, t o  d e s i s n  of Phase I11 s t g d i e s .  

' 

c.  To continue observations of acute  and chronic e f f e c t s  of 
pions on noma1 human t i s s u e s  including,  b u t  not r e s t r i c t e d  t o ,  d i r e c t  obser- 
vat ions  i n  tbe c l i n i c ,  se r ia l  radiographic follow-up ( p a r t i c u l a r l y  using CT 
scanning) ,  a n a l y s i s  of appropriate  biopay m a t e r i a l ,  and examination and cor rc la -  
t i o n  of autopsy f ind ings  v i t h  dose d i s t r i b u t i o n .  

d. To p e r f e c t  a v a i l a b l e  techniques and develop new techniques 
t o  assure optimal d e l i v e r y  and a o n i t o r i a g  of p a t i e n t  treatment including,  but  
a o t  r e s t r i c t e d  t o ,  methods of i m o b i l i t a t i o n ,  p o r i t i o a i n g ,  and p o r t  s i o u l a t i o n ;  
a p p l i c a t i o n  of CT scanning i n  d e f i n i t i o n  of tumor volumes; monitoring of 
changes i n  e x t e r n a l  and i n t e r n 1  body habi tus ;  i n  vivo d o s b c t r i c  measurement; 
and r o u t i n e  implemenwtioo of dynamic t reatment  techniques.  

e.  To maintain,  expand, and upgrade the  data  bare containing 
demographic, s t a g i n g ,  t reatment ,  and follow-up data  on all pion p a t i e n t s ,  as  
well as t o  amplemcnt such a system f o r  convent ional ly  i r r a d i a t e d  p a t i e n t s  a t  
CRTC/Albuqucrque as an int ramural  comparison group fo r  pion-related c l i n i c a l  
observat ions.  

f .  To f o s t e r  r e h t i o n s h r p r  with i n s t i t u t i o n s  and individual  
physicians as r e f e r r a l  sources of p a t i e n t s  f o r  t h e  study and s i tes  f o r  dissem- 
i n a t i o n  of pion-related p a t i e n t  care  technology. 

g. To maintain close cooperation v i t h  pion pro jec ts  underway 
a t  the TRIW a c c e l e r a t o r  in Vancouver and SIN in Vil l igen ,  Switzerland, and 
t o  coordinate  pro tocol  design and c o r r e l a t e  c l i n i c a l  obsenrations t o  obta in  
the maxinum amount o f  information in the  s h o r t e s t  possible  time. 

0. Methods of Procedure 

a .  General 

i. Protocol  design and implementation. The assessment of 
p o t e n t i a l  e f f i c a c y  of pion radiotherapy necessitates evaluat ion of t h e  modality 
i n  t reatment  of  mul t ip le  tumor types and si tes.  
and those  t h a t  are deep-seated and/or in c l o s e  p r o x h i t y  t o  rad iosens i t ive  normal 

Locally bulky and n e c r o t i c  tumors 
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tissues m i g h t  most reasonably be expected t o  respond more favorably 
i r r a d i a t i o n  than t o  pboron t r e a t a e n t .  Some anatomic sites in whict 
lesions a r i s e  and in vhich l o c a l  cont ro l  of the neoplasm i s  known K 
s i g n i f i c a n t  f a c t o r  in l m i t i n g  s u m r v a l  include brain, lung, esopha. 
and u t e r i n e  C C W b .  Decisions regarding the  f e a s i b i l i t y  and useful  - 
randomized t r i a l s  f o r  these s i t e s  v r l l  be delayed pendug  acqursrti 
a d d i t i o n a l  da t a .  

Protocol  design f o r  t he  pion radiotherapy . :  u .  

n e c e s s i t a t e s  cons idera t ion  not  on ly  of i d e r l  experimental  design bc: A - s c  : 
relevant endpoints  for such t echnologica l ly  in tens ive  c l i n i c a l  inVCSL;,pKiuC 
aad p r a c t i c a l  and l o g i s t i c  l i a i t a t i o n r  i a h e r u r t  in  such an e f f o r t .  Lansracr- 
a t i o n  BUS. be given t o  ruch f ac to ra  as appr32r ia te  "control" groups 
of the rapeu t i c  tacbnique in both experhenu1 and con t ro l  arms of the stud? 
uni formi ty  of t r e a t w n t  technique durina the an t i c ipa t ed  accession period. 
adequacy of p a t i e n t  numbers, and adequacy and r e l i a b i l i t y  of beam proauccron. 
The rnrplicit premise t h a t  warrants the use of pion radiotherapy i s  tho: otner- 
w i s e  incurable  p a t i e n t s  may be curable  uhen t r ea t ed  by the crperimenra- modality. 
Confirmation of the premise n t c e s r i u t e r  t reatment  and eva lua t ion  of  adequate 
aumbcra of p a t i e n t s  with tumors a t  mul t ip le  si tes f o r  which the theorer ica ;  
advantages of pion therapy are  an t i c ip8 ted  and f o r  which f a i l u r e  of i oca l  
C O Q t r O l  is M es t ab l i shed  ispedisent t o  improved t u r p i v a l .  

o u t m i r a t i o n  

ii. S t a t i s t i c a l  cons idera t ions .  S t a t i s t i c a l  considerat ions 
rcgrrding t h e  proposed Phase XI t r i a l s  are out l ined  i n  Table 1L. 
of the number of p a t i e n t s  necessary for  each r i t e  are predicted upon ca l cu la t ions  
according t o  the methods descr ibed by Scboenfeld. 's 
proposed s t u d i e s  i s  t o  eva lua te  p ion  radiotherapy in the  managanent of  severa l  
d i sease  sites which repr t scnc  s i g n i f i c a a t  publ ic  hea l th  problems rad f o r  wnich 
f a i l u r e  of l o c a l  con t ro l  i s  recognized as a s i g n i f i c a n t  Mpediment in cura t ive  
maaagement. The Phase 11 t r i a l s  w i l l  be used as a guide t o  the design of Phase 
1x1 s t u d i e s  f o r  those disease  r i tes showing some promise of -roved results and 
no evidence of uaacceptable morbidity.  

The e s t m a t e r  

The major purpose of the 

S t a t i s t i c a l  assumptions considered in t he  es t imate  of 
necersarg p a t i e n t s  include an e r t i r r t e  of l o c a l  concrol o r  proportion of 
s u m i v i n g  p a t i e n t s  a t  a defined interval following treatment and an a r b i t r a r y  
estimate of " s ign i f i can t "  lmprov-nt. 
from the  publ ished l i t e r a t u r e  regarding r e s u l t s  with coaventaoml therapy and 
from a cocucrva t ivc  e s t ima te  that 20 percent  wrovemen t  with pions is "s igni -  
f i can t . "  Io add i t ion ,  f a c t o r s  are considered regarding the  a c c e p t a b i l i t y  of 
(1) proceeding t o  Phase IIX t r i a l s  in the case i n  w h i c h  the  experimental  
modality is not a c t u a l l y  supe r io r ,  o r  (2 )  r e j e c t i n g  such t r i a l s  when the  
experimental r o d d i t y  a c t u a l l y  r ep te scn t s  true h p r o v m c n t  . 
accepted f o r  these Phase I1 t r i a l s  are 25 percent  fo r  (1) and 10 percent  f o r  

These ptopor t ioas  have been obtained 

The p r o b a b i l i t i e s  

(2). 

iii. Anticipated accession.  Based upon previous experience 
and a n t i c i p a t e d  accelerator opera t ing  schedules 
70 p a t i e n t s  vi11 be t r e a t e d  annual ly  (Table IS). 
f a c t o r  has been the c y c l i c  operaring schedule of  the LAHPF a c c e l e r a t o r ,  which 
d i c t a t e d  th.t a11 p a t i e n t s  intended t o  rece ive  a d e i i n i t i v e ,  fu l l - cour se  series 
of pion t rea tments  m u s t  be i d e n t i f i e d  within a maxrmum of 2-3 weeks before an 

i t  is expected t h a t  approximatelp 
An add i t iona l  complicating 
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Horeley. Robert D Jr Y . D .  - 
ANTICIPATED NUHBER OF PATIENTS 

NECESSARY FOR NONRANDOHIZED STUDIES 

Parameter 
S i t e  / S  t a  gc Evalua t c d  Reference h ! L  k h  - w 
Cervix 111 LC 69, 50, 52 . 5 0  . 7 0  .25 .1 2i 

Cervix IV LC 09, 5: .25 . 4 5  .25 .1 22 

23 . k C  .63 .25 .1 Pancreas PS 1 66,  6 7  

Esophagus PS 1 80,  81, 83 . i o  .60 .25 .1 23 

L u g  PS 1 98,  lo&, 109 .60 .60 .25 . i  23 

Glioma I11 PS 1.5 86 * 55 . 7 5  .25 .1 20 

22 .25 .45 .= .1 - 
TOTAL 154 

Glioma Iv PS 1.5 86 

LC = l oca l  control 
PS 1 = proportion rrvviving a t  1 yr 
PS 1 . 5  = proportion sumir ing  a t  1.5 yrs 
f0 probability of Local control w i t h  best conventional therapy 
p1 * probability of l o c a l  control asrummng "s ign i f i cant"  improvement with 

pion rrdiocherapy 
C 1  = probability of accepting a treatment for  Phase I11 t r i a l s  that is  no 

bet ter  than conventional 
c 2  f probability of reject ing  a superior xeatment for  Phase I11 t r i a l s  
N = number of pat ients  necessary t o  complete p i l o t  study 
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Potts/Ycat, Airumina: 

27 weeks of operrtionlpr - 6 . 5  days of operatronlvk 

2376 hours /year 
x2.53 - ports/hour ( r v g  7/80-L1/80) 

6011 por t s /y t  (100% efficiency) 
x . 7 1  daytime-evening eff ic iency 
4268 ports/year 

1L9 dayr/yr 
hrs/dry 

Ports!Trcatment Course, Assuming: 

28 fx/treaLment course (avg 1/80-3/81) 
x2.17 port/fx (avg 1/80-3/81) 
60.1 ports! treatment course 

4268 pott i /ycar  t 60 .1  portsiltreatanent course 

= 7 1  treatment courses/Yr 
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Y o s e l c y ,  Robert D J r  H.D - 
a n t i c i p a t e d  operat in8 cycle and have a11 necessary diagnost ic  evaluat ion and 
treatment planning completed by t he  beginning of the cycle.  
in policy have r e su l t ed  i n  more continuous accessions and increased p a t i e n t  
through-put. F i r s t ,  t he  acce le ra to r  ope ra t ing  schedule has been modified t o  
a l l o v  more or l ess  continuous operat ion f o r  the  funded port ion of each f i s c a l  
yea r .  This allows w c h  g r e a t e r  f l e x i b i l i t y  i n  recruitment of "de f in i t i ve"  
p a t i e n t s .  
a tcd courses of pion therapy in which boosting doses of approximately 1500-2000 X 
rad a r e  de l ive red  t o  loca l i zed  volumes of  radiographical ly  demonstrable tumor 
i n  conjunction wi th  planned supplementary conventional radiotherapy. 
approach has been used p r w r i l y  i n  treatment of high-grade gliomas and unresec- 
t a b l e  panc rea t i c  cancer,  with such p a t i e n t s  being entered on study a t  any time 
during the t reatment  cycle  when a v a i l a b l e  p o s i t i o n s  e x i s t  i n  the t r e a w n t  
schedule.  The t r e a t a e n t  of cone-down volumes, p a r t i c u l a r l y  f o r  deep-seated 
neoplasms, is  e s p e c i a l l y  a t t r a c t i v e  i n  consider ing the t h e o r e t i c a l  b e n e f i t s  o f  
improved dose d i s t r i b u r i o n .  Protocol changes suggested previously involving 
.assessment of re-oxygenation with completion of rherapy with standard photons 
and t h e  use of s h o r t e r  o v e r a l l  f r a c t i o n a t i o n  times improve p a t i e n t  accession. 

Tvo major changes 

In add i t ion ,  an increasing number of p a t i e n t s  are receiving abbrevi- 

This 

In l i g h t  of the  need t o  evaluate  mult iple  si tes and 
types of neoplasms and the necess i ty  f o r  large numbers of p a t i e n t s  t r ea t ed  i n  
a uniform manner i n  randomized tr ials as well as inherent  l u a i t a t i o n s  on 
p a t i e n t  through-put, it i s  necessary t o  consider a l t e r n a t i v e  approaches to  
c o l l e c t i o n  of data useful  i n  deciding the  f u t u r e  o f  pion radiotherapy. 
method s e l e c t e d  is nonrandomized t r i a l s  in those s i t e s  with extremely poor 
s u r v i v a l  r a t e s  with conventional therapy. 

The 

Nonrrndooized t r i a l s  v i11  be continued under RTOG 
p ro toco l  79-23 f o r  those p a t i e n t s  v i t h  hrgh-grade glioma ( A r t r o c y t o u  Grade 
I11 and IV), inoperable esopha#eal carcinoma, inoperable epidermoid carcinoma 
of  t he  lung, carcinoma o f  the u t e r i n e  c e m i x  (Stages I11 and IVA), and inop- 
e r a b l e  adenocarcinoma of  the pancreas. 
carcinoma, t he  an t i c ipa t ed  five-year su rv iva l  i n  each of these diseases  is 
approximately 10 percent  o r  less, and any s i g n i f i c a n t  trend tovard improved 
s u r v i v a l  a f t e r  pion therapy should be apparent vith treatment of a moderate 
number of cases and v i t h  r e l a t i v e l y  s h o r t  follow-up. 
be appropr i a t e  t o  proceed t o  Phase 111 t r i a l s  an a l l  s i t e s  u n t i l  adequate 
numbers of p a t i e n t s  v i t h  each disease have been t r e a t e d  in a systematic fashion 
t o  t o l e rance  doses and ana lys i s  can be completed regarding uaexpectedly low 
s u r v i v a l  r a t e s  o r  unacceptable morbidit? a s  coatpared t o  conventional therapy. 
In a d d i t i o n ,  it i s  necessary t o  compare optimal pion therapy v i t h  optimal 
conventional treatment t o  ob ta in  meaningful r e s u l t s ,  and t h i s  d i c t a t e s  the 
n e c e s s i t y  f o r  routine dpamic  pion therapy f o r  most s i t e s  ou t s ide  the head and 
neck. 

With the  exception of Stage 111 ce rv ica l  

We do not bel ieve it t o  

Such c a p a b i l i t y  i s  now a v a i l a b l e .  

Adequacy of p a t i e n t  numbers is an e s s e n t i a l  aspect  of 
t h e  c l i n i c a l  program i f  the proposed s t u d i e s  are t o  be completed within t h r e e  
years. P a t i e n t  accession has shown a steady p a t t e r n  of growth as a r e s u l t  of 
improved cooperation w i t h  the  medical comuni tp  within New Hexico and development 
of  c l o s e r  t i e s  with r e f e r r i n g  physicians in  o the r  s t aces  (Table 16). The 
n e c e s s i t y  f o r  recruitment from a wide population base follows from the narrow 
time-frame f o r  accession with c y c l i c  beam operat ion and protocol  r e s t r i c t i o n s ,  
p a r t i c u l a r l y  regarding l imi ra t ion  of sices t o  be t r e a t e d  and performance s t a t u s .  
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TABLE 16 

PION REFERRALS BY STAE 

Arizona 
Ca1 i f  ornia 

Colorado 
D i s t r i c t  of  Columbia 
r%srachuretts 
Uinnc s o t r  

tlisrouri 
M O U t l M  

Neu Jersey 

N e w  Mexico 
Albuquerque (78) 
Other comuaities (21) 

New York 
Ohio 
Pennsylvaoia 
Teras 

U U h  
Vir cons in 

W a s  
TOTAL 
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31 

18 
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4 

6 
6 
3 
1 

99 

10 
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I 

5 
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With an i nc rease  i n  a c c e l e r a t o r  i n t e n s i t y ,  approxunateiy 15 more p a t i e n t s  can 
be accessed annually. 
incept ion of the program, and analysis of the l a s t  t h r e e  years showed approx- 
imately 35 r e f e r r a l s  pe r  year  of p a t i e n t s  who would have been e l i g i b l e  f o r  
s tudy,  bu t  were r e j e c t e d  because o f  the maxjmtm number of p a t i e n t s  had been 
accessed f o r  treatment o r  because of  beam down-tune c o n s t r a i n t s .  Therefore,  
we a n t i c i p a t e  no d i f f i c u l t y  in accessing 70 p a t i e n t s  per year, as proposed in 
t h i s  app l i ca t ion .  

A Log of  r e j ec t ions  has been maintained since the 

The c l i n i c a l  t r i a l s  ou t l i ned  below a r e  a l l  ac t ive  aL 
The CRTC, w i t h  the approval of the NCI, che R I O G ,  and the Huua Research 
Review C o m i t t c e s  of the  Universi ty  of New Mexico and the Lor Alamos National 
L a b o r a t o n .  

Carcinoau of the u t e r ine  cervix 

i. Introduct ion.  Although of dec l in ing  incidence,  
advanced stage carcinoma of  the uter ine c e m u  continues t o  be r e f r ac to ry  t o  
s a t i s f r c t o r y  mngement by e x t e r n a l  i r r a d i a t i o n  and conventional radium systems 
and, therefore,  continues t o  be a s i g n i f i c a n t  source of morbidity and mortality. 
The published f ive-year  su rv iva l  r a t e s  f o r  S u g e  I11 and IV ce rv ica l  carc inoms 
vary s u b s t a n t i a l l y ,  as shown in Tabie 18. 

A major source of f a i l u r e  of conventional treataent 
i s  i n  t h e  f a i l u r e  t o  con t ro l  local-regional  disease.  Jampolis presented a 
d e t a i l e d  analysis of si tes of f a i l u r e  a f t e r  d e f i n i t i v e  radiotherapy and showed 
c e n t r a l  and regional  ( e l v i c )  f a i l u r e s  i n  33 percent of p a t i e n t s  with Stage 
IIIA and IIIB 
d i s t a n t  metastases alone. Fa i lu re s  vere ascr ibed t o  unfavorable g e o a e t q  f o r  
i n t r a c a v i t a r y  radiua and i n a b i l i t y  t o  d e l i v e r  doses i n  excess of 7000 rad due 
t o  i n to l e rance  of p e l v i c  organs.  
i n  Stage I11 
3 i l l i o n  reported a s e r i e s  of 53 p a t i e n t s  v i t h  bladder invasion,  with 36 of 41 
recurrences of disease i n  the pe lv i s .  Premprct reported l o c a l  f a i l u r e  i n  
only 5 of 31 patients u i t h  Stage IIIB disease t r e a t e d  with a c o a b i u t i o n  o f  
e x t e r n a l  i r r a d i a t i o n  and parametr ia l  radium needle implant. s3 'J4  The compli- 
cat ion r a t e  was only 3 pe rcen t ,  and the apparent improvement in l o c a l  control 
was ascribed to  increased loca l  dose. 

Eighteen percent of p a t i e n t s  i n  these groups deveioped 

Tak also reported 33 percent  pe lv i c  f a i l u r e s  
In Stage I V  disease t h i s  p a t t e r n  is even more r t r i k i a g .  

(I) Para-aort ic  nodes. Systematic s u r g i c a l  staging 
of p a t i e n t s  wi th  carcinoma of the cervix has shown t h a t  approx-tely 35 perceat 
of patients with Stage 111 and 50 percent of 
have involvement of  pa ra -ao r t i c  lymph nodes.5t In a study of 103 p a t i e n t s  
having lymphangiography and subsequent s u r g i c a l  exp lo ra t ion ,  accuracy of 
98 percent v8s obtained f o r  h i s t o l o g i c  confirmation of a d e f i n i t e l y  p o s i t i v e  
lylaphrngiogru. 5u 
involvement. 

a t i e n t s  w i t h  Stage I V  disease 

False negative s t u d i e s  occurred i n  22 percent  of proven 
False  p o r i t i v e  rates as high as 50 percent  have been r e p ~ r t e d . ~ '  

Because of the frequency of pa ra -ao r t i c  lymphaden- 
opathy in advanced s t a g e  ce rv ix  cancer, various grou s have s tudied extended 
f i e l d  i r r r d i a t i o n  i n  an artempr to improve s u r v i v a l -  p7'60 In  a se l ec t ed  group 
o f  " e v a l u b l e "  p a t i e n t s ,  Vturtonss reported 69 percent of f a i l u r e s  were d i s t a n t  
metastases and the  remainder vere l o c a l  pe lv i c  recurrences,  suggesting t h a t  
aggressive the r rpy  might con t r ibu te  t o  improved su rv iva l  in  only about one-third 
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I11 

IV 

TABLE 18 

FIVE-YEAR SURVIVAL FOR ADVANaD CARCINOM OF ME u?zRINE CEY' . . 

Xnstitution -- 
Royal t l a r ~ d c n ' ~  Y . D . Ande ri en ' ' ' T u f t s 5 2  Ha iand' s4 

16% 501 02% 65% 1.3-vr s u r v i v a l )  

-- 6% 11-10% 23% 
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of  those  p a t i e n t s  v i t h  nodal  involvement. Lou para-aort ic  f a i l u r e  as initial 
s i t e  o f  r e l a p s e  has been r e p ~ r t e d . ~ ‘  Overa l l ,  sumavaL in p a t i e n t s  i n i t i a l l y  
s taged IIIB and IVA and t r e a t e d  with extend+ f i e l d  radiotherapy f o r  documented 
nodal d i s e a s e  is o n l y  about 10-15 percenc; j6 

i n  s e v e r a l  series has been r e l a t e d  t o  t reatment  colPplicacions. 
houever, s u b s t a n t i a l  mortality 

(2 )  Complicatioas of conventional i r r a d i a t i o n .  k i t h  
s tandard ized  techniques of conventional t reatment ,  courplications such as 
p r o c t i t i t i s ,  f i s t u l a  forna t ion ,  b o w l  necros is ,  and u r e t e r a l  obs t ruc t ion  map 
be expected i n  5-10 percent  of  care^.^^'^^ 
f i e l d  i r r a d i a t i o n ,  p a r t i c u l a r l y  a f t e r  s u r g i c a l  s tag ing ,  bas been a marked 
increase  in frequency and s e v e r i t y  of  complicatioas involving t h e  G I  
t r a c t .  so’s8’s~ 
f a c t o r s  as related t o  cowplicationr.  Complications, includina f i s t u l a e ,  
s igmoid o b r f r u c t i o n ,  and 8-11 bowel i n j u r y ,  occurred i n  62 percent  of p a t i e n t s  
rece iv ing  extended f i e l d  i r r a d i a t i o n  f o r  Stage IXIB and I V A  disease.  Increased 
incidence of complications was related both t o  la rge  volumes (6000-7000 cm3) 
and high doses of external therapy ( g r e a t e r  tfun 5000 rad)  necessary in treatment 
of advanced l o c a l  d i s e a r e  and para-aor t ic  nodes. 

The urrifot. experience with wide- 

El Senorusis’ reported a d e t a i l e d  analysis of dose and volume 

(3) Hyperbaric oxygen. Randomized c l i n i c a l  t r i a l s  
have been published copparin r e s u l t s  of i r r a d i a t i o n  of advanced cervix cancer 
i n  a i r  or hyperbaric oxygen. 8L’63 Improved l o c a l  control  fo r  p a t i e n t s  with 
IIB, I11 and IVA was obtained i n  each s tudy f o r  hyperbaric oxygen. In s t u d i e s  
reported by UatroaG1 and Dische,s2 this t r a n s l a t e d  i n t o  a s t a t i s t i c a l l y  s i g n i -  
f i c a n t  s u r v i v a l  advantage f o r  p a t i e n t s  with Stage I11 disease t r e a t e d  with 
hyperbaric  oxygen. 

ii. Rationale  and o b j e c t i v e s .  P i  meson radiotherapy is 
proposed as a p o t e n t i a l  means of  iffproving l o c a l  control  i n  primary advanced 
s tage  (111, IVA) o r  l o c a l l y  recur ren t  ( fo l lou ing  surgery alone)  squamous c e l l  
carcinoma of  t h e  u t e r i n e  c e m i x  and assoc ia ted  bulky lymphadenopathy and, 
thus, improving s u r v i v a l .  h t i c i p a t e d  b e n e f i t s  a re :  

(1) Improved dose d i s t r i b u t i o n  with decreased volume 
of  normxl t i s s u e  receiving high dose and, t h e r e f o r e ,  decreased r i s k  o f  se r ious  
morbidity . 
i n  si tes of bulky d i r e a r e ,  a proven source of l o c a l  f a i l u r e ,  and a mechanism of 
potential therapeut ic  t a i n  corroborated by favorable  r e s u l t s  with hyperbaric 
oxygen therapy.  

( 2 )  High-LET r a d i a t i o n  e f f e c t  on hypoxic c e l l  f racc ion  

Objectives of the s tudy include determination o f :  

(1) Tumor respoase,  
(2)  
(3 )  

(4) Incidence of d i s t a n t  metastases, 
( 5 )  P a t i e n t  s u r v i v a l ,  
(6)  Acute and l a t e  e f f e c t s  of pious on nornu1 t i s s u e s  

( 7 )  Optimal  dose-volume, r e l a t i o n s h i p  and technique 

Response of regional  nodal metastases, 
Incidence of locally p e r s i s t e n t  o r  recurrent 

d i s e a s e  and t b e  t o  recurrence.  

and incidence of morbidity,  and 

in pion t r e i t m e n t  of p e l v i c  and regional  nodal d i sease .  
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iii. Protocol .  This study LS proposed f o r  ind 
p i l o t  atuAy under RTOC 79.- Appendix A ) ,  a protocol  previous1 
t h e  RTOC and NCI f o r  Phase 11 s t u d i e s  of pion radiotherapy. 

E l i g i b i l i t y  requirements are:  b1opsy-prok. 
c e l l  carcinoma of the u t e r i n e  cemax ,  Stage 111 or IVA by TIC0 o r  P 

and o t h e r  c r i t e r i a  of e l i g i b i l i t y  as defined 10 the  protocol (see P 
RTOG 79-23, p.  3 ) .  

C I  s t a g i n g  system, o r  l o c a l l y  r ecu r ren t  d i sease  following s u r g i c a l  the 3 -  .a. 

- e . :  

A l l  p a t i e n t s  vi11 have i n i t i a l  d i agnos t i c  c va-aa: LOG 

i nc lud ing  r c d i c a l  h i s t o r y  and phys ica l  examination; chest x-ray and I” o r  
tomogram of t h e  ches t  a s  i n d i c a t e d ;  l i v e r  funct ion tests and CI ox rad:oruclrdt 
liver scan AS indicated;  CT o f  the e n t i r e  pe lv i s  and pa ra -ao r t i c  region LL tne 
renal h i l a ;  IVP; bipedal  Iymph.agiograptiy; CBC; blood chemistry screening 
pane l ,  including renal func t ion  tests;  and u r i n a l y s i s .  Examination under 
anes thes i a .  including cystoscopy and sigmoidoscopy, w i l l  be performed by :he 
study team before therapy. Addi t iona l  s t u d i e s ,  e . g . ,  boae S C ~ L I S ,  b ; m a  studies,  
c u l t u r e s ,  barium enema, e t c .  , will be performed as indicated.  

Cons is ten t  with the ob jec t ive  of improved iocal 
c o n t r o l  of s i t e s  of bulky d i s e a s e ,  pion i r r a d i a t i o n  w i l l  be given t o  such 
s i t e s  oi d i s e a s e  io t h e  p e l v i s  o r  para-aort ic  region as documented by complete 
d i a g n o s t i c  evaluat ion.  

(1) Pion radiotherapy alone. Pa t iyn t s  receiving 
p ion  i r r a d i a t i o n  alone vi11 receive a minimum dose of 2800 rt  rad (3500 n rad 
IU8XkUPD) t o  the p e l v i s  and regioorrl nodes a t  a ainimum d i s t ance  of 2-3 an outside 
documented gross d i sease  and/or encomparsiog regional nodal groups a t  known 
r i s k ,  us ing  a n t e r i o r  and p o s t e r i o r  opposed f i e l d s  and abutted fields as necessary. 
Boosting doses of 800 n rad m a x ~ u a )  w i l l  be given t g  
s i t es  of bulky d i r e a r e .  
auximum), w i t h  doses of 500 n rad t o  600 R m i n i m u m  per  week. A s i n g l e  
i n t e r r u p t i o n  of one week may occur during the  planned course of therapy,  as  
n e c c s s i u t e d  by beam operat ing schedule.  

rad m i n i m u m  (1000 n 
Dai ly  f r a c t i o u s  w i i l  be 100 n rad minimum (125 X 

(21 Pion radiotherapv in combination v i t h  conventional 
i r r a d i a t i o n .  P a t i e n t s  r cees rcd  t o  the study i n  excess of 24 weeks before the 
i u t i a t r o n  of a treatment cycle  o r  Less than 7 veeks before the end o f  a cycle 
o r  vho have a r t i g r t i n g  social  o r  medical circumstances mav receive planned 
combined conventional and pion i r r a d i a t i o n .  Depending upon time of accession,  
pion boosting therapy will be given t o  s i t e s  of bulky disease before o r  a f t e r  
convent iona l  i r r a d i a t i o n  of regions requir ing pEophylactic tresfllent. The 
dose 0: p ion  i r r a d i a t i o n  u i l l  be 1200 t o  1600 X 
2000 n rad marhum) in 12-16 f r a c t i o n s  over 25-3 veako. The minimum dose 
w i l l  be presc r ibed  a t  the margin o f  radiographical ly  demonstrable gross disease.  
Supplementlry conwcntioml i r r a d i a t i o n  w i l l  be given by megavoltage equipment, 
using f o u r - f i e l d  o r  equivalent  technique t o  pe lv i s  and appropriate  pa ra -ao r t i c  
volumes t o  a dose of 4500 rad i n  180 rad d a i l y  f r a c t i o n s  over 5 ueeks. 

rad minimum tumor dose (1500- 

Follou-up data w i l l  be co l l ec t ed  i n  accordance v i t h  
RTOG 79-23 (see Appendix A ) .  
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(3)  Endpoints. Numbers of patients necessary t o  
a s su re ,  on s t a t i s t i c a l  b a s i s ,  the acceptance f o r  f u r t h e r  t e s t i n g  by Phase I I i  
t r i a l s  of a p o t e n t i a l l y  superior  treatment have been deternined by t h e  method 
of  S c h ~ e n f e l d . ~ ~  
tions. 
accessed and t r e a t e d  over the  next 2-3 years. 
evaluated and t r e a t e d  annually a t  the  CRTC/Albuquerque, and add i t iona l  p a t i e n t s  
a r e  r e g u l a r l y  r e f e r r e d  from Loma Linda U u v e r s i t y  (James S l i c e r ,  Y . D . )  and New 
Pork Hedical College (Hugh R.K. Barber, H . D .  1.  

Table 14 contains the d e t a i l s  of  p e r t i n e n t  s t a t i s t i c a l  assump- 
I t  is a n t i c i p a t e d  that approxznutely 43 appropriate  p a t i e n t s  w i l l  be 

About 20 such p a t i e n t s  a re  

e.  Carcinoma of the pancreas 

i. Introduct ion.  Adenocarcinoma of  the pancreas has 
demonstrated an alarming increare  i n  incidence ower the l a s t  40 years13 and 
continues t o  p re sen t  as advanced disease ref r ac to ry  t o  adequate loca l  management 
by any t he rapeu t i c  modality (Table 197. 

(1) Surgery f o r  panc rea t i c  carcinoma. Reported 
five-year s u r p i v a l  a f t e r  primary s u r g i c a l  therapy (vhipple procedure or t o u l  
pancreatectomy) ran es from less than 1 percent t o  5 percent  f o r  uarelected 
groups of p a t i e n r ~ . ~ ~ ’ ~ ~  
f o r  r a d i c a l  s u r g i c a l  e x t i r p a t i o n  of  pancreat ic  carcinoma a t  the  time of diagnosis ,  
and s u m i v a l  i n  this r e l a t i v e l y  favorable group is only 5-15 p e r ~ e n t . ~ ~ ” ~  
Inadequacy of s u r g i c a l  treatment is r e l a t ed  in p a r t  t o  high operat ive mor t a l i t y  
(16-30 p e r ~ e n t ) ~ ~ ’ ~ ~ ~ ~ ~  and t o  frequent l o c a l  recurrence.  
p a t i e n t s  who sumived  attempted su rg ica l  exc i s ion  in  the r epor t  of  Tcpper6‘ 
subsequently developed l o c a l  recurrence. This may be, i n  p a r t ,  because the 
standard vhipple  procedure does not remove a11 involved node groups in about 
one-third of p a t i e n t s  with r e sec t ab le  carcinoma of t he  head of pancreas.” 
add i t ion ,  m u l t i c e n t r i c i t y  is reported i n  as many as one-third of such 
As a r e s u l t ,  most s u r g i c a l  i n t e rven t ion  is pure1 
with median ourpival  i n  the range of 6-7  mnths. 1 4  9 65 Appropriate p a l l i a t i v e  
surgery may include gastrojejunostomy as  w e l l  as b i l i a r y  bypass, as 11-26 percent 
of p a t i e n t s  w i l l  subsequentlv develop GI obs t ruc t ion  during the course o f  
t h e i r  d i s e a s e .  6 5  

In f a c t ,  only 7-20 percent  of p a t i e n t s  are candidates 

Thir teen of 26 

In 

p r l l i a c i v e  and associated 

( 2 )  Radiotherap? € o r  pancreat ic  carcinoma. Tradi t ion-  
a l l y ,  radiotherapy has been used f o r  p a l l i a r i o n  only;  H i l l e r  and Fu l l e r”  
described favorable  response of symptoms t o  doses of 3600 to 6000 r r d  but 
median s u r v i v a l  of only 6 . 6  months and “exce l l en t“  p a l l i a t i o n  in only 10 percent 
o f  cases .  
5-N g iv ina  a mean survival of 10.1, aonchs.’5 
with i n t e r s t i t i a l  brachytherapy, although most l o c a l l y  u r c s c c u b l e  l e s ions  
are assoc ia t ed  wi th  regional  adenopathy of o t h e r  evidence of local-regional  
spread, rendering them unsui table  f o r  cure by t h i s  . ~ a n s . ~ ~  Improved s u m i v a l  
has been r e  o r t e d  with high-dose conventional i r r a d i a t i o n  by €Irls.mss and 
Dobe lb~wcr .~ ’  Ha1s.o reported a median s u r v i v r l  of about 9 months and 21 per- 
cent 30-month s u r o i v a l  i n  a group of 29 p a t i e n t s  receiving 6000 rad over 10 
weeks i n  s p l i t  course t reatment .  Dobelbower reported a median s u m i v a l  of 12 
months and approximrtely 10 percent ,  three-year surPiva1 in group of 40 
p a t i e n t s  receiving 5900-7000 rad in 7-9  ueeks. Five of 48 p a t i e n t s  f a i l e d  t o  
complete planned treatment. 
months developed upper G I  bleeding presumed recondarp t o  r ad ia t ion  g a s t r i t i s .  
Only 9 of 40 p a t i e n t s  in this study reportedly developed me tas t a t i c  d i sease .  

Hoertel rhowed w r o v e m e n t  with a coobination of 3500-4000 rad wirh 
Occasional cures  have obtained 

Seven of 27 p a t i e n t s  a t  r i s k  g r e a t e r  than 6 
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TABLE 19 

SURVIVAL AND LOCAL COFXROX, IN UNIESECTABLE ADLYOGUCINOHA OF THE PANCREAS 

Ucdian 
Local Survival Five-yea r 

Trca tmcnf Yodali ty Failure ( Z )  (months 1 Survival  (a 
Radical surgery 50 1 1  io-15 

Hip;h-dore external 63 9- 12 (unk) 
irradiation 

I n t e r s t i t i a l  i rrad ia t ion  71  7 1 

Neutrou irradiation 45 9 ( u k )  

Palliative only 100 6 13 
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( 3 )  High-ET radiotheraov for  pancrea t ic  carcinoma. 
Because o f  d i f f i c u l t y  c o n t r o l l i n g  l o c a i  d i s e a s e  in unresectable  pancrea t ic  
carcinoma, various new r a d i a t i o n  modal i t ies  have been employed, including 
neutronsbQ’’O and  pion^.'^ Al-Abdullah k6’ presented a comparison of 
conventional i r r a d i a t i o n ,  f a s t  neutron i r r a d i a t i o n  and l g 8 A u  implantat ion,  
wi th  r e s p e c t i v e  median s u m i v a l  o f  about 6 ,  8 ,  and 9 months. Three-year 
s u r v i v a l  was 3, 1 4 ,  and 12 percent .  Kaul e t  81.’’ reported a median surv iva l  
of 9 months and 5 percent a t  fvo years i n  a group of 31 p a t i e n t s  receiving 
neutron radiotherapy. Eleven p a t i e n t s  developed l a t e  coatplicationr,  e i g h t  of 
which were r e l a t e d  t o  severe G I  injury and tvo of vhich were f a t a l .  Fourteen 
p a t i e n t s  had progression of l o c a l  d i s e a s e ,  and the l i v e r  uas the most cornonly 
implicated s i t e  of d i s t a n t  metas tas i s .  
series of 18 p a t i e n t s  receiving p ion  r rd io tbcr rpy ,  14 of  whom developed d i s t a n t  
d i s e a s e  v i t h  l iver involvement in 10 cases .  ’’ 

T h i r  f inding has been confirmed i n  a 

ii. Rat ionale  and objec t ives .  Pion radiotherapy is  
proposed as a p o t e n t i a l  means t o  improve l o c a l  cont ro l  i n  biopsy-proven, 
r e g i o n a l l y  loca l ized ,  unresectable  adenocarcanoma of the pancreas. The a n t i -  
c ipa ted  b e n e f i t s  are:  

(1) A favorrb le  dose d i s t r i b u t i o n  advantage f o r  pion 
i r r a d i a t i o n  over coaventional i r r a d i a t i o n ,  allowing de l ivery  of high dose t o  
t h e  tumor with minim1 increased r i s k  to dose l i m i t i n g  normal tissues, including 
G . I .  t r a c t ,  s p i n a l  cord, kidneys, and l i v e r .  

(2 )  
component of t h e  beam as corroborated by e a r l y  repor t s  o f  favorable  responses 
of pancrea t ic  carc inom t o  f a s t  neutron i r r a d i a t i o n .  

A p o t e n t i a l  b e n e f i t  r e l a t e d  t o  the high-LET 

Objectives of t h e  study include determinat ion o f :  

(1) Tumor response by s e r i a l  examination, CT scanning 

( 2 )  
(3) 
(4) Median and a c t u a r i a l  s u r v i v a l ,  
( 5 )  

( 6 )  

and o t h e r  appropr ia te  radiographic s t u d i e s ,  
S i t e s  of progression of disease, 
‘Time t o  progression of d i sease ,  

E f f e c t s  of pion i r r a d i a t i o n  on normal t i s s u e s  

Optimal dose-volume re la t ionships  and technique 
wi th  p a r t i c u l a r  a t t e n t i o n  t o  l a t e  i n j u r y ,  and 

of pion radiotherapy f o r  t h i s  s i t e .  

iii. Protocol .  A Phase 11 t r i a l  o f  combined pion and 
convent ional  i r r a d i a t i o n  f o r  treatment of unresectable  pancreas cancer w i l l  be 
continued under RTOG 79-23. 

E l i g i b i l i t y  requirements a re :  biopsy-proven adenocar- 
cinoma of t h e  pancreas v i th  contingous o r  r e g i o m l  nodal spread t o  pt r i -pancrea t ic  
or p a r a - a o r t i c  nodes (AJC stales T3lTL o r  any TjNl-3) deemed unsui tab le  f o r  
r e s e c t i o n  by the referring surgeon and without d i s t a n t  i n t r a - a b d o m i a ~ l  spread; 
a s u r p i c a l  procedure t o  include b i l i a r y  and, when poss ib le ,  G I  b m r r r  procedures, 
inspec t ion  and biopsy of the l i v e r ,  and inspec t ion  and biopsy, when appropr ia te ,  
of  mesentery, peritoneum, o r  o t h e r  intra-abdominal s t r u c r u r e r ;  no known d i s t a n t  
metas tases ;  and o ther  c r i t e r i a  o f  e l i g i b i l i t y  according t o  t h e  protoco? (see 
Appendix A, RTOG 79-23, p.  3 ) .  
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All p a t i e n t s  vi11 have i n i t i a l  d i agnos t i c  
i nc lud ing  rou t ine  his tory  and physical  examination, chest  x-ray anc 
tornograms Of the ches t  as i n d i c a t e d ;  l i v e r  funct ion t e s t s ,  both CDC L?t i 
and non-COnCfait ff scan of  the e n t i r e  upper abdomen with l i v e r ;  ra - . .  .-. .. 
l i v e r - s p l e e n  scan; upper GI s e r i e s ;  I W ;  CBC; CU; and u r i n a l y s i s .  ... 
r e p o r t s  w i l l  be revieved i n  d e t a i l  t o  assure  anatomic l o c a l i z a t i o n  
abdominal disease. Addi t iona l  s t u d i e s  including cholangiography, t 
blood studies, e t c . ,  w i l l  be obtained as indicated. 

. '?- 

4 -  

A t reatment  regimen previously t e s t e d  in c : 3 2 -  ?atie3'cJ 

f u l f i l l i n g  c r i t e r i a  of e l i g i b i l i t y  v i11  be contioued. 
of p ion  i r radiat ion t o  the piacreas and s i t e s  of r r d i o g r r p h i c r l l y  cmooastrablc 
d i s e a s e  and moderate dose conventional i r r a d i a t i o n  of the  e n t i r e  Liver,  pancreas, 
tumor and r e t i o n a l  nodes is t o  be employed. Depending upon time of a c c e s s i o n  
during the t rea tment  cycle, pion i r r a d i a t i o n  w i l l  precede o r  succeed :onventional 
therapy.  The p ion  cpxpoaent o f  t h e  t re i t lpent  includes a dose of 1420 7 rad 
minimum dome (2600 n rad marhum) del ivered in 2G f r a c t i o n s  over five vecict 
t o  a volume encoopassing the e n t i r e  pancreas,  tumor, and regional nodes ( u s u a l l y  
about 1200 n3) v i a  evenly weighted ance r io r  aEd p o s t e r i o r  opposed po r t s .  
a d d i t i o n a l  dose of 1152 n rad minimum ( I U O  n rad =ximum), prescr ibed  a t  
the per iphe ry  of the r ad iog raph ica l ly  demonstrable mass on CT scan,  is delivered 
over the same tirc period through a s i n g l e  a n t e r i o r  f i e l d  (approx-rely 300 
an3). 
volumes a r e  t r e a t e d  d a i l y .  
e n t i r e  l i v e r  and pion i r r a d i a t e d  volume is delivered through a n t e r i o r  and 
p o s t e r i o r  opposed f i e l d s  t o  a dose of 2400 rad in 150 rad f r a c t i o n s  over 33  
weeks. 

A planned ccmo;nd:-on 

An 

The two t t e a m e n t s  are  spaced a minimum of six hours a p a r t ,  but both 
Conventional supcmal tage  i r r a d i a t i o n  of the 

Follow-up data wil; be co l l ec t ed  i n  accordance with 
RTOG 79-23. 

Tvcnty-three p a t i e n t s  are necessary t o  assu re  t e s t i n g  
of p ion  r r d i o t h e r r p y  as 1 potentially superior  method of treatment o f  pancreat ic  
carcinoma according t o  the method o f  Schoenfeld,ls  based upon s t a t i s t i c a l  
assumptions shown i n  Table 14. Eight p a t i e n t s  have been accessed t o  t h i s  
p i l o t  s tudy  since J u l y  1980, and sncreased accessions a r e  a n t i c i p a t e d .  

f .  Carcinoa8 of the croDhagus 

i. Introduction. Carcmoma of the esophagus is r e l a t i v e l y  
uncopwn, 8ccounting f o r  about 3 percent  of newly diagnosed cancer ,  but  associated 
with very poor prognosis f o r  l o c a l  con t ro l  o r  survival .  Surgery alone, r rdio-  
therapy  a lone  or a s  a pre-opera t ive  adjuvant and r a d i a t i o a  in combination with 
chemotherapy have a11 been employed i n  the  a t t c q t e d  cure of  esophageal carcinoma 
with v a r i a b l e ,  and mostly u n s a t i s f a c t o r y  resuLcr (Table 20) .  

(1) Conventional therapy f o r  carcinoma of the esophagus- 
S u r g i c a l  e x c i s i o n  of esophageal carcinoma i s  a procedure a s soc ia t ed  with 
s i g n i f i c a n t  ope ra t ive  a o r t a i i t y  rad unsa t i s  factbry su rv iva l  r a t e s .  
m o r t a l i t y  of 5-18 percen t  h8s been and loag-tern s u m i v a l ,  even 
accounting f o r  the r e l a t i v e l y  favorable  l e s ions  and fenera1 s t a t u s  of p a t i e n t s  
s e l e c t e d  f o r  surgery,  is only about 7-17 p e r c e n t . f 7 '  Berveen 30 and 50 
percen t  of unse lec tcd  p a t i e n t s  a re  sui table  f o r  p a l l i a t i o n  o ~ l y . ~ * ' ~ ~  Prc-op- 
e r r t i v e  rad io therapy  h.s been employed i n  an a t t e m p t  t o  render otherwise 
inoperable  lesions s u i t a b l e  f o r  r e sec t ion .  Even a f t e r  doses o f  3000-6000 rad,  

postoperative 
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TABLE 20 

LOCAL CONTROL AND SURVIVAL IN CARCINOMA OF I?IE ESOPHAGUS 

Median 
Local S u m i v a l  Five-year 

Treatment Yodality Failure (3 (months) Survival ( X I  Reference 

Surgery 60- 70 12 7 - 1 7  7 7 ,  711 

Pre-op XRT 80-93 9-12 4- 13 79-81 

Radical XRT 60-80 9-12 4-20 80-83 

.WT + chemotherapy >50 6-11 U n k J l O V n  8L,  05 

P a l l i a t i v e  >99 L-6 3 80, 82,  84 
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only 73 pe rcen t  of p a t i e n t s  planntd f o r  o p t r a t i o n  uere operable  an( 
only 73 pe rcen t  were r e sec t ab le  i n  a group of 56 p a t i e n t s  reported 

0s. 
> e‘: 

No s i g n i f i c a n t  d i f f e r e n c e s  in  survival a r e  noted for p a t i e n t s  t rea i  
7.83 surgery  alone, pre-operative radiotherapy v i t h  su rge ry ,  o r  radiothr Jn* 

Although about 30 percent  of pa t i en t :  
develop d i s t a n t  metastases, f a i l u r e  of  therapy is  most o f t en  r e l a t t  : a l i i :  a 
t o  e r a d i c a t e  d i s e a s e  in t he  primarp r i t e .  
r a t e s  be tveen  LO p d  95 percent .”  as 
prim&rq I2 h i s to logy ,”  r i t e  o f  and r ad ia t ion  I . 5 e  

Elkon’ showed a 25 percent l o c d  f a i l u r e  race in p a t i e n t s  w i t h  LerL-ns -ess 
than 5 o i n  l e n g t h  and 66 percent  Local f a i l u r e  in Larger tumors. Yinoshita7- 
showed IO-year s u r v i v a l  following surgery alone of 3.3, 10.3 and 06 7 percent 
f o r  pooriy,  moderately and well d i f f e r e n t i a t e d  carcinomas terpectivc.-i .  
showed too-year surPival r a t e s  of 17, 5 ,  and 11 percent  f o r  l e s i o n s  ,: the  
CerrriciL, mid- thor rc lc ,  and d i s t a l  esoph8gur r e spec t ive ly .  The o p t l m i  dose 
range r epor t ed  by Beat ty l  is 1600-1700 r e t s ,  w i t h  28 percent 2-year survival 
i n  t h i s  group. Two-year survival f o r  patients receiving doses of ; : 3 : - ? 5 9 9  
r e t s  was 15 percen t .  

This is evidenced by l o c ~  
Surpival 1s dependent upon t - .  c . I  

:<rllJre 

Husseyao 

(2) Complications o €  conventional t h e r a E .  Operative 
w r t a l i t y  of 5-10 percen t  b s  been reported f o r  primary s u r g i c a l  management. ’’ ‘ 7 9  
Radia t ion- re la ted  complications include injury 
cord. 
Approx-ftlp two-thirds of p a t i e n t s  w i l l  develop esophageal s t r i c t u r e  a f t e r  
radiotherapy;  hovevtr,  only about 25 percent  of t h t r e  c t r i c t u r e s  a r e  benign.” 

l u g ,  he.&, and spinal  
Incidence of severe chronic react ions is approximately 5 percent .a2 

ii. Rationale and ob jec t ives .  P i o n  radiotherapy i s  
proposed as a p o t e n t i a l  meaas of improving l o c a l  con t ro l  aad, t h e r e f o r e ,  
s u r v i v a l  i n  inoperable  and unrerectable  carcLnop1 of  the  esophagus. 
a n u c i p a t c d  b a n e f i t r  a r e :  

The 

(1) Favorable dose d i s t r i b u t i o n  allowing high  dose 
t o  the esophagus v i t h  miniPi ta t ion of r a d i a t i o n  dose t o  sp ina l  cord, hear:, 
and l u g s .  

hypoxic primary l e s i o n s .  
( 2 )  High-LET r a d i a t i o n  e f f e c t  on bu lky ,  u l ce ra t ed ,  

Objectives include dcterminatLon o f :  

(1) Primry tumor response, 
(2) 
(3) Frequency of d i s t a n r  metastases,  
(4) 
(S) Median and a c t u a r i a l  su rv iva l ,  
(6) 

(7) 

Frequency rod timing of l o c a l  recurtnce, 

Frequency of regional  nodal spread of d i sease ,  

E f fec t  of pion i r r a d i a t i o n  on no rm1  t i s s u e s ,  

O p t h a 1  dose-volume re l a t ionsh ips  and technique 
and 

of p ion  radiotherapy.  

iii. Protocol.  A Phare XI t r i a l  of pion radiotherapy 
alone o r  in planned combination w i t h  conventional radiotherapy f o r  inoperable 
or unresec tab le  c a r t i n a u  of t he  esophagus will be undertlken under the e x i s t i n g  
p ro toco l  RTOG 79-23 (see Appendix A ) .  
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E l i g i b i l i t y  requirements a r c :  biopsy-proven carcinoma 
of t h e  esophagus determined by the r e f e r r i n g  surgeon t o  be inoperable  o r  
unresec tab le  ; no evidence of d i s t a n t  metas tas i s ,  including involvement of  
c e l i a c  lymph nodes; and o t h e r  c r i t e r i a  o f  c l i g i b i l i r y  a tcording to the  protocol 
(see Appendix A ,  RTOC 79-23, p .  3 ) .  

A l l  p a t i e n t s  v i 1 1  have i n i t i a l  d iagnos t ic  evaluat ion 
c o n s i s t i n g  of  rou t ine  h i s t o r y  and physical  examination, chest  x-ray and vhole 
lung tornograms as ind ica ted ,  CT scan of the  e n t i r e  thorax, contrast-enhanced 
and noncontrast  CT scan of  the  l i v e r  with d e t a i l  of the c e l i a c  a x i s ,  upper G I  
rerier with csophogr8ms, l i v e r  funct ion tesfs , CBC, u r i n a l y s i s ,  radionucl ide 
l iver-spcca scan,  and bone scan. Additional evaluat ioo w i l l  be performed as 
ind ica ted .  F iberopt ic  esophago8copy w i l l  be performed i n  a l l  cases.  

Depending upon time of  accession r e l a t i v e  t o  treatment 
cycle, p a t i e n t s  w i l l  receive pion therapy alone or  as boosting therapy i n  
combination with planned conventional radiotherapy t o  volumes requi r ing  prophgl- 
a c t i c  doses .  

(1 ) -  Pion radiotherapy aloae.  Pi05 radiotherapy w i l l  
be given t o  a dose of 2800 n rad minimum tumor dose (300 I[ rad maximum) i n  
100 K- rad f r a c t i o n s  over s i x  weeks t o  a volume encompassing gross tumor, v i t h  
5 cm s u p e r i o r  and i n f e r i o r  margins overlying r rd iographica l ly  normal esophagus. 
Treafment technique w i l l  e n t a i l  a n t e r i o r  and p o s t e r i o r  opposed f i e l d s  alone o r  
in combination with oblique f i e lds  t o  obtain-optimal normal t i s s u e  spacing. 
Boosting dores of 800 n rad maximum) w i l l  be given i n  8 
f r a c t i o n s  over l i - 2  weeks t o  t h e  s i t e  sf bulk disease ,  v i t h  t h e  minimum tumor 
dose prescr ibed  a t  the  margin of radiographical ly  denoastrable gross disease .  
I n t e r r u p t i o a  of treatment by up t o  one week pray be necess i ta ted  by beam scheduling 

rad minimum (1000 n 

( 2 )  Combined pion and conventional radiotherapy. 
P a t i e n t s  accessed t o  the  protocol  more than 2$ weeks before a scheduled treatment 
cyc le  o r  Less than 7 weeks before the conclusion of  a cycle w i l l  be t r e a t e d  
with planned combined therapy. 
p ion  therapy,  depending upon tune of  accession. 
p o r t i o n  of t reatment  will entail treatment of the p r i m a q  lesion with appropriate  
margins, usin8 a n t e r i o r  and p o s t e r i o r  f i e l d s  with wedge-fil tered oblique 
f i e l d s  i s  necessary t o  o p t r n r r e  dose d i s t r i b u t i o n s .  
mediastinuo, c e l i a c  area,  and suprac lav icu lar  fossae judged t o  be  a t  r i s k  w i l i  
be included i n  t h i s  t reatment  volume. The dose a t  the i socenter  w i l l  be LS00 
rad in 25 f r a c t i o n s  over 5 weeks (180 r a d j f r a c t i o n ) ,  with a l l _ f i e l d s  t r e a t e d  
d a i l y .  rad minkum 
(1500-1875 rad maximum) i n  12 t o  15 f r a c t i o n s  of 100 R rad a i n i m w  tumor 
dose (125 X rad maximum) over 2+-3 weeks t o  a volume i n  which t h e  minmum 
tumor dose w i l l  be de l ivered  t o  the margin of radiographxcally demonstrable 
disease. 

Conventional t rea tmta t  w i l l  precede o r  succeed 
The conventional therapy 

Regional nodes in the 

The e ion  component of therapy vi11 entail 1200-15?0 n 

Follow-up da ta  from e i t h e r  arm v i 1 1  be co l lec ted  
in accordance with R M G  79-23.  

( 3 )  Endpoints. Twenty-three p a t i e n t s  have been 
determined 81 necessary t o  provide the  s t a t i s t i c a l  basrs  f o r  acceptance or rc- 
j e c t i o n  of pion t r e a m e n t  f o r  t e s t i n g  i n  a Phase 111 randomized t r i a l  based on 
the methods of S c h ~ e n f e l d ' ~  (see Table l & ) .  Pat ien ts  have not been a c t i v e l y  
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sought f o r  treatment of esophagerl  crrcinoau,  so p r e c i s e  assessmen1 
of p a t i e n t s  p o t e n t i a l l y  a v a i l a b l e  i s  llPpossible. It is ant icrpatec 

three years. 

iumoc rs 
i: tnc 

r e q u i s i t e  m e r  of p a t i e n t s  f o r  this p i l o t  study can be accessed : - 1 t3 

g.  Bigh-grade qlioma - rstrocptoma 11: and IV 

i. In t roduc t ion .  The high-grade or malignan1 + . iomata 
comprise an excep t iona l ly  v i r u l e n t  group of  d i seases ,  r e f r a c t o r y  t c  -1mrrol by 
any t r e r u a e n t  modality.  
lethal and d m o n s t r a t a  a p a t t e r n  of r e l e n t l e s s  l o c a l  progresrron as.; 
verp  r a r e l y ,  d i s t a n t  me tas t a s i s .  

These le810nS are  general ly  considered t o  3c rrruiormly 
only 

(1) Conventional fherapv f o r  high-grade glioma. The 
standard t r e a t s e n t  f o r  h i a - g r a d e  
with pos t -opera t ive  r rd io therapy .af  This form of treatment has been demon- 
s t ra ted t o  be supe r io r  t o  surgery  alone in prospect ive randomized trials. 
S u m i v a l  s t a t i s t i c s  vary, depending upon histology,  w i t h  five-year S U ~ i V a l  of 
approxinrately 20 
dose i r r a d i a t i o n , e . * r a  but  o n l  occasional  su rp iva l  w i t h  Grade IV :uIM)rs, 
1 .e . .  glioblastoma m u l t i f ~ r n e . ~ ~ - ~ ~ ' ~ ~  As a r e s u l t  of such poor su rv iva l  
s t a t i s t i c s ,  a v a r i e t  of experimental t i e r a p  has been inves t iga t ed ,  including 
c h u a ~ t h e r a p y , ~ ~ ' ~ ~  
a l t e r e d  f r a c t i o n a t i o n  and dose ~ c h s d u l e s . ~ ~ ' ~ ~  
presented  i n  Table 21. 

iiom has been attempted s u r g i c a l  excis ion 

90 

ercent i n  Grade 111 l e s ions  t r e a t e d  wrth excis ion and hlgh 

r a d i a t i o n  sensitizers ,'4 hrph-LET i r r a d i ~ t i o n , ~ '  and 
A sunm8x-y of  these r e s u l t s  i s  

Despi te  aggressive therapy, median s u r v i v a l  
cont inues t o  be measured in weeks, w i t h  s t r t l s t i c r  ranging from about 6-17 
weeks for  p a l l i a t i v e  therapy  t o  about 45-50 weeks for combined groups of 
p a t i e n t s  with Grade I11 and Grade fv 1 e ~ i o n s . " ~ ~ ~ ~ ~ ~ ~ ~ ~  
i n v a r i a b l y  r e l a t e d  d i r e c t l y  t o  progress ion  of primary d i sease  o r  t o  d e b i l i -  
t a t i n g  secondary e f f e c t s  of uncont ro l led  disease i n  the c e n t r a l  nervous system. 
D i s t a n t  metastases are very r a r e l y  encountered ou t s ide  t h e  U I S ,  although 
spread wi th in  the brain m y  be extensive and d i f f i c u l t  t o  assess c l i n i c a l l y .  
Spread v i t h i n  the  b r a i n  is by d i r e c t  extension O K  seeding, and about 25 percent 
of s u p r a t e n t o r i a l  l e s i o n s  show crossing t o  the c o n t r a l a t e r a l  hemisphere a t  m e  
t h a b u s  o r  corpus C ~ L ~ O S U D . ~ ~  

Death is almost 

(2) Resu l t s  of experimental therapy. Several  experi- 
mental approaches t o  -rove l o c a l  con t ro l  in high-grade g l i o m r  have been 
explored. Chemotherapy most o f t e n  v i t h  n i t rosoureas ,  has been s tudied by the  
Brain Tumor Study G r ~ u p ~ ~ ' @ ~  m d  by individual  h s t i t u t i o n ~ . ~ ~  
Walker, L ~ ~ ' ~ ~  a d d i t i o a  of remastine (HeCQN) o r  ca rnur t ine  ( B M U )  t o  
post-operat= rad io therapy  d i d  no t  produce a s t a t i s t i c a l l y  s i g n i f i c a n t  change 
i n  r u m i v a l ,  although s i g n i f i c a n c e  was demonstrated f o r  the d i f f e rence  between 
p a t i e n t s  receiving scanutine alone or camus t ine  p lus  r rdiotherapy.  hmus t ine  
(CCW) , in combination with s u r l e r y  and radiotherapy, produced median survival  
of 11.5 months, cooporable t o  that reported with surgery  and radiotherapy 
alone. 

In s tud ie s  by 

Hetronida to le  with low-dore radiotherapy (3000 
rad)  rer*A:ed i n  26-wtek median s u r p i v a l  i n  p a t i e n t s  wi th  Grade XV tumors. 
S i m i l a r  r e s u l t s  were observed wi th  hyperf ractaoaated i r r a d i a t i o n  v i t h  doses up 
t o  4000 rad in one week.g6 Sa1az.r and Rubm reported median s u m i v a l  of 20L 
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Xosciey, Robert D. J r  3.D. - 
TABLE 21 

LOCAL CONTROL AND SURVIVAL XN HIGH-GRADE GLIOHAS 

T reatmeat 
Hoda lity 

Surgery alone 

XRT alone 

Surgery + post-op 

Surgery XRT 

XRT + radiosensitizer 

XRT 

+ chemotherapy 

Neutron XRT 

"Vcrp- high-dos t " 
XRT surgery 

Palliative 

Tumor 
Grade 

1x1 
rv 
X I 1  
IV 

1x1 
IV 

I1 I 
IV 

I11 
IV 

XI I 
IV 

I11 
IV 

XI I 
IV 

Median Five-yea r 
Survival  Iwksj Suwival <%I Reference 

6 0 87 

? ? - 
13 0 87 

91 -230 26 86 ,  88 
&2 -5 7 1 86, 88 

65-67 0 90, 92, 93 

N.X. $ . A .  
26 0 

50 0 

206* 35 
54 0 

6-  17 0 

9C 

91 

86 
86 

8 7 ,  90 

*Data baaed on 6 caaea.6* 

. .  
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weeks and 57 weeks f o r  Grade I11 and IV tumors, respec t ive lv ,  following pro t rac ted ,  
"very-high-dose" i r r a d i a t i o n  t o  doses as hrgh as 8000 rad.s5 
phenomenon i s  confirmed by the r e s u l t s  of l ialker.g '  

The dose response 

Weutron radiotherapy has been used in treatment 
of high-grade gliomas on the  presumetion t b t  tumor hypoxia vas a cont r ibu t ing  
f a c t o r  in failure t o  cont ro l  d i sease  l o c a l l y  and t h a t  t h i s  could be overcome 
by high-LET r a d i a t i o n .  C a t t r a l l  confirmed previous experience with f a s t  
aeutrm i r r a d i a t i o n  of the b r a i n  in that ao roprovement in surv iva l  could be 
determined f o r  t h e  cxpcr iaenta l  modality,  bur that  p a t i e n t s  died with absence 
of d i s e a s e  or minimal microscopic involvement and coagulat ive necrosis  i n  
a h s t  70 p e r c e n t  of cases  following 1300-1560 neutron rad. *' 

ii. Rationale  and objec t ives .  Pion radiotherapy is 
proposed as a meam of improving l o c a l  cont ro l  and surv iva l  in t reatment  of 
biopsy-proven high-grade glioma, ascrocytoaa Grade XI1 and LV. The a n t i c i p a t e d  
b e n e f i t s  arc: 

(1) Improved dose d i s t r i b u t i o n  over conventional 
t a d i a t i o o r ,  p e r m i t t i n g  de l ivery  o f  higher doses i n  regions of b r a i n  known t o  
be involved by tumor, tbru taking advantage of the known dose-response r e l a t i o n -  
s h i p s  for this d i s e a s e .  

t o  o b t a i n  the s u c  advantage in usor c o n t r o l  found with neutron therapy, b u t  
s p a r i n g  the toxici ty .  

(2)  High-LET e f f e c t  on hypoxic c e l l  f r a c t i o n ,  attempting 

Objectives o f  the  s tudy include determination o f :  
(1) 
(2) Time t o  recurrence and c r i t e r i a  of diagnosis  of  

(3)  Hedian and d isease- f ree  s u m i v a l ,  
(0) 

( 5 )  Optimal dose-voluae re la t ionships  and technique 

Tuwr response by s e r i a l  CT scanaing, 

recur rence ,  inc luding  C'I diagnosis  of tumor recurrence rad bra in  a e c r o i i s ,  

Acute and chronic  e f f e c t s  of pion i r r a d i a t i o n  on 
normal t i s s u e s  based on systematic  s tudy of autopsy mater ia l s ,  and 

of pion rad io therapy  f o r  this s i t e .  

iii. Protocol .  Continuation of Phase XI, non-randomized 
t r i a l  of p ion  radiotherapy alone o r  an planned combination w i c h  conventional 
radiotherapy f o r  biopsy-proven high-grade glioma (astrocytoma Grade XI1 and 
Iv) w i l l  be undertaken under the exascing protocol  RTOG 79-23 (see Appcndur 
A ) .  

E l i g i b i l i t y  requirements a r e :  biopsy-proven high-grade 
glioma (artrocptou Grade 111 and IV) with o r  without resec t ion  of primary 
l e s i o n ,  and other c r i t e r i a  of e l i g i b i l i t y  according t o  the protocol  (see 
Appendix A, RTOG 79-23, p .  3 ) .  

inc luding  r o u t i n e  h i s t o r y  and physical  examination, contrast-enh.nced and 
aOnContrart  CI scam of the vhole b r a i n ,  c h e s t  x-ray, u r i n a l y s i s ,  CBC, and 
blood cbemirtrp screening  panel .  
o t h e r  p e r t i n e n t  s t u d i e s ,  including opera t ive  r e p o r t s ,  w i l :  be reviewed i n  
d e t a i l  by t h e  s tudy  tzam. 

A l l  p a t i e n t s  w i l l  have i n i t i a l  diagnost ic  eva lua t ion ,  

All pre-operative CT scans,  a r t e r i o g r a m ,  or 
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Depending upon time of accession and mit iga t ing  
s o c i a l  o r  medical c i rcuas tances  , p a t i e n t s  vi11 receive pion radiotherapy alone 
o r  i n  planned combination wxth conventional megavoltage radiotherapy t o  the 
uno le brain.  

(1 )  Pion radiotherapp alone.  Pion radiotherapy w i l l  - 
be given t o  the whole b r a i n  t o  a dose of  2200 n rad swum tumor dose (2750 x 
rad-marmum) in  22 f r a c t i o n s  of  100 n- rad minimum over L - l +  weeks. 
minbum tumor dqse w i l l  be prescr ibed  a t  the  sur face  of the bra in .  
doses of-1600 r( 

of 100 n 
disease .  
l a t e r a l  f i e l d s .  The min- dose f o r  cone-down v o l l w s  w i l l  be prescr ibed t o  
a volume encompassing regions of obvious pos tsurg ica l  defect,  c o n t r a s t  enhance- 
ment, and surrounding regions of low dens i ty .  
81101~8 i n  which involvement of  midline s t n x t u r e s  i s  of concern. the cone-down 
volume will include the medial p o r t i o n  of the  c o n t r a l a t e r a l  hemisphere ac the  
level of involvement. 

The 
Boosting 

rad minima (1750 n rad maximum) w i l l  be 8iven in 1I) f rac t ions  
rad m i n i m u m  over 2s-3 weeks t o  s i t e s  of t a d i o g r r p h i c a l l y  demonstrable 
Both vhole br8in  8od boost ing treatment vi11 be given by opposed 

In cases of s u p r a t e n t o r i a l  

( 2 )  Combined conventional and pion radiotherapy. 
P 8 t i e n t r  accessed t o  the  s tudy before  two weeks i n  advance of the ant ic ipa ted  
start of  a treatment cycle  o r - l e s s  than four  weeks beiore  the conclusion-of a 
cycle  w i l l  receive f u l l  course conventional,  megavoltage i r r a d i a t i o n  of the 
whole b r a i n  i n  combination with pion i r r a d i a t i o n  of the  s i t e  of gross  d isease .  
Whole b r a i n  i r r a d i a t i o n  vi11 be given using megavoltage x-rays or  'OCo gama 
rays t o  doles o€ 6600-5000 r r d  in 64-54 weeks with d a i l y  f r 8 c t i o n s  of 180-200 
rad v i a  l a t e r a l  opposed f i e l d s  with appropriate  blocking. 
w i l l  precede o r  succeed conventional i r r a d i a t i c n ,  depending upon accession 
time and w i l l  be given i n  doses of lZO0-1500 A 
maximum) in d r i l y  f r a c t i o n s  of  100 A rad m i n i m u m  over 2+-3 weeks. The volume 
f o r  cone-down will be the same as described u1 the  previous s e c t i o n  f o r  pion 
radiocherapy alone.  

Pion i r r a d i a t i o n  

rad minimum (1500-1875 II rad 

For p a t i e n t s  accessed between four t o  seven 
weeks before t h e  end of a cycle, boost ing therapy will be given as descr ibed;  
however, a por t ion  of t h e  whole b r a i n  treatment MY also be given by pion 
therapy a s  described above. 
and accession t h e ,  and any d i f fe rence  i n  equivalent  dose between t h a t  given 
t o  t h e  whole b r a i n  w i t h  pion i r r a d i a t i o n  (corrected i n  comparison t o  conventional 
dose by an RBE = 1.6)  would be supplemented by conventional treatment of the 
whole b r a i n .  

The exact dose would be d i c t a t e d  by beam a v a i l a b i l i t y  

(3) Endpoints. Twenty Grrde 111 and twenty-two 
Grade IV p a t i e n t s  are erpccted t o  be necessary t o  spec i fy ,  w i t h i n  def ined 
s t a t i s t i c a l  assumptions. t h e  b8sis  f o r  acceptance or r e j e c t i o n  of pion radio- 
therapy f o r  testing in raadomited Phase I11 t r i a l s  f o r  those d i r e a r e s .  
s tatist ic81 assumptions are shown in  Table l L ,  and c r l c u l r t i o n r  are according 
t o  t h e  methods of Schoenfeld.LS Given present  r a t e s  of accession of p a t i e n t s  
with thare diseases ,  it is a n t i c i p a t e d  t h e  r e q u i s i t e  number of p a t i e n t s  will 
be accrued within 2-2s pears .  

The 

h. Inoperrble  carcinoma of t h e  Lung 

i. In t roduct ion .  Carcinoma of t h e  lung i s  the  most 
coumon neoplasm roong males i n  the  United S t a t e s . I 3  
is o f t e n  nonryqtomat ic  and i s  d i f f i c u l t  t o  d e t e c t  by any simple screening 
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method r e s u l t i n g  in p resen ta t ion  of advanced s t age ,  inoperable  l e s i o n s  in che 
large majority of  cases .  A r o x l m r t e l y  LO percenr of carcinoma of t he  lune LS 
o f  ep idemoid  h i s to logy .  or *!I 

Surgery is  v ide ly  held t a  be the  p re fe r r ed  treatment 
f o r  e a r l y  and operable  l e s i o n s .  101'102 
of a11 p a t i e n t s  a r e  s u i t a b l e  candidates  f o r  operacion because of l oca l  o r  
d i s t a n t  spread of  carcinoma o r  i n t e r c u r r e n t  medical f a c t o r s ,  and o f  these, 
only  about 33 percent  are r e sec t ab le .  Therefore,  five-year sumiva l  s t a t i s t i c s  
for s u r g i c a l  management of unre lec ted  p a t i e n t s  v i t h  lung cancer ,  may be expected 
t o  fall in the range of 5-10 percent .  
e r a b l e ,  external beam radiotherapy has bee- a mainstay of the management o f  
t h i s  d i sease .  

Nevertheless,  only about 25-33 percent 

Since the major i ty  of lesions a r e  rnop- 

(1) Conventional radiotherapy of l u g  cancer .  The 
c u r a t i v e  p o t e n t i a l  of i r r a d i a t i o n  i n  mansgement of  loca l ized  tumors of the 
type s u i t a b l e  f o r  s u g i c a l  u n a g a e n t  has-been reported by S a a r t . l o 3  
f ive-year  su rv iva l  of 23 percent  reported i n  that s e r i e s  i s  f a r  super ior  t o  
o t h e r  radiotherapy s e r i e s  i n  which two-to-five-year su rv iva l  r a t e s  from 6-15 
percent  a r e  obtained i n  t rea tment  of advanced d isease .  Ob' IO1' 'Os Local 
Control ,  median and long-term su rv iva l  f o r  several  recent  s e r i e s  are presented 
i n  Table 22. 

The 

A dose-response r e h t i o a s h i p  f o r  wiresectable ,  
non-oat c e l l  carcinoma of t h e  lung has been demonstrated by 
showed a v a r i a t i o n  i n  incidence of l o c a l  recurrence,  vi t h  o r  without concomitant 
d i s t a n t  d i s e ~ e ,  from 6L percent  a t  a dose of GOO0 rad/4 veelu t o  38 percent  
at 6000 rad in s i x  weeks. 
subpopulat ion of  p a t i e n t s  with squamous cell carcinoma, ia whom 47 percent 
local f a i l u r e  occurred a t  a dose of 4000 rad ,  but  only 2% percent  of pa t i en t s  
had l o c a l  f a i l u r e  a f t e r  doses i n  excess of 5000 r i d .  
apparent ly  t r a n s l a t e  i n t o  a surrrival advantage for p a t i e n t s  t r e a t e d  t o  higher 
dose. Pet rovich  repor ted  a median sumiv.1 of 12 months i n  p a t i e n t s  receiving 
a minirrma of 1600 r e t ,  a l t hou  h only 30-35 percent o f  p a t i e n t s  receiving lower 

He 

This  obsemat ioa  was p a r t i c u l a r l y  nouble  i n  the 

Thxs d i f f e rence  may 

doses sumived  this period. 1 OB 

Complicatioar of conventional radiotberapy f o r  
l u n g  cancer  are  p red ic t ab le  m d  genera l ly  mi ld .  
c-n bu t  late esopb.gtr1 s t r i c t u r e  occurs i n  (2 percent  of cases .  loo 
graphic  evidence of  pulmonary parenchymal i n ju rg  is r c h t i v e l y  comon as a 
l a t e  obserrration, a l though it i s  r a r e l y  of c l i n i c a l  s i  n i f i u n c e  i f  appropriate  

Acute e sophag i t i s  is re l a r ivc ly  
Radio- 

treafOCnt planning m d  dose s e l e c t i o n  have been used. 187 

(2) Local f a i l u r e  versus me tas t a t i c  sprerd .  The ex- 
c e p t i o n a l l y  poor prognosis of carcinoma of the lung has often been ascr ibed t o  
the tendeacy of the d i s u r e  t o  metas tas ize  e a r l y ,  e s p e c i a l l y  t o  t h e  l i v e r ,  
bones, and b r a i ~ . s e - L O 1 ~ l O 1  An autopry aeries by Hatthcvs shoved t h a t  l o c a l l y  
p e r s i s t e n t  d i sease  alone occurred i n  o n l y  21, of 73 p a t i e n t s  (of a t o t a l  group 
of 202) i n  whom autopsy evidence of r e s idua l  cancer was docmentad a f t e r  early 
pos t -ope ra t ive  death f ollowing "cur i t ive"  resec t ion  f o r  l u g  cancer .  lo9 
note, 22 of these  24 cases had epidermoid carcinoma. 
fol lowing r ad io the ra  
50-60 percent .a8  mBa*pgL * loa Perhaps t h e  most s i g n i f i c a n t  p a t t e r n  i n  r e l a t i o n  t o  
p a t t e r n  of r e l apse  is the observa t ion  that squamous c e l l  carcinomas tend t o  
remain l oca l i zed  for  longer  per iods  and9 as a possible result, shov higher 

Of 
Overal l  r a t e s  a t  metastasis  

f o r  i n q t r r b l e ,  non-oat c e l l  carcinoma a r e  approximately 
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s tudv 

Perezs' 

Holsti 

- 

Coy'OO 

Eisert'o' 

LOCAL CONTROL AND SURVIVAL FOLLOWING 
RADIATION THERAPY FOR I N O P W L L  LUNG CANCER 

Local Median 
Failure Surviva 1 

62-63 10 

N . A .  11 

45-75 12 

64 6 
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r a t e s  of  l o c a l  relapse.  Perez showed that d i s t a n t  metastasis occurred m 
about 28-38 percent  of p a t r e n r r  uxth rqumour c e l l  tumors, b u t  53-72 percent 
of those had large ce l l  o r  adenocarcinoma.ss 
of  f a i lu re s  Af t e r  i r r a d r a t r o n  f o r  adenocarcinoma occurred a t  d i s t a n t  srces.  
Overall, p a t i e n t s  t r e a t e d  v i t h  b g h  dose ( i . e . ,  >5000 n d / 5  weeks) have i so l a t ed  
l o c a l  recurrence in about 25 percenc of  cases, regardless  o f  histology.g8 
This t r a n s l a t e s  i n t o  s u b s t a n t i a l  abso lu t e  numbers of patients with l o c a l  
f a i l u r e  as a ptimarJT p r o b l u ,  a s  well as an unpredictable a m b e r  io  vhom 
d i s t a n t  disease might not  develop i f  a d e q u t e  l o c a l  coacrol were achieved. 
The p o t e n t i a l  advantage of pion radiotherapy would be g r e a t e s t  f o r  epidermoid 
carcinoma i n  vhich  fewer d i s t a n t  m C U S t a 8 C I  occur and f o r  vhich l o c a l  con t ro l  
i s  a correspondingly g r e a t e r  problem. 

Shin documented t h a t  60 percent  

ii. R~tionrle 8nd ob iec t ioes .  Pion radiotherapy i s  
proposed as 8 meus of improving local  c o n t r o l  and, therefore, r u w i v a l  f o r  
inoperable  and unresee tab le ,  epidermoid carcinoma of tne lung. The a n t i c i -  
pated b e n e f i t s  a r e :  

(1) The favorable  dose d r s r r rbu t ion  advantage of 
p i o n s ,  p o t e n t i a l l y  permi t t ing  increased local d o s e  to s i t e s  of gross d i sease  
and, thereby,  ob ta in ing  the demonstrated advantage of dose-related response in  
these l e s i o n s .  

large, n e c r o t i c  primary tumors and regional nodal disease. 
(2)  Nigh-LET e f f e c t  upon hypoxic c e l l  f r a c t i o n  of 

Objectives include determination o f :  

(1) 

( 2 )  

( 3 )  
( 4 )  Incidence of  o e r a r t a c i c  disease,  
( 5 )  Surv iva l ,  
( 6 )  

( 7 )  

Tumor response including comparisoa of chest  

T h e  t o  disease progression and radiographic 

Response of regional  nodal d i sease ,  

x-ray and CT scanning in assessment of response,  

c r i t e r i a  for  progression.  

Reactions of normal t i s s u e s  to p i o n  i r r a d i a c i o a  

Optimal dose-voiume r e l a t ionsh ips  and technique 
v i t h  p a r t i c u l a r  a t r e n t i o n  t o  l a t e  e f f e c t s  in h e a r t ,  l u g .  and spinal cord, and 

i n  t r e a m n t  of t h e s e  d i seases .  

iii. Pro toco l .  P a t i e n t s  uirh inoperable o r  unrcrectable 
epidermoid carcfnoma of the l u n g  v i thou t  known d i s t a n t  metaLtasis vi11 be 
t r e a t e d  i n  a noo-randomized, Phase I1 t r i a l  under the  e x i s t i n g  protocol  RTOG 
79-23 (see Appendix A ) .  

E l i g i b i l i t y  requirements are:  biopsy-proven epidermoid 
carcinoma of the l u q  deemed inoperable o r  u n r e s e c u b l e  by the r e f e r r i n g  surgeon, 
no known d i s t a n t  metastases, and o t h e r  c r i t e r i a  of e l i g i b i l i t y  according t o  the 
p ro toco l  (rea Appendix A, RTOC 79-23, p .  3 ) .  

A l l  p a t i e n t s  v i11  have i n i t i a l  d i agnos t i c  evaluat ion,  
1 1 ~ C h d i n g  t o u r i n e  h i s t o r y  and phys ica l  examination, chest  x-ray, ches t  tornograms 
as i n d i c a t e d ,  and CT scan of the e n t i r e  +.borax. Y c t a r t a t i c  eva lua t ion  v i11  
include r ad ionuc l ide  l i v e r  and bone scans; c o n t r a s t  enhanced and nonenhrnced 
CT of the vhole b r a i n ;  l i v e r  function t e s t s ;  CBC; blood chemistry screening 
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pane l ;  and u r i n a l y s i s .  Puhonorg funct ion t e s t s  w i l l  be performed as indicated,  
as vi11  a d d i t i o n a l  r rdiographic  procedures,  biood s t u d i e s ,  and c u l t u r e s ,  ecc.  

Treatment will coasist of f u l l  course pion i r r a d i a t i o n .  
I n i t i a l  t reatment  volumes w i l l  include the pr imary  tumor, a l l  g r o s s l y  invoived 
reg iona l  nodes and a margin of a t  least 3 cm to the  next echelon of c l i n i c a l l y  
uninvolved nodes. 
nodes w i l l  not be del ivered  with p i o n s ,  although a c o n t r a l a t e r a l  hilum may be 
included i n  t h e  tumor volume should t h e r e  be involvement of the i p s i l a t e r a l  
hilum or lower aediasrinum. Beam d i r e c t i o n  w i l l  be t a i l o r e d  on an ind iv idua l  
b a s i s ,  depending upoa s i t e  and u t s n t  of diserfe ,  t o  optimize normal t i s s u e  
spar ing.  
t o  t h i i  volume, t o  be del ivered  i n  26 d a i l y  f r a c t i o n s  of 100 n rad $nimPum 
(125 rad mximum)-ooer e-5 vecks. A boosting dose of 800-1000 IC rad 
minimum (1000-1250 n 
bulky d i 2 e a r t  in t h e  prlmary-or regional  nodes. Eight  t o  10 d a i l y  f r a c t i o n s  
of 100 n rad o i n h m  (125 n rad maximum) will be de l ivered  over l$-2 weeks 
t o  a v o l w  in which the minimum dose i s  del ivered a t  the  per iphery o f  radio- 
graphica l ly  demonstrable d l S c 8 S t .  Up to one week i n t e r r u p t i o n  o f  therapy may 
occur due t o  scheduAmg of  beam operat ion.  

Prophylact ic  i r r a d i a t i o n  o f  uninvolved suprac lav icu lar  

A m u m  dose a t  2600 IC rad (3250 n rad M X ~ U )  v i 1 1  be prescribed 

rad maximum) w i l l  be del ivered subsequently t o  sites o f  

i v .  Endpoints. Twenty-three p a t i e n t s  art a n t i c i p a t e d  as 
necessary to determine, wi th in  s p e c i f i e d  s t a t i s t i c a l  assumptions, the  b a s i s  of 
acceptance o r  r e j e c t i o n  o f  implementation of a Phase 111 randomized t r i a l  f o r  
t h i s  group of d i seases  (see Tabie 14) .  The necessary number of  p a c i e n t r  vould 
be accrued within 2-2+ y e a r s .  

6 .  Anticipated Resul ts  

Results of pion radiotherapy i o  the f i r s t  group of 175 p a t i e n t s  
t r e a t e d  v i t h  t h i s  modality a r e  presented in the  Detai led Report. C l i n i c a l  
da ta  a r e  entered on a computerized data bare (DATATRIEVE) a t  t h e  time of 
complctioa of prima- therapy and a t  each subsequent follow-up visit f o r  
purposes of  r e t r o s p e c t i v e  c v r l u t i o o  and c o r r e l a t i o n  of c l i n i c a l  aad treatment 
parameters,  o i t h  subsequent observat ions regarding cumor and n o r m 1  t i s s u e  
responses, p a t t e r n s  of recurrence,  survival, and o t h e r  r e s u l t a n t  data .  In 
randomazed trials, these  da ta  u y  be used d i r e c t l y  i o  t e s t i n g  t h e  hypothesis 
t h a t  p ion  rrdiocherrpy LS s u p e r i o r  t o  conventional r rdiothcrapp.  In nonran- 
domized t r i a l s ,  t o  be mplemented f o r  those disease si tes v i t h  extremely poor 
s u m i v a l ,  t h e  d a t a  collected v i l l  be analyzed v i t h  p a r t i c u l a r  a t t e n t i o n  t o  
l o c a l  c o n t r o l  s t a t i s t i c s .  
Of Schoenfeld,ls  of data c o l l e c t e d  on appropriate  numbers of p a t i t n t s  in each 
d i s e a s e  category,  r u t i s t i c a l l y  round rccoaarendations u y  be made regarding 
the  appropriateness  of implementing Phase If1 , randomized trials for  ind iv idua l  
si tes.  
o f  conventional therapy and the a c c e p t a b i l i t y  of s u b a i t t i n g  t o  randomized 
t r i a l s  a treatment that may prove no b e t t e r  than conventional therapy o r  
r e j e c t i n g  f o r  t e s t i n g  a t reatment  t h a t  i s  a c t u a l l y  super ior .  

Based on s t a t i s t i c a l  analysrs according t o  the  methods 

Such recomeadat ions a r e  based upon aasumptioas r c g r r d i n ~  the results 

Although c o l l e c t i o n  of d e f i n i t i v e  da ta  regarding l o c a l  control  
and r u m i v a l  are  t h e  main endpoints  of this p r o j e c t ,  da ta  regarding a l l  acute 
and chronic  reac t ions  of normal tissues wrll be scrupulously ooai tored and 
recorded t o  optunize t reatment  technique and to r e j e c t  methods with unacccpcablc 
complicarion r a t e s .  
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 dit^ co l l ec t ed  in the c l i n i c a l  aspect of the pro jec t  vi11 be 
reviewed i n  l i g h t  of obrerva t ionr  in the biology po r t ion  of the pro jec t  v r t h  
p a r t i c u l a r  a t t e n t i o n  t o  t h e  anatomic d i s t r i b u t i o n  of  acu te  and l a t e  normal 
t i s s u e  r eac t ions  and sites of tumor recurrence AS r e l a t e d  t o  pred ic ted  and 
observed RBE and degrees  of i soe f fec t ivcness  o f  various treatment beams. 
e f f e c t s  s t u d i e s  on normal tissues in a n h a l s  w i l l  be taken as guide l ines  i n  
the t v a l u t i o a  of t o l e rance  of no rm1  human t i s s u e s  and i n  design of a l t e r n a t i v e  
t iuu?-dore- f rac t ioo t ion  schedules should c l i n i c a l  results o r  acce le ra to r  
opera t ing  schedules i n d i c a t e  thr need. 

Late 

C l i n i c a l  d a t a  vi11 be corre la ted  with physics  d a t a ,  e i t h e r  
ca l cu la t ed  o r  measured, i n  o p t b i z a t i o n  of techniques of t r e a t a a t  planning. -- In vivo dor imetq  w i l l  cont inue t o  be a major method of confirming the r e l i a -  
b i l i t y  of i nd iv idua l  beam r&ping appliances in the  d c l i v r r g  of t h e  prescribed 
t reatment .  

6 .  Sign i f i cance  

The c l i n i c a l  s tudy  is the  c e n t r a l  aspect of the  e n t i r e  p ro jec t .  
The u l t h a t e  a im of tbe p r o j e c t ,  i . e . ,  *roved con t ro l  of advanced cancers 
with r e s u l t a n t  improved sumrival, w i l l  be demonstrated in t h e  c l i n i c a l  r e s u l t s ,  
a l though opt imiza t ion  of these r e s u l t s  w i l l  be obtained only by meticulous 
a t t e n t i o n  t o  the b i o l o g i c a l  and physical  parameters of pion radiotherapy and 
continuous c o r r e l a t i o n  of c l i n i c a l  findings w i t h  b a r i c  obrerv8t ions.  

7. Human Sub jec t s  

Complete information on protec t ion  of human r u b j e c t s ,  including 
the consent forms used f o r  this pro jec t ,  is contained i n  the  protocols  of 
Appendix A. All pro toco l s  implemented under t h i s  program, aa v e l 1  aa any 
s i g n i f i c a n t  subsequent modif ica t ions ,  are first reviewed and approved by the 
Univers i ty  of  New Herico Huaan Research Reoiev Corn i t t ee ,  che j o i n t  Lor A l u o r  
Nat ional  Laboratory/Los Alamor k d i c a l  Center H w n  Research Review Corni t tee ,  
the Lovelace-Batran Hedical  Center Human Research Review C o m i t t e e ,  the  Veterans 
Adminis t ra t ion Research and Education Corni t tee ,  t he  UNn Radiological Safety 
Co-ittee 's  Human Uses S u b c o r i t t e c .  the Pion Radiotherapy Program Extcrnr l  
Advisory Corn i t t ee ,  the Radiat ion Therapy Oncology Group, and the  National 
Cancer I n s t i t u t e  C l i n i c a l  Inves t iga t ions  Branch. 
t o  each unit as requi red .  
required by each group - 

Progress r epor t s  a r c  submit ted 
A l l  necessary rules and r egu la t ioas  arc eollowed as 

8. F a c i l i t i e s  Avai lable  

Outpatient f a c i l i t i e s  of the Univers i ty  of New Hexfco Cancer 
Research and f r a a t ~ e n t  Center  i n  Albuquerque, the Pion B iowdica l  F a c i l i t y  of  
t h e  Cl in ton  P. Anderson Heron Physics F a c i l i t y  i n  Lor Alamoa, and the h s  
Alamor Medical Center i n  Lor Alamor (vhich includes housing f o r  p a t i c a t s ) ,  as 
vel1 as i n p a t i e n t  f a c i l i t i e s  of the UNn Hospital, the Lor Alamos tledical 
Center, t h e  Veterans Adminis t ra t ion Hospi ta l ,  and the Lovelace-Bataan Hedicr l  
Center a r e  a v a i l a b l e  t o  this pro jec t .  
i n  Sec t ion  11. 

Deta i l s  on these f a c i l i t i e s  a r e  provided 
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9.  Col laborat ive Arrangements 

Close coordinarioo is maintained with the  pion program p r i n c i p a l  
i n v e s t i g a t o r s  a t  the  Swiss I n s t i t u t e  for Nuciear Research i n  Vi l l igen  (Carl  F. 
von Essen, n.D.) and TRIW in Vancouver, B r i t i s h  Columbia (George Goodman, 
H.D.), and considerable  c ross - t ransfer  o f  technology is in progres s .  In  
addi t ion- ,  t h e  guidance of a s e l e c t  group o f  n d i o t b e r a p i s t s  is available t o  
the p r o j e c t  i n  t h e  form of the Pion Radiotherapy Program External Advisory 
C o m i c t e e  (see Sect ion  111). 

Considerable e f f o r t  has been devoted t o  s t rengthening re la t ion-  
sh ips  u i t h  r e f e r r i n g  *t icut tons throughout t h e  country,  with emphasis on 
those o r g a n i t a t i o a s  w i t h  s i g n i f i c a n t  numbers of p a t i e n t s  i n  the anatomic s i tes  
under study. 
C o m c y  Radiat ion Oncology Program (a group of 16 i n s t i t u t i o n s  in the Lor 
Anngeler metropol i tan area) har exhibi ted considerable  i n t e r e s t  i n  providinq a 
major r e f e r r a l  source f o r  the pro jec t ,  and during tbe p a s t  treatment cycle  
r e f e r r e d  35 percent  of  pat ients  accepted f o r  t reatment ,  most of  them v i t h  
gliomas. H.R.K. Barber, X.D., gynecologic oncologis t  o f  Lennox H i l l  Hospital  
in New York City,  has expressed considerable i n t e r e s t  i n  pion therapy of  
advanced u t e r i n e  cerv ix  cases ,  rad has referred f ive  of e i g h t  such p a t i e n t s  
t r t r t t d  w i t h  pions t o  da te .  

As t h e  s t u d i e s  progress.  follow-up p a t i e n t s  a re  beginning t o  
accumulate i n  and near l a r g e  metropolitan areas  (notably,  Los Angeles, New 
York, and Denver), and a concerted e f f o r t  will be i a s t i t u r e d  t o  have the  CXTC 
r a d i a t i o n  oncologis t s  follov them on some occasions i n  t h e i r  home loca le  in 
concert  v i t h  t h e  r e f e r r i n g  physician.  I t  is a n t i c i p a t e d  t h i s  w i l l  r e s u l t  in 
c l o s e r  comunica t ion  with t h e  r e f e r r i n g  phyricianr  and increased i n t e r e s t  00 
t he i r  p a r t  i n  f u t u r e  referrals ,  as  ve l?  as cont r ibu te  to -roved q u a l i t y  
c o n t r o l  f o r  cases randomized t o  conventional therapy a t  p a r t i c i p a t i n g  i n s t i t u r i o a r  

cont r ibu t ing  p a t i e n t s  t o  the pion radiotherapy : r i a l s ,  which has he lped  r e f e r r a l s .  
This p r a c t i c e  i s  expected t o  continue. 

The Universi ty  of Southern Cal i fornidLoma Linda Universi ty  

Dual caselord c r e d i t  is issued by the  RTOC t o  member i n s t i t u t r o n s  
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B. Physics 

1. I n v e s t i g a t o r s  

Name - 
Alfred B. Smith, Ph.D. 

Sandra Zink. Ph.3. 

Robert Bilko, Ph.D. 
TBA 
TBA 
TBA 
TBA 

T i t l e  - 
hssoc. P ro f .  Radiology (Phys ic s ) ,  

A s r t .  Prof.  Radiology (Phys ic s ) ,  

Developmental Phys ic i s t ,  iMn/Lor Alamos 
Biomedical Engineer* UmfLos Alamor 
Treatment P h o n i n g  Phyn ic i s t ,  UNtl/br Alams 
Treatment Planning Technician, UNH/Los Alamos 
Research Technologist ,  m / L o s  hlamos 

r n / L O S  Alamor 

r n / L O S  Alamos 

James N. Bradbury, Ph.D. Group Lerder,  .5P-3, LWL 
Hichael P a c i o t t i ,  Ph.D. Physicirc ,  W-3,  LWL 
J. King Engineer, .rP-3, UKL 
P. Berardo, Ph.D. P h y s i c i s t ,  .%'-3, UNL 
B. Suenson Pro g r  arme r 
0. Rivera Yechani ca L Technic i a n  
TEA ( 6 )  

2. In t roduc t ion  

a. Objective.  The primarg ob jec t ive  of this program component 
is t o  continue support  of t h e  proposed c l i n i c a l  pion therapy program by devel- 
opment of pion physics ,  c a l c u l a t i o n s ,  measurements. techniques,  Nthodology,  
hardware, and sof tware,  t o  fully optimize the de l ive ry  of p i o n  therapy. 
a d d i t i o n ,  the physics  program is d i rec t ed  toward the support  of the proposed 
r a d i a t i o n  biology program. 
i n t e g r a t e d  e f f o r t  by both the UNll and WHL physics groups working together  
toward t o t a l  support  of thc program p r o j e c t .  

1.1 

These ob jec t ives  w i l l  be  met by a un i f i ed  and 

b. Background. Because of the unique na tu re  of the pion 
itself a d  of the pion t r a a s p o r t  syrtcm, the physics program began e s s e n t i a l l y  
a t  ground zero vhcn the f i r s t  pion treatment of p a t i e n t s  began a t  W F .  Y e r r  
l i t t l e  technology o r  exper ience  from conventional o r  neutron therapy progrims 
is a p p l i c a b l e  LO pion therapy.  The program began with treatment of skin 
nodules then advanced t o  t rea tment  of s u p e r f i c i a l  tumors and f i n a l l y  t o  the 
t r ea tmen t  of large deep-seated tumors ac a v a r i e t y  o f  anatomical s i t e s .  
program required the developmeit of a large v a r i e t y  o f  pion b e a m ,  treatment 
d e l i v e r y  systems, beam shaping devices ,  treatment planning techniques,  dosimetry 
system8 , in-vivo dosimetrp systems, and c a l c u l a t i o n a l  techniques.  Due t o  
t h e  combined efforts of the  LAHL b a s i c  physics and support group and the UNH 
c l i n i c a l  phyrics  group, the c l i n i c a l  program has advanced r ap id ly  t o  a highly 
developed and s o p h i s t i c a t e d  state.  Although s t i l l  in its infancy,  the del ivery 
of pion  therapy is cowarable in prec i s ion  and accuracy to that of conventional 
r a d i a t i o n  therapy i n  t h e  b e s t  i n s t i t u t i o n s .  Therefore, the physics group is 
confident  of i t s  a b i l i t y  t o  support  c l i n i c a l  t r i a l s  f o r  the program p r o j e c t .  
The background fo: each s p e c i f i c  phpricr area i s  presented i n  the de t a i l ed  
progress  r e p o r t s  f o r  t n d i v i d u l  p r o j e c t s  of the physics component. 

This 

c.  Rat ionale .  Negative p i  mestns o f f e r  che p o s s i b i l i t y  of 
both physical  and b i o l o g i c a l  advantages over coaventionai r a d i a t i o n  therapy 
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modalities. This program p r o j e c t  proposes to explore these  advantages by 
t r e a t i n g  l a r g e ,  deep-seated tumors in a var%ety  o f  anatomic s i tes  u i t h  p ions  
i n  Phase I1 c l i n i c a l  t r i a l s .  
imperat ive t h r t  tbc advanrages of pions be f u l l y  exploi ted,  i . e . ,  t h e  pion 
therapy m u s t  be highly optimized. Systems must be developed, tested, and 
implemented t o  provide f o r  optimum dore del ivery  and measurement so t h a t  
meaningful c l i n i c a l  r e s u l t s  can b e  obtained.  
product ion,  t r a n s p o r t ,  d e l i o e r p ,  measureaheat, and ca lcu la t ion)  are s i g n i f i c a n t l y  
d i f f e r e n t  from those of  conventional and neutron bema,  and requi re  s u b s t a n t i a l  
continued technology development. The necessaty technology must be developed 
i n  conjunct ion with the on-going c l i n i c a l  and bio logica l  pion research  e f f o r t .  

To adequately t e s t  the  e f f i c a c y  of pions,  it is 

The problcos o f  pions ( t h e i r  

d. Progress r e p o r t  

(1) Beam tuning rod channel development. The objec t ive  
o f  this component of the physics  e f f o r t  is t o  develop therapy beams f o r  both 
s t a t i c  and dyrunic t reatments  and t o  document the berm8 f o r  use in the three-  
dimensional treatment planning code. The biomedical channel a t  LMPF is shown 
in Figure  11. 

(a) Beam tunes.  The ca ta log  of  broad beam8 f o r  
s t a t i c  t reatments  has been expanded t o  provide f i e l d s  with t ransverse  dimensions 
up t o  20 CD a t  each of t h r e e  momenfa corresponding t o  nominal depth penet ra t ion  
of 12 cm, 16 cm, and 23 cm. Fan beans f o r  dynamic treatments have been prepared 
a t  sever81 channel momenta, and extensive beam tuning and dosimetry have been 
performed. 

Several  c o a f l i c t u g  f a c t o r s  were considered 
i n  upgrading t h e  q u a l i t y  of t h e  fan t u e a ,  and some compromise was necessary. 
The size of t h e  beam wais t  (p-plana) determines how v e r s a t i l e  the tune w i l l  be 
f o r  f ie ld-shaping in t h e  scan dimension. Sizes range from 3.8 cm t o  C.5 cm 
(FWTl’l) f o r  t h e  beam measured in  water a t  depth.  
detenniner  t h e  maxbum useful range-shif ter  stroke and the  a b i l i t y  t o  shape 
t h e  scan plane a t  d i f f e r e n t  depths.  It was decided to loca te  the beam waist  
i n  a i r  a t  100 cm from the e f f e c t i v e  edge of the  l a s t  quadrupok. This 100-cm 
p o i n t  is  u s u a l l y  the bottom of the  treatment volume. The e f f e c t  of mul t ip le  
s c a t t e r i n g  is t o  move t h e  wais t  i n  water upward to approximately t h e  center  o f  
the t reatment  volume. In this way, good edge sharpaess is maintained a11 the 
way t o  t h e  bottom of the t reatment  volume. 

The loca t ion  of the  u a i s t  

Other f a c t o r s  include t h e  beam s i z e  and 
uniformity in the l o a s  dimension ( x )  of t h e  fan .  
a t  erch momentum t o  marhire average dore r a t e .  In t h i s  plane the divergence 
h ~ s  been reduced t o  ease treatsent planning problem.  I t  is possible t o  vary 
s e v e r a l  par -ur  c o r r e l a t i o n s  with t h e  p o s i t i o n  x.  They a r e  momentum vs .  x ,  
momentum spread VI. x ,  y-si te  VI. x ,  and electron-auon (e-9) coatamination V I .  
x .  Two p o l a r i t y  conf igura t ioas  vere  inves t iga ted ;  one of these  is b e t t e r  i n  
terms of l i n i t i n g  t h e  s p a t i a l  separa t ioa  of the contamination from the p ions ,  
an e f f e c t  o r i g i n a t i n g  through the a c t i o n  of the wedge degrader on the d i f f e r e n t  
c o q o n c n t s .  Thc e f f e c t  gives aon-uniformity beam q u a l i t y  along I( and is  a i s 0  
p r e s e n t  i n  r h t  s r a t i c  t reatment  tunes. 

Several sizes were considered 
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Hoseley, Robert D 

(b)  Xuon contamination, measurement, and ca lcu la t ion .  
The o b j e c t i v e  of t h i s  vork is t o  provide input  t o  P I P U N  wbrch uses measured 
beam d i u  with p a r t i c l e s  i d e n t i f i e d  by p o s i t i o n ,  angle ,  momentum, and cype, 
i . e . ,  pion, muon, o r  e iec t ron .  
corresponding t o  r z g i o m  in the  channel i n  vhich che pions decay. 
o r i g i n a t i n g  fro. n decays between the t a r g e t  and t h e  e a r l y  p a r t  of the channel 
a r e  c l e a r l y  separa ted  by t h e - o f - f l i g h t  in Figure 12. 
produced by pions t h a t  vould not necessar i ly  be accepted by the channel and 
are  t h e r e f o r e  enhanced. Yuons From forward decays up t o  the  l a s t  bend a r e  
also r e p r r r b l e  by t h e - o f - f l i g h t ,  f i l l i n g  the valley between t h e  cloud muon 
peak and the pion peak. Some of  the decays occurr ing betveen the l a s t  bend 
magnet and the channel exi t  are a l s o  separable from pions by t ime-of-fl ight 
and a l s o  reside i n  t h e  v a l l e y .  
t h e - o f - f l i g h t  da ta .  

The muon beam contains  severa l  components 
Yuoas 

These "cloud" muons are  

Table 23 gives measured beam composition from 

Xuons from decays i n  the  l a s t  port ion o f  
the  channel form a l a r g e  "halo" around the pion beam. 
increased,  t h i s  "haLo" has become an increas ingly  l a r g e r  f r a c t i o n  of the beam. 
These muons are  pr imar i ly  contained v i t h i n  t h e  pion t ime-of-f l ight  peak, and 
a t h e r  methods must be used co separate  them. 
developed f o r  d e t e c t i n g  these  n - p decays which uses t h e  wire chambers before 
and a f t e r  t h e  beam-shaping s e c t i o n  of the  channel where decays cannot be iden- 
: if ied by t ime-of-f l ight .  
t o  the  lower vire chamber pred ic t s  the output t r a j e c t o r y  from the measured t r a j e c -  
t o n  a t  the  upper chambers. These di f fe rences  are  formed f o r  each event as 
follow8 : 

As pion f i e l d  sizes have 

An e x p e t i w n c a l  method has been 

The matrix t ransformation from t h e  upper g i r e  chambers 

% = 'measured * 'Tredicted 

% =  'measured - 'predicted 

% = 'measured * 'predicted - % - 'measured - 'predicted 

T'he d i s t r i b u t i o n s  of t h e  J's are  Gaussian 
with long t a i l s  that can b e  i d e n t i f i e d  as muon8 from decays i n  the region 
between t h e  chambers. The widths of the pion c e n t r a l  regions are typ ica l ly  
1-2 cm rms and 10-20 m r  ms. Kul t ip le  s c a t t e r i n g  due t o  m r t e r i a l  in the beam 
such as the  wire chambers themselves cont r ibu tes  t o  the widths. The channel 
has no vacuum system but  has helium bags throughout most of its length.  

The accuracy rad l i m i t a t i o n s  of this method 
were explored v i t h  the ray-t racing code DECAY TURTLE1'* modified f o r  t h i s  problem. 
A t i m e - o f - f l i l h t  c a l c u l a t i o n  was added t o  the code so thac the muon coaponent 
not i d e n t i f i e d  by t h e - o f - f l i g h t  could be examined separa te ly .  
widths of the A d i s t r i b u t i o n s  a r e  l a r g e l y  explained by mult ip le  s c a t t e r i n g .  
Some reduct ion of material i n  the belm is poss ib le ,  and recent ly  s l i g h t i y  
reduced widths were obserped. The Luuitation of  t h i s  experimental "kink" 
de tec t ion  method i s  t h a t  some pions a re  i n c o r r e c t l y  flagged as muons. 

The observed 

The TURTLE code a l s o  p r e d i c t s  muon f rac t ions  
from d i s t r i b u t i o n s  from decays l a t e  in the  channel.  Sample r e s u l t s  from tm 
TLRTLE code a re  shown i n  Table 2b. 
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TABLE 23 

BEAn COHPOSIT'ION FROn TIE-OF-FLIGIIT DA?A 
(MUONS FROH UTZ DECAYS NOT SEPARATED FROH PIONS) 

Cloud IJ- and p- R- and p- 
From Late From Yid-Channel nomen tum - 

(HeV/ c ) Decays 1:;) Dccavs (3 e (3 

150 T1 :5 li 

167 i5 :6 9 

190 61  12 . 
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r a u  2~ 

TURIIZ RESULTS FOR MUONS WITHIS THE PION TIHE-OF-FLIGHT PSAK 
AND EITrING 40 x M-C1 SCI.VILLATOR 

Beam Type-Treatment node 

Broad-r ta t i c  

Broad-static 

B r or d- r u t i c  

Broad-su t i c  

Broad-static 

Broad-static 

Fan-dynamic 

Spot-dpnamic 

Pion Beam 
Size RXH(crn) 

9 

16 

17 

16 

20 

18 

22 

- 

23 

5 

1 
15 

20 

15 

23 

16 

22 

3 

- 

Yomentun 
YeV/ c 

150 

150 

167 

:57 

130 

130 

167 

167 

t! 

3 .18  

0 . : 8  

0.:9 

0.18 

0.20 

9.29 

n - 

3,:s 

0 . 2 1  

IJh 
On Axis 

0 . 0 5 1  

0 .  O i G  

0.060 

0.092 

0.096 

0.11 

0.025 

0.018 

00133521.158 

-157- 

P 0 9  I l ! 9 8  



Yorelcy, Robert 0 Jr X.D - 
The muons a r e  required t o  f a l l  within the 

acceptance of the tuning apparatus l imited by a 40 x 40 t ime-of-f l ight  s c i n t i l -  
l a t o r .  Thw 18 t o  21 percent  o f  the p a r t i c l e s  u i t h i n  t h e  pion t ime-of-f l ight  
a r e  muons. This f r a c t i o n  is added t o  the muons a l ready  i d e n t i f i e d  in Table 23. 
S t i l l  another 20 percent  muon component misses the counter and is not obsemed 
by t h e  tuning equipmenr. 
in these muons is in the c a l i b r a t i o n  of  the  monitor chamber f o r  absolute  
PIPLAN dose c a l c u l a t i o n s ,  where the beam composition f o r  a l l  p a r t i c l e s  pars ing 
through the monitor chamber m u s t  be e s t m a t c d .  

Other than possible whole-body dose, the oaly i n t e r e s t  

The l a s t  column of Table 24 gives the p/n 
r a t i o  on the L axis f o r  the decays l a t e  in the channel. 
large but  the r a t i o  is smal les t  f o r  the spot  beam. 
p o s s i b l e  by col l imat ing  o u t  the extended muon halo. 

medical channel pyrocarbon t a r g e t  is aou nearly optimum. 
vas developed by tfP-Division and ocher h b o r a t o r p  groups. Its use in connection 
with beam r e p r o d u c i b i l i t y  i s  discussed elsewhere. 
of t h e  t a r g e t i n g  geometry f o r  control  ox e l e c t r o n  contamination. 
t h e  assembly up and doun, the avefage graphi te  converter  th ickness  seen by 
decay no y rays is  va r i ed ,  The e f r a c t i o n  v a r i e s  l i n e a r l y  v i t h  converter 
thickness .  The coaver te r  thickness  i s  measured d i r e c t l y  by t h e  target scan 
procedure,  and t h e  opera tor  is i n f t r u c t e d  by t he  program where t o  set the t a r g e t  
v e r t i c a l l y  t o  maintain constant  e 

Tbe r rnge of values is 
Eere berm p u r i f i c a t i o n  is 

(c )  Biomcd channel production t a r g e t .  The bio- 
The t a rge t  in Figure 13 

Fiaure  14 i s  a demoartration 
By moving 

contamination. 

( d )  Beam p r o f i l e  monitor. A multiwire chamber has 
been constructed and t e s t e d  f o r  use as a beam p r o f i l e  monitor. 
t h e  f u l l  pion bcaa but  with reduced wire gain.  
d e s i g n ,  senses peak w i r e  cur ren t  during each beam pulse  and d isp lays  each 
a x i s ,  x and y, on an orc i l lo rcope .  I t  is a useful a d d i t i o n  but is  not envis- 
ioned as a b u i l t - i o  device.  The most usefu l  l o c a t i o a  f o r  a monitor would be 
a t  the p a t i e n t ,  which i s  impossible. An on-line monitor could be implemented 
using quandrrnts o r  s e c t o r s  locared w i t h i n  the argon monitor ion iza t ion  chamber. 

I t  operates i n  
The readout system, a LVF 

(e )  Patient berm tune c h a r a c t e r i z a t i o n .  b 
large dosimetry e f f o r t  h ~ s  been directed toward providing the  c h a r a c r c r i t a t i o a  
o f  a l a r g e  v a r i e t y  of  p a t i e n t  beams. 
b a s i c  beam penet ra t ions :  12, 16,  aad 23 gm/cm2. Using these  three beams, any 
tumor between the skin sur face  and 23 gm/cmz in  depth can be reached by using 

All treatment beams derive from th ree  

t h e  appropr ia te  
target  volume. 

used f o r  static 

bolus designed t o  cause the  pions t o  s top  i n  the prescribed 

There are three types of beam:  

( i )  

(ii) 
treatments; 

broad i n  t h e  perpendicular  dimension used 
and 

for two-dimensional dynamic t reatments .  
(iii) 

Broad, e s s e n t i a l l y  p a r a l l e l  beams 

Beams focused i n  one dimension and 
for one-dimensional dynamic treatments;  

Beams focused in tvo dimensions used 
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For  the  s t a t i c  ?)cams. taree beam sizes 
(small. aedium, and l a r g e )  have been developed and characterized f o r  each 
penet ra t ion .  
f o r  t ach  penet ra t ron .  

One focused beam of  each type will b e  developed and characrcrrred 

Table 25 gives the ca ta log  of  ? a t r e n t  beam 
tunes .  

For each penetratioa, the A, B, C series a r e  
t h e  small, medium, and l a r g e  b e u r  for s t a t i c  t rea tments ,  the  F tunes are 
beams focused in one dimension (fan beams), and the  S c u e s  a r e  beams focused 
in two dimensions (spot  beams). 

t rea tments  def ines  the maximum f i e l d  s i z e  t h a t  can be t r e a t e d  with t h a t  tune.  
Target  volumes requi r ing  l a r g e r  field s i z e s  o r e  treated w i n g  combinations of 
abut ted  f i e l d s .  Since t h e r e  is no l m i t  t o  t he  number of f i e l d s  t h a t  can be 
abut ted  t h e r e  is no l i m i t  t o  the t a r g e t  volume s i z e  ( i n  the l a t e r a l  dimension) 
t h a t  can be t r e a t e d .  

The bear  size f o r  erch tune used for s t a t i c  

The dose rates f o r  the pion therapy beams 

Typical dose r a t e s  f o r  the  berms i n  
a re  a f u n c t i o n  of t h e  beam Iomeacw, the be- tune ( s i z e )  f o r  a given momentum, 
and t h e  r i s e  of the spread peak region. 
use range from .02 Lo .03 r a d / m i n / l i t e r  f o r  each microampere of proton beam 
Current  on t h e  biomedical p i 0 0  t a r g e t .  
beam c u r r e n t  vi11 be raised t o  750 microamperes, zesu l t ing  in about 600 oicro-  
aapcres of pro ton  current on &e biomedical pion t a r g e t ,  y ie ld ing  dose r a t e s  
from 12 to 18 r r d / m i n / l i t e r .  The design cur ren t  f o r  the W F  a c c e l e r a t o r  is 
1000 microamperes. The average treatment volune is about two liters for 
s i n g l e  paral le l -opposed p a i r s  of f x e l d s .  However, some p a t i e n t s  require  two 
o r  t h r e e  p a i r s  of parallel-opposed fields (abut t ing)  durrng each treatment 
cycle so t h a t  the o v e r a l l  average treatment v o l u w  is probably c l o s e r  t o  2.3 
l i t e r s .  

I n  the summer of 1982, the proton 

(2) Development of range-modulation funct ions.  The 
narrow Bragg peaks of the pion beams ace spread in  aepch by t he  use of a 
dynamic range-sh i f te r .  
progrl lpp~d t o  produce spread peaks of varying dimension and shape. 
shif ter  varies  t h e  thickness  of  a low v i s c o s i t y  o i l  (p  = 0 .9  g/cm3) i n  the 
beam p a t h  according t o  a prescr ibed time funct ion.  

The t t p l t - s h i f t e r  is  computer-controlled and can be 
The range- 

The period of a range-sh i f te r  cycle  is LO seconds. 
The t r a y - s h i f t e r  is progrlppCd t o  give stopping pion d i s t r i b u c i o a r  raaging in 
depth from 3 t o  14  cm i n  1-0 intemals. 
func t ions  has bean developed for each momtntuu (148, 167, and 190 neV/c). This 
is necessary because the peak-to-plateau r a t i o ,  beam contamination (e lec t rons  
and muons), and momentuw spread ( r e s u l t i n g  i n  d i f fe rences  in the ful l -vidth-  
half-muximu of the spread peak) are d i f f e r e n t  f o r  each momentum. During the 
next  year ,  range modulation func t ions  w i l l  be developed fo r  each individual  
tune so that the differences in beam divergence will a l s o  be u k e n  i n t o  account. 

A series of such range-aodulation 

For each spread peak  i t  is possible  t o  t a i l o r  
the slope o f  the physical dose, and consequently the d i r t r i b u c i o n  of stopping 
pions.  
high-=? dose, or uniform b i o l o g i c a l l y  e f f e c c i v t  dose.  

I t  is p o s s i b l e  to produce spread peaks v i t h  uniform total dose, unifonn 
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Name 

12A 
12B 
12c 
12F 
12s 

16A 
168 
16C 
16F 
16s 

23A 
23B 
i3c 
23F 
23s 

- ntv ic  

168 
148 
1 G8 
148 
1r% 

167 
167 
167 
167 
167 

190 
190 
190 
190 
190 

Penetration* 

11.6 
11.6 
11.6 

TBC* 
TBC 

16.1 
16.1 
16.1 
1s .7 

TBC 

22.9 
22.9 
22.9 

TBC 
TBC 

&am Site 
( X T )  

8 x 8  
!Z x 15 
;; x 17 

io  x a 
11 x 1L 
18 x 17 
18 x 3 

11 x 9 
12 x 17 
I& x 19 

Eid/Fin/lYicroamp 
(8 cm spread peak) 

0.031 
0.016 
0.910 

0.032 
0.020 
0.011 
0.052 

0.020 
0.012 
0.009 

* Ytarurcd with range-shifter a t  minimum thickness. 
T o  be characterized. 
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In t h e  f a l l  of  1980, :ze rraee-*wdulit iori  functions 
were completely redesifncd, and these new functions . lave betn i n  use si.ncc 
t h a t  tine. The o l d  range-wdula t ion  func t ions  were designed accordrag LO the  
c r i t e r i o n  t h a t  Lhe f r a c t i o n  of high-LET r a d i a t i o n  frm s t o p J i i g  p i . m s  [ > S O  
keV/aicron) m u t  be above a ainhum value o f  10 perccnc of :ae t o t a l  dose 
throughout the spread peak. 
b i o l o g i c a l  experimeots which ind ica ted  &at  t h i s  amount of 113h X T  r e s u l t e d  
i n  uniform RBE a c r o s s  the spread peak. 
peaks w i t h  r e l a t i v e l y  f l a t  t o t a l  dose f o r  peaks spread t o  a30uc 9 a. For 
large spread  peaks,  the t o t a l  dose became lower in tae d i s t i l  peak. r e s u l t i n g  
in a s l o p e  from 100 percent  (proximal peak) t o  70 percent ( i i r t a l  peak) f o r  
14-cm spread peaks. In p r a c t i c e ,  most pioo treatments a r e  accomplished by use 
of paral le l -opposed overlapping p o r t s ,  which r e s u l t s  Ln uni lormity i n  both t h e  
t o t a l  phys ica l  (absorbed) dose and in the r e s u l t a n t  bio1ogi:al lp e f f e c t i v e  
dose. However, there a r e  always s p e c i a l  cases when apposed f i e l d s  cannot be 
used, rad  a s i n g l e  f i e l d  is u t i l i z e d .  In these cases ,  there  iras concern chat 
t h e  e f f e c t i v e  dose was not uniform over the t a r g e t  volume. Experiments were 
performed an these peaks using m u l t i c e l l u l a r  tumor syoeroids , which indicaccd 
t h a t  t h e  b i o l o g i c a l  effect vas indeed uniform f o r  single fields; however, the  
p r e v a i l i n g  o p i a o n  is t h a t  the s e n s i t i v i t y  o f  tbese biological systems prevents 
r c s o i u t i o a  of b i o l o g i c a l  e f f e c t  below a l e v e l  of 20 percent change. Calculat ions 
and measuremeafs showed tht the r a t i o  o f  high- and low-LET dose var ied  across 
t h e s e  spread peaks t o  an e x t e n t  t h a t  d i f fe rences  of approximately LO percent  
io t h e  b i o l o g i c a l  e f f e c t  across  t h e  spread peaks was possible .  Experiments 
performed by Raju a t  LAXPF, w i n g  g e l  tuber v i t h  s ing ie  c e l l s  in suspension, 
c o n f i m e d  t h e  p r e d i c t i o n s .  Therefore ,  it vas decided t o  redesign the  shaping 
of the  spread perks  in such a way as t o  accomplish g r e a t e r  miforrpity :n 
b i o l o g i c a l  e f f e c t  f o r  r i a g l e - f i e l d  treatmClltS. 

This minimum value vas e s t a b l i i a r d  by tar!.y 

This  c r i t e r i o n  r e s u i t t d  i n  spread p i o n  

The range-modulation funct ion descr ibes  t h e  
thicirncsr  of a bel lova-control led column of o i l  i n  the beam path versus rime. 
The range-modulation func t ion  development code takes  awasured, c e n t r a l  a x i s ,  
uamodulated t o t a l  and high-=' d i s t r i b u t i o n s  and, applying rime-weights , 
o f f s e t s  each curve by prescr ibed  s h i f t s  i n  depth; sums a 1 1  the  o f f s e t  curves 
t o g e t h e r ;  and renormalizes t o  obta in  the r e s u l t a n t  modulated t o t a l  and high-LET 
depth-dose curves.  The p r o g r u  then lues an RBE model :o c a l c u l a t e  the  e f f e c t i v e  
dose. The user opera tes  i n t e r a c t i v e l y  vith the  program. vhich requests  input  
values  of var ious  paraaecers  needed in  the c a l c u l a t i o n ,  c a l c u l a t e s  the funct ion,  
and then  d i r p l r y a  the r e s u l t a n t  depth-dose cumes  ( e f f e c t i v e ,  t o t a l ,  aad high 
LET). 
a11 of t h e  input  parameters.  
u n i f o m i t y  of e f f e c t i v e  dose is obtained. 

The user my choose t o  perform t h e  ca lcu la t ion  a g a i n ,  changing any or 
This process is repeated until the  des i red  

The RBE is assumed t o  be a l i n e a r  func t ion  of 
t h e  f r a c t i o n  o f  dose de l ivered  a t  high LET f o r  t h e  ranges of high LET i n  our 
beams : 

RBE = 1.0 + RR€ (DH/DLIN * F (RT), 

where RBF is an RBE f a c t o r  ass igned t o  a standard treatment (10 x 10-cm c o l l i -  
mator,  1 O - c n  range-modulation f u a c t i o n ,  4500 rad i n  35 f r a c t i o n s ) ,  (D /D 1 is 
t h e  r a t i o  o f  the high-to-low-LET dose normalized LO 1.0 a t  t h e  point  i f  aiah.nun 
LET, rod F ( W )  is a func t ion  of  the sire of the  spread peak. A t  po in ts  where 
t h e  high-LET dose 8pptOaCheS z e r o ,  i . e . ,  i n  the pla teau  and pos t  perk, the RBE 
approaches 1.0,  t h e  low-LET value.  ?he value 0.6 has been assigned t o  the RBE 
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tloreley, R o b e r t  n - ,  Jr . ,  t5.D - 
f a c t o r  (W) so that  for the  s tandard t r e r t a e n t  f i e l d  the RBE = 1.6 a t  the 
p o i n t  in the d i s t a l  peak where DH is maximum. 

v i l l ,  i n  general ,  increase ,  because t h e r e  LS less lou-UT 
p l a t e a u  dore f o  YD& de i n t o  the peak region. However, f o r  smaller spread peaks ,  
cm, the  r a t i o  

t h e  aeut ron  compoaent of the dose w i l l  decrease,  thereby o f f s e t t i n g  somewhat 
t h e  increase i n  charged p a r t i c l e  high- LET dose. 
10 cm, the  opposi te  occurs: 
u h i l e  t h e  neutron component will increase.  Therefore, the funct ion E(Rnr) is 
i.0 f o r  a LO-- spread peak and will increase  s l i g h t l y  f o r  smaller  peaks and 
decrease s l i g h t l y  f o r  l a r g e r  perks.  
not expected t o  vary more than 210 percent  f r o a  1 . 6  due t o  the e f f e c t  discussed 
above. 

FOK spread peaks Less than i o  

For spread p e a b  l a r g e r  b a n  
the charged p a r t i c l e  hLgh-LEf dore rill decrease,  

The maximum RBE f o r  any spread peak is 

Because of t h e  complicated nature  of  these  
e f f e c t s  and the great d i f f i c u l t y  i n  accuraraly predic t ing  t h w ,  F ( W )  h a s  t o  
b e  determined from radiobiology txper inents .  
been performed a d  the r e s u l t s  are d i s c u s e d  under Biology. The biology da ta  
a r e  being analyzed using the  Kcllercr-Rorsi  model. 
c e l l  s u m i v a l  curves f o r  any poin t  in t h e  depth-dose c u m ?  produced by tbe 
W F  range-modulation development progrrm as shown i n  Figure 15. These are  
c a l c u l a t e d  c w e s  f o r  a 9-cm spread peak,  13 x 11-cm col l imator .  The lower 
c u m e  is t h e  high-LEI dose, the  middle curve i s  t h e  t o t a l  dose, and t h e  upper 
c u m e  is the  e f f e c t i v e  dose ca lcu la ted  from b e  model darcribed above. The 
RBE a t  t h e  maximum of the high-LET c u m e  as 1 .6 ,  and the  RBE a t  the  proximal 
peak (7.00- depth) is 1.2;  both of these  numbers a r e  uncorrected f o r  F(RHF). 
A series of such curves has been ca lcu la ted  f o r  each penet ra t ion  used f o r  
p a t i e n t  t rea tments  (12, 16, rad 23 un p e n e t r a t i o n s ) .  

Some of these experiments have 

The program ca lcu la tes  the  

( 3 )  Dosimetry 

( a )  P a t i e n t  dosimetry svsttms. An automated 
da ta-acquis i t ion  rnd ana lys i s  system has been developed f o r  dosimetry measure- 
ments od t h e  pion therapy-beam Ling a PDP-11/70 coa&ttr  and C U C  i n t e r f a c e .  
Z n i c i a l i t a t i o n ,  t e s t  and monitor programs allow the  user  t o  s e t  the physical  
Limits of scanner t r a v e l ,  test  the data l i n e s ,  c i l i b r a t e  t h e  inilot signals 
f o r  the SCaMer pos i t ion .  and monitor the aorlog-versu8-di&ita1 values of the 
S c a m e r  p o s i t i o n  during operation. 
chamber in one, two, rod t h r e e  dimensions. 9 n y  opt ions a r e  a v a i l a b l e  t o  t h e  
user i n  selecting the  scan parameters and in chaaging some of these p a c a w t e r s  
during scanning. Data-analysis programs provide reproduction of s tored  d a t a ,  
comparison of linear scans, beam p r o f i l e s  d o n a  any l i n e  of a planar  oc volume 
scan, and isodose d i s t r i b u t i o a s  from any p lanar  scan o r  from any plane of a 
volume scan. 
da ta  according t o  the u s e r ' s  instruments. 

Data-rcquasit ion program scan the i o n i r r t i o a  

Other program s w r i z e  s tored  d a u  f i l e s  and search f o r  s p e c i f i c  

A mult ip le  i o n i z a t i o n  chamber arrap (MICA) 
system, v i t h  assoc ia ted  s o f t v r r e  c o n t r o l ,  h8r been developed f o r  dosimetry 
mtarurements. 
f a c t o r  equal to the number of data channels i n  use. 
t e s t e d  and used with a linear a r r a y  of 10 i o n i z a t i o n  chambers. In p r i n c i p l e  
any number of chambers can be used in l i n e a r ,  p l a n a r ,  or volume arrays.  
system was put  i n t o  rout ine use i n  t h e  summer of 1981. 

This system increases  dosimctrp da ta - rcquis t ioo  r a t e s  by a 
The system has been 

The 
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( b )  Pa t ien t  dotimetrp techniques.  The objec t  
of p a t i e n t  dosimetry is t o  determine the cent:al-awls depth dose and che 
output  c a l i b r a t i o n  (rad/monitor u n i t )  a t  :he maxbum of t h e  peak dose, using 
t h e  beam tune, ran8e-moduhtion funct ion,  and c o l i h t o r  assigned t o  a par-  
t i c u l a r  p a t i e n t  f i e l d  with t h e  geomccrp [ a i r  gapsj betvecn appl iances  and 
betveen the c o l l i m t o r  and water phantom the  same as t h a t  expected f o r  cne 
a c t u a l  p a t i e n t  treatment. 
maxima pion p c n e t r a t i o a  (peak of the u m d u l a t c d  Brags peak) is lacaced a c  
100 cm q u d r u p o l e  tumor d i s t a n c e  (QTD), thus simulating the  geometry of p a t i e n t  
treatment. 

Also,  the  water phantom i s  pos i t ioned  SO tha t  the 

The output  c a l i b r a t i o o r  a re  necessary for 
d a i l y  c a l c u l a t i o n  f o r  crch p a t i e n t  treatment. 
morning and d a i l y  t reatments  a r e  adjusted to t h i s  c a l i b r a t i o a .  
curves are used as input  t o  a code which uses the co l l imator  geometry, mult iple  
s c a t t e r i n g ,  beam emit tance,  and uncollimated Seam dorimetrg t o  c a l c u l a t e  
isodose d i s t r i b u t i o n a ,  in water ,  f o r  a plane corresponding t o  a CT s l i c e  in 
the  p a t i e n t .  These isodose d i s t r i b u t i o n s  a re  then folded into the bolus 
design and CT da ta  t o  c a l c u l a t e  an isodose d i s t r i b u t i o n  on t h e  p a t i e n t .  

The chamel is c a l i b r a t e d  each 
The depth-dose 

In general ,  measurements m u s t  be made on 

These changes are 
each p a t i e n t  f i e l d  because changes i n  c o l l i a a t o r  area and shape change the 
shape and magnitude of the  r e s u l t i n g  depth-dose p r o f i l e .  
complicated,  occurr ing both i n  the  p la teau  and peak regions o f  the dose p r o f i l e ,  
and are d i f f i c u l t  t o  p r e d i c t .  
thimble i o n i t a t i o o  chamber in combination w i t h  an electrometer and an automated 
p o s i t i o n i n g  device (scanner and electrometer  are in te r faced  with the PD 11/70 
computer and a r e  cont ro l led  by a group of doslmctry software codes t h a t  arc 
i n i t i a t e d  by a series of pos i t ions  on a button panel ) .  The chamber walls  are  
made of Shonka A-150 p l a s t i c ,  and methane-based tissue equivalent  gas flows 
through the chamber during 6ers~rements. 

A l l  measurements a r e  made wi th  a r o a l l  ( 0 . 1  cc) 

I n  addi t ion t o  s p e c i f i c  p a t i e n t  treatment 
measurements, rou t ine  mersurcments are also  made t o  determine t h e  i n t e g r i t y  
(constancy) of the ind iv idua l  b e u  tunes used f o r  p a t i e n t  t reatment .  
These tunes arc subject t o  v a r i a t i o n s  due t o  t a r g e t  or magnet ( t h e r e  are 11 
magnets i n  the channel) changes. 
p r o f i l e s  u k e n  i n  the c e n t e r  o f  a 9-cm range modulated peak. 

These measurements c o a s i s t  of x and y beam 

Each p a t i e n t  has, on t h e  average, th ree  
t reatment  f i e l d s ,  vhich include mult iple  treatment f i e l d s  and cone-downs. 
dosimetry f o r  each treatment f i e l d  requires  approximately two hours with two 
people required t o  perform t h e  measurements. Therefore,  f o r  20 p a t i e n t s  per 
cycle about 240 man-hours a r e  required f o r  p a t i e n t  dosimetry. The d i r e c t  
measurement of each p a t i e n t  f i e l d  thus requires  a s u b s t a n t i a l  e f f o r t .  To 
eliminate J l a r g e  part  of t h i s  e f f o r t ,  an extensive program of measurements 
has been performed on every beam tune rued f o r  p a t i e n t  t r e a w m t t s  i n  order t o  
e s t a b l i s h  a data  b a s t  from vhich t o  e x t r a c t  a model, based on f i t t i n g  parameters, 
f o r  p r e d i c t i o n  of t h e  depth dose and c a l i b r a t i o n  a t  the peak of t h e  depth-dose 
p r o f i l e  f o r  any given beam tune, range-modulation func t ion ,  and col l imator .  

The 

( c )  P a t i e n t  dosimetp models. To e l i a i a a t c  a 
hrnc  f r a c t i o n  of t h e  manpower and beam t i m e  used i n  the measurement o f  d o s l w t r y  
for-each p a t i e n t  f i e l d ,  a' p r o j e c t  of extensive measurements has been uadetraken 

-166- .. 

COPIED FOR 
HSPT 

00133521.167 



from which models w i l l  be e x t r a c t e d  that w i l l  predic: :ae depch dose for acv 
given beam tune, co l l imator ,  and range-modulation iunct ion.  ;n a d d i t i o n ,  
t h e s e  models w i l l  p r e d i c t  the beam output  f o r  any given set of  the above 
parameterr .  

For each of nine beam tunes (a  small .  
medium, and l a r g e  treatment f i e l d  f o r  12-, 16-,  u r d  23-cm p e n e t r a t r o n s j  measure- 
ments vere made f o r  f i v e  co l l imator  sizes and uithouc a col l imator ,  u a n g  an 
u o d u l a t e d  beam rod beus modulated to produce spread peaks of f i v e  different 
s i z e s  rangtng in s i z e  from 3 co t o  rhe maxiplum allowable spread peak f o r  a 
given penet ra t ion .  
ranging in size from 3 cp t o  l lr  cm i n  1-CB steps are  ava i lab le .  
depth-dose curves were analpzed t o  d e t t r m h e  the c o l l i r u t o r  e f f e c t s .  
depth-dose cumes a r e  show io Figure 16 f o r  a 16-ca pene t ra t ing  beam using 
col l - tors  v i t h  openings of 5 x 5 ,  14 x 14, and 18 x 17 cm and no col l imator .  
These c u m c s  have been normalized a t  the peak of the d i s t r i b u t i o n .  

Range-modulation functronr  t & c  produce spread peaks 
The w o d u l a t e d  

T m i c a l  

C o l l b a t o r  e f f e c t s  are  seen t o  be s t ronges t  
i n  t h e  p l a t e a u  of the depth-dose c u m e s ,  but a r e  a i s0  evident  in the pos t  peak 
region. 
s topping  i n  the col l imator  generate  a neutron spectra ,  whica becomes a component 
o f  the t o t a l  beam i n c i d e n t  upon the phantom, causing increases  in the plateau 
dose, the increase  being inversely propor t iona l  t o  the size of the col l imator  
opening. The post peak dose is reduced because pions t h a t  previously sropped 
a t  depth  in t h e  phantoa and produced f a s t  neutrons which contr ibuted t o  che 
c e n t r a l  axis dose a t  depth a re  now being stopped i n  the coLlinmtor .  

There effects a r e  thought t o  be p r m r i l y  due t o  neutrons. Pions 

An analys is  of these d a t a ,  vbich c o a s i s t r  
of a parameter iza t ion  of t h e  e f f e c t s ,  produces a n a l y t i c a l  expressions containing 
c o e f f i c i t n t s  f i x e d  by curoe f i t t i n g ,  which permits the c a l c u l a t i o n  of col l imator  
e f f e c t s  f o r  any co l l imator  size. Therefore,  a depth-dose curve can be ca lcu la ted  
f o r  any c o l l i m a t o r  size. This col l inu tor -cor rec ted  c u v e  can then be entered 
into a computet f i l e  accessed by the code that  c a l c u i a t e s  the  spread peak 
d i s t r i b u t i o n  r e s u l t i n g  from t h e  a c t i o n  of a range-sblf tcr  Ln the beam path 
(see Development of Range-flodulrtioo Funct ions) .  This process then results i n  
a c a l c u l a t e d  depth-dose d i s r r i b u t i o n  f o r  anv spread peak using ray col l imator  
opeaing. 

Examples of  these ca lcu lac iont  compared t o  
measurements a r e  shovo in Figures  17, 18, and 19. Concurrcnc v i t h  these calcula- 
t i o n s  and measurements, the b e u  output  (rad/monitor u n i t )  0a.s also determined 
for  VariouJ c o l l h t o r  size8 and range-modulation funct ions.  An analyris of 
these data  r e s u l t s  in cumes such as those shown in Figure 20, which enables 
one t o  f i nd  tht beam output  f o r  any combination of col l imators  aad spread 
peaks. The structure in the curves f o r  the l o - ,  12-, and U-un spread peaks 
f o r  s m a l l  f i e l d  sizes is due t o  coll imator-neutron e f f e c t s .  

(d)  Hicrodorimetrp. Accurate microdormetry 
da ta  are required as i n p u t  t o  the a l g o r a t b m  used i n  the c a l c u l r r i o n s  of RBE, 
pion e f f e c t i v e  dose, and range-shif ter  func t ions .  
a v a r i e t y  of experimental  techniques,  including Rots1 chamber propor t iona l  
counters  , s o l i d  state d e t e c t o r s  ( t o t l l l y  depleted lrchium-drifted SiLicon) ,  
and aluminum a c t i v a t i o n  measurements. 

Such data a r e  obtained from 
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For che pion beam microd:lsrmetry s t u d i e s .  a 
simple da ta  a c q u i s i t i o n  system uas designed using i :omcrc:.ai (EGG) 4" 
Rossi-type propor t iona l  chamber. This system does n o t  rcqu;re any gas-flow 
system o r  ex tens ive  e l e c t r o n i c s .  I t  is s b i l a r  t o  tae more comp1i:ated mcthod 
used previourLy, except  that  i t s  use i s  l imited t o  h a m s  of verp LJO intensity. 
Resul t s  from thir system CMprre favorably with data  tram ttle more complicated 
system. 
nomully scheduled per iods  of low-intensity operatron esf t h e  l i n e a r  a c c e l e r a t o r .  
This has greatly sirpplified the method for obtaining n i c r o d o s i n e t r i c  data on 
beams used f o r  rad io-b io logica l  and c l i n i c a l  cxpcrzmentt - 

Hence, it cam be used t o  charac te r ize  s e l e c t e d  p i o a  beams during 

The R o r r i  chamber measurements are  used a s  
t h e  ptimarg source of m i c r o d o s h e t r i c  data .  Such technique8 have been used t o  
accura te ly  muure linear energy and LET spectra  fo r  var ious  types of ionizing 
r a d i a t i o n ,  including x-rays, neut rOM,  heavy i o n s ,  and pions. Rorr i  chamber 
measurements, however, are time-consuming, and adequate amounts of beam cine 
a r e  not a v a i l a b l e  fo r  use of this t e c h u q u e  in charac te r iz ing  a l l  of the 
therapy beam tames. 
for each beam tune, v i e  a d d i t i o n a l  da ta  obtained from e i r h e r  s o l i d  s t a t e  
d e t e c t o r s  o r  aluminum a c t i v a t i o n .  The l a t t e r  t w o  tcctiniques p e r m i t  rapid data 
c o l l e c t i o n .  They arc l imited,  however, by t h e  f a c t  t h a t  absolu te  normal- 
LZltlOD of the d a t a  requires accura te  knowledge of  pion and neutroa Cross- 
sec t ion8  p l u s  stopping powers of heavy ions.  
a v a i l a b l e .  Ins tead ,  LET information obtained througn these two techniques is 
nornul ized ( i . e . ,  high-LET r a d / t o t a l  rad,  o r  high-LET dose/ monitor unit) by 
comparison v i t h  the R o s r i  chamber data .  In t h i s  manner, complete information 
on the s p a t i a l  v a r i a t i o n s  ( i n  both t h e  z-dimension and the t ransverse  x-y 
plane) of t h e  high-LET dose f o r  a11 therapy beams is obtained. 

For most purposes, such a s  t h e  c a l c u l a t i o n  

I n s t e a d ,  one or  two Rocsi chamber spec t ra  are  obtained 

Such information is not compLeCely 

of pion e f f e c t i v e  doses ,  high-LET dose has been a r b i t r a r i l y  defined as t h a t  
f r a c t i o n  of the dose with LET >SO k e V / p m .  
t h a t  can a c c u r a t e l y  f i t  the r e s u l t s  o f  radiobiological  experiments using such 
i n f a m a r i o n .  For more e x a c t i n g  purposes, however, complete LET s p e c t r a ,  obtained 
from Rossi chamber measurements, are used. 

Aa RBE model has been developed 

Using the techniques descr ibed above, 
m i c r o d o o i w t t i c  d a t a  have been obtained for the various s t a t i c  beams, fan 
beams, and range-sh i f te r  modulated beams used f o r  p a t i e n t  treatments. 

(e) Beam shaping and inhomogeneity compensation. 
After t h e  development of beams t o  be used i n  pa t ien t  t rea tments ,  t h e  major 
e f f o r t  k r  been t o  t a i l o r  these beam# f o r  individual  treatment s i t u t i o n r .  
We have rcudied the effect of inhomogeneities, compensating bolur.  col l imat ion,  
aad air gaps between p a t i e n t  t reatment  devices .  
over conventiop.1 radiat ions  lies in the a b i l i r y  t o  concentrate  t h e  peak p ion  
dose on the tmor and deliver less dose t o  the adjacent  n o m 1  t i s s u e .  
r e a l i z e  this  advantage, the influence of t issue tahomogcneitier upon the  dose 
d i s t r i b u t i o n  m u t  be understood so chat adequate compensation can be made t o  
shape t h e  s topping pions in the d i r e c t i o n  of the beam. In  addi t ion ,  col l imat ion 
must be properly designed so t h a t  the dose is restricted LO che treatment volume 

The phys ica l  advantage of pions 

To 

in t h e  #lane perpendicular  t o  t h e  urcident  beam. - -  t:. 
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Beam shaping i n  the t r a n s v e r s e  dimensions 
f o r  p a t i e n t  treatsents is achieved by use o f  col l imators  i n d i v a d u l l y  designed 
f o r  each p a t i e n t .  These col l imators  a t e  made from a low-melting p o i n t  a l l o y  
(50.0 percent  bismuth, 26.7 percent  lead,  13.3 percent  t i n ,  and 10.0 percent  
cadmium) with a d e n s i t y  p = 9 . 6  g/cm3. 
ness f o r  each momentum s u f f i c i e n t  t o  completely s top  t h e  i n c i d e n t  pions outs ide 
t h e  t reatment  aper ture .  Figure 2 1  shows t y p i c a l  beam p r o f i l e s  w i t h  and wathout 
c o l l b a t i o n .  
spread peak. 
phase space of  pions,  muons, and e l e c t r o n s .  
electrons i s  shifted tovard the x-axis.  Tbe channel is tuned to give a symme- 
t r i c a l  dore p r o f i l e  a f t e r  col l imat ion.  

co l l imators  a r e  made v i t h  a thick- 

These beam p r o f i l e s  were measured in the c e n t e r  of an 8.5-cn 
The a s p m e t r y  i n  the uncollimatcd x-prof i le  is due t o  the d i f f e r e n t  

The d i s t r i b u t i o n  of m u o n s  and 

Collirnrtion also alters the depth-dose 
d i s t r i b u t i o n s .  Pions stopping i n  t h e  collrrP.tor give rise t o  fast neutrons.  
The depth-dose spec t ra  of those neutrons emitted in the forward d i r e c t i o n  is 
superimposed upon t h e  depth dose of t he  pion beam causing a rise in the  f i r s t  
feu cent imeters  o f  the p l a t e a u .  
s i z e  of  t h e  aper ture  in che collimator because mere pions a r e  being stopped. 
Also, t h e r e  is an e f f e c t  i n  the  stopping region: 
t h e  co l l imator  would have cont r ibu ted  neutron dose t o  the peak region. 
these  tvo mechmisor,  neutrons produced in t h e  col l imator  and t h e  consequent 
loss of peak neutron dose,  r e s u l t  in a l t e r e d  depth dose p r o f i l e s  such as those 
shown in Figure 22 for  a l’lO-HeV/c range-shifted beam. The increased p la teau  
dose, cons is t ing  of some f r a c t i o n  of neutrons having a high  RBE, is aoc a 
c l i n i c a l  problem because in most cases t h i s  por t ion  of the  curve f a l l s  within 
t h e  beam-shaping bolus vhich i s  placed berwcea the p a t i e n t  and t h e  col l imator .  

The r e l a t i v e  e f f e c t  increases  with decreasing 

some off -ax is  pions stopping 
Therefore, 

Compensation i s  the technique of modifying 
t h e  pion beam so t h a t  the peak dose is constrained betvetn the  d i r r a l  and 
proximal sur faces  of the t a r g e t  volume. The penat ra t ion  of t h e  beam co the  
d i s t a l  sur face  of  t h e  t reatment  volume can be cont ro l led  by using bolus.  
bolus  m u s t  be designed t o  compensate f o r  a l l  geometrical and t i s s u e  inhomo- 
g e n e i t i e s  in t h e  beam path.  
by  proper ly  modulating the pion peak width using a range-shif ter .  bben t r e a t -  
ments a r e  done with l a r g e ,  e s s e n t i a l l y  p a r a l l e l  beams, the proximal edge of 
the  peak region cannot b e  var ied  once the d i s t a l  edge is defined,  and a spread 
peak width is chosen t o  cover t h e  maximum extenf (depth) of t h e  t r c a m e n t  
volume. With dynamic t rea tments ,  in which the patient is scanned beneath a 
narrow focused beam (focused i n  e i t h e r  one o r  two drrnenriono), the proximal 
edge of the  spread peak region can be var ied ,  and the treatment volume will be 
more p r e c i s e l y  out l ined  by the stopping p ion  region. 
discussed la ter  i n  t h i s  r e p o r t .  

The 

The proximal edge of the peak dose is cont ro l led  

!lynamic t reatments  a r c  

Before treatment planning can begin it  is 
necessarp to understand the e f f e c t s  of t i s s u e  inhomogeneities l y i n g  i n  the  
pa ths  of t reatment  beams and t o  dccrrmine whether bolus can adequately cornpen- 
Pate f o r  iahomoaeneitics . Ueasurements o f  the effects of inhomogeneities and 
Compensation bolus in c l i n i c a l  pion beams have been made. Tissue inhomogene- 
i t i es  such as bone or lung a l t e r  t h e  dose d i s t r i b u t i o o s  from those predicted 
from homogentour unit-density t i s s u e  because of v a r i a t i o n s  i n  the pion l i n e a r  
s topping power, mult ip le  s c a t t e r i n g ,  ana secondary p a r t i c l e  emission. 
main in f luence  of these  inhomogeneities is d i s t a l  t o  t h e  inhomogeneity i n t e r f a c e ,  
where t h e  pion range has been a l t e r e d ,  d i s t o r t i n g  the shape of the dose d i s t r i -  
bu t ion  in the stopping region. 

The 

When rnhomogeneities a r e  located in the  stopping 
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region o f  t h e  p ion  beams, a d d i t i o n a l  dose modifications could occur because of 
d e n s i t y  e f f e c t s  o r  changes i n  the secondary charged p a r t i c l e  specr ra .  

Yeasurencnts have been made for  inhomogeneity 
and bolus coarpenrrtion f o r  pion beams of d i f f e r e n t  energy; v a r i a t i o n  of the 
inhomogeneity depth  beneath the sur face ;  a i r  and Teflon uthooogeneities t o  
simulate lung and boae; bolus  colnpenoation using a Tarailel .  beam model; and 
bolus-inhomogeneity misalignment. 
Figures  23 through 26. 
f o r  an open beam. The d o t t e d  l i ne  i n  the peak region i s  a ridge that c o m e c t s  
the depth-dose peaks f o r  var ious  off-axis dis tances .  Figure 26 compares the 
open-beam r idge  (dot ted  lirrc) with t h e  r idge (dashed line) under a Teflon 
inhomogeneity. The Teflon block is 2 ca t h i c k  by rC ea wide in crosr-sect ion 
and is loca ted  0.J o beneath the water  sur face .  The peak i o o i z a t i o n  has been 
s h i f t e d  fonrard beneath the Teflon. A comparable inhomogeneity i n  a p a t i e n t  
could g r o s s l y  underdose the d i s t a l  boundary oi tne t a r g e t  .rolume. 

Examples of such measurements a r e  shown in 
f i g u r e  23 shows a t y p i c a l  i s o - l o n i t a t i o n  d i s t r i b u t i o n  

In addi t ion  t o  the d i t p i a c e w n t  of peaks 
due t o  inhomogeneities there is a change i n  the  perk dose :ate. This e f f e c t  
is  seen in Figure 25, where the incident pion  beam passes Zhrough an 11 x 9-cm 
e l l i p t i c a l  co l l imator  dad an 8 x G x &-an Teflon block, loca ted  along the beam 
axes 1 an below the uattr sur face .  Yotc the forward s h i f t  of the pion peak, 
due t o  t h e  Teflon. By translating t h e  Teflon peak back t o  the o r i g i n a l  peak 
p o s i t i o n  (a s h i f t  o f  3.26 cm), one observes :hat the peak dose under Teflon is 
a few percent less than the peak dose without Teflon. 
because there a r e  fewer s c a t t e r e d  pions  in the peak, s i n c e  pions not incident 
on the Teflon $cop deeper than the s h i f t e d  p a k .  
undergone mult ip le  s c a t t e r i n g  t o  the  r e a r  of :he central peak, rnd they con- 
t r i b u t e  a d d i t i o n a l  dose there. 

This decrease occurs 

Some of :here pions  have 

The a b i l i t y  t o  compensate f o r  t h e  Teflon 
inhomogeneity using a p a r a l l e l  bean bolus car rec t ion  model i s  seen ui €igure 26. 
The bolus is 3.5.- p a r a f f i n  wi th  a 8 x b c m  rectangular  ho le  d i r e c t l y  above 
t h e  Teflon. The shape and magnitude of  the peak in the  depth-dose curve has 
been r e s t o r e d  t o  the o r i g i n a l .  S imi la r  r e s u l t s  have been obtained with a i r  
inhoaogenei t ies .  Such measurements ind ica te  tSa t  i t  i s  poss ib le  to p r e d i c t  
t h e  e f f e c t  o f  inhomogeneities and t o  compensate f o r  these e f f e c t s  in treatment 
planning. 

In designing p a t i e n t  bo lus ,  one must cornpen- 
s a t e  f o r  skin coatour ,  tumor shape, tissue inhomogeneities, movement of anatomy 
due t o  brea th ing ,  and changes in amtomy due to  f l u c t u a t i o n s  in  bowel g a s ,  and 
bladder  o r  rectal  filling. A t  the present  time anatomy c b n g e s  a r e  handled by 
p r e s c r i b i n g  m r g t t  voluus  that  vi11 cncomparr expected devia t ions .  Consider- 
a b l e  e f f o r t  hu been expended i n  developing cas t ing  and inmobil izat ion techniques 
t h a t  minimize p a t i e n t  movement duriag treitmenf and that reproduce the treatment 
p o s i t i o n s  from day t o  day. P a t i e n t  motion is not as c r i t i c a l  as f o r  heavier 
i o n  bcaw became of the greater mult ip le  s c a t t e r i n g  of pions which leads t o  
beam edges that are less sharp. Povcver, there same p r o p e r t i e s  prevent pion 
beams from being as p r e c i s e l y  shaped t o  conform to  t a r g e t  volumes, e s p e c i a l l y  
in the presence of sharp g r a d i e n t s  in the t a r g e t  sur face  i o  t h e  d i rec t lo t i  of the 
beam. 
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Figure 24 .  Comparison of open-beam ridge (docrcd Line) connecting 
depthdome peaks for various o f t - u i r  distances with  
ridge (dashed Line) under T e f l o n  Lnhcnwqeneity 
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Hortltp, Robert D U  

( f )  Pion absorbed dose determinatiockt. Stopping 
pions give rise t o  a v a r i e t y  of secondary charged p a r r i c l e s  by v i r t u e  of t h e i r  
i n t e r a c t i o n  with,  and subsequent fragmentaton o f ,  the  nuc le i  of t h e  stopping 
material. These p a r t i c l e s  include protons,  t r i t o n s ,  deuterons,  alpha p a r t i c l e s ,  
and heavy io- such as Li and Be. 
energy s p e c t r a  w i t h  uxinum energ ies  up t o  approxamately 70 HeV.l12 In addi t ion ,  
i o n i z a t i o n  is produced by contaminant m w a s  and e l e c t r o n s ,  primary pions,  and 
neutrons and gmau rays produced by t h e  s t a r  events .  

Each of these p a r t i c l e  types e x h i b i t s  broad 

Ioniza t ion  chambers have become the p r i n c i p a l  
instruments  employed f o r  d e t e m i n i n g  the  absorbed doae i n  tissue. 
method8 requi re  
t h e  energy absorption processes and involve such considerat ions as secondary 
charged p a r t i c l e  s p e c t r a ,  r e l a t i v e  stopping power r a t i o s ,  t h e  entrgy required 
of secondary charged p a r t i c l e s  t o  produce ion par rs  an various aases ,  and 
c o r r e c t i o n s  f o r  the oon-tissue equivalence of chamber u a l l s .  113 
information required f o r  these  i n t e r p r c u t i o n s  and considerat ions is not well 
knovn f o r  charged p a r t i c l e  beams, thereby giving rise t o  l a r g e  u o c e r t a i n i t i e s  
in  the s p e c i f i c a t i o n  of the  absorbed dose i n  t i s s u e  from pion beams when 
i o n h e t r y  is used. We believe that there u n c e r t a i n i t i e r  a r e  on the order of 
10 percent .  

Ion iza t ion  
conversion f a c t o r s  tha t  rest on physical  i n t e r p r e t a t i o n  of 

The p r e c i s e  

The major clncertainitier a r i s e  from our  
lack of knowledge concerning the  pion capture  cross-sect ions f o r  var ious 
elements,  the energy given t o  secondary charged p a r t i c l e s  v i a  pion capture  by 
t a r g e t  n u c l e i ,  the energy f luencc of secondary charged p a r t i c l e s  and neutrons,  
and t h e  ener dependear s topping powers and W values f o r  the secondarg par- 
t i c l e s  . 114’LeK Only a l a rge  program of experimental and t h e o r e t i c a l  work w i l l  
lead t o  a s i g n i f i c a n t  improvement i n  our knowlcdpe of these f a c t o r s .  

In view of t h i s  t i t h e r  Large program of 
work, and time required t o  complete it, we decided t o  check t h e  ea r l i e r  calcu- 
l a t i o n s  of t h e  conversion f a c t o r  f o r  the c y l i n d r i c a l  chambers c u r r e n t l y  in 
use by d i r e c t  coapacisoa of the i o n i z a t i o n  chambers v i t h  a calor imeter .  

In Apri l  of  1979 measurements were performed 
in  the p k  of an umodul r ted  n- bel8  and i n  the peak and p la teau  of an unmodu- 
laced R 
A-150) p l a s t i c  walls and T& (methane) gas, a TE p l a s t i c  ca loruneter  (Sloan- 
Ket te r ing  I n r t i t u t e  neutron ca lor imeter )  and the  Notional Bureau of Standards 
(NBS) carbon i o n i z a t i o n  chamber with a i r  gar in conjunction with the  NBS 
carbon ca lor imeter .  

beam using a thimble chamber and p a r a l l e l  plate chamber of TE (Shonka 

In b r c h  1980, a more ex tens ive  set  of 
There measurements repeated the  work done i n  1979 measurements wa8 performed. 

and, in  a d d i t i o n ,  da ta  were obtained in t h e  p la teau  Of an umodula t rd  n beam 
and i n  t h e  proximal and d i s t a l  perk of  a modulated x 
phys ica l  dose spread peak). 
charged p a r t i c l e  beam TE c a l o r i o c t e r  vith one measurement also done with t h e  
o ld  neutron ca lor imeter  t o  t e s t  the agreement between the  two calor imeters  (in 
the plateau of an umodulated b c u ) .  
repeated i n  1980. 
dose curpes of Figurer  27 and 28. 

beam (a 9 cm, f l a t  
The 1980 experiments uere done using the new 

The XBS carbon calor imeter  work vas not 
The poin ts  of measurements a t e  indicated on the pion depth 
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I n  pion ion iza t ion  chamber dosimetry  the 
absorbed dose in the chamber w a l l  a s  determaned by cae use of the equation 

w' 
Dv*P P 3 . e  

f 100 Q 2 - 2 - (SWlgip 
vbe re 8 

= absorbed dose in rads in the Shonkr A-150 p l a s t i c  
D%P chamber wal l  

\ 
U 

0 
gp/e 

= measured i o n i z a t i o n  charge (Coul) 

= the mass of gas in the cav i ty  (&e) 

= the average energy required to produce an ion p a i r  in 
the g8s c a v i t y  (J/Coul! 

the gar-to-wall  converiion f ac to r  )p 0 g 

In prac t i ce ,  v' / e  is obtained by averaging 
over  t h e  spectrum of a 1 1  t h e  charged p a r t i c l e s  i o k i n g  the  gas. 
approximation t o  (Sv 
the sropping povcr riel0 averaged over the charged p a r t i c l e  spectrum. 
product of t h e r e  t w o  q u a n t i t i e s  can be determined from d i r e c t  intercomparison 
of t he  i o n i z a t i o n  chainbcr with  a calorimercr in the  pion beam. 
i s  given by, 

A f i r s t  
)p is given by the  Bragg-Gcry theory and is derived from 

The 

This product 

D 
c h l b c r  and e lec t rometer ;  M 
chamber on a 6oCo beas whose exposure c a l i b r a t i o n  is t raceable  t o  HBS. 

is detera ined  by the  ca lor imeter  d i r e c t l y ;  Q is measured by the  ion iza t ion  
is de temined  by c a l b t a t i o n  of t he  ion iza t ion  

In t h i s  manner we have an expermental 
d c t c r P i p I t i o n  of t h e  product of two q u a n t i t i e s  which are d i f f i c u l t  t o  calculate 
because o f  t h e  l a c k  of detailed u f o m t i o n  coaccrning the charged p a r t i c l e  
anergy f luence  of the m u l t i p l i c i t y  of charged p a r t i c l e  types i n t e r a c t i n g  v r t h  the 
c a v i t y  gas. 

t h e  TE-TE experiments. 
ao uaaodula td  beam. 
pair apart, using d i f f e r e n t  ca lor imeter  and w i n g  a d i f f e r e n t  e lec t rometer  
for the i o n i z a t i o n  chamber measurements nude by the UHn group, are wi th in  
experimental urrcertauuty, rad no aprtematac d i f fe rences  are  seen in the data .  
For each measurement, Foo i t a t ion  chamber data vere taken with both the  SKI 
p a r r l l e l  p l a t e  c h u b e r  and t h e  Urn thamble chamber replacing the  calorratter 
core so t h a t  the geometry was i d e n t i c a l  for the  c i l o r w t e t  and ion chamber 
measurements. The amount of ma te r i a l  (E p l a s t i c )  between the beam and the 
cen te r  of the c r l o r u n e t e r  core, the  f r o n t  face of  the p a r a l l e l  p l a t e  chamber, 
and t h e  canter of the thimble chamber, was 
Cfeasurements were u d e  w i t h  each ion chamber both  m e d i a t e l y  before  and a f t e r  
each c a l o r = t c r  run. The u n c e r t a i n t i e s  are  random errors in t he  ion chamber 

Table 26 giver a sumarg of the  r e s u l t s  of 
Th. des igna t ion  (ua) an the pos i t ion  column refers t o  

The differences between the two experhats conducted a 

held conttanf f o r  each measurement. 

,- 

-185- 

00 133521.186 



.Yoseley, Robert D. Jr Y.D. 
m 

TABLE 26 

e 

1980 - :9:9 Posi t ioa  - Part ic le  - 
R Plateau ium) 29.520.6 

Peak (um) 29. :20.5 30.3ZO. 8 

x Proximal Perk 30.0ZO.7 

Dis ta l  Peak 30.221.0 n 
29.720.9 

- 
n - 

+ 
x Plateau  (um) 29. j 2 O . i  28.920.7 

29.1ZO.5 

Peak (tun) 28.320 0 28.620.9 
+ 
il 

Errors are SD of the mean. Xncludcs random errors  oalv  

29.520.6 

29.920.5 

3 0 .  L2O. 7 

30.020.7 

29.320.3 

28. G20. Ir 
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readings, the monitor units del ivered ,  and the ca lor imeter  readings Four 
sets  of ion chamber readings (each chamber befor5 and a f t e r  calorirnetr:) were 
combined with  the c a l o r u n e t e r  data t o  c a l c u l a u  U /e.[Sw,p)p from Equarrcn L. 

? 
Table 27 gives t h e  spstematic  u n c e r t a i n i r i e s  

in the  data .  The c a l o r m e t e r  data  were correcrcd f o r  thermal defecKs L percent) .  
The c o t a l  uucettalaty was obtained by adding Lhe random and systematic uncertain- 
t i e s  in quadraurre.  

Table 28 gives t h e  resomended valuer from 
theae experiments for each par t i c l e  and porr t ron .  The n peak values from 
Table 26 (uaaodulr tcd pe8k, proram1 rod d i r t a l  m d u l a t c d  peak) cannot, f r o q  
this eqer-nt, be concluded t o  be d i f f e r e n t .  The value i n  Table 28 f o r  n 
peak is therefore, the mean of a l l  the peak data. The uncer ta in t ies  in 
Table 28 a r e  t o t a l  u n c e r t a i n t i e s .  

Table 29 shows a comparison bcrween the  
values  determined from these experiments with the values  which have been used 
f c r  p a t i e n t s  since June 1976. Cbnqtr in our current statement of  absorbed 
dose in TE p l a s t i c  Cannot be j u s t i f i e d  on the basis a €  these data .  

Since the gas-to-ua&l conversion f a c t o r ,  
(S is expected t o  be near uni ty ,  :he values  for  W /c-(Sw ) w i i i  be v i t h i n  
a & L o t  of tbe values for  w /e .  P e 

P 
Table 30 giver the  results of  the  measurements 

f o r  the carbon ca lor imeter  and the carbon-air  i o n i t a c i o n  chamber, alonq 
total uncertaipit ies.  One notes t h a t  the u n c e r t a i n t i e s  f o r  these m e a s u r ~ ~ e n t ~  
v i t h  the NBS d e n c e s  are  much smaller than f o r  the TE-i’E d a t a .  

:h 

One i n t e r e s t i n g  poin t  LS t h a t  the value for 

However, the  r a t i o  of peak-to- 

+ n peak i n  both t h e  TE and carbon data  i s  Lower than that f o r  the  plateau.  
I n t u i t i v e l y ,  one would expect it t o  be higher .  
p l a t e a u  values is  0.969 f o r  ZZ-TE and 0.967 f o r  carbon-air ,  leading one t o  
believe that  this map uot be an anomaly. 

In Equation 1 ,  Dw is the dose in the 
chamber u a l l .  
s i o n  facror, i . e . ,  

To o b t a i n  the dose in muscle t i s s u e  ode must use another conver- 

where, 

f absorbed dose i n  rads  in muscle t i s s u e  

= chamber-wall-to-muscle conversion f a c t o r .  
Dm*P 

CK* , “1 p 
To provide an estimate of t h i s  conversion 

f a c t o r ,  w e  have p e r f o m d  prel iminary C ~ l C U h t i O I U  a s s u i n g  tissue and TE 
p l d s t i c  t o  be compored of  only oxygen and carbon. Utilrzing pion capture 
p r o b a b i l i t i e s  and e n e r g i e s  given t o  charged p a r t i c l e s  f o r  pion capture in  
carbon aod oxysen from two sources iDutrannois116 and Shortt’l’) .  stopping 
powers f o r  each c l a s s  of secondary p a r t i c l e ,  and energy deposited by neutrons,  
we have obta ined  the following values f o r  the wall-to-muscle conversion fac tor :  
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1 

TAB= 27 

UNCERTAINITIES I3 MEAsuREpiENTS 

Exposure Calibration 

Conversion Factors 

Ionization Charge 

Corrections (T-P, Saturation) 

Ca Lorimet ry 

Svstemrtic ( X )  

2 . 0  

2 . 7  

1 . 3  

0.3 

2 . 5  

T o t a l  Unccrtainity = 
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Part i c l e  - n 
- 

n: 

n t 

n+ 

Poi it ion 

Plateau 

Peak 

Plateau 

Peak 

Uncertainties are random and systematic added ln quadrature 
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TABLE 29 

COKPARISON OF !EAS-!S AND CXLCLUTIONS 

Yeasuc ed Calculated Ratio ( ! ! I C )  

? l a c e m  29 .5  2 9 .  ;r 1.003 

Peak 30.1 30.3 0.993 

Calculated values are those vhici have been used for patient dosimetw 
s ince  June 1976. 
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Particle 

A+ 

? o s i t i o n  

?cak (u) 

olatcau 

?eak 

?&.EO.& (1.2%) 

33.G20.6 (1.2:) 

32.320.1 (1.1%) 

Uncertainties include 1.1% systematic added in quadrature to 
random errors. 
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tloseley, Robert 

iKm,w)p 
S h o r t t  data"' Smith ' Du t ram0 i s  da t a  - 

Pla teau  0.98 
Bragg-peak 0.92 
Spread peak 0 . 9 2  

1.04 
1.02 
1.03 

0.99 
0.88 
0.95 

IC is c l e a r  that  t h e r e  are  Large uncer ta in t ies  
in t h e  value of (K 
(Shoakr A-150) walfEh"o? t h e  i o n i z a t i o n  chamber t o  dose in  muscle tissue. 
C e r t a i n l y  more re f ined  c a l c u l a t i o n s  must be made before b e t t e r  values  are  
obtained.  Also, t h e r e  i s  no clear-choice betveen the  ca lcu la ted  va2ues. 
values  obtained i n  t h i s  study f o r  U /e (Sv 
v i t h  those values c u r r e n t l y  used d o u r  pion'8o8imetrp. 

) , t h e  conversion f a c t o r  used t o  convert  dose in the TE 

The 
) are i n  e x c e l l e n t  agreement 

In view of  these  Considerat ions,  and because 
our colleagues a t  TRIW and SIN a r e  using the statement of absorbed dose in 
muscle tissue due t o  peak pions as we a r e  (numerically the srmc although t h e i r  
methodology is d i f f e r e n t ) ,  we vi11 not change our dosimetry af  t h i s  time. 

(g) Biological  d o s i m e t q .  Numerow radio- 
b i o l o g i c a l  experiments have been conducted t a  com~are  t h e  e f f e c t s  o f  pions and 
x-rays.  
experiments on monolayer cells;  m u l t i c e l l u l a r  tumor spheroids;  r a t  colon, 
sp ina l  cord and ullury gland; and mouse h e a r t ,  lung, gu t ,  kidney, and implanted 
tumors of the  th igh .  
A l l  of  these  anima1 experiments were done v i t h  a small a rea  pion beam (5-cm 
diameter o r  less) uith dose r a t e s  as high as 175 tadhain. 
s p e c i a l  anatomical f e a t u r e s ,  custom collamatorr and/or bolus  were fabricated 
f o r  each experiment. D o s i w t r y  vas done using a combination of ion  chambers 
and thermoluminescent d e t e c t o r s .  Hicrodosimetric measurements were a lso  made 
on t h i s  beam t o  a i d  in the i n t e r p r e t a t i o n  of r e s u l t s .  Addit ional  experiments 
were a l s o  performed t o  c o p a r e  t$e b io logica l  e f f e c t s  of pion beams of d i f f e r e n t  
volumes, and t o  compare K and n beams. Extensive dosimetr ic  and oicrodosi-  
metr ic  measurements vert made on these  beams as v e l l .  

Specia l  pion beams have been developed, ind  dos ine t ry  providid f o r  

Results cf these s t u d i e s  a re  reported under Biology. 

To accomodate the  

(a )  Previous methods o f  treatment planninq. 
Treatment planning f o r  p a t i e n t s  with and v i thour  the a i d  of computerized 
tomographic (C?) & a m  h.8 made it apparent t h a t  adequate t rea&nt  plans 
Cannot be developed v i t h o u t  the use of CT scan data. 
dimensional tuaor t reatment  volume t o  be uniquely prescr ibed  by t h e  rad io therapis t  
and nearby c r i t i c a l  s t a c t u r e s  t o  be placed i n  t h e i r  proper  perspect ive.  

CT scans allow a thtce-  

A three-dimensional d e s c r i p t i o n  of the 
t r e a m e n t  volume from CT scans helps t o  o i n h i z e  t h e  dose de l ivered  t o  nom81 
t i s s u e .  
of i n c i d e n t  beam) of the treatment  volume can be obtained only from CT scans. 
Although x-rays o r  other diagnos t ic  methods MY give t h e  CUX~OU~ longi tudinal  
thickness  of t h e  tumor, the  relevant  quant i ty  is the ef f c c t i v c  longi tudinal  
th ickness ,  which is obtained by i n t e g r a t i n g  the  l i n e a r  stopping power of the 
tumor over  t h e  maximum longi tudina l  Lhickness. This e f f e c t i v e  thickness  can 
be obtained from CT data  by r e l a t i n g  &e CT numbers t o  p i o n  stopping powers, 

I n f o n m t i o n  concernin8 t h e  Longitudinal dimension ( p a r a l l e l  t o  d i rec t ion  
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but not from d i a m o s t i c  x-rays. Although with s t a c i c  pion cadiothcrapy the  
peak dimension i n  depth must remain the same across  tae craasverse plane of 
t h e  t rea tment  volume, d p n u i c  pion radiotherapy v r l i  permit v a r i a t i o n  o f  peak 
depth-dose d e p o 8 i t ~ o n .  This requi res  howledge of  the Longitudinal thickness  
of t h e  tumor volume a t  each po in t  i n  the  t ransverse  plane. 
can be obta ined  only from CI scans ,  even f o r  hoamgeneous tumor volumes 

Such in fonnat ioa  

Probably the  most useful mformntioa obtained 
from CT scans is the q u a n t i t a t i v e  desc r ip t ion  o f  inhomogeneities. 
bu t ions  a r e  a f f e c t e d  both p r o a l  and d i r u l  to inhomogeneities. 
effect is the change in the pion s topping d i s t r i b u t i o n  caused by range changes 
and mul t ip l e  s c a t t e r i n g  aris ing from tissue inhooogencities.  
can be  con t ro l l ed  t o  8 0 1  extent by use of bolu8 i f  a desc r ip t ion  of the 
i o b o w g ~ a i t i e s  is ava i l ab le .  
t issue-inhomogeneity i n t e r f a c e s  caused by va r i a t ions  in che secondary p a r t i c l e  
emission and dens i ty  effects.  

Dose d i s t r i -  
The d i s t a l  

This phenomenon 

The proximal e f f e c t  is rhe change in dore a t  

L i t t l e  can be done to c m t r o l  these phenomena. 

In s e l e c t i n g  the proper  beam t u e ,  peak 
width,  number of p o r t a l s ,  d i r e c t i o n  of p o r t a l s *  c o l l m t i o n ,  and bolus configur- 
a t i o n *  the t r e a t a e n t  planner must consider  severa l  p r inc ip les  regarding s t a t i c  
pion beam t rea tments :  

(i) I t  i s  advantageour, i n  cases where 
c r i t i c a l  s t r u c t u r e s  are t r ansve r se ly  ad jacent  t o  the  tumor, t o  t r e a t  with the 
beam of  t h e  l e a s t  pene t r a t ion ,  ar the penumbra becomes narrower in t he  peak 
r eg ion  wi th  decreasing pion mopcntum. 

(ii) Beam f l a t n e s s  over r e l a t i v e l y  l a rge  
f i e l d s  can be b e s t  accomplished by abu t t ing  two smaller  f i e l d s .  This  is due 
t o  t h e  emit tance of pion b u r ;  i . e . ,  the  incidence pion f lux  has a Gaussian 
type f a l l - o f f .  
t he i r  penumbras ate not as r b r p  as most conventional radiotherapy b e a m ,  
thereby  reducing the p r o b a b i l i t y  of hot o r  cold spocs r e su l t i ng  from misa l igment .  

Pion f i e l d s  abut n ice ly  i n  the t ransverse  dimension because 

(iii) The low e x i t  dose of pions allows 
Generally, t h e  beam t o  be aimed d i r e c t l y  a t  c r i t i c a l  organs o r  s t ruc tu res .  

t h i s  is not p o s s i b l e  with conventional r ad ia t ion  

( i v )  Dir tczing -&e b e a r  through the  path 
of m i n - 1  inhomogeneities minimizes the importance of  boLa cor rec t ion .  

(v) Overlapping p a r a l l e l  opposed f i e lds  
tend to f l a t t e n  both phys ica l  and b i o l o g i c a l l y  equivalent  dose. 
because not  only is  the t o t a l  dose f l a t t e n e d ,  bu t  also the f r a c t i o n a l  high-LET 
component. 

This is so 

( v i )  The fixed aa ture  of t he  pion bean as 
oppored t o  the rotational freedom of most megrvolwge u c h i n c r  means t h a t  t h e  
p a t i e n t  must r o t a t e  f o r  multipart i r r a d i a t i o n s  . 
t h e r e f o r e ,  requires CT scans in each of the ro ta ted  po r i t i ons  f o r  assurance of 
min-1 changes ip internal anatomy between scanning of  the  t reatment  po r i t i ons  

Proper treatment planning,  

- .  
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( v i i )  Short-term movemenr of  t i s s u e s  
during brea th ing  can occur. 
lung l e s i o a .  
r e c t a l  f i l l i n g  need t o  be recognized. 

This is p a r t i c u l a r l y  important in t r e a t i n g  small 
Also, long-tern changes r e s u l t i n g  from bowel gas or  bladder and 

( v i i i )  With s t a t i c  beam treatment it i s  not 
p o s s i b l e  t o  varp the  longi tudinal  ex ten t  o f  the pion peak t o  confom KO the  
prescr ibed  tumor volume throughout its t r ansve r se  extent. Therefore, Lhe 
r a d i o t h e r a p i s t  must prescr ibe how the pion peak is t o  f i t  i n  depth around the 
prescr ibed  t reatment  volume. In  making this dec i s ion ,  sharp gradients  ( p a r a l l e l  
t o  the i n c i d e n t  pion beam) in the borders of the stopping d i s t r i b u t i o n  must be 
considered; these vi11 tend t o  underdose the d i s t a l  edge of the tumor volume 
due to multiple s c a t t a r i n g  and secondary p a r t i c l e  f luxes  being frearer upon 
e x i t i n g  t h e  tumor volume than upon en te r ing .  

(ix) The p a t i e n t ' s  physical  condi t ion 
There is usual ly  an optimal set of d i r e c t i o n s  f o r  the m u s t  be considered. 

pion beam t o  enter r e l a t i v e  t o  the p a t i e n t ,  but  because the p a t i e n t  must 
r o t a t e  phys i ca l ly ,  he must b e  physical ly  capable of withstanding r o t a t i o n  into 
those p re fe r r ed  pos i t i ons  fo r  t reatment .  

The complexity of  treatment planning 
f o r  pions emphasizes the need f o r  c lose i n t e r a c t i o n  among the r a d i o t h e r a p i s t ,  
d i agnos t i c  r a d i o l o g i s t ,  and medical p h y s i c i s t .  
a r e  l i m i t e d  t o  parallel-opposed and abutted f i e l d s .  As experience is gained, 
p a t i e n t  pos i t i on ing  and cas t ing  techniques a t e  improved, and CT scans become 
a v a i l a b l e  a t  d i f f e r e n t  r o t a t i o n s ,  then more collrplicated mult ipar t  i r r a d i a t i o n s  
will be p o s s i b l e .  

Presently, mult iport  t reatments  

When a p a t i e n t  is accepted f o r  pion 
cher8py, t he  f i r s t  procedure is t o  prepare an W b i l i z a t i o n  c a s t  of the 
p a t i e n t  which vi11 be used during CT scanning and treatmenr. 
immobilization techniques are discussed i n  a sepa ra t e  s e c t i o n .  

Casting and 

CT scans a r e  usual ly  taken a t  0.9-cm 
i n t e r v a l s  throughout the volume of i n t e r e s t .  
t o  a t a t t o o  for e8ch s e r i e s  of scans. A l s o ,  a radio-opaque marker provides a 
method of referencing one scan t o  another and gives p o s i t i v e  i d e n t i f i c a t i o n  of  
t he  p o s i t i o n  of  the t a t t o o  in the  reference CT s l i c e .  

A l l  scans are  numbered i n  reference 

After CT scanning the  CT s l i c e s  are  
c a l l e d  up a d  displayed on a CT diagnost ic  console. 
by mema of a t racking b a l l ,  t he  skin contour,  t a r g e t  volume and c r i t i c a l  
noma1 structures. 
on the CT d a t a .  

The physician d e l i n e a t e s ,  

There regions of interest (ROI's) are  ove r l a id  and s to red  

The magnetic t ape  containing CT scan 
da ta  i s  read i n t o  the bolus design computer f i l e .  
d i sp layed  on a CRT screen,  and the target volume is entered with a d i g i t i z r n q  
pen from a l i f e - s i z e  CT k g e  containing the ROI's. 
t he  appropr i a t e  pion range and range-shif ter  funct ion.  
required t o  s t o p  the  pions ac the  prescr ibed t a rgec  volume boundary i s  then 
c a l c u l a t e d  automatical ly  by the  computer programs from examination o f  the ZT 
d a t a .  This c a l c u l a t i o n  assumes t h a t  a l l  pion t r a i e c t o r i e s  are  p a r a l l e l  and 
u c i l i t e s  c o r r e l a t i o n s  of r e l a t i v e  ( t o  vater)  p ion  LLnear stopping powers 

A p a r t i c u l a r  f i l e  (scan) i s  

Additional input  data  a r e  
The bolus (Luci te)  
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versus r e l a t i v e  photon l i n e a r  a t t a u a t i o n  cocff i c i c r t u  These data  a r e  from 
measuraments o f  vrriorrr  m a t e r i a l s  ( s h u l a t i n g  f a t ,  iunq, and bone) taken on Cf 
scanners  and in the p ion  b e a u .  This procedure i r  repeated f o r  each CT scaa 
uhach c o o t a h a  t a r g a r  volume contours .  The t h r e e  chmensiowl treatment p1ann:ng 
code PIPLAN. which utilizes beam -pes o f  a c t u a l  p:.on c r a j e c r o r i e r ,  w i l l  be i n  
opera t ion  in t h e  s w r  of 1982 and v i11  subsequenl.ly x used f o r  bolus calcula- 
t i o n r .  This code is descr ibed  l a t e r  in a i s  rcpor’. 

The bolus design f o r  each CT scan of a 

There are then t r a c e d  on 0.9-cm-thii:k Lucite shee t s ,  cu t  out on 
series f o r  a p a r t i c u l a r  t rea tment  f i e l d  is calculated, then pr in t ed  life-size 
on a p l o t t e r .  
a band saw, and glued t o g e t h e r  using  as reference .I comon a x i s  d r a m  on each 
bolw deaign t o  fora the three-dimensional b o l w .  

C o l l i m t o r r  are designed d i r e c t l y  from 
treatment volumer p re sc r ibed  on ea& CT s l i c e .  The t r ansve r se  ex ten t  o f  t*aor 
t rea tment  volumes for each CT slice is p lo t t ed  t o  sca l e  on a t r ansve r se  p l a n e ,  
p rovid ing  the p r o j e c t i o n  of tbr entire tumor treatment volume. The c o l l i m c o r  
a p e r t u r e  lies approximately 1.5 m o u t r i d e  the boundary of the prescr ibed 
t a r g e t  volume so that the SO percent isodose contour w i l l  coincide w i t h  the 
p re sc r ibed  target volume. The col l imator  thickness  i s  governed by the beam 
momentum and may vary from 2.5 cm t o  5 . 0  an of low-melting-point alloy. 

Presen t ly ,  p a t i e n t  isodose contours 
are c a l c u l a t e d  from dosimetry eeasureaents  t h a t  szplulatc the p a t i e n t  set-up. 
Dosiwtrp includes 8 cen t r a l - ax i s  depth-dose scan, a t-nsverse scan a t  mid- 
peak, and a peak dorc c a l i b r a t i o n  f o r  each S U ~ L C  beam pion p o r t .  

The increase i n  p a t i e n t  Load has now 
nude it imprac t i ca l  t o  mearure a l l  two-dimensional p a t i e n t  dose d i s t r i b u t i o n s ;  
t h e r e f o r e ,  a lpori tbms t h ~ t  accura t e ly  c a l c u l a t e  dorc d i s t r i b u t i o n s  i n  a water 
phantom have been developed. These algorithms use as inpur da ta  the modulated 
depth  dose curve measured underneath t h e  p a t i e n t  c o l l r r u t o r  wi th  the assigned 
p a t i e n t  tune and range-modulation func t ions .  
under a co l l ima to r  are produced by u l c u l a t u g  the a l t e r a t i o n  o f  the uncol- 
l imatcd  beam caused by m u l t i p l e  Coulomb s c a t t e r m g  in tflc range-shif ter  and 
v a t e r  phantom. 
mul r iv i r c  p ropor t iona l  counters  a r e  also used a s  Lnput d a t a .  By t h i s  technique 
isodoac d i s t r i b u t i o n s  are c a l c u l a t e d  in the plane perpendicular t o  the c e n t r a l  
u i s  . By f o l d i n g  these c a l c u l a t e d  d i s t r i b u t i o n s  i n t o  measured depth-dose 
d i s t r i b u t i o n s ,  it is p o s s i b l e  t o  produce full planar  d i s t r i b u t i o n s  in the  plane 
including the central axis. Iigures 23, 30, and 31 show measured and calculated 
beam p r o f i l e s  f o r  t y p i c a l  c a s t s  f o r  the three pene t r a t ions  used f o r  pa t i en t  
t r ea tmen t ,  11.6, 16.1, and 22.9 CI, r e spec t ive ly .  The agreement between crlcu- 
l a t e d  and measured valuer is very good. This c a l c u l a t i o n  saves about 1.5 hours 
beam time per pat ient  f i e l d  by e l imina t ing  the need f o r  measured p l a n a r  isodose 
d i s t r i b u t i o n s .  

Off-axis dose d i s t r i b u t i o n s  

The c h a r 8 c t c r i s t i c s  of the beam phase space as measured by 

The ca lcu la t ed  isodose d i s t r i b u t i o n s  
i n  water obtained by the rbove method a r e  then folded i n t o  the bolus design 
and p a t i e n t  CT data f i l e s  t o  produce p a t i e n t  isodose d i s t r i b u t i o n s  f o r  any CT 
scan t h a t  t h e  t h e r a p i s t  v i s h e r  t o  eva lua te .  
such d i s t r i b u t i o n s  f o r  a11 CT scans throughout the treatment volume t o  produce 
a three-dimensional i sodose  d i s t r i b u t i o n  f o r  t he  e n t i r e  treatment volume. 

in p r a c t i c e  one can c a l c u l a t e  
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Normally, c a l c u l a t i o n s  f o r  s eve ra l  s l i c e s  i n  t h e  t 
e v a l u t e  the dose t o  ad jacent  c r i t i c a l  structures. 

I n  1982 we 

r a m e n t  7oLume are done :o 

vi:, begin t reatment  plarninq ~~ 

wi th  the  code PIPIAIi. fhis code u t i l i z e s  a ray-t racing model where actual 
p ion  t r a j e c t o r i e s  i n  t h e  t h r e e - d u c o r i o w l  volume represent penci l  beams. The 
program uses beam d a U  u a s u r r d  by d t i w i r e  propor t iona l  cwnters f o r  the 
pion t r a j e c t o r i e s  an well as t he  e a s u r e d  beam m o m e n t u m  and contamination of 
muons and e l ec t rons .  The program includes appropr ia te  physics  models f o r  
mul t ip l e  Coulomb s c a t t e r i n 8  aod range s t r agg l ing  and models the range modulation 
of the r m # t - r h i f t e r .  
ru ing  d i r e c t  mot of the p a t i e n t  CT data .  
discussed in g r e a t e r  d e t a i l  below. 

P a t i e n t  bolus and isodose d i s t r i b u t i o a r  w i l l  be calculated 
This mode of t r e a m e n t  planning is  

(b) P?PLAN--Three-dimcasio~l t reatment  plaanina 
code - 

(i) Background. h major objec t rve  of t h i s  
project is t o  demonstrate t h e  p r a c t i c a l i t y  o f  p red ic t ing  accura te  dose d i s t r i -  
bu t ions  f o r  pion beams and t o  devise  treatment plans t h a C  wall guide the  
t h e r a p r s t  toward maximm understanding of the inherenr  benefics  of  pion therapy. 
From the beginaing it vas recognized ttut full three-dimensioarl  ( 3 - D )  treatment 
planning vould be needed. 

3-D t reatment  planning is des i r ab le  
f o r  a11 r a d i a t i o n  moda l i t i e s ,  bu t  it i s  a necess i ty  f o r  pions. 
the d e f i n i t e  r r q c  c h . r r c t e t i s t i c r  of heavy charged p a r t i c l e s ,  but they 
s c a t t e r  more. 
d a r i e s  are produced f r m  i n - f l i g h t  i n t e rac t ions  and nuclear  d i s i n t e g r a t i o n  
after capture  (stars). S t a r s  also produce long- and short-range neutrons.  
Backgrouud coaponents of awns and e lec t rons  a r e  present  i n  pion beams. 
decays produce muons; muon decays produce ene rge t i c  e l e c t r o n s .  
focused bema gene ra l ly  have a nonanalytic descr ip t ion .  
and many o t h e r  phys i ca l  p rocesses ,  coupled v i t h  c l i n i c a l  observatioas , appl iances ,  
dosimetry,  and p a t i e n t  CT d a t a ,  r e su l t ed  in the system of programs b o a  
c o l l e c t i v e l y  as PIPLAN. 

Pions have 

A broad d i s t r i b u t i o n  of long- and short-range charged secon- 

Pion 

Accounting for these 
Hagnet ical ly  

When paticnr CI data became ava i l ab le ,  
sof tware was developed t o  incorpora te  i t  i n t o  PIPUN. 
v r i t t e n  t o  run on the Biomed computer t o  t e s t  decoding schemes and develop 
c a l c u l a t i o n a l  and d i s p l a y  algori tbms.  PIPUN i n i t i a l l y  was running only on 
t h e  remote Cent ra l  Computing F a c i l i t y  (CCT) computers and required new Biomed 
codes and a well-developed f i l e  t r a n s f e r  system t o  u t i l i z e  CT data .  
became ev iden t  ttut the local CT development codes could be more rap id ly  
modified t o  be r u e f u l  io plaaa ing  f o r  pa t i en t s  who were a l ready  being t r ea t ed  
wi th  pions.  
(2-D) t rea tment  planning. 

Several programs were 

I t  soon 

This b r  evolved i n t o  a comprehensive method of two-dimensioaal 

This method t r e a t s  3-D treatnrent 
volumes a s  a success ion  of ad jacent  2-D s l i c e s .  
capable of accept ing  seven d i f f e r e n t  formats of CT da ta ,  designing bolus,  and 
d i sp lay ing  CT-modified water-dose d i s t r i b u t i o n s  on Life-s ize  CT images. It 
should be emphasized that this was a s i g n i f i c a n t  e f f o r t  by both the  UNn and 
Lor Alamor s t a f f ,  which r e s u l t e d  in temporaw redirectLon of considerable  
resources  away from d i r e c t  3-D development. 

The system of 2-D programs is 
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Concurrent v i t h  t h i s  undertaking, a 

smaller ve r s ion  of  PIPLAN, without the ca l cu la t ion  module, vas i n s t a l l e d  a t  
Biomed. 
C C I  was modified t o  use CT d a t a .  As a t t e n t i o n  vas refocused on achieving more 
accurate  3-D c a l c u l a t i o n s ,  several  nev and rreforeseen requirements emerged 
and were resolved: smoothing of beam-input &ta, increased s t a t i s t i c a l  
accuracy v i t h  reduced computer t h e ,  f a s t  algorithms fo r  long-range secondaries,  
a history-dependent mul t ip l e - sca t t e r ing  model, i x l w i o n  of secondary and t e r t i a r y  
decay products ,  and increased resolut ion.  

A f i l e  maintenance and t r a n s f e r  system vas completed, and PIPUN a t  

?leanwhile, c l i n i c a l  rethods and require- 
Targe t  volumes were expanding, more por t s  per p a t i e n t  were ments vere changing. 

being used, appl iance designs were modified, and new CT c a p a b i l i t i e s  vere  made 
ava i l ab le  wi th  the i n s t a l l a t i o n  o f  the MI-7010 CT scaaner a t  Biooed. 
these required changes i n  both the 2-D and 3-D codes, but c e r t r i a l y  more e f f o r t  
was required t o  au tomat ica l ly  dupl icate  in PIPUN the  c l i n i c a l  procedures used 
i n  the 2-D methods and t o  keep the t o t a l  ca l cu la t ion  times v i t h i n  reasonable 
limits. 

Generally, 

A notable  nev feature was the c a p a b i l i t y  
of e n t e r i n g  target volumes d i r e c t l y  on the  scanner d i agnor t i c  consoles. 
increased rccuracy and r e so lu t ion  and streamlined procedures were of value both 
t o  the 3-D and t h e  2-D methods. Incorporation of t h i s  c a p a b i l i t y  vas rherefore  
given a r e l a t i v e l y  high p r i o r i t y  and recent ly  completed 

The 

1) Rela t ive  a spec t s  of 2-D and 3-D 
treatment planninfi. 
geometries i n  which the assumpcioas of  p a r a l l e l  beams and neg l ig ib l e  inhomogeneity 
g rad ien t s  are  approximately v a l i d .  This has been v e r i f i e d  v i t h  i n  vivo d o s h e t r y ,  
PIPWN, and spec ia l i zed  ca l cu la t ions  for  s t a t i c  beams which are  nearly p a r a l l e l  (50 
m a d  angular s tandard-deviat ion) .  In p a r t i c u l a r ,  i n  vivo dosimetry has v e r i f i e d  2-D 
pred ic t ions  t o  gene ra l ly  b e t t e r  chan 10 percent .  This i s  cons i s t en t  v i t h  PXPUN 
calculat iocu vhich show t h a t  the dose i n  a given CT s l i c e  Changes by 5-7  percent 
depending on whether o r  not  adjacent inhomogeneities a r e  included f o r  whole-brain 
treatment.  

Tvo-dimensional t r e a a e n t  planning is  c l i n i c a l l y  acceptable in 

For more complicated geometries 
and o the r  beam designs ( f an  and spot  t u n e s ) ,  the approximations i n  the 2-1) 
method a r e  not val id .  This is  easy to apprec ia t e  i f  one considers the  h a l f -  
thickness  of a CT-slice ( 0 . 0 5  cm), beam divergence (50 nrad angular standard 
deviat ion i n  t a c h  p l ane ) ,  pion mult iple  Sca t t e r ing  (1 .5  an projected standard 
dev ia t ion  a t  depth),  t he  number of 0.1 Q CT p i x e l s  which can be averaged 
r a d i a l l y  uifhouf s i g n i f i c a n t l y  a f f e c t i n g  CT l i n e - i n t e g r a l s  (4 KO 5 pixeis) ,  
and a nominal p e n e t r a t i o n  i n  the p a t i e n t  (10 cm). 
coming t o  rest wi th in  0.15 cm of the  t r ansve r se  point  of entry i n t o  the p a t i e n t  
is then only about 2.6 percent  f o r  s t a t i c  beams. For f an  beams, the p robab i l i t y  
i s  only about 1 percent .  
t o  combine the  e f f e c t s  of inhomogeneitzes, t he  beam phase-space, and the physics 
of pions.  

The p r o b a b i l i t y  of a pion 

Thus it is e s s e n t i a l  t o  have a f u l l  3-D ca lcu la t ion  

2 )  External appliances.  External 
c l i n i c a l  appl iances  a r e  modeled in  d i s t i n c t l y  d i f f e r e n t  ways in 2-D and 3-0 
ca lcu la t ions .  In 2-D models, the ef f e c t s  of ex te rna l  devices a r e  parameterized 
f o r  a v a r i e t y  of  geometries and then used v i t h  phantom measurements and calcul-  
a t i o n s .  In 3-D, e x t e r n a l  appliances a r e  simpiy t r e a t e d  as l a rge  inhomogeneltreJ. 
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b u t  with added c o n r i d t r r t i o a  of t he  non-t issue- l ike secondaries  produced in them. 
The 3-D method o f f e r s  t h e  advantage o f  being eoeryvhere equally r e l i a b l e ,  in-  
dependent of g e o r t q .  The 2-D method LS r e l i a b l e  m l y  t o  the  ex ten t  o f  t he  
quality of  parameter izat ion.  

3) EEfectivc dose.  To the  ex ten t  tha t  
the dose components and t h e i r  assoc ia ted  ME'S are  known, both  the  2-D and the 
3-0 methods can p r e d i c t  e f f e c t i v e  dose frw t o t a l  dose. 
and c l i n i c a l  data and d o s i w t r y  measurements v i t h  var ious de t ec to r s  t o  a r r i v e  a t  
parameters and f a c t o r s  that r e l a t e  t o t a l  dose t o  c l i n i c a l  r e s u l t s .  The prinrrry 
parameter i n  t h i s  8pproach is l i n e a r  energy t r a n s f e r  ( U T ) .  
methodr r e l y  on the 8- i n p u t ,  bu t  can determine t h e  dose components in more 
d e t a i l ,  wi th  a r e a t e r  r e s o l u t i o n ,  and in new geometries. 
t u n i t y  t o  de f ine  e f f e c t i v e  dose on an LET continuum, rlther than within d i s c r e t e  
LET ranges. 

2-0 methods use b io logica l  

Three-dimensional 

They also o f f e r  the oppot- 

(ii) Tuo-dimensional t reatment  planninq 
development 

1) CT scanner. Folloving t h e  i n s t a l -  
l a t i o n  of t h e  En1 scanner ,  t h r e e  d i f f e r e n t  MI sof tvare  releases were incorporated 
i n t o  the treatment planning programs. Each release a f fec t ed  six programs used 
exc lus ive ly  f o r  2-D planning and one program f o r  m e r ~ i n a  single  CT s l i c e s  into 
a 3-D volunw in t he  PIPLAN c a s e f i l e .  Pr inc ipa l  changes among these  releases p e t -  
t a ined  t o  the number of bits used f o r  each p ixe l  va lue ,  the a b i l i t y  t o  recover CT 
da ta  from over l a id  a g e s ,  the methods of d i sc r io ina t ing  among regions of i n t e r e s t  
(ROI) overlays, and extr8neous over lay  da t a .  

In add i t ion  t o  adapt ing Biomed 
sof tware t o  new En1 software r e l eases ,  t he  c a p a b i l i t i e s  a v a i l a b l e  with these 
r e l e a s e s  were evaluated i n  terms of cont rac tua l  c o m i u e n t s ,  Biomed rCquirements, 
and d o c m e n u t i o n .  

2) Rerioas of i n t e r e s t .  The CT scanner 
consoles and so f tva re  p r o h d e  f o r  up t o  s i x  regions of i n t e r e s t  (ROI's) t o  be 
ove r l a id  on a CT image. 
d i r e c t l y  i n t o  both the 2-D and 3-D treatment planning programs. The advantages 
and methods of w i n g  ROI's f o r  treatment planning a r e  discussed in d e t a i l  under 
3-D t reatment  planning development. 

Four new programs were cwplcced  t o  incorporate  ROI's 

3) D u a l  computer svs t ea .  Production 
2-D t reatment  planuins is done almost  exc lus ive ly  on the  Biomed PDC-11IGS com- 
p u t e r ,  w h i l e  channel c o n t r o l  and p a t i e n t  t rcatnwnts  are  done exc lus ive ly  with 
the PDP-11/70. 
opera t ing  s y s t a  (RSX-llD), and becauac the  acce le ra to r  schedule required a 
concent ra ted  p a t i e n t  aceear ion  r a t e ,  it vas considered e s s e n t i a l  t o  dupl ica te  
the treatment-planning c a p a b i l i t y  on both computers. This provider  a back-up 
product ion c a p a b i l i t y  a d  an op t iona l  load-level ing between machiaes p r i o r  t o  
the beginning of treatlPCnt when t reataent-planning demands a r e  high and channel 
demands a r e  low. 

Because B i a u d  has two computers operat ing with the same DEC 

This capab i l i t y  WAS achieved and 
has been exerc ised  r e g u l a r l y ,  both f o r  planning production and development. 
main e f f o r t s  were t o  make the s o f t v a r e  independent of d i f f e r e n t  per iphera l  
devices  on d i f f e r e n t  machines. Addi t iona l ly ,  t r a n s f e r  d i r e c t o r i e s ,  e x p l i c i t  
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documentation of re leases  and vers ions ,  and semi-automatic f i l e  t r a n s f e r  of 
Lacest r e l e a s e s  and vers ions were implemented. 

& I  Dual d i g i t i z i n g  pens. A second 
s o n i c - d i g i t i z e r  vas implemented. This d i g i t i z e r  and an assoc ia ted  rerainal 
a r e  i n t e r f a c e d  t o  eirhrr the  PDP-11/&5 o r  t h e  POP-11/70 by a switch.  The 
i n t e r f a c e  s p e c i f i c a t i o n s  are d i f f e r e n t  on the d i f f e r e n t  c o q u t e r s  and the 
dig i t iz ing-pen  software and dependent programs were modified t o  automatical ly  
determine which machine LS being used and to obta in  pen-data through the 
appropr ia te  i n t e r f a c e .  

( i i i )  Three-dimensional t reatment  planning 
development 

1) Three-dimensional methods . PIPUN 
c a l c u l a t e s  a dose d i s t r i b u t i o n  by s u m i n g  the cont r ibu t ions  of ind iv idua l  penc i l  
b e a m  as they pass chrough various par t s  of the anatomy (determined by CT scans) 
and c l i n i c a l  appliances.  The dose d i s t r i b u t i o n  f o r  a penci l  beam is p r e d e t e n i n e d  
a n a l y t i c a l l y  in water as the sua of i ts  separa te  components, including the e f f e c t s  
o f  i n - f l i g h t  i n t e r a c t i o n s  and s t r a g g l i n g .  
a func t ion  of water-equivalent range along the t r a j e c t o r y ,  and r a d i a l l y  a s  a 
func t ion  of mul t ip le  Coulomb s c a t t e r i n g  (which is both geometry and energy de- 
pendent).  
t h e  r e l a t i v e  amount of dose a t  t h a t  point  from each penci l  beam. 
is represented i n  i i g u r e  32. 

This dose i s  d i s t r i b u t e d  i n  depth a s  

Dis t r ibu t ing  t h i s  dose e n t a i l s  accumulating a t  each p o i n t  of i n t e r e s t  
This procedure 

Because the  treatment beams contain 
s p a t i a l l y  nonuniform r a t i o s  of pions,  muons, and e lec t rons ,  and because each 
p a r t i c l e  type has a d i s t i n c t l y  d i f f e r e n t  dose d i s t r i b u t i o n ,  separa te  ca lcu la t ions  
a r e  required f o r  each p a r t i c l e  type. To model an a c t u a l  beam, then, requires  
an accura te  phase-space r e p r e r e n t a t i o a  of p e n c i l  beams. PXPLAH uses ind iv idua l ly  
measured t r a j e c t o r i e s  f o r  each beam tune,  with the s p a t r a l  coordinates ,  angles ,  
momentum, and p a r t i c l e  type i d e n t i f i e d .  
PIPLAN c a l c u l a t i o n  and measurement using this procedure 

Figure 33 shows a comparison of a 

i'he s t a t i s t i c a l  accuracy of t h i s  
method i s  determined by the  p a r t i c l e  fluence in che c a l c u l a t i o n  and the r a d i a l  
range of e f f e c t  of ch penc i l  beam, as obtained from mult iple  s c a t t e r i n g ,  and 
i s  given by (bno26) ', vhere u i s  the standard deviat ion r a d i a l l y  and 0 
is the p a r t i c l e  f lueace.  Near the  entrance region vhere 0 i s  small ,  4 must 
be l a r g e  and t h e  c a l c u l a t i o n  is l imi ted  by computer resources.  Three so lu t ions  
have been implemented, and c o l l e c t i v e l y  have reduced the time required for  a 
c a l c u l a t i o a  s t a t i s t i c a l l y  accura te  t o  3 percent  by a f a c t o r  of  15. 
t o  s q l y  use an a r b i t r a r g  m i n i m u m  o i n  the  entrance region t o  e f f e c t i v e l y  
smooth t h e  t ransverse  dose d i s t r i b u t i o n s .  Another vas t o  select a subse t  of the  
measured t r a j e c t o r i e s  t h a t  have e s s e n t i a l l y  no s t a t i s t i c a l  uncer ta in ty  in the  
f luence d i s t r i b u t i o n  but s t i l l  maintain t h e  complex phase-space c o r r e l a t i o n s  of 
a r e a l  beam tune.  (See 2 ,  Smoothing). Another method o f  reducing ca lcu la t ion  
tune vas through code opt imizat ion,  tak ing  advantage of d i f f e r e n t  physical  
i n t e r a c t i o n s  responsible  €or dose (see 3 ,  9eutrons) 

The f i r s t  vas 

2 )  Smoothing. A complicated problem 
i n  pion t reatment  planning is t h e  representa t ion  of  the  input  beams of pions,  
muons, and e l e c t r o n s .  One s o l u t i o n  is LO use measured p a r t i c l e  t r a j e c t o r i e s  
and momenta t o  represent  the  c h a r a c t e r i s t i c s  o f  tae penci l  beams t h a t  d e l i v e r  
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dose i n  PIPLAW. 
depos i ted  by a small bundle of monoenergetic p a r t i c l e s .  Therr is IO s t a t i s c i c a i  
u n c e r t a i n t y  i n  the  dose depos i ted  by a s i n g l e  pencil beam. !iovever, t h e r e  LS 
s t l t i s t i c a l  unce r t a in ty  i n  t h e  d i s t r i b u t i o n  of penci l  >cams csmrag from the 
p a r t i c l e  measuring process.  The p r i n c i p a l  e f fec t  1s lnacceotablc  ‘mrxat ion :n 
the isodose contours in  the plane (x-y)  perpenaicu-ar :a rh? 3eam. 

Each p e n c i l  beam contains  an a n a l y t i c  aesc:=?tion of t 3 e  dose 

Hovever, it  is s t i l l  des i r ab le  t o  
u t i l i z e  the measured t r a j e c t o r i e s  as the source of the PIPLAN penc i l  beams. 
In t h e  f i v e - d h e n r i o a a l  space t h e r e  a r e  important c o r r e l a t i m r  f o r  each p a r t i c l e :  
x v i t h  its angle 0 ,  p v i t h  its angle 0 ,  x v i t h  momentum 6,  and 0 with 6 .  Rather 
than a p p r o x h a t a  these complex d i s t r i b u t i o n s ,  ve h v r  reduced t h e  f luc tua t ions  
i n  p a r t i c l e  fluencc b? a smoothing process. For each tune,  a two-dimensional 
dose measurement is made in the x-y plane for the  uncollimated beam i n  a i r .  
P a r r i c l e s  a r c  then s e l e c t e d  from the measured tune tape which reproduce the 
air dose d i s t r i b u t i o n .  The procedure works by f i l l i n g  dose bins and r e j e c t i n g  
p a r t i c l e s  t h a t  cause the  measured a i r  dose to be exceeded. ;*%en cnir same 
subse t  of p a r t i c l e s ,  t y p i c a l l y  25,000, is run in PIPT&. the  measured a i r  dose 
is reproduced, as shown i n  F i g u r e  31. Thus, the a i r  dose mersurtment becomes 
t h e  p r i rmrp  beam information in the x-y plane.  Yultiwire c a u t e r  e f f i c i e n c y  
d e f e c t r  and o the r  b i a ses  are  el iminated from t h i s  subset of the chamber da t a .  

Sow s t a t  :st i c a l  f l u c  tua t ions  
occur i n  t h e  s e p a r a t e  d i s t r i b u t i o n s  of K. p, and e. As the  d i f f e r e n t  p a r t i c l e  
dose depos i t i ons  chan t t  wi th  depth,  s t a t i s t i c a l  e f f e c t s  reappear. 
p o s s i b l e  t o  measure vith high s t a t i s t i c a l  accuracy the d i s t r i b u t i o n s  of pions 
i n  a i r  with a s o l i d - s t a t e  d e t e c t o r .  Smoothing t o  the  t o t a l  a i r  dose and t o  
the p ioo  flux d i s t r i b u t i o n  simultaneously could improve the s r t r u t r o n .  Also, 
the angles in t h e  beam d i s t u r b  t h e  smooth dose p rope r t i e s  a c  depchs o the r  than 
t h e  one a t  which the smooth p a r t i c l e  subse t  war obtained. However, a very 
Large gain ia  contour smoothness has been observed a t  a l l  depths using the 
prepared par t ic le  subset .  
used, and v o r t  is  i n  progress .  

It may be 

Several  d i f f e r e n t  smooching ?roccdurcs have beel 

3)  Neutrons. An improved neutron 

In  
model vas  developed and i n s t a l l e d  in PIPUN which accumulates neutron dose due 
t o  i n - f l i g h t  i n t e r a c t i o n 8  i n  the p l a t e a u  as vel1 as i n  the peak region. 
a d d i t i o n ,  the model achieves s i g n i f i c a n t  rcduccrons in computing tames. 

For a given penci l  beam of pions, 
t h e  range of secondary star neutrons is s u f f i c i e n t l y  l a rge  so that  a ~ r e a c  
d e a l  of computer time is required t o  d i s t r i b u t e  :his dose component. Although 
the c o n t r i b u t i o n  may be small a t  a given point  from the s t a r ,  each po in t  w i l l  
a c c u w l a t e  a s i g n i f i c a n t  dose from many s t a r s .  

The neutron dose d i s t r i b u t i o n  
from star neutrons vas decomposed into shor t -  and long-range coaponents. 
shor t - range  d i s t r i b u t i o n  is modeled as a Gaussian v i t h  u = 1.A cm. vhich i s  
about  the same as that  from mul t ip l e  s c a t t e r i n g ,  and is included with o the r  
shor t - range  pion dose components. 
approximately as the cube of the  radius  ( i . e . ,  lets f a s t  than a Gaussian) and 
has a I / e  value a t  about f o u r  tames the distance o f  :he short-range neutron 
dose. 

The 

The Long-range neutron dose f a l l s  o f f  

i .  
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Therefore ,  t o  achieve Lhe same 
s t a t i s t i c a l  accuracy  f o r  long-range neutrons as f o r  a l l  t he  short-range com- 
ponents, only 1/16 of the t o t a l  neutron fluence i s  needed f o r  t h i s  componeat. 
In the c a l c u l a t i o n s ,  then, long-range neutron dose i s  accumulated fo r  oniy I 
o u t  of 15 pion p e n c i l  beams, and t h i s  dose is mul t ip l i ed  by 15 t o  keep the 
t o t a l  dose c o r r e c t .  Tor the other i(r p ion  penc i l  beams. dose accumularion 
occurs only a t  a r e l a t i v e l y  small number of po in t s  in the iuanediarc v i c i n r c y  
of the measured t r a j e c t o r y .  

4) r u l t i p l e  r c a t t e r i n q .  Host models 
o f  c b r g e d - p a r t i c l e  mul t ip l e - sca t t e r ing  r e l a t e  beam spreadin# only t o  r e s idua l  
range or energy and neglect geometrical  propagation d i s t ances  as physical  
density varies. A nev, independent mul t ip l e - sca t t e r ing  lode1 vas developed 
and i n r - l l t d  t o  mort a c c u r a t e l y  p r e d i c t  beam spreading through t i s s u e  inhomo- 
geneities and air  gaps between the r ange - sh i f t e r ,  col l imator ,  and bolus.  
This model also r e so lves  the d i f f e rence  betveen a c t u a l  range and projected 
range. Figure 35 compares ca l cu la t ed  beam v i d t h  v i t h  experiment. 

5 )  Range modulation. The nea r ly  
monoenergetic pion beams used f o r  c l i n i c a l  t r e a m e n t  r e s u l t  i n  a peak dose 
spread only about  3 CII i n  depth,  FMQl. This LS too sa811 f o r  m o s t  treatments.  
A mechanical dev ice  ig placed in the beam t h a t  v a r i e s  t he  amount of degrader 
the beam musf pars through before  en te r ing  che p a t i e n t .  vhich y i e l d s  a spread- 
o u t  s topp ing  distribution in  depth. P I P M  then m u s t  ob t a in  a high-confidence 
r e s u l t  throughout t h e  spread peak region v i t h  fever  s topping piona per u n i t  
volume o r  increase the  number of rays t o  be ca lcu la t ed .  For example, i f  
25,000 rays produce an acceptable ansver f o r  an m o d u l a t e d  beam, about 
75,000 rays and t h r e e  tunes as lurch ca lcu la t ion  t i m e  a r e  required f o r  a 10-ca 
spread peak. 

If  one neg lec t s  mult iple  s c a t t e r i n g ,  
t h e  p e n c i l  beam l i b r a r y  dose d i s t r i b u t i o n  can be folded v i t h  the range-modulation 
func t ion  t o  y i e l d  a c w p o r i t e  l i b r a r y  depth-dose d i s t r i b u t i o n .  This l i b r r r y  
can then  be used t o  desc r ibe  the d i s t r i b u t i o n  f o r  each ray as i f  it experienced 
t h e  f u l l  range-modulation function. The number of rays required f o r  a given 
s t a r i s t i c a l  accuracy i t  then independent o f  the modulation function. 

However, mult iple  s c a t t e r i n g  is a 
s e r i o u s  problan  in modelin# pions, e s p e c i a l l y  i n  c l i n i c a l  s i t a u t i o n s  where in-  
homogeneities , app l i ances  , and l a rge  a i r  gaps between appliances a r e  consoon. 
The problem i s  coapouaded vhen using folded l i b r a r y  d i s t r i b u t i o n s ,  s ince  the 
m u l t i p l e  s c a t t e r i n g  a t  a given depth i n  the p a t i e n t  i s ,  t o  first o rde r ,  given 
by the sum of Gaussian r a d i a l  d i s t r i b u t i o n s ,  where the addends a r e  weighted by 
t h e  range-modulation fuc t ion .  
s c a t t e r i n g  is 00 looset c o u v m i e s t l y  a n a l y t i c ,  and t h e  time required t o  individu- 
a l l y  keep t r a c k  o f  each Gauasian a t  each point  i n  depth f o r  each rap and 
d i r e c t l y  c a l c u l a t e  t h e  v i d t h  a t  t h a t  po in t  e s s e n t i a l l y  o f f s e t s  the time gained 
by fo ld ing  (even i f  computer memory was not a l i m i t a t i o n ) .  

The r e s u l t a n t  p e n c i l  beam v i d t h  due t o  mult iple  

I t  has been found, for seve ra l  
t y p i c a l  range modulation function8 , beam momenta, and c l i n i c a l  geometries , 
t h a t  t he  r a d i a l  spread of a penc i l  beam a t  var ious depths in a phantom can be 
reasoaably  approximated (to within about 3 percent  in r e l a t i v e  p r o b a b i l i t y  
amplitude) vith either a Gaussian or an exponential  funct ion.  
i z a t i o n  is r equ i r ed ,  only oae wariable i s  then required t o  deocr:be the composite 

Since normal- 
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r a d i a l  d i r t n b u t i o n  ar. each depth f o r  a given modulat-on-function. beam momentum. 
and geometry. S ince  modulation functions a r e  designed f o r  each momentum and 
since the geometry f o r  a given PlomenCuPI 1s dominated 3-1 d C o l l i m r t ~ r  thxkuess  
and opening ( a i r  gaps) ,  A one-dimensional table  o f  a r s t r i b u t s o a  paraneccts can 
b e  preca lcu la ted  and saved f o r  each modulation func:t; ID 

The net e f f e c t  of the  procedure 

However, the prec is ion  of the 
is t o  maintain a c o a s t a n t  s t a t i s t i c a l  uncertarnty and z a l c u l a t i o n  t u x  f o r  a l l  
modulation f u n c t i o m  and spread-peak widths.  
f i n a l  dose d i s t r i b u t i o n  ij less near  thr edges of  a treatment field. 
loss of p r e c i s i o n  is due t o  the approximation involved, which is p r e d i c a b l e  
and accepcable,  m d  because of second-order e f f e c t s  from inhomogeneities and 
small  chlages in geometry across t h e  traatment f i e l d ,  which a t e  not p r e d i c t a b l e  
but a r e  probably acceptable, and which need f u r t h e r  study. 
show c o m a t i t o a s  betwe- P X P W  c a l c u l a t i o n s  and measurements f o r  two range- 
sh i f t e r  funct ions.  

This 

Figurer  36 and 37 

6 )  External appliances.  Typica l ly ,  
ail p ~ w r p  and some secondary awns pass through the c l i n i c a l  co l l imators  
while  pions s t o p  near the d i s t a l  s u r f a c e  and a r e  captured by high-2 elements. 
?lore neutrona a rc  produced from these captures  than captures  in  t i s s u e ,  bu t  
wi th  a d i f f e r e n t  energy spectrum. The col l imator  and neutron-dose models were 
upgraded t o  account f o r  there e f f e c t s  with several ad jus tab le  parameters.  Ad- 
d i t i o n a l l y ,  the r e l a t i v e l y  large a i r  gaps betvecn the  col l imator  and bolus a r e  
taken i n t o  account with neutron propagation without a t tenuat ion .  

?he col l imator  is automat ica l ly  
designed in t h e  same manner as t h e  manual, 2-0 method, including a d j u s t a b l e  
margins and thicknesses .  
y i e l d  the d e s i r e d  e f fec t ive- th ickness  from the  f i n i t e  number of co l l imator  cells 
i n  the PIPIAN d e n s i t y - u t t i r .  Life-size coLLimotor teaplater ,  with calculated 
a r e a s  of interest ,  a r e  produced on hardcopy output f o r  co l l imator  f a b r i c a t i o n .  

Depending on :he channel tune, up 
t o  one-third of the  p a r t i c l e s  i n  the beam can e n t e r  the body of the range-shif ter  
through t h e  top  cover o r  through the bellows. The lion component w i l l  s t o p ,  
g iv ing  long-range neutrons t h a t  cont r ibu te  dose :n :he t r e a m e n t  i i e i d .  The 
muon component w i l l  either be degraded in energy o r  vi11 stop in the range- 
s h i f t e r ,  producing long-ran8e e l e c t r o n  dose in e i t h e r  case. These components 
a re  d i f f i c u l t  t o  calculate, considerrng the complex geometry o f  t h e  rangc- 
s h i f t e r .  The p a t i e n t  c o l l i s o t o r  does not Limit chesc dose components, as they 
fall v e l 1  outs ide  its diaueter .  

Cerrobend stopping powers a r e  automatical ly  adjusted t o  

The objec t ive  vas t o  provide addi- 
t i o n a l  internal s h i e l d h a  f o r  tbe range-shif ter  that would minimize p a t i e n t  
dose r e s u l t i n 8  from the p a r t i c l e s  s topping in  i t .  
r ing  a t  t h e  t o p  of the can#e-shif ter  reduces the  dose under i t  t o  nearly zero.  
A brass r ing  was installed near  the top of  the b e l l o u r .  I t  semer  t o  s t o p  
t h e  pions o r  a t  Least to  s t o p  pions higher ins ide  the range-shif ter .  The on- 
a x i s  p l a t e a u  dose is reduced by only about 3 percent ;  rhe = i n  change is in 
t h e  extreme o f f - a x i s  regions.  PIPLAN now models che range-shif ter  with upper 
and Lower a p e r t u r e s  vhich a c t  as i d e a l  C 0 1 1 ~ f ~ t O C 5 .  

I t  was found that a metal 
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Yoseley,  Robert D , J r , r D  
3olus is designed with a p a r a l l e l  

beam assumption using CT da ta  and six d i f f e r e n t  modes of  alignment of modulated 
beam v i t h  the u r g e t  volume. A l l  c l i n i c a l  methods used in 2-D bolus design 
have been implemented, except  w i t h  much b e t t e r  r e so lu t ion .  Li fe -s ize  bolus 
templates a r e  produced on hardcopy output f o r  bolus f ab r i ca t ion .  

:) Increased reso lu t ion .  A s i g n i f i c a n t  
advance vas made which -roved the s p a t i a l  r e so lu t ion  from about 5 t o  10 m 
on a cubic  edge t o  a 2 rn r e so lu t ioa  t h a t  i s  now t y p i c a l l y  poss ib l e .  This was 
accomplished by u t i l i z i n g  t h e  "Larae-Core-Hemory" (LCn) o f  the u)C-76OO1 where 
a l l  PIPLAN calculatioas are done. Expansion of  t he  code into LCX re su l t ed  i n  a 
somewhat Lonacr c a l c u l a t i o n  tiw, up t o  about 25 percent ,  b u t  which was considered 
t o  be 3 necessary step f o r  thc s p a t i a l  r e so lu t ioas  required.  A n e t  decrease i n  
c a l c u l a t i o n  ti# vaa achieved when the  new range-modulation model, described 
elsewhere, was ins ta l led .  

8) VU. A new vers ion  o f  PIPUYY 
corresponding t o  t h a t  on t h e  Biomed P D P - l l i G ~ s  i n s t a l l e d  on the  W F  VAX 
computer. The c a l c u l a t i o n a l  s ec t ion  o f  the CCF vers ion  was added t o  t h e  VU 
code, and a benchmark c a l c u l a t i o n  fo r  a penci l  beam completed. 
c u l a t i o n  t b c s  and reduced c o s t s  vere demonstrated. 

P rac t i ca l  ca l -  

9) Contour processing.  PIPLW does 
all i t s  ca l cu la t ion r  in three dimensions. Contours, however, a r e  entered on a 
series of  p a r a l l e l  planes.  Volumes a re  then e f f e c t i v e l y  c rea ted  by coanecring 
t h e  vertices of a contour on one plane v i t h  the  corresponding-contour v e s t i c e s  
on an ad jacent  p lane .  C r i t i c a l  t o  t h i s  procedure is that both contours have 
t h e  same r i g h t / l e f t  oc i en tac ioa ,  t h e  same r e l a t i v e  s t a r t i n g  point, and essen- 
t i a l l y  uniform spacing of v e r t i c e s  around the  contours .  These c h a r a c t e r i s t i c s  
a r e  au tomat ica l ly  s a t i s f i e d  f o r  regions o f  i n t e r e s t  (ROI'r) t ranscr ibed  from 
CT d a t a  t apes .  
not requi red  t h a t  the number of ver t i ce s  be t h e  same from plane t o  plane.  

Note that cont rary  to other  surface generat ing methods, i t  is 

For mancullp entered  contours,  
such as v i t h  t h e  d i g i t i z i n g  pen, these requirements a r e  not  obvious t o  t he  
use r .  R i g h t / l e f t  o r i e n t a t i o n  is automatical ly  reversed i f  necessaty.  The 
r e l a t i v e  s t a r t i n g  p o i n t s  are monitored and the  user  a l e r t e d  i f  s u b s t a n t i a l  
dev ia t ions  occur.  
Contours t o  achieve smooth three-dimensional sur faces .  A window is placed 
around each contour po in t  as it is entered.  Points  too  c lose  toge ther  a r e  
r e j ec t ed ,  and points a r e  r u t o m t i c a l l y  embedded vhen inpu t  po in t s  are too f a r  
a p a r t .  
f o r  a contour a f t e r  they have been entered t o  maximize r e so lu t ion  vi thouc ex- 
ceeding mewry l i m i t a t i o n s .  Ult imately,  memory limitations do a f f e c t  contour 
r e so lu t ion ,  s k c e  about 20 t o  30 planes of contours must be accoamodatcd in 
6000 computer words. 

A new f ea tu re  o f  PIPW is the automatic smoothing o f  

A aajor use of this capab i l i t y  has been t o  change t h e  number of po in ts  

Another major f e a t u r e  was completed 
whereby i n t e r s e c t i n g  contours on a given plane a re  resolved and automatical ly  
e d i t e d  t o  r m v c  ambiguous areas o r  dens i t i e s .  Since ambiguir ies  a r e  removed 
from each plane,  volumes are ,  i n  p r i n c i p l e ,  a l so  without ambigui t ies .  This 
p r i n c i p l e  is v io la t ed  only f o r  near ly  tauching sur faces  with too few defining 
v e r t i c e s .  
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10) Integrated CT radionraphy. A new 
computer code was v r i t t e n  t o  r e c o u s t r u c t  the same kind of imrne as  d i n i t a l  
x - r i y  radiography from i n t e g r a t e d  CT W g e s .  
images  a re  s u p e r q o s e d  on t h e  " in tegra ted  CT radiograpay" (ICTR) m g e s ,  b u r  
without  the d i s t o r t i o n  t h a t  normally results from a point  x-ray source.  The 
processing is  done on the  M a d  computers, vrth an LYI CT tape as input .  A 
nev tape in En1 format is generated v i &  reconstructed uragca f o r  znput t o  the 
CT Scanner, where all the d i a g n o s t i c  -gang capabi iLt ies  a l ready  e x i s t .  

ROI's on the  individuJl-CT 

In pioa treatment planning,  the  
t a r g e t  volume is  given on the CT image rad as used f o r  designmg bolus  and 
c o l l i r v t o r r  and f o r  beam-rue selection. When planning i r  completed, x-ray 
s imula t ion  is used f o r  c c n f i r u t i o n .  A t  t h i s  s t a g e ,  ICTR with t a r g e t  volume 
ROI's w i l l  p l a y  an important r o l e  in v e r i f y i n g  the  anatomical s t r u c t u r e  and 
t a r g e t  volume. 

11) Decoding CT scanner regions o f  
i n t e r e s t .  The automatic methods oad algorithms have btca developed and imple- 
mented to  t r a o r c r i b e  Cf-scanner ROI's t o  vec tor  contours in treatment-Planninn " 
programs. 
o a  CT imager using L t rack-ba l l .  
and t h e  CT data  can be displayed with optimum diagnost ic  c o a t t a s t  se t t ings .  
Uith automatic surface d e t e c t i o n  and d i r e c t  use of  CT data f o r  inhomogeneities, 
only the p r e s c r i p t i o n  ROI is required, but  v i t h  provis ion f o r  four  o t h e r  
c r i t i c a l - s i t e  ROI's p e r  CI s l i c e  i f  des i red .  

Physicians enter ROI's f o r  target volumes and c r i t i c a l  r i t es  d i r e c t l y  
Such ROI's b v e  t h e  reso lu t ion  of  t h e  image, 

Advantages t o  the  physician include 
us ing  t h e  same equipment used f o r  d iagnos is ,  p rescr ib ing  treatment on diagnort ic-  
q u a l i t y  imager, and the a b i l i t y  t o  prescr ibe  concurrent ly  with d iagnos is .  
advantages f o r  t reatment  planning a r e  automatic en t ry  of contours ,  high accuracy 
t r a n s c r i p t i o n  of p r e s c r i p t i o u ,  l es t  duplicated harduarc,  and g r e a t e r  use of  
exit t i n g  programs. 

The 

ROI's ore obtained by searching 
the ROI overlay bit-map, which is p a r t  of t h e  CT image f i l e ,  f o r  the most 
e x t e r i o r ,  coatiguoru p ixe ls .  The r e s u l t i n g  p i x e l s  def ine  one ROI. For s i n g l e  
ROI images, the l o c r t i o a a  of  the ROI pixels a r e  converted t o  x ,  y coordinates  
to d e f i n e  v e c t o r  coatours .  
high r e s o l u t i o n  obtained from contiguous-pixel ROI's. 
algori thm eliminates p o i n t s  that a r e  too  close together .  
imager, t h e  successive ROI's are obtained by subt rac t ing  t h e  previous ROI from 
the c u r r e n t  overlay bit-map and reapplying the  e x t e r i o r  searching algorithm. 
Small l e f t o v e r  801's r e s u l t i n g  from double-backs o r  shaky-hand input  a r e  
neglected.  Figure 38 shows a PIPLAN p l o t  of contours obtained from decoding 
CT ROI's uith 8 m m i m i p u p  spacing between v e r t i c e s .  

Vector contours general ly  do a o t  aeed t h e  very 

For multiple-ROI 
4 vertex-reducing 

12) Surface de tec t ion  from CT. If 
t h e  p a t i e n t  sur face ,  which is required f o r  treatment planning, is not  entered 
as an ROI on the (3 scanner, it can be detected automatical ly  from the CT 
image  a t  t h e  tame t h e  that the image data  and other ROI's a r e  being t r a n s f e r r e d  
from t h e  CT t a p e  t o  the p a t i e n t  c a r e f i l e .  
t rea tment  planning, only t h e  s u r f a c e  and t a r g e t  volume coatouts  a r e  required.  
By d e t e c t i n g  the p a t i e n t  sur face  au tomat ica l ly ,  the  required input  and the  
p r e p a r a t i o n  t i m e  are reduced by more than a f a c t o r  of  tvo. 
increased.  

W i t h  the use of CT data d i r e c t l y  in 

Accuracy is a l so  

r 
L 
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F i g u r e  19 LS ai, Exampie of a 
After averagrng and smoothing rhc s u r f a c e  Contour obtained from CT data .  

image data, a th reshold  i s  appl ied rcducung the u r g e  to one Df lands,  lakes ,  
and i s l a n d s .  Using an algoritbm srmilar LO t h a r  for ROI decoaing, shores a re  
e s t a b l i s h e d .  The merit of t h e  procedure is t h a t  inland lakes and l s lands  a r e  
neglected.  The l a r g e s t  shore p e r m e t e r  as then used a s  the  sur face  R O I .  The 
procedure t o  reduce the number of  points  in the ROT vhea t r i inscr ibmg t o  
vecfor  contours i s  the same as f o r  pnysrcian-defined ROI's. 

12) Dose dist r ibut ;ons on CT console. 
A new d i s p l a y  c a p a b i l i t y  was developed which s u p e r m o r e s  pzoa dose d i s t r i b u t i o n s  
on p a t i e n t  CT d a o  on the CRT of  the BI 7070 scanner. The advantage of t h i s  
d i s p l a y  method is to be a b l e  t o  present t h e  r e s u l t s  of  t reatment  pLaaning t o  
t h e  r a d i o t h e r a p i s t  in a most graphic way and take f u l l  advantage o f  the  scanner 
graphact software.  

The data  are t r a u s f c r r c d  by 
magnetic tape t o  t h e  scanner from the PDP-l!/(45, 7 0 )  compucer used f o r  t r e a t -  
meat p l a m n g .  Duplicat ing the complex EM1 cape fonnat is accomplished by 
simply rep lac ing  the image and ROI data i n  a copy o f  aay MI output tape .  The 
1irniLatioo of this method is that only preconceived and saved images a r e  
a v a i l a b l e  t o  the phys ic ian  a t  the  CT console. 

14) Supporting l i b r a r i e s .  Tvo SUP- 
porting Libraries were completed: a beam-tune l i b r a r y  and a range- rh i f te t -  
func t ion  l i b r a r y .  These ailow a s i n g l e  parameter t o  s e l e c t  each-of these  
i n p u t  files f o r  a given c a i c u l a t i o n .  Supporting maintenance programs uerc 
a l s o  completed fo r  the beam-tune l i b r a r y ,  t o  readily add ncv tunes and t o  
update tune parameters i n  herder  records.  
t i a l l y  a c o l l e c t i o n  of  the Biomed f i l e s  used f o r  range-sh i f te r  cont ro l  and is 
crea ted  and M i n u i n e d  v i t h  standard tex t -ed i tors  on che various computer 
sys terns. 

The range-sh i f te r  l i b r a r y  is essen- 

15) Secondary e l e c t r o n  dose. A new 
model vas i n s t a l l e d  in PIPUN t o  account for  the dose deposited by e lec t rons  
Erom muon decay in t h e  p a t i e n t .  
a re  p r a r y  mwas o r i g i n a t i n g  from the channel t a r g e t ,  and about 20 percent  of 
t h t  i n p u t  p a r t i c l e s  a t e  secoodarp muons from p i o n  decays i n  the l a s t  half  of 
the channel.  ikt average of abour 35 BcV i s  deposi ted by such e l e c t r o n s ,  with 
an averaac range of about 20 cm. The dose model is obtained by folding the 
decay-electron energy d i s t r i b u t i o n  with depth-dorc curves f o r  mono-energetic, 
p a r a l l e l  e l e c t r o n  b e a u  and I geometrical f a c t o r  f o r  an i s o t r o p i c ,  po in t  
source. 
method similar t o  that f o r  neutrons from p i o n  stars with good c a l c u l a t i o n a l  
e f f i ciency . 

Abour 15 percent  of tbe ' input  beam p a r t i c l e s  

The long-ran8e nature of t h i s  dore component allows an accumulation 

16) Secondary muon dose. A new model 
was installed in PIPLAN t o  account for  the dose deposi ted by mons from p i c a  
decay both in the beam &Me1 and i n  the patient.- About 20 percent of i h e  
input  beam p a r t i c l e s  a r e  secondarg decay muons, but  not  a l l  of  them can be 
i d e n t i f i e d  s i n c e  they  m y  have the  same t m e - o f - f l i g h t  a s  prunary pions.  
Thus, i n  a d d i t i o n  t o  secoodarp muona defined in the beam-input file, a pcrcm- 
tage of i n c i d e n t  pioar are t r e a t e d  as secondary muons. Each secondary muoa IS 
assigned a normalized stoppang d i s t r i b u t i o n  which represents  t h e  d i s t r i b u t i o n  
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one would o b t a i n  i f  a11 such muons could be ind iv idua l ly  i d e n t i f i e d .  
d i s t r i b u t i o n  from t h i s  s topping d i s t r i b u t i o n  i s  then used f o r  each i n c i d e n t  
recoadary muon. For the a p p r o x b a t t l y  3 percent  of the pions which decay i n  
the  p a t i e n t ,  the muon stopptng d i s t r i b u r i o t i  and the surviving-pion d i s t r i b u t i o n s  
a r e  a p p r o p r i a t e l y  modified. 

The dose 

1 7 )  Casef i le  upgrade. A t  Biomed, a11 
t rea tment -p lamina  d a t a  f o r  a given p a t i e n t  a r e  co l lec ted  i n t o  a s i n g l e  "casef i le . "  
D i f f e r e n t  types of d a t a  a r e  ass igned t o  d i f f e r e n t  s u b f i l e s  u i t h i a  the  c a s e f i l e .  
PIPLAN a t  Biomed has full e d i t i n g  c a p a b i l i t i e s  f o r  data in the  c a s e f i l e .  i . e . ,  
fetch, purge, f i l a -update ,  6ccory-update, and preserve.  The c a r e f i l e  is 
exported a t  B i o w d  t o  m g n e t i c  tape and imported a t  CCF for  c a l c u l a t i o n s .  The 
r i p e  a l s o  acmes 8s the a r c h i v a l  medium. 

A t  C U ,  preserve and memory-update 
c a p a b i l i t i e s  vere added t o  t h e  pre-exis t ing f e t c h  ccnmand. This uas  a p r e r e q u i s i t e  
f o r  a rch iv ing  dose d i s t r i b u t i o n s  and t ransmi t t ing  them back t o  Biomed f o r  
import aad i n t e r a c t i v e  port-weighting and graphics output.  This was a d i f f i c u l t  
and time-consumins e f f o r t ,  given the CCF operat ing system and f i l e  s t r u c t u r e s .  

18) CT data resolut ion.  PIPLAN 
determines t h e  e f f e c t i v e  or water-equivalent range a t  various depths i n  a 
p a t i e n t  through the conversion of 
PIPLAN doer a f u l l  three-dimensional ca lcu la t ion .  a large bulk of  CT da ta  must 
be a v a i l a b l e  dur ing  the c a l c u l a t i o n .  Rapid access  requires  t h a t  these da ta  be 
i n  the computet memory, w&ch i n  t u r n  requi res  a c e r t a i n  amount of  s p a t i a l  
averaging t o  keep t h e  s ize  w i t h i n  f i x e d  l i m i t s .  The fe tching and averaging o f  
these  data f o r  each p o r t  may uke up t o  20 percea t  a f  the total processing 
time. In  a d d i t i o n ,  c o l l e c t i n g  and t ranspor t ing  the CT data from one computer 
t o  another  t a k e s  a s u b s t a n t i a l  amount of elapsed tine. 

data  t o  p i o n  stopping powers. Since 

A study vas coapleted of t h r e e  
anatomical s i t e s  (bra in ,  lung,  and abdomen) vhich provides p r a c t i c a l  guidel ines  
ds t o  how t h e  bulk of CT d a t a  can be reduced without a f f e c t i n g  t h e  accuracy of 
P I P U N  o r  o t h e r  c a l c u l a t i o n s  where the main quant i ty  o f  i n t e r e s t  is a l i n e  
i n t e g r a l  through CT data .  In p a r t i c u l a r ,  it has been concluded t h a t  Line 
integrals t o  t y p i c a l  depths of interest a r e  u s e n s i t r o e  t o  p i x e l  s izes  4 rn or  
smaller on a n  edge. This provides a reduct ion Sv a f a c t o r  of 16 i n  number o f  
CT values  from the uaual 1 I by 1 um r e s o l u t i o n .  In addi t ion,  i t  was d e t t r -  
mined t h a t  f o r  i n t e g r a l s  of this type t h e  full reso lu t ion  3f d iagnos t ic  CT 
da ta  vas a o t  requi red .  
(about l / l O t h  o r i g i n a l  r e s o l u t i o n ) ,  and two such values could be packed i n t o  
one computer word. This  can provide an a d d i t i o n a i  fac tor  If  two reduction i n  
the t ransmiss ion  time f o r  CT d a t a .  

The CI scanner  valuer could be reduced t o  8 - b i t  accuracy 

19) CT data i n  p ion  c a l c u l a t i o n s .  In 
conjunct ion w i t h  includinn CT data in  dose ca lcu la t ions ,  an empcrical  model 
was-incorporated t o  rc ia t ;  the scanner x-ray da ta  t o  pion stopping powers f o r  
human lung,  f a t ,  musth, and soft and hard bone. The model i r  based on crperi- 
mental measurements of (3 numbers and pion ranges i n  a r u l o g s  f o r  the  above 
tissues. To o b t a i n  dose from energy depos i t ion  and to account f o r  mult iple  
s c a t t e r i n g  i n  noohowgeneour t i s s u e s ,  physical-densi ty  and rad ia t ion- length  
models were also included. In regions where CT j a t a  do n o t  a p p l y ,  look-up 
t a b l e s  a r e  used. 
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20) CCF system ChanReS. During the  

p a s t  t h r e e  y e a r s ,  considerable  e f f o r t  has been expended in keeping up with 
syaten changer i n i t i a t e d  by the  C C f .  To d a t e ,  there have included tuo major 
cnanges i n  the  opera t ing  system and many changes in  system l i b r a r i e s .  Changes 
in the opera t ing  system generally required a s i g n i f i c a n t  reprograming effort. 
e s p e c i a l l y  i n  input /output  operations.  Changes i n  system l i b r a r i e s  almost 
alvays caused PIPLAH t o  exceed memory resources and required nev overlay 
S t r u c t u r e s  and arsociaced reprogranrming. One forced b u t  welcome reprograming 
effort vas related to the Co-n Graphics System (CGS). 
compatible vith t h e  l a t e s t  CCT graphics capabilities. 

P I P m  1s now f u l l y  

21) PIPCXN s t a t u s .  PIPLAN i s  capable 
of performin#, i n  one 3-D ca lcu la t ion ,  a 1 1  the C8pAbilitieS of t h e  2-D p r o a r m s  
and t h e  associatet i  manu1 treatment-planning operat ions.  This appl ies  f o r  both 
s t a t i c  and dynamic t reatmeats  and includes automatic appl iance design, range- 
s h i f t e r  func t ion  s e l e c t i o n ,  p a t i e n t  or iencacion,  p o s i t i v e  pion beams, and e f -  
f e c t i v e  dose. Extensive experaaental comparisons vi11 be made € o r  v e r i f i c a t i o n ,  
e s p e c i a l l y  f o r  dynamic t r e a m e n t .  

( c )  CT scanner. The En1 7070 scanner vas in- 
s t a l l e d  in February 1980, and pacient  scanning began in !larch. 
period narch L980 t o  narch 1981, the scanner software and hardvare were updated 
several times. I n  ?far& 1981, the  machine was accepced a f t e r  having passed a11 
acceptance tests. 

During the  

(5 )  Treatment delivery and v e r i f i c a t i o n  

(a )  P a t i e n t  inmobil izat ion,  ali2tnmtnt, and 
transfer syst tms.  These systems have undergone severa l  changes during t h e  
p a s t  three years; however, the  bas ic  approach has remained the  same. The two 
bas ic  concepts t h a t  we have followed a r e :  

(i) The p a t i e n t  must maintain the same 
p o s i t i o n ,  and t h i s  p o s i t i o n  must be e a s i l y  reproducible during CT scanning, 
s imulat ion of  t h e  t r e a m n t ,  ret-up for t r e a m e n t ,  and t reatment;  and 

( i i)  PatLents must be se t  up outs ide  the  
t reatment  room so t h a t  beam time w i l l  not be uasced. 

Tbe b a s i c  components of the  i m o b i l i r a -  
t r o n  system a t e  orthopedic  c a r t i n g  mater ia l s  and vacuum bags. 
the brain and the head and neck, t h e  patienr.  l ies i n ,  and is supported by, a 
c a s t  extending t o  below the shoulders. 
blocks that m a i n u i n  8 l e v e l  pos i t ion  ( the  p a t i e n t  l i e s  on h i s  s i d e  for these  
treatments bec~usc the pion  beam i s  v e r t i c a l ) .  
by a vacuum bag. A mold made from perforated a q u p l a r t  i s  then placed over 
the head and a t u c h e d  t o  the polyethylene base of the  c a a t ,  thus immobilizing 
the  p a t i e n t .  The perforrtiong allow the p a t i e n t  to see and brearhe and minimize 
p e r s p i r a t i o n  by t h e  p a t i e n t .  For t r e i t w n t s  of the c h e s t ,  trunk, and p e l v i s ,  the 
p a t i e n t  lies prone o r  supine on the  treatment table and is h b i l i z e d  and 
supported by vacuum bags. 

For treatments o f  

The head cast  is supported by polyethylene 

The rest of t h e  body is Fnmobilited - 
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Yew laser alignment systems have been 
installed i n  the CT scanacr room, simulator  room, set-up a rea  and creacment 
room. These alignment systems provide f o r  p r e c i s e  reproducraon of  p a t i e n t  
positioning 
p a t i e n t  Surface which are o r i e n t e d  t o  t a t t o o s .  These t a t t o o s  serve IS reference 
marks f o r  alignment of the p a t i e n t ,  bolus and c o l l i a u t o r  t o  the p i o n  channel. 
Two side l a s e r s  in each p a t i e n t  area p r o j e c t  hor izonta l  Lines onto the p a t i e n t  
which enable  r o t r t i o a a l  and height posit losung.  

everp area .  A v e r t i c a l  l a s e r  p r o j e c t s  coordinate  axes onto the 

Durzng rbe past  year  t h e  mechanism for 
support ing and aligning t h e  p a t i e n t  b o l w  has been completely redesigned. The 
n e w  system has more degrees  of freedom allowing more f l e x i b i l i t y  i n  a l ign ing  
t h e  boLw t o  the p a t i e n t  and ensures g r e a t e r  s t a b i L i t y  i n  maintaining prec ise  
alignment. 

Y e w  t reatment  t a b l e s  have been i n r r a l l e d  
on the two treatment modules, rod au i d e n t i c a l  t a b l e  Ius been i n s t a l l e d  i n  the  
t imularo t  room. These new t a b l e s  provide a r i g i d  support  f o r  p a t i e n t s  and 
climate t h e  o ld  f i b e r g l a s s  t u b s  that previously supported patients. 
g r e a t l y  reduced the d i f f i c u l t y  f o r  p a t i e n t s  i n  gctcing into and out  of the 
t r e a f n c n t  apparatus and proordcs access  t o  the s ides  of p a t i e n t s  f o r  alignment 
w i f h  - r i d e  lasers. 

This has 

(b) Dma mic treatment.  U n t i l  recent ly  the 
p ion  t reatments  vere doae exclus ive ly  with s t a t i c  multipart (parallel-?pposcd) 
techniques using l a r g e ,  e s s e n t i a l l y  p a r a l l e l ,  bcms for  the i r r a d i a t i o n  of 
Large deep-seated tumors. UhiLe such treatments m y  i n  some cases  provide 
dose d i s t r i b u t i o n s  superior t o  those of c o n v e n t i o u l  modal i t ies ,  they are 
st i l l  less than optimum regarding the  rparrng of surrounding normal t i s s u e s .  
Two problems are inherent  in shaprng t h e  dose d i s t r i b u c i o n  of individual  
p o r t a l s  t o  f i t  the t a r g e t  volume: 

( i )  

( i i )  

Beam uniformity in  t h e  plane perpen- 

Beam shaping i n  a plane p a r a l l e l  t o  
d i c u l a r  t o  t h e  i n c i d e n t  b e r r ,  and 

the i n c i d e n t  beam. 

The beam t r a a r p o r t  c h a r a c t e r i s t i c s  of 
the biomedical c h n u e l  cause the broad beam p r o f i l e s  t o  b e  approximately Gaussian 
so t h a t  it is not  p o s s i b l e  t o  have a unifom rncrdcnt pion f lux  over the t rans-  
verse dimensions of the beam. This l i m i t a t i o n  normally r e s u l t s  i n  a 20 percent 
dose v a r i a t i o n  over the tarset wolume. 
peak in t h e  d-mion p a r a l l e l  t o  t h e  inc ident  beam d i r e c t i o n .  This modulation 
must be s u f f i c i e n t  for the dose peak t o  cover the  t a r g e t  volume a t  its maximum 
thickness, thereby expoaiag healthy t i s s u e  a t  o t h e r  of f -ax is  positions where the  
t a r g e t  volume ha8 less thickness. In p a r t i c u l a r ,  the s t a t i c  method of treatment 
represents  an u n d e r e x p l o i t a t i o n  of the beam shaping p r o p e r t i e s  of pions.  
Figure 00 demonstrates the nature of the  problem w i t h  s t a t i c  t r c a t w n t r .  The 
c e n t r a l  f i g u r e  represents r t reatment  plan f o r  t h e  l a r g e s t  excent of a t a r g e t  
volume. 
s l i c e ,  but since one i s  cons t ra ined ,  f o r  s t a t i c  t rea tments ,  t o  use t h e  r u e  
range modulation throughout the t a r g e t  volume, vhen the  t a r g e t  volume becomes 
smal le r  excess aormal t i s s u e  is exposed t o  perk pions.  Also note t h a t  within 
i) p a r t i c u l a r  CT slice that one cannot change che modulation funct ion t o  account 
f O t  changes i n  t a r g e t  volume dimensions. 

Range modulation of the beam spreads the 

The pion  perk is modulated t o  cover the t a r g e t  volume for t h i s  a 
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pion doses t o  dew-seated 
and b e t t e r  f i e l d  f la tness  

Ut have developed a method f o r  de l iver ing  
tumors t h a t  provides more normal t i s s u e  dose sparing 
than does rhe simple s t a t i c  method, where a collimated 

broad beam covers the ent i re  treatment volu&. 
t h e  "dynamic t reatment  mode." Implementation of rhis method o f  t reat9eDt has 
required t h e  development of s p e c i a l  beam tunes i n  the pion cransport charne l ,  
nev t rea tment  hardware, and a spec ia l  computer-microprocessor-based cont ro l  
s y s t u r .  In a d d i t i o n ,  methods of t reatment  pLaming and dosunetrg have been 
modified to  a c c o m o d a t t  t h i s  new treatment mode. 

iie have designated t h i s  system 

Two codes of  dynamic treatment have 
The 

The 

been proposed, one w i n g  a "fan" beam and another  using a "spot" berm. 
dynamic "fan" mode me-diaeas iona l lp  scans t h e  p a t i e n t  across a h igh ly  focused 
beam. vhich is narrow i n  the p-dimension and broad in t h e  x-dimension. 
a b i l i t y  t o  vary the range m d u l a t i o n  as t h e  p a t i e n t  is  scanned along y allovs 
beam Shaping of t h e  peak dose i n  the  y-z p lane ,  but aof in the  X-z plane.  In 
a d d i t i o n ,  the a b i l i t y  to  c o n t r o l  t h e  weighting of each scanning p o s i t i o n  
permi ts  t h e  dose p r o f i l e  in  the y scanning dimearlon t o  have improved uaiformicy. 
The dynamic "spot" mode two-dimtnsionaily scans the  p a t i e n t  across  a beam 
moderately focused and narrow i n  both x- and y-dimensions. 
che range modulation as the p a t i e n t  is scanned r e s u l t s  in complete removal of  
c o n s t r a i n t s  on the vidth of  the  dose peak in the 2-dimension ac each x-y 
p o s i t i o n .  
w i t h  proper  weighting of the scan p o s i t i o n s .  

The a b i l i t y  t o  vary  

Also, t h e  dose p r o f i l e s  ZD. both  x and y w i l l  have improved uniformity 

The dynamic "fan" creaunent mode has . 
already been implemented. The dynamic "spot" t reatment  mode is a c t u a l l y  an 
extens ion o f  t h e  fan mode whereby t h e  treatment i s  accomplished by scanning 
the p r t i e n t  in two dimensions beneath the spot beam ins tead  of scanning i n  one 
dimension under the fan beam. 

Dynamic treatment i s  a system cons is t ing  
of s p e c i a l  pion beam tunes ( s e t t i n g s  of t h e  cur ren ts  i n  tae pion t r a n s p o r t  
magnets), a computer-tnicroproccssor-controlled hardware sys tea  t h a t  includes a 
scanning p a t i e n t  treatment couch, a dynamic pion beam range-shif ter ,  and a 
p ion  beam moaitor chamber. The system and che coordinate  system used a r e  
SQOM ia Figure 41. The pion beaa, incident alonq che z-axis ,  has a stopping 
d i s t r i b u r i o n  that i s  slprll rn borh t and y ,  but iarge In x and is a p p r o x i o a ~ e l y  
c y l i n d r i c a l  i n  shape. 

The p a t i e n t  i s  moved in s t e p s  in the  
y - d i r e c t i o n  ( i . c .  * across the narrow t ransverse  axis  of the  beam). A s  t h e  
pat i ent  is stepped across the beam, the  range-shif ter  modulates the pion beam 
so t h a t  t h e  resulting depth dose d i s t r i b u t i o n  conforms t o  t h e  m a x ~ u r n  thickness 
o f  t h e  t r e a t m e a t  volume a t  each step. In t h i s  way, the depth dose d i s t r i b u t i o n  
of  t h e  beam can be made broad in regions where the  tumor is verg t h i c k ,  but  
smaller where the t w r  is narrow, adding beam shaping capability not possible 
w i t h  s t a t i c  t reacnea ts .  

The p a t i e n t  is scanned across  the  beam 
i n  steps of 1 cm, and t h e  amount of tiw :pent ac each step is varied, to 
produce a un i fo rm dose equivalent  in a l l  portions of the t a r g e t  volume. 
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Figure 41. Normal t l souc  spardhmg 2 three dimensions virh dynamic fan mode 
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The width of the p i x i  beam i n  the 
x-dimension can be c o n t r o l l e d  by t h e  beam t ranspor t  magnets and is se lec ted  
from a c a t a l o #  of tunes t o  be no l a r g e r  than necessary t o  c m p l e t e l y  cover the 
d e s i r e d  t reatment  volume. 
percent dose level a r e  p o s s i b l e .  
and rhe p a t i e n t  shapes t h e  beam i n  the x-daens ion .  

A t  p resent ,  x-dimensions up t o  13 cm a t  the 85 
A col l imator  placed betveen the range-shif ter  

The y-dimension of che beam is t y p i c a l l y  
about 3.5 cm rvlM, and the scanning funct ion is  s e l e c t e d  t o  encoopars the 
maximum tumor extent i n  the y-dimension by making t he  des i red  number of s teps  
i n  the p-dimtnsioa. 
inherent sharpness of t h e  b e u .  
tumors as l a r g e  as 18 cm x 75 cm x 14 cm (I, p, z )  t h i c k  can be t r e a t e d  without 
having t o  r e s o r t  t o  a b u t t i n g  fields. 
volumes t a  which such a beaa can be accurately shaped. 

The hardware f o r  t h i s  system ( i . e . .  
t h e  pion beam monitor chamber, the  p a t i e n t  treatment couch, and the  dynamic 
range-sh i f te t )  a r e  i n t e r f a c e d  t o  a PDP 1;/70 cont ro l  computer through a PDP 
11/03 microprocessor.  
loca ted  a t  the channel exi t  records rhe t o t a l  inc ident  pion flux, thus serving 
as t h e  p i o n  dose monitor. Based on the output o f  ch is  chamber, p l u s  a prede- 
termined treitment t a b l e  s t o r e d  i n  memory, the computer-microprocessor system 
c o n t r o l s  and coord ina tes  the moveIDcnt of the coucn and t h e  range-shif ter .  

Col l imat ion is not  necessary i n  the p-dimension due t o  
Through che use of s u i t a b l e  scanning funct ions,  

Figure 41 also shovs some sample treatment 

A p a r a l l e l  p l a t e  ion iza t ion  chamber $0 an i n  dimcter  

Couch motion m f i v e  dimensions ( t h r e e  
t r a n s l a t i o n s  and two r o t a t i o n s )  is possible. I t  IS achieved by means of D.C. 
semo motors, vhore speed is dependent on a vol tage  s igna l  generated by the  
11/03 microprocessor.  bnge 'Shi f te t  thickness  i s  set by an independent con- 
t r o l l e r  interfaced t o  a hydraul ica l ly  ac t iva ted  servo valve. 
c o n t r o l l e r ,  i n  turn,  is a c t i v a t e d  by a 12-bit d i g i t a l  word generated by the 
microprocessor.  
d a n t  s e t s  of  s h a f t  encoders and r e s i s t o r  pots t o  enable the  cont ro l  computer LO 
v e r i f y  system response. 

The range-shif ter  

Both the couch and t h e  range-sn i f te r  a r e  equipped with redun- 

To mplement a p a t i e n t  t reatment ,  one 
must c a l c u l a t e  the t rea tment  f i l e  t o  be s tored  Ln computer memory. 
c o n s i s t s  o f  a series of d e s i r e d  range-modulation funct ions versus couch p o s i t i o n ,  
p lus  t h e  amount of t i m e  (monitor chamber counts) :o stay a t  each pos i t ion .  
These parameters must be determined i n  treatment p lanning  from the  designated 
treatment volume and p a t i e n t  geometry. 

This 

These parameters a r e  s tored  on a d isk  
in the PDP 11/70 computer. Before t reatment ,  the 11/70 t r a n s f e r s  these  data 
t o  the  memory of the 11/03. Treatment is i n i t i a t e d  by manually retting up the 
p a t i e n t ,  along w i t h  a c o l l i m a t o r  and bolus on the  treatment couch. 
than moves t h e  couch t o  the first s t e p  i n  the treacmcnt t a b l e  and i n i t i a t e s  
the f i r s t  r a n # e - w d u l r t i o a  funct ion.  
begins. 
a t  the  appropr ia te  dose values, moves t h e  couch and simultaneously a l ters  the  
range-shifter func t ions .  
i c a l l y  turned o f f .  The 11/70  p e r i o d i c a l l y  reads tbe s h 8 f t  encoders on both 
the couch and the range-sh i f te r  t o  ensure t h a t  the treatment i s  proceeding as 
planned. All c o m n d s  t o  the couch and range-sh i f te r ,  however, are issued by 

The computer 

The pion beam is turned on, and i r r a d i a t i o n  
The computer moaitorr t h e  i n t e g r a l  dose from t h e  monitor chamber and, 

A t  the  completion oi treata.-nt.  t h e  beam is automat- 
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t h e  11/03. 
f o r  numerous o t h e r  purposes. 

This p r e v e n u  overloading of the main computer, vhich is also used 

The dosimetrg and t reatment  planning 
f o r  dynamic t reatments  a r e  complicated by the nature  of the focused beam which 
har a wais t ,  io water,  a t  95 cm dis tance  from the  l a s t  channel quadrupole. In 
p r a c t i c e ,  t h e  center  of t h e  t a r g e t  volume is placed a t  t h i s  v a i s t .  
Bragp peak i s  swept through the t a r g e t  volume during t r e a m e n t  the  pene t ra t ion  
and shape of rhr pion beam w i l l  warp. 
varies approximately 5 m as the Bragg peak is caused t o  s top  froa 5 cp before 
t h e  wairf t o  5 a a f t e r  the waist. Also, the peak-to-plateau r a t i o  of t h e  
beam changtr roocwhat. To account f o r  these changes, a complete f i l e  of  depth 
dore c u m e s ,  covering the maximum d-imensions o f  the  target volume, m u s t  be 
generated.  This is accomplished by d i r e c t  measurement of t h e  irodore dose 
cumes i n  the y-z plane w i t h  the  beam stopping i n  water a t  90,  95 ,  and 100 cm. 
then c a l c u l a t i n g  the d i s t r i b u t i o n s  a t  other pos i t ions  by decrement line analys is .  
Af te r  t h e  y-z d i s t r i b u t i o n r  a r e  obtained. they a r e  in tegra ted  i n  y ,  r e s u l t i n g  
in  a d e p a  dose d i s t r i b u t i o n  which would b e  obtained by adding the individual  
b e a u  toge ther  l a t e r a l l y  in a step-wise fashion,  i . e . ,  t h i s  process simulates 
t h e  e f f e c t  of scanning the beam i n  the y-dimension and measuring the "effect ive" 
cent ra l -ax is  depth-dose c u m e .  Figure L2 shows a t y p i c a l  r e s u l t  of  t h i s  
procedure. 
s i n g l e  S t a t i c  beam, while the depth-do8e curpe denoted by c i r c l e s  is the  
result of the  c a l c u l a t i o n  t h a t  simulates the  scanning geometry. 
process  is repeated f o r  measurements of the  high-ET coaponent of  the beam 
using a t h i n  silicon d e t e c t o r  and a Rossi type proport ional  counter .  
shovr an example of the completed process--an in tegra ted  depth-dose curve f o r  
both t h e  t o t a l  dose and high-= dose. 
beam stopping a t  any depth on e i t h e r  s i d e  of the waist  of the focused beam. 
These curves then serve as a catalog € o r  designing range-modulation funct ions 
Which spread o u t  the region of stopping pions. For example, i f  the  des i red  
spread p e r k  i s  10 cm, t h e  Bragg peak vi11  be modulated t o  s top  i n  the region 
90 t o  100 cm. A t  each s t e p  of the range-shif ter  the range modulatron design 
program w i l l  use a depth-dose cume appropriate  f o r  that pos i t ion .  
of this procedure a r e  ind ica ted  in Figure U, which shows a 9-an range-aoduiated 
depth-dose curve that ha8 a phys ica l  dose shaped t o  produce a uniform dose 
equiva len t  curve.  
io ca lcu la ted  from a model which c a l c u l a t e s  the  RBE a t  each poin t  on the 
curve. The model has been confirmed by b i o l o g i c a l  experiments. Range-modulation 
funct ions a r c  designed f o r  spread peaks ranging in s i z e  from 3 t o  1L cm ac 
1-an i n t e r n a h .  Figure 45 shows a t y p i c a l  y - t  dose d i s t r i b u t i o n  f o r  a 7-cm 
spread peak. Such a d i r t r i b u t i o n  i s  mearurcd o r  calculated f o r  each spread 
peak. F i n a l l y ,  d i s t r i b u t i o n s  of this type are  used t o  c a l c u l a t e  the t o t a l  
dose and dorc equivalent  d i s t r i b u t i o n s  for  the e n t i r e  dynamic t reatment .  
t h e  treatanent design the  appropr ia te  y-z d i s t r i b u t i o n  is chosen f o r  each s t e p  
of the t reatmeat  and weights are arsigned f o r  each s t e p  vhich r e s u l t  i n  a 
u i f o r m  dose equivalent  ( a t  t h e  90 percent level) over t h e  en t i re  treatment 
volume. The weighc of each s t e p  is adjusted f o r  changes in RBE f o r  peais  
spread t o  d i f f e r e n t  d h e n s i o n s ,  taking i n t o  account the  d i f f e r e n c e  i n  both the  
neutron and charged p a r t i c l e  components of the high-LET dose. 

Table 31  shows t h e  t r e a u e n t  t a b l e  for 

AS the 

lie have found t h a t  the  pene t ra t ion  

The curve denoted by squares i s  the deprh-dose curve measured by a 

This e n t i r e  

Figure L3 

Such curves a r e  generated f o r  tSe pion  

The r e s u l t s  

Also shown LS t h e  high-LET dose. The dose equiva len t  cume 

In 

a t y p i c a l  dynamic treatment.  
The spread peaks ranged in s i z e  from 6 LO 10 cm. 
weights f o r  each step and t h e  monitor  llnits required LO de l ive r  the prescr ibed 

This treatment required 12 s teps  a t  1-cm i n t e r v a l s .  
Also given are  the dose 
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TYPICAL FAN BEAM 7-CM 
RANGE MODULATED 
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Ftgure 4 5 .  Typical  y-z d i s t r i b u t i o n  f o r  dynamic fan beam 
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Step  4 

1 
2 
3 
0 
5 
6 - 
f 

a 
9 
10 
11 
12 

TABLE 31 

Couch !lodulation Dose 
Posit;*a Funccron Veighr 

t 5 . 5  
4 . 5  
+3.5 
+2.s 
+1.5 
d . 5  
-0 .5  
-1  - 5  
- 2 . 5  
- 3 . 5  
- 4 . 5  
-5 .5  

06 
07 
08 
09 
1 0 
1 0 
1 CN 
1c 
9 
8 
I 

, 

3 1 8 7 1  
0 0323 
0 0645 
S 0774 
3 . 0 6 4 5  
3.0710 
0.0710 
S 06G5 
0 . 0 7 1 0  
0 . 0 6 4 5  
3.0322 
0 2000 

Yonitor 
Units - 

362 
66 

1 LO 
173 
1b9 
i 66 
16A 
149 
159 
1 60 
66 
00 7 

Patient head in -9 direction 

Step I1 is most superior slice 
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Yorelcy, Robert D., Jr., 5.D. 

dose f o r  this t reatment .  Figure 46 shows the r e s u l t a n t  phys ica l  dose d i s t r i b u t i o n  
f o r  t h i s  t r e a t a e n r .  
equiva lsn t  rhickoess  f o r  t h e  purpose of treatment planning by in tegra t ing  over 
t h e  CL numbers and c a l c u l a t i n g  water-equivalent depth from skin surface K O  t h e  
proximal and d i r u l  edge of the t a r g e t  volume on each CT s l i c e .  
appropr ia te  depth of p e n e t r a t i o n  and range-modulation funct ion has been determined 
f o r  each s t e p  from this water-equivalent calculataon.  the bolus ca lcu la t ion  is 
performed by use of  the  a c t u a l  p a t i e n t  CT data .  
i s  shown in Figure 47. 
volume. 
ion chambers i n  a v a t e r  phantom using the p a t i e n t  c o l l i a a t o r  and bolus and 
s imulat ing the e n t i r e  dynamic treatment.  The measurements have thus f a r  
a lvays confirmed the  t reatment  p lan  t o  be accura te  t o  wi th in  5 percent.  

The p a t i e n t  anatomy has been t r a n s f o m e d  i n t o  water- 

Once the  

The dose-equivalent d i s t r i b u t i o n  
The 90 percent isodose l i n e  circumscribes the t a r g e t  

These c a l c u l a t i o n s  a r e  v e r i f i e d  by a c t u a l  measurements v i t h  TLD and 

I t  is planned t o  implement dynamic "spot" 
scanning in which t h e  p8tiEnK is scanned in  two dimensions, thus allowing f o r  
beam shaping in three dimeasioar.  Table 32 rhovr a suueary of  some of the 
p r o p e r t i e s  o f  t h e  s t a t i c  and dynamic modes of  t reatment .  In  the f i n a l  anaiysis  
we plan  t o  have a v a i l a b l e  a11 three  types o f  treatment.  P a t i e n t s  vi11 b e  t r e a t e d  
by whatever mode b e s t  s u i t s  the needs of t h a t  p a r t i c u l a r  t reatment .  

( c )  In vivo dosimetry. In vivo measurements 
a r e  r o u t i a e l y  taken on pion therapy u a t i e n t s .  Ycasurements taken on a l l  _ -  - 
p a t i e n t s  w i t h  a small-vbluw ion iza t ion  chamber include s k i n  dose a t  the 
center  of the t reatment  f i e l d  and a t  t h e  edges of the  t a r g e t  volume projected 
t o  tbe  sk in  sur face .  For whole brain i r r a d i a t i o a s ,  wasucemencs a r e  taken on 
both eyes during t reatment  v i t h  r i g h t  and l e f t  l a t e r a l  f i e l d s .  
poss ib le ,  measurements a r e  a l s o  taken ac various places  i n  the nasal  and o r a l  
c a v i t i e s  of head and neck p a t i e n t s .  
p a t i e n t s  rece iv ing  p e l v i c  i r r a d i a t i o n s .  On occasion, thermoluminescent dorimecers 
a r e  also used t o  measure the  t o t a l  dose,  and aluminum pel le t s  a r c  used t o  
measure the high-LET dose. 

Vhenever 

Hcarurcnencs a r e  made i n  the rectum of 

The method of aluminum a c t i v a t i o n  to 24Ya 
has been shown f e a s i b l e  as a high-LEI, 
beams. 
exposure bp vindowing the 2 .75  MeV photopeak. 
agree well v i t h  e x p e r b e n t  i f  one assumes a production r a t i o  oi 0.075 24!4a/ 
stopped R i n  aluminum, and an i n - f l i g h r  c ross -sec t ion  of 26 mb. The a c t i v i t y  
is produced p r i m a r i l y  by stopping pions,  although 15-25 percent of the a c t i v i c y  
is t h e  r e s u l t  of neutrons.  
high-LET dose. By coatparison of  high-LET dose v i a  t h a t  measured by a 7 . 6  IJ 
s i l i c o n  d e t e c t o r  and a Rossi chamber, the amount of high-LET dose per a c t i v a t i o a  
is found t o  be 1.35 x 10' 

dosimeter f o r  c l i n i c a l  pion 

Calculat ions of the 2% a c t i v i t y  
A 3" x 3" 4 Ha1 (TI) well detec tor  measures the *%a a c t i v i t y  following 

Thus, the  induced a c t i v a t i o n  i s  a good measure of 

All. A c l i n r c a l  set-up has been i n s t a l l e d .  

Figure 68 shovs a comparison of the high-ET 
dose measured v i t h  a s i l i c o a  de tec tor  and v i t h  aluminum a c t i v a t i o n .  
shows t h e  r e s u l t  of mtrsurements taken i n  --be rectum of  a p a t i e n t  during 
t reatment .  
f tom t reatment  p h M i n g .  

Figure G9 

These measurements a r e  compared with che high-LET dose as  an t ic ipa ted  

The thermoiumincscent (TL) sensitivity of 
LiF (TU-100, TLD-600, TLD-700) and Li2B,i3t (TU-600) has been measured as a 
func t iou  of depth and of f -ax is  p o s i t i o n  i n  a therapeut ic  negat ive pion beam 
t o  eva lua te  the usefulness  of  those mater ia l s  i n  p i o n  radiotherapy. Tu-100, 
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Y o s e l t v ,  i o b e r t  3 

SUn?!ARY OF STATIC VERSUS DYNAMIC TREAl?fUT PROPERTIES 

. Stat i c  node Dynamic Yodt 
?rope rtv Broad Beam Fan Beam Spor Beam 

' Jniformity in x F a i r  Fair Good 

Uniformity in p Fair Exc e 1 L enc Good 

Collimation and Seam 
edges F a i r  Fair Fair 

Dose rate Good Good Good 

Y-z dose shaping Yonc Excel ient  Good 

X-z dose shaping Yone Yoae Good 

Difficulty in 
treatment plaaaiog  Exceilent Yodcrate Y o s t  d i f f i c u l t  
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yoseicy, Robert  D. Jr X.0 

I 
TLD-COO, and TLD-800 have been shown t o  be of l i t t l e  use i n  i n  vivo dosimetry 
because of  g r o s s l y  changing neutron Kerma v i t h  depth. 
primarily from p ion  absorption in  the l ead-a i loy  col l imator .  
response agrees  well with the depth-dose s p e c t r a ,  e x c q t  for small  changes due 
t o  the varyins 
by incorpora t ing  the known LET response of L S .  The 26OOC peak of TU-700 has 
been found to  be approxhat t ly  four times more s e n s i t i v e  than the  200°C peak 
t o  a high-LET dose. Using a swle model of the LET respoases,  the  measured 
2 O O O C  and 260.C peaks p r e d i c t  t o t a l  dose v i t h i n  2b percent and high-LET dose 
within S O  percent ;  therefore ,  indicaring TLD-700 t o  be a good in vivo dosimeter 
f o r  t o t a l  dose but only an i n d i c a t o r  of high-LET dose. 

Table 33 ( ives  the  r e s u l t s  of a typical set  
of  in vivo measurements on p a t i e n t s  (other  than skin dose) using an i o n i z a t i o n  
chamber. 
in r e c t a l  filling and d i f f i c u l t y  in Localizing the  

used ex tens ive ly  t o  v e r i f y  treatment p l a n s ,  e s p e c i a l l y  f o r  dyuamic t reatment ,  
i n  a water phantom under condi t ions t h a t  s m u l a t e  ac tua l  p a t i e n t  treatment.  
Because a Large number of  dosimeters a r e  exposed a t  one c u e ,  the required 
read-out time is considerable.  For grea te r  e f f i c i e n c y .  the read-out system 
has been automated. 

The neutron source comes 
The 2 O O O C  TrC-700 

d i s t r i b u t i o n s .  This v a r i a t i o n  can be p a r t i a l l y  accounted for  

The l o v  and high readings f o r  rectum measurements r e f l e c t  t h e  variations 
dosimeter.  

Thermoluminescent d o s i m e t r y  [TLD) is a lso  

A system vas designed t o  automate the  
opera t ion  and da ta  c o l l e c t i o n  from a TLD reader  system. 
of a Hatrhav 2000A and a Harrhaw 2000B i n t e g r a t i n g  paco-ammeter. 
a Hevlett-Packard two-channel char t  recorder vas sometimes used by manual control .  
A C M A C  s e r i a l  highway d r i v e r  cont ro l led  by a Krnetic Systems 3992 s e r i a l  
highvay d r i v e r  and a remate C W C  crate cont ro l led  by a Kinet ic  Systems 3952 
s e r i a l  c r a t e  c o n t r o l l e r  have been added. The C A M C  s e r i a l  h l g h ~ y  a l l o v r  
c o n t r o l  and da ta  t r a n s f e r  t o  the PDP 11/70 compurer. 
Kine t ic  Systems 3520 12-bi t  analog-ro-digi ta l  coaverter  ( A D C )  is used. i' f o f  
this module required the constructxoa of a C m C  compatible ampl i f ie r  t o  oring 
the  Barthaw outputs  up t o  the  l e v e l s  required by the ADC. 
Kinetic S y s t e m  3087 output  register is used t o  control  oajoff  funct ions such 
as s t a r t i n g  and stopping the chart  recorder  and the Tzc reader .  

The system was composed 
In addi t ion .  

To c o l l e c t  d a t a ,  a 

In  addi t ion ,  a 

Use of t h e  system out l ined above is coordin- 
a t e d  through a r e l a t i v e l y  simple Fortran proarm. 
the s e r i a l  highway and &en p r o q t s  the opera tor  for  the r e q u i s i t e  parameters 
f a r  operation of the  system, i . e . :  
(ii) t o t a l  tiw required, ( i i i )  t e s p e r a t u r e  range des i red ,  ( i v )  t o t a l  number 
of samples t o  be read,  (v)  whether the c h a r t  recorder is requi red ,  and ( v i )  
information t o  i d e n t i f y  the sanple and t h e  source of  i t s  exposure. 

The program f i r s t  i n i t i a l i z e s  

(i) tame intervals  betveen readings,  

U i t b  computer prompting, the o p e r a t o r ' s  
r r s p o n s i b l i t y  is reduced t o  supplying samples and responding t o  f u r t h e r  prompts. 
The s y s t e m  can thus be used v i t h  o minimum of e f f o r t  and t r a i n i n g .  

Dig i t ized  data  a r e  outpur t a  an a r r a y  in 
the program. When a saraple is f i n i s h e d ,  the r r rav  z s  written t o  disk date  
f i l e  f o r  permanent s torage .  
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Patient i j Site  - 
Oral Cavity 
Rectum 
Rectum 
Rectum 
Rectum 
Rectum 
Rectum 
Rectum 
Rectum 
Rectum 
Rectum 
Oral Cavity 
Rectum 
Rectum 
Oral Cavity 

TABLE 33 

TN VIVO WSL!TRY -- 

Uoselcv, Roberz D. J r .  l i . D  - 
RESULTS 

Calculated Dose Yeasured Dose - rads - rads 

112.e 
5 L .  3 
60.9 
0 3 .  .. 
58.3 
62. - 
5 7 . :  
54.' 
59.3 
5 7 . b  
61 . -  
129. ! 
6 2 . ;  
60.8 
3 3 . 9  

107 9 
64 3 
6 3  0 
68  8 
57 8 
53 i 

60 1 

60.0 
6 3 . 7  
140 0 
6 1 . 3  

9 4 . 0  

5 7  i 

6 3 . 8  

5 d . L  

C lculated, 
!'leisured 

1 .O4 
0.84 
0.97 
0.92 
1.02 

0.99 
0.94 
0.94 
0.96 
0.96 
0.92 
1.01 
1.36 
1.30 

7 .- 
1. L I  

. .. 
1 
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A protocol  f o r  zero a d j u s m e n t  of the system 
i s  s t i l l  under development. 
repeatable  t imings in the range o f  0.5 scc f o r  90 scc  readings.  
0 . 1  sec overhead in the system d i s t o r t s  t d e  by a small but respectable  f a c t o r .  
This project v i l l  soon be expanded t o  include a system t o  read LYO luminescence 
d e t e c t o r s  and then a series of  sodium iodide c r y s t a l s  in the p i o n  therapy t r e a t -  
ment room. 

The overhead in the c n v i r o m e n t  has thus f a r  allowed 
I n  the range o f  

(d )  
d i s t r i b u t i o n .  
stopping d i s t r i b u t i o n  in p a t i e n t s  i r r a d i a t e d  by negat ive p i  mesons is under 
i n v e r t i g a t i o n .  Three wchodr  of v i s u a l i z a t i o n  have been shown f e a s i b l e  f o r  
a a a i t 3 r i n g  s topping pious: (i) p i  mesic x-rays win8 an Anger camera; (ii) 
p r o q t  high energy g l o p .  rays br ing vieved by spark chambers o r  w l t iw i re  
proport ional  counters ;  and (iii) p o s i t r o n - w i t t i n g  radionucl ides  being viewed 
by conventional pos i t ron  cameras. 
as (i) and (ii) must b e  done during p a t i e n t  i r r a d i a t i o n  which leads t o  high 
background problcmr. 
reconstruct ion uaing curren t  technology of pos i t ron  tomography. 

Posi t ron v i s u a l i z a t i o n  o f  stopping pion 
' h e  method of p o r i t r o o  m i s s i o n  tomography f o r  v i s u a l i z i n g  the 

We have chosen t o  s tudy t h e  p o r i t r o n  method, 

I t  v i 1 1  also be e a s i e r  t o  ex t racf  a q u a n t i t a t i v e  3-D 

P r i o r  t o  the recorPendatioa of  c l i n i c a l  use 
of t h i s  method a set of problems was spec i f ied  f o r  s tudy .  These included 
( i )  t h e  c o r r e l a t i o n  of p o s i t r o n  a c t i v i t y  v i t h  stopping pions,  (ii) the e f f e c t s  
of b i o l o g i c a l  d i f f u i o a  of pos i t ron  emit t ing isotopes from the production 
s i t e ,  (iii) the developaeut of an experimental pos i t ron  imaging system, ( i v )  the 
evaluat ion of t h e  system using animals, and (v )  the c l i n i c a l  evaluat ion of the 
system on p a t i e n t s .  

The f i r s t  problem has been extensively 
s tudied by Hausner 5 by i r r a d i r t i n g  s o l i d  d i s k  phantoms of t i s s u e  
equivalent  and o ther  mater ia l s .  Their  da ta  give pos i t ron  isotope a c t i v a t i o n  
a s  a funct ion of depth f o r  a narrow momentum-spread pion beam. 
absolu te  ?umbers of p o s i t r o n  emitters as .015h l 'C/stopptd R- and .0071 13N/ 
stopped A 
one can range-modulrfe t h e i r  narrow b e u  r e s u l t s  using a t y p i c a l  8-cm spread 
p a t i e n t  depth-dose curve funct ion.  
t h e i r  data is compared with t h e  stopping d i s t r i b u t i o n  aa measured by Dicel lo  
and b i d e r .  The pos i t ron  a c t i v i t y  is g r e a t e r  than t h e  stopping pion d i s t r i b u t i o n  
in the  p r o x h a l  peak because of i n - f l i g h t  i n t e r a c t i o n s  leading t o  "C ac t iva t ion .  

They quote the 

f o r  tissue equiva len t  mater ia l s .  lor the  tissue equivalent  mater ia l ,  

In  Figure 50 the r e s u l t  of range-modulating 

The e f f e c t  of b i o l o g i c a l  d i f f u s i o n ,  ia 
which a c t i v a t e d  nuclei arc t ranspor ted  auay from the  i r r a d i a t i o n  s i t e ,  has 
beta eval ru t rd .  For p o s i t r o n  a i r s i o n  tomography t o  be feas ib le ,  t h i s  d i f fus ion  
r i t e  m u s t  have a hal f - l i fe  g r e a t e r  than both  the counting per iod and physical  
h a l f - l i f e  of the radionucl ides ,  so that this d i f f u s i o n  vill not  gross ly  a f f e c t  
the m g e  and the data  a c q u i s i t i o n  r a t e .  
a c t i v a t i o n  hrr been measured v i t h i n  i r r a d i a t e d  tumors of the  rectum, pancreas, 
h n g  v a l l ,  and bead and neck. 

The b i o l o g i c a l  h a l f - l i f e  of the 

The r e s u l t i n g  decay curves f o r  t h e  four 
anatomical sites, rectum, pancreas ,  lung v a l l ,  and head and neck a r e  p l o t t e d  
r e l a t i v e  to the  roast phantom i n  Figure 51 .  The mean Life, T~ obtained from 
f i t t i n g  the  data and t h e  r e s u l t i n g  c h i  square/dcgree of freedom f o r  each case 
show the abdominal cases  t o  have t h e  mast rap id  d i f f u s i o n  with h a l f - l i v e s  of 
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app roximatelp 
approx io r t e lp  

have the same 

40 min, while  the head and neck and lung wall have h a l f - l i v e s  of 
60 and 80 m u t e s ,  respec t ive ly .  

The v a l i d i t y  o f  assuming t h a t  all radionuclides 
d i f f r u i o n  r a t e s  has been checked by f i t t i n g  the  data i n  two time 

i n t e r v a l s :  toft 21350 sec and to+900 s e r t o + 1 8 9 0 - s e c .  
f i ts  agreed va&n s t a t i s t r c a l  uncer ta in ty  f o r  each anatomical s i t e  except f o r  
the  lung w a l l ,  in vhich  case the f i r o r  i n t e r n a l  y ie lded  a 112239 m i 0  h a l f - l i f e  
compared t o  3 e l O  a i n  for the second interval. 
the llC has a shorter biological h a l f - l i f e  U n  the 13N in the lung wall. 

The r e s u l t s  from such 

Such r e s u l t s  rmply t h a t  perhaps 

The preceding r e s u l t s  i nd ica t e  that f o r  
these specific cases the bfo log ica l  h a l f - l i f e  of  t he  ac t iva t ed  $+ e m i t t i n g  
radionucludrs depends upon the a m t o a i c a l  s i t e ,  varying from 38 t o  79 minutes 
f o r  t h e  sites w a r u r e d .  The abdoPi-1 tumors had g r e a t e r  d i f fus ion  r a t e s  than 
the t uao r s  in the ocher sites. This r e s u l t  agrees with t h e  c rpcc ta t ioa  t h a t  
increased  vascularity should increase  d i f fus ion .  

The longevity of the b io log ica l  ha l f - l i ves  
should n o t  cause s i g n i f i c a n t  reduct ion i n  count r a t e s  during the 15-minute 
c o w t i n t  i n t e r o a l s  planned f o r  p a t i e n t  toaograms. 
results sugges t  thrt  s o l i d  tumors m y  have a b io log ica l  h a l f - l i f e  d i f f e r e n t  
from tha t  of surroundin$ hulthy  tissue. If t i n s  d i f f e rence  as l a rge ,  some 
problems night a r i s e  i n  i n t e r p r e t i n g  pos i t ron  towgrams,  as t he  data  vi11  
r ep resen t  soot time-averaged s t r e n g t h  depending on the b io log ica l  h a l f - l i f e .  

On t he  other  hand, the 

Preliminarg measurements v i t h  a pos i t ron  
de tec t ion  system on p a t i e n t s  vith l es ions  of the pancreas ,  rectum, head and 
neck, rad lung i n d i c a t e  tiut d i f fus ion  races of a c t i v i t y  from these r i c e r  
should no t  be a l i m i t i n g  f a c t o r  in measurements. 
purchrsed and vi11 be w e d  t o  t e s t  the f e a s i b i l i t y  of a lov-cost one-dimensional 
Anger camera for  pos i t ron  de tec t ion .  h r d u a r e  t e s t s  f o r  deteminaLion of 
d e t e c t o r  confiyl.ation zo provide f o r  optimal r e so lu t ion  are  i n  progress ,  a s  
i s  s o f t v a r e  derelopaurt for che dam acquisition system. 

Three Sa1 c r y s t a l s  have been 

( 6 )  Systems opera t ion ,  development, and maintenance 

(a )  Chaancl con t ro l  systems. The pion  de l ivery  
system i nc ludes  a p ion  product ion u r g e t  wtaich needs t o  v i th r t and  very high 
power density a d  an 11-magnet channel fo r  c o i l e c t i n g ,  momentum-analyzing, and 
shapina the pion b t ~ .  The chamel contains tvo s l i t  system, a movable wedge 
system f o r  t a i l o r b #  momentum d i s t r i b u t i o n s ,  and mult ivxre proport ional  chambers 
f o r  dcterpinin(l the f iw-dimens iona l  phase space of  the  p i o w ,  muom, and 
e l e c t r o n s  coutaiotd in each of the numerou beams used t o  t r e a t  prtienrs. A t  
t he  cbpDel e x i t  there is a Large ion chamber beam monitor and a programtable 
rangt-shifter. A computerized con t ro l  system i s  used f o r  con t ro l ,  monitoring, 
and data acquisition (where appropr ia te )  of a11 channel hardware, and a l s o  f o r  
t reatment  couch motion in dgauic scan t rea tments .  
con t ro l  spatem i8 shown in Figure 5 2 .  

The coafiguratron of :he 

A new a i r -opera ted  channel beam p l u g  has 
been designed,  f a b r i c a t e d ,  and i n s t a l l e d  i n  the caannel. This plug  improves 
the r e l i a b i l i t y  of the channel and reduces pa r i en t  turnaround tune. 

c 
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Figure 52. Biomedical facility computer system configuration 
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(b) Computer systems ':he ciaanel :oorrol 
computer was upgraded from A PDP-11/15 to a PDP-11/'0 u i t h  associated unprovcmenc 
u1 mass r t o r r g e  devices .  The PDP-11/65 has been dedicared t o  t r e a m e n t  planning .  
Both systems were interconnected with P DECXET coamunicatiois l m k  and operate  
under an EX-1LD opera t ing  system. 

W C  p a r a l l e l  highway Line drivers have 
been p u r c h s e d  t o  improve t h e  CAtlAC system r e l i a b i l i t y ,  there  w i l l  be  i n s t a l l e d  
in t he  near f u t u r e .  
and is being i n s t a l l e d .  

An opera to r  channel i n t e r l o c k  alarm panel has been completed 

A D i g i t a l  Equipment Corporation graphics  
subsystem (CT-40) with  a PEP-IljOb processor  vas a t u c h e d  t o  the PDP-l1/70 
t r ea tmen t  computer. This device w i l l  allow f a s t e r  graphics t o  be u t i l i z e d  
and w i l l  be useful in visual presen ta t ion  o f  CT scanner data t o  t rea tment  
p l anne r s  and physicians.  

The RSX-!1D operat ing system was modified 
t o  improve CPU u t i l i z a t i o n  by t he  a d d i t i o n  o f  background p r i o r i t i e s  f o r  
c a l c u l a t i o n a l  p rogram which vould otherwise p l a c e  KOO heavy a load on the 
machine t o  co-exist  v i t h  p a t i e n t  t rea tment  procedures. 
ope ra t ing  system was irpproved by enabl ing  programs LO bccter  i n t e r a c t  with 
one ano the r ,  and some operat ing system r e s t r i c t i o n s  were removed t o  allow 
computer users t o  accomplish their work more e f f e c t i v e l y  without t h e  need 
of ope ra t ions  personnel. Operating system errors vcre i s o l a t e d  and remedied 
as n e c e s r a ~ .  The system ha8 been r e p l i c a t e d  t o  run on both the l l l G 5  and 
11/70 computers, an arrangement that is most r a r i s f a c t o r y  t o  computer users. 
S p e c i a l  sof tware was w r i t t e n  t o  allow opera t ioa  of the CUlAC oicroprogramrmble 
branch d r i v e r  (a 17-bi t  device)  through the 11/70 computer (which r equ i r e s  
22 b i t s  f o r  proper u t i l i u t i o n ) .  The con t ro l  compurer and the  c r e a m c a t -  
planning machine have been interconnected with the DEC-VET c o m u i c a t i o n s  package 
a l l o v i n g  g r e a t  v e r s a t i l i t y  in  machine usage. 

The functioning of the 

The channel con t ro l  software has been improved 
to keep pace uith changes in the hardware and d a i l y  operat ional  procedures.  
The s e t - p o i n t  monitoring s o f t v a r e  was redesigned t o  use streamlined data-acqui- 
s i t i o n  methods which reduced t h e  s teady-stare  system overhead. 
has inc luded  reconfigurat ion of p a t i e n t  treatment codes f o r  more e f f i c i e n t  
ope ra t ion ,  a c q u i s i t i o n  of a more e f f i c i e n t  f i l e  backup system f o r  on-line 
backups, purchase and i n s u l l a t i o n  of D E C X I  €or  inrcrproeessor  communications, 
a u t o o r t i o o  of the t a rge t -scanning  procedure, and development o f  codes f o r  
dynamically scanning thr p a t i e n t  under the pion beam. 

Software upgrading 

Treatment planning and dosimetry support  
inc luded  the c r e a t i o n  o f  uchine-lmgurge input /output  rout ines  t o  optimize 
t h e  execu t ioa  of treatment planning, resolve inconpa tab i l i r i e s  between the 
programs of various au thor s ,  ameliorate  problem trouble-shooting, and provide 
general p r o g r r i n g  ass i s t ance .  
t r ea tmen t s  har included development of an operat ing and communication system 
f o r  t he  11/03 ~ i c r o p t o c e s r o r  that w i l l  con t ro l  the treatnuat room equipment. 

The prepa ra t ion  f o r  dynamically scanned 

The DECNET hardware l i n e s  bctveen the 
t rea tment -p lanning  and c o n t r o l  computers uete upgraded from DL-11 t o  DHC-ll 
c o m u n i c a t i o n s  devices .  This has increased the comunica t ioa  speed between 
machines ten-fold.  The t reatment  planning PDP-11/45 received a t h i r d  GO- 
megabyte Trident disc transport which allows two trcatmenr plans t o  b e  
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executed simu1Uneously. 
Tektronix terminal were added to  the treatment-planning PDP-11/45. They were 
nude hardware-switchable t o  the PDP-11/70 Control COopUter. This has pro-  
duced t reatment  planning backup c a p a b i l i t y  f o r  peak production periods and 
f o r  the case of ca t a s t roph ic  f a i l u r e  of the PDP-11/05 treatment planning 
computer. 

One add i t iona l  son ic  d ig i t izer  and i t s  associated 

( c )  Trcrtment systems. A nev improved range- 
s h i f t e r  ( f o r  either b r c h p  o r  rout ine use) has bean f ab r i ca t ed  and is c u r r e n t l y  
under test .  Hechanical redesign of the P h i l f p s  treatment couch feedback 
encoders ha8 v a s t l y  improved couch r e l i a b i l i t y  during dynamic treatments.  
Gray s c a l e  encoder linkages f o r  the P h i l i p s  treatment table have been rede- 
signed f o r  incrcarcd mechanical r e so lu t ion  and r e l i a b i l i t y  during dyoroic 
p a t i e n t  t reatments .  

( d )  P a t i e n t  data bare system. DATATRIEVE, a 
product of the D i g i t a l  Equipment Corporation, has been se l ec t ed  as the d a t a  
bas t  system f o r  a b l y s i s  -of c l i n i c a l -  d a t a  based on operating c o s t ,  advantages 
i n  east  of use,  s t a t i s t i c a l  c a p a b i l i t i e s ,  compa t ib i l i t y  with current  operat ing 
system8 and a c c e s s i b i l i t y .  

DATATRIEVE u t i l i z e r  an English-like coamund 
l a n g u g e  coabined v i a  i n t e r a c t i v e  data  input  t o  make aa e a s i l y  used da ta  base 
system f o r  those whose e x p e r t i s e  does not nomallp include c o q u t e r s ,  i . e . ,  
physicians and o t h e r  heal th  care  vorkerr .  Coumands such as FIND, SORT, SELECT 
and PRINT combined with Boolean expressions exemplified by GREATER-THAN o r  
SOT-EQUAL produce record s e l e c t i o n  expressions such as: 

FIND ALL PATENTS WITH ACE GREATER-THAN 50 

The data  base has been es t ab l i shed  on a 
D i g i t a l  Equipment VAX computer, u t i l i z i n g  e i g h t  d i f f e r e n t  foms f o r  i n i t i a l  
observat ion,  follov-up r e p o r t s ,  rod so forth. The data base c u r r e n t l y  includes 
3.1 million b i t s  of information on 173 p a t i e n t s .  

Experience in setting uq and using rhc da ta  
a l e  the i n i t i a l  base has been e x c e l l e n t  with no major problems encountered. 

work vas p e r f o m e d  with DATATRIEVE Version 1.1. Version 2.0 w i t h  enhanced 
f e a t u r e s  has been i n s t a l l e d ,  and the da t a  base has been converted t o  this 
l a c e s t  vers ion .  
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3. S p e c i f i c  A i m s  

a .  Beam d e r e l o p w n t  and charac te r iza t ion  

1. Coatinue t o  improve the reproducib i l i ty  of t h e  
various therapy  beams. 

i i .  Streamline the d o s i m e t q  data acqui r ic ion  f o r  channel 
t u n i a g  and deoclopamx s t u d i e s .  

iii. Develop a t h e r a p e u t i c a l l y  useful  spot  beam and invcs- 
t i g r t e  c o l l i m a t i o n  techniques f o r  dyaamic t reatments .  

iv. Explore the p o s s i b i l i t y  of using a larger  t r a a s -  
verse f r a c t i o n  of the pion beam t o  c b t a i n  higher  dose r a t e s .  

v. Improve the uniformity o f  beam quality in the x- 
dimens ion.  

vi. Develop a technique For smoothing the low-moauntum 
beam t apes .  

v i i .  Ascertain the usefulness of cur ren t  cycl ing f o r  
channel quadrupole u g o e r s .  

muon decry.  
viii. Evaluate the long-range neutrons and e l e c t r o n s  from 

ix. Develop p o s i t i v e  pion  beams f o r  possible use f o r  
l a r g e  f i e l d  i r r a d i a t i o n .  

b. Dosimetry 

i .  Complete a11 c l i n i c a l  dosimetry t o  include 
c h a r a c t e r i z a t i o n  of physical  and high-LET dose d i s t r i b u t i o n s  f o r  a l l  beam 
c o a f i g u r a t i o n r .  
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m 
ii. Refine biology models €or  p ioa  beams t o  include 

-E's f o r  var ious  normal t i s s u e s  and var ious f r a c t i o n a t i o n  schemes. 

iii. Develop methods to  accurately c a l c u l a t e  beam p r o f i l e s ,  
depth-dose d i s t r i b u t i o n s  and planar  isodose d i s t r i b u t i o n s  €or a 1 1  pion therapy 
beams, and develop methods f o r  accurately c a l c u l a t i n g  the output ( c a l i b r a t i o n )  
of  any beam configurat ion.  

i o .  Develop more accura te  dose conversion factors f o r  
i o a i z a t i o n  chambers; study the e f f e c t s  o f  chamber s i te  and gtomstrp. 

v. Complete comprehensive s t u d i e s  of whole-body 
neutron dose. 

vi. Perform studies o f  various col l imator  mater ia l s  
to minimize secondary neutron effects. 

v i i .  Continue CT and pion beam s t u d i e s  (ca lcu la t ions  and 
measurements) with var ious t i s s u e  r u b s t i t u c e s  t o  obta in  a better understanding 
o f  pion interactions i n  var ious m a t e r i a l s .  

c. Treatment plannina 

1. Improve c l i n i c a l  u t i l i t y  o f  the P I P U N  three-dimensional 
computerized planning code by: 

(1) 
f o r  PIPUN. 

( 2 )  
p o r t  t reatments .  

( 3 )  Performing comparisons of t r e a t n e n t  plans f o r  
s t a t i c  treatment and dynamic t r e a m e n t  using both the "fan" and "spot" beams. 

( 4 )  Enhancing graphics  output f o r  three-dUwnrioaa1 
c l a r i t y  and case of  interpretation by the physician and t reauaent  planning 
p h y s i c i s t .  

Upgrading b i o l o g i c a l l y  e f f e c t i v e  dose models 

Implementing full dose opt imizat ion f o r  multi- 

i r .  Improve accuracy o f  PIPLAN by: 

(1) 

(2 )  

(3) 

( 6 )  Upgrading mul t ip le  scattering models f o r  t r e a t -  

Defining aad incorporat ing the second muon 
phase-space into inc ident  beams; upgrading auon/ t lec t ron  d i s t r i b u t i o n  models. 

Resolving dif ferences  becueen monitor chamber 
and beam measuring systems t o  a l low absolute  dose crlculationa. 

Including neutron LET d i s t r i b u t i o n s  a s  a 
func t ion  of distance from source for e f f e c t i v e  dose c a l c u l a t i o n s .  

ment appliances and rap id ly  changing t i s s u e  gradien ts .  

iii. Improve e f f i c i e n c y  of PIPLAN by: 

(1) 
( 2 )  

speed, i n t e r a c t i v e  operat ion,  and addi t ion  of new modules. 

Conversion t o  a VU computer. 
Incorporating code enhancements f o r  increased 

. 
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d .  Treatment d c l i v c r p  and v e r i f i c a t i o n  

i. Ful ly  inplement dynamic t reatment  using f a n  zunes 

ii. Develop c a p a b i l i t y  t o  perform dynamic t r e a t a x n t  
w i a g  "spot" tunes. 

iii. Continue refinement of fi dosimctry techniques.  

io: Continue srudy o f  v i s u a l i z a t i o n  of stopping pions 
by meana of p o s i t r o n  emission imaging. 

e. Systems opera t ion ,  development, and auiatcnance 

i. Channel cont ro l  systems 

(1) 

( 2 )  Provide system support  during p a t i e n t  t r e a t -  

( 3 )  

(4) 

( 5 )  Improve d iagnos t ics  f o r  magnet cur ren t  d r i f t s .  
( 6 )  Improve magnet c o n t r o l  codes t o  allow more 

Continue prevent ive maintenance and r e p a i r  
of a11 channel and c o n t r o l  system hardware. 

ment. 

p o r i t i o a  checks for improved t a r g e t  s c a m i n g  c a p a b i l i t y .  

d iagnos t ics .  

Design a new t a r g e t  c o n t r o l l e r  with r e d u d a n t  

Build a special-purpose scanner f o r  channel 

rap id  tune changes. 

ii. Computer systems 

(1) 
and provide C M A C  system diagnos t ics .  

( 2 )  
s t a t i c  treatment. 

(3) Redesign the dosimctry scanning system using 
aa i n r e l l i g e n t  W U C  c r a t e .  

(4) Provide hardware and software conversions t o  
s h i f t  three-dimensional tre8fWnt planning t o  an in-house VAX compurcr ( t o  
be purchased with funds provided by the U.S. Department of Energy t o  W F ) .  

a t i n g  systems. 

Expand the serial highway of the C W C  system, 

Implement p13P-11/03 range-shif ter  cont ro l  f o r  

( 5 )  Upgrade the  Biomedical F a c i l i t y  computer oper- 

iii. Treatment de l ivery  systems 

(1) 

(2 )  Implement techniques f o r  automatic f a b r i c a t i o n  

(3) 

Coppplete assembly and i n s t a l l a t i o n  of a new, 
impraved range-shif ter  (with a five-€old increase in modulation frequency).  

o f  p a t i e n t  boluaes. 

t o  provide c a p a b i l i t y  of  t r e a t i n g  a l l  appropriate  p a t i e n t s  by the dynamic 
s c a m i n g  method. 

alignment,  CT, t reatment  p l a u n g ,  and treatment d e l i v e r y  system t o  maxmize 
p a t i e n t  through-put. 

Improve dyuamic treaument hardware and s o f t u a r e  

(i.) Continue t o  r e f i n e  p a t i e n t  L m d J i l i t a t i o n ,  

- \ e -  
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6. Methods of Procedure 

a. Beam tuninq and channel development 

i. Improvement of therapv beam reproducib i l i ty .  Beam 
r e p r o d u c i b i l i t y  continues t o  be a problem d e s p i t e  the  l a r g e  e f f o r t  expended t o  
so lve  it. 
bel ieved t o  be v a r i a t i o n  i n  v e r t i c a l  pro ton  beam p o s i t i o n  from one LUfPF run 
cycle t o  t h e  next. Each new run cycle br ings a nev produccioo target, and any 
v a r i a t i o n  in  cons t ruc t ion  o r  assembly becomes an u n c e r t a i n t y  in abroluce 
c a l i b r a t i o n  of the target scan d f o m a t i o n .  
a t  the c h m n c l  ou tput  by a f a c t o r  of up t o  s ix .  
d i a g n o s i t i c s  CUI locam the proton beam t o  1 o r  2 PII, b u t  t h i o  is not s u f f i c i e n t l p  
accura te  t o  p a r a n t e e  reproducible pion beam output  p o s i t i o n .  

The major remaining f a c t o r  causing lack of beam reproducib i l i ty  i s  

These p o s i t i o n  e r r o r s  are  magnified 
The n o n u l  proton beamline 

There is evidence that some v a r i a t i o n  i n  pion beam 
p o s i t i o n  remains even after c a r e f u l  monitoring with the  t a r g e t  scans during 
che run cycle .  A considerable  amount of c l i n i c a l  dosimetry time is spent 
a d j u s t i n g  f o r  these beam s h i f t s ,  both a t  the beginning o f  a ~UII cycle  and 
during the cycle .  
source o f  these s h i f t s  o r  t o  a t  least t o  develop the  c a p a b i l i t y  t o  rapidly 
make adjustments f o r  s h i f t s .  

A program has been s t a r t e d  t o  t r a c k  do- conclusively the 

The plan is t o  bu i ld  a scanner t h a t  w i l l  perform 
rapid x-scans with  minimal setup time. 
attachment arm vi11 o f f e r  e r r o r - f r e e  automatic alignment. 
v i 1 1  be made as o f t e n  as needed to  correlate with t a r g e t  scans or other  channel 
da ta .  Comparisons w i l l  be made v i t h  the rout ine d o s i a e t r y  checks. Solut ion 
of  t h i s  problen would *rove treatWnts and free considerable  beam t i m e  f o r  
other p r o j e c t s .  

A preal igned i o n  chamber and scanner 
Bend-plane x-scans 

ii. Streamlining dosimetry da ta  a c q u i s i t i o n  f o r  channel 
tuning and development s t u d i e s .  
development work involves dosimetry r a t h e r  than m u l t i v i r e  chambers. 
l i m i t e d  amount of low i n t e n s i t y  be- .time is a v a i l a b l e  f o r  chamber work. 
Also, c e r u i n  problems are  becoming so s p e c i f i c  that mult iwire  da ta  a r e  a o t  as 
inmediately i n t e r p r e t a b l e  as dose in water. 
the sane p r e c i s i o n  aa the rout ine c l i n i c a l  dosimetry,  and as a r e s u l t ,  a much 
f a s t e r  s i n g l e  c h u b t r  dorimetry method is d e s i r a b l e  t o  accomplish t h e  beam 
tuning/channel development goals. 
the following s p e c i f i c  goals : 

A l a rge  f r a c t i o n  of t h e  beam tunint /chanael  
Only a 

The measurements do not require  

A program for t h i s  work i s  evolving, with 

(1) Improved range-shifter cycle  t i m e .  Dosimetry 
c o l l e c t i o n  v i t h  the range-sh i f te r  renera l ly  requi res  a f u l l  cycle (10 scc)  per 
&U point .  
s a t i s f a c t o r i l y ,  and the range-shif ter  nov i n  use is not designed f o r  h igh  
speed. 
backup device and thereby aain a f a c t o r  of 5 o r  10 in speed. 
range-shif ter  func t ion  uses coarse steps and consequently undergoes l a r g e  
acce lera t iona .  A func t ion  with very small s t e p s  produced under microprocessor 
cont roh  o r  generated froa a more ambitious computer-controlled funct ion generator 
is needed t o  achieve the higher  speeds. Presently t h e  range-shif ter  runs on a 
time base tha t  is independent of f luc tua t ions  i n  proton beam curren t .  Control 
of the  s h i f t e r  function based on monitor chamber signals m i g h t  produce be t te r  
da ta  and would e l b i n a t e  r e p e a t u g  data poin ts  when the proton beam curren t  is 
f l u c t u a t i n g .  

-2so-  

The re-engkered backup r a n & - s h ~ f t e r  is not pet funct ioning 

We propose to i q l e m e n t  some new ideas  in the  mechanical design of the 
Also, the present  
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(2 )  Larger ion chambers. Ve wish t o  bui ld  o r  
purchase ion chambers wi th  volumer io to 100 times g r e a t e r  than those of the 
thimble chamber3 now i n  use. 
a chamber designed f o r  scans in the  X-z plane could b e  r a t h e r  long i n  rhe 
y-di rec t ion  uichout  producing any adverse e f f e c t  oa the data f o r  che sKatic 
beam tunes.  Such a chamber would be used f o r  beam ceproduczbi l i tp  s t u d i e s .  

The mater ia i  need not be 'E p i a s t i c .  For example, 

Another we of a long ion  chamber as an the  
eva lua t ion  of t h e  dozens of  p o s s i b l e  fan  tunes that have been generated by the 
beam tuning work. 
would i n t e g r a t e  dose over the g-d-nsion or scanning dioenrion of che f a n  
beam. In this way, an accura te  r - r e p r e r e n u t i o n  i s  obtained without requir ing 
a two-dimensioca.1 7-2 scan and subsequent i n t e g r a t i o n  o f  the y d a t a .  tforc 
accura te  x- reprcrcn ta t ioas  of t h e  beam will also be obtamed by i n t e g r a t i n g  
over the y-dimension. 

The long ion  dumber,  i f  s u f f r c i e n t l y  unxform in response, 

(3) Current measurements. Performing cur ren t  measure- 
ments r a t h e r  than charge measurements should be e a s i l y  poss ib le  v i t h  the 
larger ion chambers. 
a r e  jut the cur ren t  r a t i o  of t h e  ion chamber t o  the  monitor chamber. Both 
s tgnalr  can be d i g i t i z e d  and the count r a t e s  read out .  

For dosuPetry*scans v i t h o u t  the- range-sh i f te r ,  the  data 

In many beam c u i n g  e x p e r u e n t s ,  t h e  range-shif ter  
only serves t h e  func t ion  of spreading the  beam s u f f i c i e n t l y  in  depth t o  vash 
o u t  the momentum-position c o r r e l a t i o n  present  in most beams. 
makes it unpossible t o  o b t a i n  unrange-shifted bend plane x-scans near the p i o n  
peak. A r q l e  wedge can cornpermuate for the  change in depth with p o s i t i o a  and 
allow meaningful It-scans without  t h e  range-shif ter .  Such vedger have been 
used f o r  f a n  beam doraae t ry .  

This x-p e f f e c t  

iii. Development of  a t h e r a p e u t i c a l l y  usefu l  spot  beam 
and co l l imat ion  techniques f o r  dynamic KtCaUICLLt. Some tuning e f f o r t  has been 
aimed a t  developing a s p o t  bean. 
improved t h e  p r e d i c t i v e  c a p a b i l i t y  of the c h a m e l  tuning system, and as a 
r e s u l t ,  t h e  measured spo t  tunes should come c l o s e r  t o  the ca lcu la ted  ones. 
Spot beams w i l l  be  developed for t h r e e  momenta; a t  p resent ,  only a 167-neV/c 
r o l u r i o n  exists. Ideas  f o r  a spot  beam d e l i v e r y  system t o  be pursued a r e :  

Reduced mult iple  s c a t t e r i n g  i n  t h e  c h n n e l  has 

(1) A simple spot  beam c o l l i m r o r  would be e l l i p t i c a l  
i n  shape. f i t t i n g  tightly around the base of the Gaussian-shaped p a r t i c l e  d i s -  
t r i b u t i o n .  I t  would p r i n c i p a l l y  collimate muons from pion decays Late in the  
c h a m e l ,  Leaving rhc p u r e s t  pion beam possible with th i s  channel. 

( 2 )  The t ransverse  f a l l - o f f  of the spot beam i s  n o t  
sh8rp enough in 8aae c.8~1, and a d d i t i o n a l  collimation is desired.  Improvcmenr 
1s p o r r i b l e  by c o l l i m a t i o n  i n  t h e  y-plane where the beam is more p a r a l l e l .  
C o l l a t i o n  is  less effective i n  t h e  x-plane. Use of the conventional col l imator  
below t h e  e l l i p t i c a l  one would be poss ib le  but would b e  very awkward and adds 
too  much extra d r i f t  space f o r  the  pion beam. A simple dynamic co l l imator  
design could combine the func t ion  of both of  t h e  above-mentioned co l l imators .  
An e l l i p t i c a l  co l l i rp . tor  vould be t r a n s l a t e d  i n  both dimensions ( x , y ) .  
p a t i e n t  p o s i t i o n  is such that t h e  beam is m the center of the f i e l d ,  t>e 
e l l i p s e  i s  centered,  giving MXMUE beam traasmission. When the  p a t i e n t  is 
scanned t o  a p o s i t i o n  where the beam f a l l s  near the edge of the H e l d ,  the 
t i l i p r e  would move t o  give proper co l l imat ion .  

Vben the 
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(3) Further  extension of the dynamic co l l imator  
concept uses r o t a t i o n  of the e l l i p s e .  By rotation, a d i f f e r e n t  degree of 
curva ture  can be  -applied t o  a p a r t i c u l a r  edge, depending on the shape of t h e  
t reatment  volume and which edge o f  the beam is be ing  cut o f f .  A more c i r c u l a r  
beam spot is needed f o r  such a system. The e l l i p t i c a l  contour might then be 
replaced by shape containing a l a r g e r  range of curnatures co accomodate  more 
complex volumes. The p a t i e n t  vould be posi t ioned so t h a t  the most c r i t i c a l  
edges would be collimated i n  the y-plane. Rotation o f  the p a t i e n t  t a b l e  can 
be imagined, b u t  those motion, of the  t a b l e  a r e  not f u l l y  instrumented a t  t h i s  
time. The e c c e n t r i c  motion o f  the  co l l imator  can be reduced t o  c i r c u l a r  
motioaa e a s i l y  handled by servomotors. 

(4) Dynamic treatment implies three-dimensional 
shaping of t h e  bean. 
For example, i f  the range-shif ter  funct ion has a large s t e p  i n  i t s  b i a s  t o  
avoid a c r i t i c a l  region,  coll*tion along both s ides  of t h i s  i n t e r f a c e  w i l l  
-rove t h e  sharpness of the  edge obtained.  Average dose r a t e  i s  the  only 
l i m i t a t i o n  as t o  how much i n t e r n a l  shaping is  done .  

Collimation can be used at my poin t  during t h e  treatseat. 

( 5 )  We have 3ever been a b l e  t o  achieve i n  p r a c t i c e  
the very d e s i r a b l e  c l o s e  spacing between the col l imator  and the stopping 
region needed t o  obcain the b e s t  edges i n  dose d i s t r i b u t i o n s  t h a t  pions can 
produce. 'The maximum height  of the bolus is the l imi t ing  f a c t o r .  A higher  
d e n s i t y  f l u i d  in the range-shif ter  would l e t  more of the bolus func t ion  be 
handled by range-shif ter  b ias  and allov the dynamic coll imator t o  come c l o s e r  
t o  the p a t i e n t .  

( 6 )  Another way t o  a l t e r  t o t a l  range M a m i c a i l y  
is by changing t h e  beam momentum. The dyuamic spot beam mode map be v e l l - s u i t e d  
f o r  t h i s  p o s s i b i l i t y .  
t h i s  a p p l i c a t i o n  than f o r  t h e  broad s t a t i c  beams, and the muon halo v a r i a t i o n  
with energy is not  a problem. 
more momenu than usua l ly  considered. for example, there are  large changer i n  
t h e  tune f o r  d i f f e r e n t  energy s t a t i c  tunes ;  the magnet s e t t i n g s  do not j u s t  
s c a l e  v i t h  f i e l d .  The problems have t o  do vith the  wedge degrader a l t e r i n g  
the "source" of particles en ter ing  the beam shaping sec t ion .  
successfu l  experience sweeping the  WlPF p w e r  suppl ies  v i t h  a IO-sec per iod.  
The t h i r d  bend magnet BHO3 has been var ied  f o r  a study o f  fan tune x-dimension 
f i e l d  f l a t t e n i n g .  I t  should not be  d i f f i c u l t  t o  sweep a i l  magnets under 
PteprOgranmed computer cont ro l .  The l i m i t i n g  f e a t u r e  1s and has always been 
the added complexity f o r  tuning,  dosimetry, and treaunent.  X 2-acc range-shif ter  
cyc le  within a LO-sec moaentum cycle might provide s u f f i c i e n t  coverage. 
o f  t h e  f i v e  range-sh i f te r  cycles ( o r  10 ha l f -cyc ler )  vould be d i f f e r e n t  to 
a d j w t  f o r  energy. 
MICA) would s t i l l  uke only 10 s e c ,  as it does now. 
v a r i a t i o n  of che channel exceeds our present  c a p a b i l i t i e s .  
the s p o t  beam development a t  the  t h r e e  standard momenta, w e  will keep i n  mind 
a continuour momentum v a r i a t i o n .  We should consider t h i s  "maximum u t i l i z a t i o n "  
mode f o r  p o s s i b l e  appl icacion t o  f u t u r e  pion therapy f a c i l i t i e s .  

The d e t a i l e d  shape of the beam AS less c r i t i c a l  f o r  

Beam tuning s t u d i e s  would be needed a t  many 

Ve now have 

Each 

Then a single dosimetry data  point  ( o r  10 p o i n t s  with 
I t  m y  be t h a t  momencum 

But a t  l e a s t  f o r  

( 7 )  b complete design exists for a fan beam dynamic 
co l l imator .  
the device will be re-evaluated. 

After  some experience with dynamic treatment,  t h e  need f o r  f a b r i c a t i n g  
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iv. Produetion of higher dose ra tes .  apar t  from increasing 
proton c u r r e n t ,  s e v e r a l  posstb1l;ties e x i s t  t o  increase dose :ate f o r  seleczea 
cases. These include:  

(1) Providing with a s i n g l e  p ion  f i e l d  t h e  combined 
dose d i s t r i b u t i o n  of the CDnmOnly used broad-f ie ldlboout-f ie ld  combination. 
i t  may be that t h e  t y p i c a l  Gaussian r h p e  of  the smaller, hlgn-dose-rate 
f i e l d s  is a n a t u r a l  shape f o r  some subsec o f  tbe cases The >ear edger would 
s t i l l  be co l l imated  in the present  frshxon. 

(2)  Developing b e a m  v i e  d i f f e r e n t  x- and y-dimensions 
LO match custom treatment volumes. 

(3 )  U t i l i z i n g  a l t e r n a t e  t u e a  f o r  t h e  channel entrance 
t r i p l e t  t o  produce a modesc pion increase (-20 percent1 a t  the  expense of 
s l i g h t l y  reduced m o p ~ c o ~ u m  regulat ion.  

(4) Removing the wedge degrader (which snarpens the  
depth-dose d i s t r i b u t i o n )  and utilization of the f u l l  momentum spread,  modified 
only by t h e  momentum sl i ts .  

v. Improvement o f  x-dimension beam u n i f o m i t y .  The fan 
tune p o l a r i t y  c o u f i g u r a t i o u  a r e  a l s o  being invcs t igared  f o r  use i n  s t a t i c  
tunes with an o b j e c t i v e  of reducing the wide e-p-ff s p a t i a l  separat ions a t  the 
end of  t h e  channel. Improved r e s u l t s  have been obtained a f  some expense in 
f i e l d  uniformity. There solutions a r e ,  t h e r e f o r e ,  more usefu l  for  smaller  
f i e l d s .  

vi. Smoothing of lov-momcntum berm tapes.  The smoothing 
of berm tapes (see Treauant Planning) is s t i l l  under development. Resul ts  
arc not s a t i s f a c t o r y  fo r  the  low momentum cases due t o  s i g n i f i c a n t  contamination. 

o i i .  Examination o f  cur ren t  cycl ing.  We have always 
cycled the quadrupoles a loag  v i t h  the bending magnets, al though there has 
never been any obrervrd problem i f  cycling was omitted.  
ev ident  in  the bending magnet f i e l d s ,  depending on whether they a r e  cycled. 
Dosimetry is needed t o  h v e t t i g a t e  chis  problem. 

Obvious changer arc 

viii. Evaluation of long-range neutrons and e lec t rons  from 
muon decry. The l a r g e  dose enhancement in the pla teau  with coll imated beams 
c u r r e n t l y  believed t o  be neutron dose ha8 been inves t iga ted  (see Treatment 
Planning s e c t i o n ) .  
been found, although PIPUN has a neutron model approriaacing the  e f f e c t .  

No c o l p l e t e l y  s a t i s f a c t o r y  explanat ion of the e f f e c t  has 

A more general  set of experiments has been s t a r t e d  t o  
understand the long-range coqonentr i n  t h e  beam, p r i n c i p a l l y  neutrons and 
e l e c t r o n s  f r a r  muon decay. 
s e l e c t i v e l y  rnhrnce o r  suppress  neutron dose. 
w i l l  b e  used t o  emphasize d i f f e r e n t  components. 
comprehensive c a l c u l a t i o n s  a r e  required t o  go along with the  txperimenfrl  
s t u d i e s .  
t h a t  vary the s t r e n g t h s  of the many components of =he beam 

Plans a r e  t o  use ordinary d o s h e t e r s  that do M t  
Variat ions i n  phantom geometry 

En a h o s f  every ins tance ,  

The problem is t o  f i n d  geometries that a r e  e a s i l y  ca lcu lab le  and 
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Control of the  long-range co l l imator  component requires 
the  use of p r e - c o l l h t o r s  t o  minimize the number of unused pions t h a t  reach 
t h e  f i n a l  co l l imator .  Hany oppor tuni t ies  e x i s t  f o r  some precol l imat ion.  the  
most e f f e c t i v e  probably being i n s i d e  the  upper  part  of che range-shif ter .  

S tudies  of col l imator  mater ia l s  a r e  i n  an advanced 
stage. Calculat ions and measureaents ind ica te  that i r o n  h a s  d e s i r a b l e  character-  
i s t i c s ;  c l in ica l  eva lua t ion  i s  plaaaed. 

ix. Development of p o s i t i v e  pioa beams. The biomedical 
channel can t r a n s p o r t  both p o s i t i v e  and negat ive pions .  
a t t r a c t i v e  f o r  some t reatment  s i t u a t i o n s ,  such as vhole pelvis i r r a d i a t i o n s .  
For these t r e a t a e n t s  the p o s i t i v e  pions could b e  used f o r  t h e  Large f i e l d  and 
negat ive pions used t o  t r e a t  the  pr inary  tumor bed. An a d d i t i o n a l  advantage 
of p o s i t i v e  p ions  is t h a t  the  cross-sect ion f o r  t h e i r  production is about f i v e  
times t h a t  f o r  negat ive pions.  Therefore,  t he  dose r a t e s  a r e  increased accord- 
ingly. 

P o s i t i v e  pions a r e  

P o s i t i v e  pion beams a r e  very much like proton beams1 
having r i a i l a r  dose d i s t r i b u t i o n s  and RB&, and could t h e r e f o r e  be  used in a 
t r i a l  versus negat ive pions t o  t e s t  t h e  importance of the  high-LET component 
of negat ive pions.  
t h e  uamodulated beams, design of range-modulation func t ions ,  and dorimerric ver i -  
f i c a t i o q  of tQe f i n a l  t reatment  beams. 
dose (n +e ) ern be perfocmed by PIPUN. 

This work requires  complete dosimetr ic  charocter izacioa of 

Evaluation of the e f f e c t  of  the e l e c t r o n  

b. Dosimetq  

i. Charac te r i ta t ion  of  phvr ica l  and high-LET dose 
As the  ca ta log  of beam tunes, d i s t r i b u t i o n s  f o r  a l l  beam configurat ions.  

including negat ive and p o s i t i v e  pion beams froa broad, "fan," and "spot" 
beams, is completed, these  beams must be  completely character ized by extensive 
measurements of both t o t a l  and high-LET dose. These measurements a r e  necessary 
as a standard s e t  of &to  a g a i n s t  vhich ca lcu la t ions  can be  compared. 

ii. Refinement of biology models. The RBE of the pion 
beam is p a r t i a l l y  dependent upon the s i z e  of t h e  range-oodulatioa fuact ion,  
s p e c i f i c  tissue, f r a c t i o n  size, and o v e r a l l  l ength  of treatment.  Development 
of  models f o r  RBE which can be incorporated i n t o  dose d i s t r i b u t i o n  ca lcu la t ions  
is proposed. This e f f o r t  is necessary because the RBE di f fe rences  f o r  d i f f e r e n t  
t reatment  configurations.  can vary by a t  l e a s t  20 percent  on the  bas i s  of the  
size o f  the s p r e r d  peak a lone  without regard t o  o t h e r  conr idera t ioas .  Optimal 
pioa therapy and meaeingful c l i n i c a l  t r i a l s  require t h a t  this e f f o r t  be u d e r -  
taken. 
simple -del of RB& brsed oa the high-LET component of the pion therapy beams. 
This model was used t o  c a l c u l a t e  range-modulation func t ions  predicted LO have 
a uniform b i o l o g i c a l  effect  across  the spread peak. 
systems have shown tbt, t o  f i r s t  o t : = r ,  the model is a reasonable pred ic tor .  
Hovever', t h e  oodcl is extremely r i m p i i s t i c  and doer not  incorporate  other  than 
a standard treataent regamen (4500 rad i n  35 f r a c t i o n s ) .  

Preliminary wrk has been performed, including t h e  development of a 

Ueasuremeots with biological  

iii. Calculat ion of bean p r o f i l e s ,  depth-dose d i s t r i b u t i o n s  
p lanar  isodose d i s t r i b u t i a a s  and beam c a l i b r a t i o n .  
dose d i s t r i b u t i o n  and dose r a t e  f o r  any p a r t i c u l a r  p a t i e n t  treatment depends 

The c h a r a c t e r i s t i c s  o f  t h e  

upon t h e  beam tune, size and shape of the col l imacor ,  and s i z e  and shape of 
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t he  spread peak. A t  presen t ,  dos imt t rg  measurements must be performed f o r  
each treatnrcnt f i e l d  t o  c h a r a c t e r i z e  the  b e m .  This demands a concideraoie  
amount of nunpower and beam t i m e .  Development is proposed o f  both analytical 
and empir ical  methods t o  c a l c u l a t e  these e f f e c t s  and thereby p r e d i c t  :ne beam 
c h a r a c t e r i s t i c s  f o r  any given conf igu ra t ion .  

i v .  Development of more accurate dose conversion €actors  
The unce r t a in ty  i n  the statement of absorbed dose f o r  i o n i z a t i o n  chambers. 

for pions is on the o rde r  of 5-10 percent .  
the l ack  o f  d e t a i l e d  knovledge of pion i n t e r a c t i o n s  in various m a t e r i a l s  used 
i n  dosimetry.  Espec ia l ly  laclcing is i n fo rnu t ion  concerning the pion capcure 
c ros s - sec t ion ,  the croar -sec t ioor  f o r  charged p a r t i c l e  production i n  var ious 
elements, and enern f l w c e  of secondary charled par t ic les .  
1 s c a r c i t y  o f  complete phyr i ca l  da t a ,  s u f f i c i e n t  data  is believed t o  e x i s t  t o  
perform c a l c u l a t i o n s  leading t o  reasonable a p p r o x m t i o n s  of t he  effective v 
va lue  f o r  gases c m o n l y  used in i o n i t a t r o o  chambers and the gar-to-wall and 
vall-to-muscle conversion f a c t o r s .  

Uost of  this unce r t a in ty  is due t o  

Although t h e r e  i s  

Computer codes already developed a t  t he  Univers i ty  of 
Washington by fins Sichsc l  and arsociatcr w i l l  be adapted t o  perform t h e r e  
c a l c u l a t i o n s .  The results of the ca lcu la t ions  vi11 be t e s t e d  aga ins t  matched 
p a i r s  of c y l i n d r i c a l  and s p h e r i c a l ,  TE p l a s t i c  and carbon ion iza t ion  chambers 
us ing  va r ious  gores and a l s o  a g a i n s t  measurements W i t h  TE p l a s t i c  and carbon 
c a l o r b e t e r r  . 

v. Determination of whole body neutron dose. The 
neut ron  dose t o  var ious  body organs such as eye and blood-forning regions vi11 
be determined t o  o b t a i n  an es t ima te  of the r i s k  o f  producing cancers f o r  a 
t y p i c a l  pion t reatment .  Neutrom a r e  produced by pion i n t e r a c t i o n s  i n  the 
channel,  r ange - sh i f t e r ,  co l l i rp r to r s  , and p a t i e n t .  While t h e  majority o f  
neutrans a r e  produced at low ene rg ie s  there is a t a i l  in the  neutron spec t r a  
extending beyond 100 XeV. 

This study vi11 be accomplished by a combined program 
o f  oearureacntr and c a l c u l a t i o n s .  
can t r a n s p o r t  neutrons and c a l c u l a t e  neutron abaorbed dose. These programs 
can incorpotace anrhropomorphic geometries fo r  ca l cu la t ing  dose t o  s p e c i f i c  
organs from the neutron s p e c t r a  rad fluence.  The aeutron spec t r a  will be 
measured by a c t i v a t i o n  foil a a a l y s i s ,  a well-established technique. 
of  erperimenta w i l l  b e  done t o  i d e n t i f y  sources o f  neutrons and t h e i r  s t r eng th .  
A neut ron  s tudy group a t  LANL has a neutron spectrometer tbt can measure 
neutrona up t o  20 MeV i n  energy, and t b r  group has agreed t o  p a r t i c i p a t e  in 
some l i m i t e d  experiments. 

Programs have been developed a t  MKL t h a t  

A s e r i e s  

v i .  Evalua t ion  of co l l ima to t  ma te r i a l s .  Collimators 
a r c  c u r r e n t l y  u d c  from 8 l oo  melting po in t  a l l o y  compored o f  birouch (50 
p e r c e n t ) ,  Lead (26.7 p e r c e n t ) ,  t i n  (13.3 percent) and cadmium (10.0 pe rcen t ) .  
The c o l l i m a t o r s  a re  ude of s u f f i c i e n t  thickness t o  completely s top  pions.  
Pions s topping  in  the c o l l i u t o t  produce neutroas with a broad energy spcctum 
with a high encrOy t a i l  extending above 100 HeV. 
product  f e v e r  neutrons a t  the hieher energies  and more neutrons a t  che lower 
ene rg ie s  w i t h  the number of neutrons pe r  pion capture increasing vich 2 .  The 
high  energy neutrons have direct implicat ions f o r  dose v i t h i n  the treatment f i e l d  
and f o r  whole body neutron dose. 

In general, higher 2 mate r i a l s  
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Inves t iga t ion  of o ther  materia .s f 3r o l l u n a t o t s  i s  
proposed, inc luding  mul t i layer  co l l imators  v i t h  hyarogtnous mrr.erial next  t o  
t h e  p a t i e n t  t o  absorb neutrons.  It is rmporrant tt m i u a i z t  :he neutron boay 
burden (the ancreased skin dose has not  been shown LO be a : l u i c a L  problem) 
i n  view of p o s s i b l e  l i t e  e f f e c t s ,  % . e . ,  secondary tiumor produc ion .  These 
s t u d i e s  have not  been done previously because the prel-rninarg vork requi res  a 
highly flexible and reusable co l luna tor  mater ia l  ana because ?re luninarp  
c a l c u l a t i o n s  pred ic ted  a neutron dose o u t s i d e  the t r e a t s e n t  vo-ume chat is o n  
the  o r d e r  of 1 percent  of the  tumor dose. 

v i i .  Study of CT and pion e f f e c t s  on various t i s s u e  sub- 
s t i t u t e r .  A program is in p r o ~ r e s s  t o  r n v r r t i g a t e  the proper t ies  of var ious 
tissue substi tutes (muscle, luna,  f a t ,  b r a i n ,  hard and s o f t  bone) on the 
Biomedical F a c i l i t y  CT scanner and on pion therapy beams. The t reatment  
p lana ing  program8 a t  WIPF requi re  a knowledge of the  c o r r e l a t i o n  between CT 
numbers and p i o n  lznear stopping powers so t h a t  proper :oarpensating bolus can 
be c a l c u l a t e d .  The nature of pion Lnteract ion,  i . e  , plea capture cross-scccions 
and product ion of secondary p a r r i d e s  berng different f a r  eaca element, requi res  
t h a t  t i s s u e  s u b s t i t u t e s  be matched both i n  d e n s i t y  and :hemica& composition t o  
human tissue. These tissue s u b s t i t u t e s  will also be used in geometric and 
anthropomorptuc phantoms t o  v e r i f y  treatment planning simulated p a t i e n t  
t rea tments .  

c. Treatment Planning 

i. Improvement of PIPLAN c l i n i c a l  u t i l i t y  

(1) Upgrade of b i o l o g i c a l l y  e f f e c t i v e  dose models. 
A continuous research e f f o r t  t o  assess the e f f e c t  of pions and incorporate  t h i s  
knowledge i n t o  t h e  t reatment-pl iaaing effect ive-dose &del is a p r i h r y  goal 
of t h i s  p r o j e c t .  PIPUN combines the  phys ica l  parameters of dose and LET with 
c l i n i c a l  and b i o l o g i c a l  observat ions t o  obta in  e f f e c t i v e  dose. Present ly ,  the 
l a t t e r  are a v a i l a b l e  only f o r  a few f r a c t i o n a t i o n  schemes. 
w i l l  be developed and included i n  PIPUN t o  p r e d i c t  the r e s u l t s  o f  a l t e r n a t i v e  
schemes, in  p a r t i c u l a r  the  results of  mul t ip le  cone-down and boost f i e l d s .  
Addi t iona l ly ,  the  e f f e c t  of combined pion and conventional treatments w i l l  be 
modeled. Access t o  pertinent b i o l o g i c a l  and c l i n i c a l  r e s u l t s  should allow 
these c a p a b i l i t i e s  t o  be rapidly r e a l i z e d .  

Empirical models 

( 2 )  Inrpleatntatioa of f u l l  dose optimizat ion f o r  
n u l t i p o r t  t reatments .  
f o r  a given t r e a m n t  p lan  with predetermined p o r t  weighting. 
will be enhanced t o  a u t o u t i c a l l y  ChOO8e t h e  appropriate  w i g h t s  f o r  an optimum 
e f f e c t i v e  o r  t o t a l  dose d i s t r i b u t i o n  from se lec ted  por t s .  
s p e c i f i e d  a t  c r i t i c a l  r i t e s  as t o  vhether  the dose a t  t h e  s i te  must have a 
d e f i n i t e  value, a m i n h u r  o r  maximum value,  o r  an allowed range of  va lues .  
Non-uaique s o l u t i o n s  w i l l  be resolved 00 t h e  bas i s  of s i t e  importance and 
s tandard  weighted, least-squares  techniques.  PIPLAN vi11 also be modified t o  
independently save ca lcu la ted  d i s t r i b u t i o n s  f o r  each p o r t ,  including both  high- 
and low-LET components f o r  input  t o  the weighting procedure. I f  the  calcula-  
t i o n s  a r e  performed remote from Biomed (LCF o r  C C T ) ,  then the  d i s t r i b u t i o n s  
will be t ranspor ted  t o  Biomed by wri t ing  then t o  the p a t i e n t  c a s e f i l e  and 
t r a n s p o r t i n g  v i a  magnetic tape.  by high-speed data l inks  between remote 
computers rad Biowd,  o r  by telephone i ines t o  te rmina l -casse t tes  and then to 
Bioctd.  

PIPLW c u r r e n t l y  combiner mult iport  dose d i s t r i b u t i o n s  
This c a p a b i l i t y  

C r i t e r i a  will be 
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( 3 )  Comparison of s t a t i c  and dynamic ("fan" and 
"spot" beam) t reauaent  p l a n s .  
is ava i l ab le ,  uc must perform comparative s t u d i e s  to  determine the r e a l  advantage 
of each method and determine the general conditaons for  wnich each modality 
w i l l  be useful .  In some s i t u a t i o n s  ( f o r  example whole b r a i n  i r r a d i a t i o n s ) ,  
dynamic t reatments  o f f e r  l i t t l e  or  no advantage. 

Once the f u l l  a r s e n a l  of treatment modal i t ies  

(4) Enhancement of graphics output.  Complex data can 
be reasonably viewed i n  tu0 dimensions in black and white graphics by appropriate  
shading and s e l e c t i o n  of d i f f e r e n t  symbols and representa t ions  (solid Lines, 
dashes,  d o t s ,  e t c . ) .  However, when viewing data  in t h r e e  dimensions, with CT 
data ,  contours ,  and i s o d o i t  d i s t r i b u t i o n s  rimultaneously displayed,  the  viewer 
is confronted with a complex problem of v i s u a l l y  s o r t i n 8  out the information. 
We bel ieve  t h a t  it is  otcesrary t o  provide three-dimensional i n f o m a t i o n  t o  
t h e  c h e r a p i i t  and t reatment  planner .  TSis i s  p a r t i c u l a r l y  important in the 
case of dynamic treatments w h r e  the  beam LS being shaped ;n t h r e e  dimensions 
to the t a r g e t  volume. 

( a )  Isodose ( i s o t f f e c t )  contour on CT data  
and anatomical contours .  The c a p a b i l i t y  t o  concurrent ly  d isp lay  :here t h r e e  
types of data a l r e a d y  e x i s r  i n  the  PIPLAN Biomcd version f o r  a Tektronix 4010. 
The software needs t o  be ince t faccd ,  however, i n  a comprehensive way t o  u t i l i z e  
severa l  devices:  

(1) Hard-copy f i lm (co lor  o r  black and 
white) through t h e  CCF graphics c a p a b i l i t i e s .  
sl ides and microf iche.  

Options here include both 35 mm 

(ii) Various d isp lay  t e m i n a l s  in addi t ion  
1) the GI-40, vbich is  an e i g h t - i n t e n s i t y ,  vec tor ,  re f resh  CRT, t o  t h e  0010: 

and 2 )  a ras te r -scan ,  d iagnos t ic -qua l i ty ,  c o l o r  terminal t o  u t i l i z e  co lor  
and i n t e n s i t y  to c l a r i f y  the  output .  

(iii) Color p r i n t e r .  i n  addi t ion  t o  the l i f e -  
s i z e  Versotec p r i n t e r  a l ready  on hand. 

(b) Contour manipulation vith l ight-pen. %e 
l ight-pen c a p a b i l i t i e s  of  the GT40 w i l l  be u t i l i z e d  i n  PIPUN i n  tvo s i g n i f i -  
cant ways. 

(i) Contour modif icat ion o f  anatomy contours 
Full coutour ediring capobil-  and most p a r t i c u l a r l y  the t a r g e t  volume contours .  

i t i e s  a l ready  exist  i n  PIPLAN through t h e  6010 cross-ha i r  cursor .  
input  would be a more convenient and f a s t e r  means to replan f o r  cone-downs 
and modified target volumes. 

Light-pen 

( i i )  The a d d i t i o n  of separa te  dose calcula-  
t i o n s  f o r  several p o r t s  with optimized veight ing should be control led e a s i l y  
by the opera tor  w i t h  the GT-60 l ight-pen. 

( c )  Three-dimensional d i sp lavr .  PIPLAN 
curren t ly  can d i s p l a y  any two-dimensional plan,  u i t h  t h r e e  types o f  d a t a ,  in 
any o r i e n t a t i o n  v i t h  a three-dimensional volume. I t  can a l s o  d isp lay  iso-  
metrac or perspec t ive  three-dimensional images a t  any o r i e n t a t i o n .  However, 
on a Tekttronix single-inrensiry, noa-refresh CRT. the -age is ve-q d i f f i c u l t  
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t o  i n t e r p r e t .  A r a s t e r s c a n  co lor  terminal is required f o r  u s e f u l ,  interactive 
t h r e e - d i w n s i o n a l  images. CCF graphics c a p a b i l i t i e s  a r e  being explored and may 
provide c l i n i c a l l y  useful methods of displaying three-drmenrional images ana 
da ta .  

( 5 )  Incorporation of o t h e r  r a d i a t i o n  modal i t ies .  
PIPLAN is easily w d i f  i e d  t o  incorporate  addi t iona l  r a d i a t i o n  modal i t ies ,  and 
many e x i s t i n g  physics  models can be readi ly  adapted t o  t h i s  end. 
problems assoc ia ted  v i t h  secondary-producing beams and three-dimensional inhomo- 
g e n e i t i e s  have a l ready  been solved f o r  pions. rihile :he physics of o t h e r  
modal i t ies  d i f f e r  g r e a t l y  from those of pions,  the required techniques of 
p r o p a l a t i n t  p reca lcu la ted  and vci&ted d i s t r i b u t i o n s  are q u i t e  s i n i l a r .  
E lec t ron  and photon three-dbens ioo .1  models w i l l  be implemented f o r  the 
c a l c u l a t i o n  of dose i n  a conventional o r  combined modality r a d i a t i o n  t reatDent  
p lan .  I n i t i a l l y ,  treatment-planning models appropr ia te  f o r  the c l i n i c a l  
m c h i n e s  a t  the CRTC in Albuquerque w i l l  be incorporated.  
every p a t i e n t  could be rout ine ly  treatment planned f o r  both pioa therapy and 
conventional therapy,  u t i l i z i n g  the b e s t  fea tures  of both.  The coatparison of 
i s o e f f e c t i v e  curpes f o r  each kind of t reacaent  would be a valuable  a i d  t o  the 
r a d i o t h e r a p i s t  in  t h e  treatment planning process.  
are  not  d i r e c t l y  p a r t  of this p r o j e c t ,  but three-dimensional treatment phoning  
f o r  such beams is a p o t e n t i a l  v i t h i n  the PIPUH framework. 
th ree-d iaens iona l  conventional r a d i a t i o n  treatment-planning code t o  the medical 
physics  comunity.  would be a major contr ibut ion of t h i s  p r o j e c t .  

Yost of the  

With t h i s  c a p a b i l i t y ,  

Neutron and heavy-ion beams 

The u t i l i t y  of a 

ii. Improvement o f  ?IP*%N accurac: 

(1) Defini t ion and incorporat ion of  secondam muon 
phase-space; upgrade of ouoa/electron d i s t r i b u t i o n  models. 
PIPLAN assign an average momentum dose d i s t r i b u t i o n  to muons occurr ing from 
pioa  decay i n  t h e  Last hal f  of the channel. The d i s t r i b u t i o n  is obtained from 
a11 poss ib le  secondary muons that can pass through the channel aper tures .  
However, t h i s  d i s t r i b u t i o n  does not r e f l e c t  the changing w o n  momencua d i s t r i -  
bu t ion  across  the r a d i a t i o n  f i e l d .  
muon phase space and proposed so lu t ions  a re  discussed c l s w h e r e .  
e x t e n t  that  such muom cannot be uniquely and fully s p e c i f i e d  on a p a r t i c l e  by 
p a r t i c l e  b a s i s ,  PIPLAN w i l l  model the  secoadarp muon phase  space with posi t ion-  
dependent W n t m  d i s  t r i b u t i o n s  . 

Current models in 

The d i f f i c u l t i e s  of i d e n t i f y i n g  the secondary 
To the 

PIPLAN currently includes i s o t r o p i c  e lec t ron  
dose from muon decays. 
consequently b v e  a range on t h e  order  of 20 cm and depos i t  about  as much 
energy as the charged s t a r  secondaries and half  as much as the  n e u t r a l  s t a r  
secondaries .  

E lec t rons  from muon decay average about 35 Y e V  and 

Prunary muons usua l ly  c q r i s e  about 7 
percent  of the b c u  and secondary muons u r u l l y  about 20 percent .  
muons have a stopping d i s t r i b u t i o n  extending from the  sur face  t o  a few Centmeters  
beyond the primary muons. 
and backward decays of pions in the  th i rd  quarter of the channel and near ly  
a l l  decays in t h e  l as t  q u a r t e r  of the  channel. 
leave t h e  muon in s p e c i f i c  po lar iza t ion  s t a t e s ,  which a r e  l a r g e l y  re ta ined  as 
t h e  muon comes to rest  and then decavr. The e l e c t r o n  dose d i s t r i b u t i o n  i s  i n  
t u r n  determined by t h i s  p o l a r i z a t i o n  and i s  not i s o t r o p i c .  
models have been completed and, v i t h  the a v a i l a b i l i t y  of d e f i n i t e  secondary-muon 

The secondary 

The vide stopping d i s t r i b u t i o n  arises from forvard 

Spec i f ic  decay d i r e c t i o n s  

Polar iza t ion  
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momenu. the  PXPUN secondary e l e c t r o n  dose model w i l l  be upgraded t o  be 
sensitive t o  t h e  i r u t i a l  mwn p o l a r i t s  t i o n  and secondary e l e c t r o n  d i s t r i b u t i o n s  

(2)  Resolution of d i f fe rences  between monitor chamber 
and beam measuring systems f o r  absolu te  dose c a l c u l a t i o n s .  
merhod, PIPLiw is an energy-conserving model and p r e d i c t s  absolu te  dose per 
incident p a r t i c l e  given in t h e  beam-input f i l e .  C l i n i c a l  dose i s  e s t a b l i s h e d  
by a0 i o p i t a t i o n  chamber and quoted as dose per  prirPrry monitor-chamber u n i c .  
If the ionization chamber response in pion b e a m  is known and i f  t h e  number 
and type of p a r t i c l e s  per  mopitor-chamber unit is b o r n ,  then calculation and 
experiment should agree. 
l a t t e r  is l imi ted  by the f a c t  t h a t  the phare-space mearuring system does not 
d e t e c t  a11 p a r t i c l e s  pasr ing through the monitor chamber, with the percentage 
varying with beam tune. Consequently, ca lcu la t ion#  and measurements a r e  
normalired with d i f fe renc  f a c t o r s  f o r  each beam. To the extent t h a t  undetected 
p a r t i c l e s  lead  t o  u n c e r t a i n t i e s  in the  beam phase-space and composition, the  
p o i n r  of normalization is also soaewbrt uncertain.  I t  is p a r t l y  f o r  t h i s  
reason that from beam to beam, s-11 a d j u r m c n t s  (on the order  o f  5 percent )  
in some PIPLAN physical  parameters are required to f i t  measuremnts for d i f f e r e n t  
beams. (Note that required parameter adjustment is also a t t r i b u t a b l e  t o  
imitations in various phyr ica l  models.) 
t h e  o v e r a l l  c a l c u l a t i o n a l  accuracy. 
adjustment  f o r  d i f f e r e n t  beam tunes and geometries assures  accuracy i n  the  
dose components and thereby i n  the e f f e c t i v e  dose.  
pnys ica l  parapc ters  within t h e  experimentl l  u n c e r t a i n t i e s  as a check on experi-  
mental design and i n t e r p e t a t i o n .  
i s  d iscussed  elscvherc.  However, it is not  expected t h a t  the measured phase 
space w i l l  be s u f f i c i e n t  in i t s e l f  t o  a l l o v  absolute dose c a l c u l a t i o n  without 
some a d d i t i o n a l  upgrades i n  PIPLAN o r  i n  a preprocessor program t o  s imulate  
undetected p a r t i c l e s  in the  beam-input f i i e .  

By design and 

The former is known t o  about 10 percent ,  bur t h e  

Absolute dose is a valuable  check on 
To p r e d i c t  dose absolu te ly  without parameter 

i t  a l s o  serves t o  define 

The proposed approach to  p h ~ r e - s p a c e  d e f i n i t i o n  

(3) Incorporat ion of  neutron LET d i s t r i b u t i o n s  as a 
f u n c t i o n  of d i s t a n c e  from source.  
necessary to account f o r  the changing neutron spectrum as a funct ion of dis tance  
from a pion star. 
adequate in t h e  center o f  l a r g e  target values, but  ques t ioarb le  in c e r t a i n  
geometries. 
concave target-volume shaped around t h e  spine is  much d i f f e r e n t  from tha t  o f  
t h e  phys ica l  neutron dose o r  the e f f e c t i v e  neucroa dose from nearby planar  o r  
convex t l r g e t  volumes. 
r e f l e c t  changing LET a s  a func t ion  of changsng neutron spectrum. 

To accura te ly  model e f f e c t i v e  dose,  it i s  

P X P w f  c u r r e n t l y  uses an average neutron ET. This is 

For exUppLe, the  e f f e c t i v e  neutron dose t o  the  s p i n a l  cord from a 

The PIPLAH neutron dose model w i l l  be upgraded t o  

(4) upli r i d e  of  mul t ip le  scattering models f o r  t r e a t -  
ment appliances and rap id ly  changing t i s s u e  gradients .  PIPLAN uses a recursive 
mul t ip le -sca t te r ing  model vhich is s e n s i t i v e  to inhomogeneities and l a r g e  
air-gaps assoc ia ted  w i t h  c l i n i c a l  appliances.  tleasured, c e n t r a l - a x i s ,  depch-dose 
curves of modulated and collirnrted bema show a 10 t o  15 percent entrance-dose 
enhancement r e l a t i v e  to c a l c u l a t i o n s .  This enhancement v a r i e r  with c o l l i m r t o r  
opeaing. 
e l e v a t e d  p l a t e a u .  
muon decay j u s t  under the col l imator  a r e  believed t o  be the p r i n c i p a l  causes.  
As discussed  above, the e l e c t r o n  dore model needs momentum (and p o l a r i z a t i o n )  
s p e c i f i c a t i o n  of secondary muons f o r  completion. A aev neutron model f o r  
cerrobend was added to P I P M  t o  e l e v a t e  t h e  ca lcu la ted  entrance dose. A 
c l i n i c a l l y  acceptable  t o t a l  dose c a l c u l a t i o n  rs h t a i n e d ,  b u t  the  parameter 

Preliminary experiments were unable t o  resolve the  na ture  of t h e  
Neutrons from pion stars in ccrrobcnd aad e l e c t r o n s  from 
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values  appear t o  b e  u n r e a l i s t i c .  
Live dose,  both near c o l l h t o r  edges and on the  cent ra .  a x i s ,  uitL a l a rge  
probable neutron coaponent, all the components of this entrance dose must  be 
e s t a b l i s h e d .  This will requi re  f u r t h e r  experimental measurements, spec ia l ized  
c a l c u l a t i o n s ,  and f u r t h e r  modification of P I P W  models 

To accura te ly  represent  tbe entrance e f fec-  

An o p t i o n a l  calcu1at:onrl c a p a b i l i t y  will 
be added t o  PIPLAU t o  d iv ide  the  o r i g i n a l  t r a j e c t o r y  inco sub t r a j ec to r r e s  
dependent upon s c a t t e r i n g  in  ex terna l  appl iances  and t o  propagate t h e  weighted 
s u b t r a j e c t o r i e s  chrou@ the p a t i e n t .  I t  is proposed t h a t  the same approach be 
used, as an o p t i o m l  c a l c u l a t i o n a l  c a p a b i l i t y ,  f o r  neutron and e l e c t r o n  secondaries 
a r i s i n g  i n  the p a t i e n t ,  w i t h  the inhowrgeneities given by CT data  (to d i s t i n g u i s h  
normal s o f t  tissue from carbon-rich f a t  and calcium-rich bone) 
r e f i n e d  c a l c u l a t i o n  aad assoc ia ted  increased compurer trmc w i l l  not be necessary.  
However, it could be q u i t e  zmporunt i n  the v i c i n i t y  of c r i t i c a l  organs, such 
as the eyes near sinus c a v i t i e s  o r  t he  s p i n a l  cord surrounded by bone next t o  

Normally, this 

lung. 

iii. Improvement of PIPUN ef f ic iency  

(1) Conversion t o  a VAX computer. The conversioa 
of the CCF version of PIPMH. where the  c a l c u l a t i o n s  a re  cur ren t ly  performed, 
t o  a V U  computer h r s  several b e n e f i t s :  

( a )  Decreased ca lcu la t ion  expense by e l imina t ing  
t h e  c o s t s  assoc ia ted  with the CDC-7600 computers. 
VAX computers f o r  the  Heson Physics F a c i l i t v ,  t h e r e  MY be some charge-bock tO 
t h i s  p r o j e c t ,  b u t  t h i s  would be a much smaller c o s t  than CCF. A VAX a t  Biomcd 
would eliminate these  charges,  as well as improve ef f ic iency  of da ta  flow, 
compared to t h e  use of magnetic tapes or intercomputer links t o  t ransmi t  da ta  
between computers. 

If the VAX i s  one of the 

(b) The l a r g e ,  v i r t u a l  woory avai lab le  with 
the V U  opera t ing  system (VS) is of p a r t i c u l a r  benef i t  t o  the  dose calculacioo,  
where f i n e  r e s o l u t i o n  of  the  p a t i e n t  anatomy and ex terna l  appliances i s  necessary 
€or  accuracy. 

( c l  Again, the l a r g e  memory a l l o v s  separa te  
accumulation of stopping d i s t r i b u t i o n s  and dose components throughout the  
volume of i n t e r e s t .  This is a p r e r e q u i s i t e  f o r  some of  the physics upgrades. 

(d)  The s t a b l e  operat ing system (vendor supported) 
and l a r g e  memory of V?¶S allow development t o  be concentrated on treatment-planning 
c a p a b i l i t i e s ,  rarher tbra on coping with changing systems and Limited memory of C U .  

(e )  The extensive graphics c a p a b i l i t i e s  of the 
Ca w i l l  s t i l l  be aoaLlable on the V U .  
buted-processor c a p a b i l i t i e s  provide convenient access t o  microfilm and micro- 
fiche output .  

Both t reatment-control  f i l e s  generated as 
p a r t  of the  dose c a l c u l a t i o n  and t reatment-del ivety f i l e s  can be cransported 
d i r e c t l y  between the Biomed cont ro l  computer and the VAX with minimum software 
development. 

The LANL computer networks and d i s t r i -  

( f )  
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(2 )  Incorporation of code enhancements f o r  increased 
speed, i n t e r a c t i v e  opera t ion ,  and addi t ion of new modules. 

(a )  Conversion of i n t e r a c t i v e  programs t o  rua i n  
both batch and i n t e r a c t i v e  modes. 
ocher a c t i v i t i e s ,  balance coopurer loads ,  and enhance f l e x i b i l i t y  of personnel 
scheduling. 

Conversion of bacch programs t o  run i n  both 
i n t e r a c t i v e  and batch modes. For time-sensitive processing,  t h e  user can 
obseme the progress  of the program and change the  course of processing LO get  
the most rueful r e s u l t s  i n  the shortest tupe. 

This w i l l  many tunes f r e e  the  operator  f o r  

(b) 

( c )  Conversion of o t h e r  s e l e c t e d  programs t o  run 
in  both batch and i n t e r a c t i v e  mode. PIPUN rout ines  a r e  c u r r e n t l y  scparaccd i n t o  
system-independent and system-dependent l i b r a r i e s .  
t ranspor tab le  FORTRAN rout ines .  
related. 
dependent rout ines  in machine language. 
been a t r a i n e d  i n  some areas .  

The former a r e  exclusively 
The l a t t e r  a r e  exc lus ive ly  input /output  

Greater  e f f i c i e n c y  and through-put w i l l  be a t t a i n e d  by coding system- 
A gain in speed by a faccor of tvo has 

( d )  Increased capaci ty  f o r  anatomical Contours. 
PIPLlN currenr ly  provides  f o r  about 3000 coordinate poinrs  ( x ,  y p a i r s )  in up to - -  
30 s l i c e s .  In  some cases this s i g n i f i c a n t l y  lmits contour reso lu t ion .  

(e )  Increased modularitv_. Uith PIPLAX's cornand 
s t r u c t u r e  it is extremely easy t o  add new c a p a b i l i t i e s ,  except  that computer 
memory l i m i t a t i o n s  make very l a r g e  programs impossible,  even with extensive 
overlays.  
can be quickly generated vith t h e  same ease that aew c o m n d s  were previously 
added. 

PIPLW modules a r e  cur ren t ly  being reconfigured so t h a t  nev programs 

d. Treatment dcl ivexy and v e r i f i c a t i o n  

i. Implementation of dycll mic t reatment  with fan tunes.  
Dynamic t reatments  using fan tunes in vhich p a t i e n t s  are scanned one-dimensionally 
through the narrow region of a beam focused in oat dimension provide addi t iona l  
beam shaping (shaping in LUO dimensions) over t h a t  obtained using broad p a r a l l e l  
beams (shaping i n  one dimeusion),  thus gaining increased sparmg of  normal 
t i s s u e s .  
r o u t i n e l y  used i n  those cases  where i t  has a c l e a r  advantage. 
planning colrparisonr w i l l  b e  performed between s t a t i c  and "fan" dynamic t r e a t -  
ments t o  d e t e l s i n c  those s i t u a t i o n s  where dynamic L t C I U K n t S  a r e  prefer red .  

Development of dynamic t reatment  c a p a b i l i t y  with 

This t reatment  mode w i l l  be f u l l y  hplenented so t h a t  i t  can be 
TreaMcnt 

ii. 
"spot" tunes. 
i n  two dimenriotha under a beam focused i n  two dinensions and thus allowing f o r  
beam shaping in t h r e e  dimensions. 
whereby pion therapy can be f u l l y  optimized by spar ing  t h e  maximum amount o f  
noma1 t i s s u e .  This  e f f o r t  requi res :  (1) f u l l y  c h a r a c t e r i z i n g  spot  tunes f o r  
three penetracions,  (2 )  developing range-modulation func t ions  for  these beams; 
( 3 )  performing b i o l o g i c  coofirmatloo of  the uniformity o f  the e f f e c t i v e  dose 
f o r  t h e  range-modulated rpor tunes, ( 4 )  performing dosimetr ic  and b i o l o g i c a l  
s t u d i e s  i n  phantom to confirm absorbed dose ana e f f e c t i v e  dose d i s t r i b u t i o n s  
f o r  simulated t rea tments ,  and ( 5 )  rmplementing t:eatments. 

Dpamic t reatment  using "spot" tunes involves scanning a p a t i e n t  

"his i s  believed t o  be the only method 
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iii. Refinement o f  i n  v ivo  d o s i m c t r p  techniques.  Several  
systems have been developed a t  LuipF f o r  vivo dosunet-7, includrng in t racavi -  
tary i on iza t ion  chambers and TLD € o r  total dose,  and aluminum a c t i v a t i o n  and 
s i l i c o n  de tec to r s  fo r  h i g b L E T  dose. 
systems vi11 be i q r o v e d .  
use as both ~ O V  and high-LET dosimeters ~ ~ 1 1  be invesc iga t td .  

i v .  

The prec i s ion  and accuracy of  these 
Syrtrms such a s  TU) 700 vhich have potential f o r  

Studp of v i sua l i za t ion  of stopping pions by positron 
emission imaging. Study of o i s r u l r z a t i o n  o f  the stopping pion d i s t r i b u t i o n  ;n 
p a t i e n t s  vi11 be coatinrrcd by means of a g i n g  the p o r i t r o a s  emit ted by radio- 
a c t i v e  nuc le i  produced as a result of pion capture .  
from the t r e a t s e n t  room t o  a counting a rea  where a s-lc pos i t ron  camera 
u t i l i z i n g  four NaI c r y s t a l s  i s  used to scan rhe t r e a m n t  volume. 
i n  the t r e a t s e n t  volume is an t i c ipa t ed  t o  be approximately 50 aCi. 
of a pos i t ron  emission scanner i s  a o t  proposed, nor  will t h i s  be a major 
research  e f f o r t .  
concerning pos i t ron  v i r r u l i z a t i o n  of sropping pions so t.hat fu tu re  pion f a c i l i t i e s  
can be advised about the necess i ty  for and usefulness o f  chis  technique. 

P a t i e n t s  are taken d i r e c t l y  

The a c t i v i t y  
Construction 

This pre l iminary  study AS necessary tc. gather  information 

e .  Sprtans ope ra t ioa ,  development and maintenance 

i. Channel cont ro l  systems. A group o f  engineers ,  
t echnic ians ,  p r o g r r a n r s  and computer operators is needed t o  provide maiatcnance 
and repair c a p a b i l i t y ,  and ensure tbc  development of harduarc and sof tvare  f o r  
improvement of channel r e l i a b i l i t y ,  e f f i c i ency ,  and dose c h a r a c t e r r s t i c s  fo r  
p a t i e n t  t reatments .  

Hardvrre support i n  rhc form of  r e p a i r ,  maintenance, 
p revent ive  miaternace, and amprovement will be provided f o r  the following: 

(1) Target  ( N  moaLtor, coarrollert , i n t e r locks ,  

(2) Channel magnets (bus bars, water lines, thermal 

(3)  Channel he l ium (pressure ,  bubblers ,  supplp) 
( L )  S l i t s  and vedgeo (opera t iona l  checks,  con t ro l l e r s  

(5 ) Yul t iwi r t  p ropor t ioaa l  counters (gar delivery 

(6) Monitor chamber !gas f l o u  rpstes, chamber 

e tc .  1 

and f low switches, r a d i a t i o n  levels, etc. I 

and supp l i e r s ,  DVH's) 

sgtrtlms. cabl ing,  encoders) 

i n t e g r i t y ) .  

PIPLAN r equ i r e s  t h e  kborrtory Centra l  Computing F a c i l i t y  and a s u b s t a n t i a l  
charge i s  u d c  f o r  computing time. A dedicated VAX a t  the Biomedical F a c i l i t y  
would be more convenieor rad eventua l ly  provide savings exceeding i ts  cos t .  
The t x b n g c  of  the PDP-IlIGS and V A X  would requi re  considerable  s t a f f  support .  

ii. Computer systems. Curreat  t reatment  planning with 

It appears t o  be des i r ab le  t o  change operat ing spstems 
t o  a more c u r r e n t  DEC-rupportad operat ing system which provides f o r  increased 
data-base c a p a b i l i t y ,  more e f f i c i e n t  large-code execut ion,  and becrcr  System 
mamgement features. This w i l l  be accompLishcd with ass i s t ance  f rom outsiae 
softurre s p e c i a l i s t s .  
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C i W l C  dnd cont ro l  c i r c u i t n  v i 1 1  be Zurther stream- 
l i n e d  t o  q r o v t  module performance. 

iii. Treatment d e l i v e r y  systems. 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  new range-shif ter  (mechanical components, hydraul ic  spstem, 
c a l i b r a t i o n ,  e l e c t r o n i c s ,  and alarms) vi11  be coqleted. 

mamic treatment hardware and software c u r r e n t l y  
exist, b u t  improvements can be made in terms of  a p p l i c a t i o n  t o  r o u r i n t  d a i l y  
t reatment .  Upgrading, aaintenance,  and r e p a i r  o i l 1  be performed f o r  the 
t rea tamat  couch system (encoders, c o n t r o l s ,  i n t e r l o c k s ,  and mechanical campon- 
tnts). 
w i l l  be desigped and installed in  the  treatment scL-up area .  

A col l imator  handling system and a motorized laser pos i t ion ing  system 

Several svrtema have been designed using var ious  
m a t e r i a l s  f o r  f a b r i c a t i n g  p a t i e n t  boluses.  Current ly ,  aoluses are being made 
from 9 1110 t h i c k  sec t ions  of Lucicc by t rac ing  o n t o  the Lucite the bolus o u t l i n e  
f o r  each CT s l i ce ,  then c u t t i n g  out  t h e  bolus o n  a band saw. The sec t ions  a r e  
then glued toge ther ,  referencing each CT s l i c e  t o  a cornon coordinate  a x l s ,  t o  
c o n s t r u c t  the three-dimensioaal bolus .  irhile t h i s  method produces a f a i r l y  
good product ,  it is subject t o  e r r o r ,  is somewhat hazardous. and produces a 
f i n e  Luci te  dus t  requi r ing  the technic ian  to  wear a face mask. 
t h i s  procedure i s  proposed through a c q u i s i t i o n  of a used rutoerric milling 
machine opera t ing  from paper tape o r  magnetic t a p e .  o r  by designing a micro- 
processor  cont ro l led  system, vhereby a block o f  Laci tc  a s  c u t  i n t o  a three- 
dimensional bolus .  

Automation o f  

Limited a v a i l a b i l r t v  of che pion beam and t h e  segmenting 
of beam tipre into cycles  make it imperative t h a t  a l l  patient vork-up and 
t rea tment  procedures be highly e f f i c i e n t  so t h a t  a maximum n u b t r  of p a t i e n t s  
can be t r e a t e d .  
s tandard  of q u a l i t y ,  p rec is ion ,  and accuracy. This work is, of n e c e s s i t y ,  an 
on-going program and by i ts  nature requires  t h a t  all systems b e  Ln a process 
of evolut ion.  
to opt imiza t ion  of pion therapy, no procedure is considered LO be p e r f e c t ,  and 
all arc subject  t o  improvement. 

This e f f i c i e n c y ,  however, mutt be In keeping with a high 

Because of  the  research na ture  o f  the project  and our comitment  

A continuing e f f o r t  t o  improve cas t ing  and immobiliza- 
t i o n  techniques is necessary t o  f u l l y  expoi t  the  three-dimeasional dose-shaping 
c a p a b i l i t i e s  of pions.  gethods developed f o r  che pion project  will be imple- 
mented a t  the CRTC because high-precis ion x-ray therapy d i c t a t e s  t h a t  c a s t i n g  
and innrobi l i t r t ion  be jus t  as highly developed as f o r  charged p a r t i c l e  beams. 

6 .  Anticipated Resul t s  

The a n t i c i p a t e d  r e s u l t s  of  the  t o t a l  physics e f f o r t  a r e :  

a. Development of technology neccsssrp t o  s a f e l y  and e f f i c i e n t l y  
d e l i v e r  pion therapy.  

b. Development of technology, methods, and procedures f o r  
t rea tment  planning, p a t i e n t  set-up and t reatment ,  and v e r i f i c a t i o n  of  t reatment ,  
5 0  t h a t  pion therapy is highly optimized, accura te .  and reproducible.  
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c .  Dcvcloputnt of dosimetry and R E  models so t h a t  the SLaLeaent 
of both absorbed and e f f e c t i v e  dose is accura te  aad mcanlngful 

d .  Development of the  complete system of  in tegra ted  componeats 
so tha t  p a t i e n t  chrough-put i s  maximized. Concurrent with t h i s ,  q u a l i t y  
c o n t r o l  systems w i l l  be developed t o  ensure t h a t  q u a l i t y  is not s a c r r f i c e d  f o r  
quant i ty .  

7 .  S igni f icance  

Highly optimized pion therapy holds the promise o f  s i g n i f i c a n t  
improvement in the l o c a l  control  of c c r t a i a  l a r g e  tumors without corresponding 
i n c r e a s e r  ia  m r b i d i t y .  

This p r o j e c t  is conducting the necessary inves t iga t ions  t o  
de te rn ine  whether pions may f u l f i l l  the i r  promise and whether they should be 
added t o  t h e  armamentarium agains t  cancer.  

The success o f  pion therapv depends, i n  a Large measure, on a 
highly concentrated and sustained e f f o r t  i n  b a s i c  physics and technology. 
t h i s  e f f o r t  is not  performed, ? ion t tu rapy  w i l l  nor be given the f a i r  t r i a l  
that  it  d t s e m e a .  

If  

8 .  F a c i l i t i e s  Available 

The Pion  Biomedical Facility has the following f a c i l i t i e s  (see 
also Sect ion  11): 

a .  
b. 

devices  (terminals , 
e t c . ) .  

C.  
d. 
e .  
f .  

h. 
a .  

? ion  transporf channel ( v e r t i c a l  beam). 
PDP-l1/L5 and 11/70 computers and an a r ray  of  per iphera l  
CR1 disp lays ,  p r i n t e r s .  microprocessors,  W C  nodules ,  

E lec t ronics  shop and medical physics laboratory.  
Off ice  f a c i l i t i e s  f o r  research  and adminis t ra t ive s t a f f .  
E M X  7070 whole body scanner.  
P h i l i p s  Hcdio 5500 simulator  
CE 300 kVp Yaxitroa x-ray u n i t .  
Equipment f o r  physics dosimetry, microdosimetry, i n  vivo 

dosimetry,  v i s u l i z a t i o n ,  and treatment planning 

In addi t ion ,  the numerous shops, l a b o r a t o r i e s ,  and resources of 
LAHL arc a v a i l a b l e  t o  the p r o j e c t .  

9 .  Col laborat ive Arrangements 

D r .  Smith i s  t h e  p r i n c i p a l  i n v e s t i e a t o r  and chairman of t h e  
American Associat ion of Physicists i n  kledicine (UP!¶) Charged P a r t i c l e  Beam 
D o s h e t r y  Task Group. This task group is  composed of p h y s i c i s t s  from charged 
p a r t i c l e  therapy p r o j e c t s  i n  the Uaited S t a t e s ,  Canada, Europe, and Japan. 
ne group is involved io  dorimecry intcrcomparlson among the charged p a r t a c h  
therapy p r o j e c t s .  
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Funds have been requested in tbrs proposal t o  bring experts in 
calorimetry from the National Bureau of  Standards and the University o f  C a l r f o r n i a i  
Lor h g t l e s  to Los Alamor to ptrfom measurements on t h e  p i o n  therapy beams. 
We have worked closely vith these individuals. and they have performed preliminary 
measuremcnrs here in the porc.  

Treatment planning, dosimetry and microdosimetry comparisons v i c h  
orher high-ET projects  are pending approvai 'under a separate c o n t r a c t  from che 
YCI. 
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2 .  In t roduct ion  

a .  Objectives.  The objeczives of this program component are: 

i. To provide b i o l o g i c a l  dosimetry using cu l tured  c e l l s  
t o  v e r i f y  vhcther  the range-shif ter  funct ions used t o  spread Bragg peaks a r e  
opt imal  f o r  therapy i n  producing uniform c e l l - k i l l i n g  and t o  meaaure RBE os a 
func t ion  of peak width.  

ii. To measure RBE of  pion beams f o r  c e l l  mutagenesis 
and t r a n s  f o w a  ti on. 

iii. To measure r e l a t i v e  b io logica l  e f f e c t i v e n e s s  o f  
f r a c t i o n a t e d  doses o f  pion beams f o r  acute e f f e c t s  (mouse sk in ,  mouse gut)  and 
l a t e  e f f e c t s  ( r a t  c e r v i c a l  s p u d  cord,  kidney, and colon and mouse lung and 
l e n s ) .  

i v .  To es t imate  carcinogenic p o t e n r i a l  of pion beams from 
tumor induct ion in  animals exposed t o  pions for  l a t e  e f f e c t s  s t u d i e s .  

v. To s tudy RBE of piona on well d i f f e r e n t i a t e d  and poorly 
d i f f e r e n t i a t e d  rodent t m o r s  i n  comparison t o  RBE f o r  normal tissues t o  deternine 
whether t h e r e  is a c o r r e l a t i o a  bctueen tumor d i f f e r e n t i a t i o n  and tumor response, 
and whether such c o r r e l a t i o n  might extend t o  :he c l i n i c a l  s i t u a t i o n .  

b. Background 

C l i n i c a l  and radiobiological  s tud ies  using pion beams began 
simuluneourly. However, because of e a r l i e r  dose r a t e  l i m i t a t i o n s ,  only l imited 
d a t a  on the radiobiology of c l i n i c a l l y  re levant  beams a r e  a v a i l a b l e  t o  dace. 

Previously obtained results in p ion  radiobiology vtre i n t e r -  
p r e t e d  as i n d i c a t i n g  that small amounts of high-=? r a d i a t i o n  can e r a d i c a t e  the 
l a r g e  shoulder of t h e  c e l l  s u r v i v a l  curve. This conclusion was based on r e s u l t s  
of s t u d i e s  performed by YuJus and associates v i t h  assays of k i l l i n g  of  r l a t t d  
s i n g l e  cells and grovth delay of m u l t i c e l l u l a r  tumor spheroids (!ITS) as outl ined 
in the progress  repor t  below. These r e s u l t s  indicated t h a t  pion i r r a d i a t i o n  
d i f f e r e d  from x - i r r a d i a t i o n  o n l y  in a rcduccion in t h e  shoulder region oi the 
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c e l l  s u m i v a l  CuNe. n e  slope of the log por t ion  of the x-ray c o n t r o l  and pion  
curves vas i d e n t i c a l  f o r  mul t ip le  c e l l  l i nes .  
vas due t o  i n h i b i t i o n  of  r e p a i r  o f  s u b l e t h a l  in jury  by the  high-LET cmponent of 
t h e  beam, and subsequent da ta  from erperirnents with growth deiay i n  !ITS in which 
condi t ion ing  doses of pions vere followed by x-rays vere  f e l t  t o  s u b s t a n t i a t e  
t h i s .  On the  b a s i s  o f  such s t u d i e s ,  it vas hypothesized t h a t  a minrmal 
"threshold" amount of high-LET cont r ibu t ion  t o  the t o t a l  dose would r e s u l t  in 
such i n h i b i t i o n  of suble tha l  r e p a i r  of i n j u r y  caused by the  remaining 
low-LET component of the beam, and t h a t  the  b i o l o g i c a l  e f f e c t  of the  p ion  
beam, a t  l e a s t  i n  oems of  c l i n i c a l l y  re levant  dimensions, was not SO much 
dependent up00 the r a t i o  of high-to-low-LET components of ind iv idua l  treatment 
berms a #  on the presence of t h i s  threshold amount of high-LET 
experiment designed t o  tes t  t h i s  hypothesis e n t a i l e d  i r r a d i a t i o n  of !¶TS 3 t  
prox-1, middle and d i s t a l  por t ions  o f  range-modulated peaks (8 ,  11. and 16 
Cm) f o r  a col l imated 10 x 10 cm f i e l d ,  w i t b  subsequent measurement o f  growth 
delay.  The r e s u l t s  showed 00 d e t e c t a b l e  d i f f e r e n c e s  i n  b i o l o g i c a l  e f f e c t i v e n e s s  
either wi th in  ind iv idua l  modulated peaks o r  between peaks of varying s i z e .  

I t  was postulated t h a t  t h i s  e f f e c t  

A s p e c i f i c  

On the o t h e r  hand, data presented by SkarsgardL21 based on 
t h e  gel-tube s u p e n s i o n  method as  employed a t  TRIUKF suggested a small but 
reproducible  increare in RBE f o r  c l i n i c a l l y  re levant  f i e l d  sizes between the 
proximal and d i s t a l  port ions of the range-modulated peak and an increased RBE 
f o r  small a s  compared KO large peaks. These data have been reproduced i n  the  
da ta  generated in September and October 1980 by Raju ana  asaocxates a c  W F  
and reported below. 

The apparent discrepancy in r e s u l t s  and i n t e r p r e t a t i o n  nay 
be r e l a t e d  t o  oae o r  more of several f a c t o r s .  
by Yuhas and his a s s o c i a t e s  probably does not allow the  same degree o f  p rec is ion  
i n  determining t h e  b i o l o g i c a l  c h a r a c t e r i s t i c s  of the  peak region as does t h e  
gel- tube system used by S k t t g a r d  and Raju because the  former svstcms provide 
many fewer da ta  poin ts  and much less s t r u c t u r e  in the  curves. Data presented 
i n  t h e  d e t a i l e d  progress repor t  below suggest tha: r e - i n t e r p r e t a t i o n  and 
c l a r i f i c a t i o n  of these results a r e  necessary.  In a d d i t i o n ,  because of dose 
r a t e  l i m i t a t i o n s ,  normal tissue radiobiology was done using a very aarrow 
Brags peak rather  than the widely modulated Bragg peaks used in therapy. 
Thus, the  pion radiobiology program as re levant  t o  the c l i n i c a l  program must 
be re-evaluated in  terms of bas ic  assumptions and appropriate  experimental 
design.  This re-evaluarioa w i l l  be based upon appl ica t ion  of well documeated 
techniques of assessaenc of c e l l  s u r v i v a l  in cul tured  cells, 12* ' 123 acute  in jury  
t o  mouse i n t e s t i n a l  mucosa1*' and foot skin,'" and l a t e  in jury  to  the s p i n a l  
cord ,  kidney, colon, rectum, lens and lung. Systems have also been developed 
f o r  q u a n t i t a t i v e  h i s t o l o g i c a l  eva lua t ion  of l a t e  damage i n  kidney by Jordan 
e t  11. 12'' 12' and lover i n t e s t i n a l  t r a c t  by Black et 11. 

The use of plated c e l l s  o r  YTS 

-- -- 
c. Rationale.  The r a d i a t i o n  q u l i t y  of p i o n  beans v a r i e s  

depending upon depth a t  penecrat ion,  f i e l d  s i ze ,  and width of the  ranqe-nodu- 
l a t c d  Bragg peak. 
a p p l i c a t i o n s ,  it is necessary t o  de f ine  rad iobio logica l  c h a r a c t e r i s t i c s  of 
pion beams used f o r  radiotherapy a s  a func t ion  o f  beam dimension. Such charac- 
t e r i z a t i o n  w i l l  be  made using cul tured  c e l l s  and assessing acute  e f f e c t s  on 
mouse sk in  and gut .  In a d d i t i o n ,  l a t e  e f f e c t s  on var ious dose- l imit ing normal 
t i s s u e s  and t h e  e f f e c t s  of a piop beam of  5-cm uidtb on rodent tumors W i l l  be 
assayed. 

Since these parameters vary widely in d i f f e r e n t  therapeut ic  
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Yorelcp, Robert D. J r  3.9 - 
d. Progress  report .  The s t u d i e s  performed by Yuhas e t  a 1  

were reported earlie- 

i. In 1980. c o l l a b o r a t i v e  e f f o r t s  were undertaken with 
D r .  Yudundi Raju, of  t h e  L i f e  Sczences Divis ion of Los Alamos Y a t i o m l  Labora- 
t o r p ,  t o  perform d e t a i l e d  s t u d i e s  of the b i o l o g i c a l  characteristics of  the beams 
used in c l i n i c a l  a p p l i c a t i o n s .  

(1) In v i tro  s t u d i e s  

(a )  Gel-tube suspension system. The more 
sensitive 8t.l-tube suspension system, i n  which s i n g l e  ce l l s  suspended in a 
medium conta in ing  g e l  are i r r a d i a t e d  and c e l l - k i l l i n g  is assayed by colony 
formatioa,  has reccnrly been employed by h j u  E &. (with support  p r imar i ly  
from NCI Grant No. 5 R01 CA 17290, Comparative S tudies  of Heavy Particles i n  
Radiotherapy). The following questions were addressed: 

(1) Are the  range-shif ter  
f o r  therapy i n  terms o f  producing uniform c e l l - k i l l i n g  across  
peak f o r  var ious  beam tuaer?  

(ii) Arc chtrc di f fe rences  
beams of d i f f e r e n t  peak widths of a given beam s i r e ?  

i iii 1 Are t h e r e  d i f  ferences 
p ion  beams o f  d i f f e r e n t  sates but of a given peak vidth? 

funct ions optimal 
the range-modulated 

in RBE among 

in RBE among 

Since the  d i f fe rences  in bio logica l  e f f e c t s  
among various p ion  beams a r e  not  expected to be l a rge  and many c r e a m r u t  beams 
must b e  s t u d i e d ,  t h e  b i o l o g i c a l  system employed should be highly reproducible 
and capable of g iv ing  ex tens ive  data f o r  a given experimental period. 
t h a t  reason the g e l  
s t u d i e s .  

For 
developed by Skarrgard121 vas selected f o r  these 

Cultured hamster c e l l s  (V79) were suspended 
i n  t i s s u e  c u l t u r e  medium coatainrng g e l a t i n  aad kept in p l a s t i c  tubes.  
tubes were exposed t o  graded doses of  p ions  by keeping the tubes m e r s e d  i n  a 
water phantom o r i e n t e d  in t h e  beam d i r e c t i o n .  
pushed out of che tubes and sliced i n t o  3 rn s l i c e s ;  each s l i c e  was t r a n s f e r r e d  
i n t o  a p e t r i  d i s h  and viability of c e l l s  in each s l i c e  was assayed by colony 
formation. 

Several  

After exposure, the gel was 

Figure 53 shows depth dose d i o t r i b u t i o a  of  
a pion beam (Tune 16B) of 14 cm peak width and the corresponding ce l l  survival 
as a f u a c t i o n  of  depth for  doses of 200, 400 ,  and 600 rad a t  the proxirmnl peak 
( a t  a depth of 1.5 cm). The data  c l e a r l y  show t h a t  c e l l - k i l l i a g  across  the  
peak i s  uniform. The ce l l  survival data vere  obtained f o r  doses of 100-700 
rad i n  100-rad s t e p s ,  and only t h r e e  doses v e r t  shown f o r  c l a r i t y .  
survival as a f u n c t i o n  of dose a t  any depth can be obtained from these data,  
thereby providing extensive information f o r  t h i s  beam tune. Figure 54 shows 
cell r u m i v a l  curves f o r  the Tune 168, 14-cm peak width, a t  the  proximal, mid, 
and d i s t a l  p o s i t i o n s  of t h e  peak rad f o r  300 LVp x-rays. As one vould expecr. 
from phys ica l  c o n s i d e r a t i o n s ,  t h e  d i s t a l  peak pos i t ron  i s  mort bio logica l ly  
e f f e c t i v e  than  i s  the proxioa l  peak posrzion. 

Cell 
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Yoseiey. Robert D.  Jr Y.D.  - 
t h e  14-cm peak 
(perpendicular  

The c e l l - k i l l i n g  p r o f i l e  a t  peak center  of 
o f  Tune 16B and the dose d i s t r i b u t i o n  o f  a c o l i m a t e d  pion beam 
t o  the beam d i r e c t i o n )  a r e  shown i n  Figure 5 5 .  

Figure 56 shows che data f o r  Tune 168. 6-cm 
peak v i d t h .  
needs t o  be s l i g h t l y  reduced t a  produce uniform c t i i  killing. 

These data  suggest t h a t  the dose a t  :he d i s t a l  side o f  :he peak 

Figure 57 shows the  data  f o r  Tune 168, 
l0-c~ peak v i d t h ,  f o r  d i f f e r e n t  size  col1im;rtors. The symbols ( * , + I  in c e l l  
surrrival da ta  correspond co tvo reparare  experiments,  and the data  show good 
r e p r o d u c i b i l i t y .  Also, when a small col l imator  ( 7  x 7 cm) i s  used, the dose 
cont r ibu ted  by the secondaries produced i n  t h e  co l l imator  can t c  c l e a r l y  seen; 
t h i s  is r h o  r e f l e c t e d  in increased c e l l - k i l l i n g  

Figures 5 0 ,  59 .  and 60 shov ccLl surv iva l  
curves f o r  pion beams (Tune 16B) of peak w i d t h s  o .  10 ,  and 14 cm a t  proximal, 
mid, and d i s t a l  peak p o s i t i o n s ,  respec t rve ly .  The data for  these curves a r e  
der ived from c e l l  surp iva l  data  v i t h  depth o f  pene t ra t ion  shown in Figures 53 ,  
5 6 ,  and 5 7 .  In a l l  these pos i t rons  of the peaK. the eifecriveness decreases 
v i t h  increas ing  peak width. 

Figure 61 shows the  da ta  for  Tune 129, 
10-cm peak v i d t h .  
b e  s l i g h t l y  increased f o r  obtaining uniform c e l l - i c i l i i n g .  

These data  suggest t h a t  the  dose a t  the d i s t a i  end should 

Figure 62 snows the  data f o r  Tune 23B, 
10-cm peak v i d t h .  
be s l i g h t l y  decreased f o r  obtaining uniform z e i l - k i i l i n g .  

These data  suggest t h a t  the dose a t  the  d i s t a l  end should 

The r a d i a t i o n  q u a l i t y  o f  p i o n  beams may 
depend on beam size,  although the  peak width LS kept the  same because of t h e  
cont r ibu t ion  o f  neutrons from pion  s t a r s .  
i n d i c a t e  s i g n i f i c a n t  d i f fe rences  i n  c e l l - k i l l i n g  with var iab le  co i l imator  size 
when rhc peak v i d t h  is kept the same. 
t h e  da ta  of Figure 5 7 ,  indlcacing no s i g n i f i c a n t  d i f fe rences  between pion 
beams of sizes 7 x 7 cm and 14 x 17 cm. 
done using f r a c t i o n a t e d  doses o f  pions on the mowc i n t e s t i n a l  c rypt  cell 
system Lo see if t h e  b io logica l  e f f e c t s  of f rac t iona ted  pion exposures depend 
upon beam s ize  when peak v i d t h  i s  kept t h e  same. The resui to  show t h a t  the 
l a r g e  beam is s l i g h c l y  more effective than t h e  small beam. 

The dara shovn :n Figure 57 do not  

Figure 63 s h o w  surv iva l  cuzpes u t i l i z i n g  

Preliminary experiments have been 

C e l l - k i l l i n g  da ta  f o r  various beam tunes 
and peak widths hare been modeled and programed in  a computerized da ta  base 
by A.R. Smith and his a s s o c i a t e s  so char the  data can be used in the  design of 
range-sh i f te r  funct ions and in treatment planning system modif icat ions.  

12) !a vivo s t u d i e s  

( a )  Tumor. Xice berrrng the YCa-11 marnary 
t u o r  were exposed t o  graded t o t a l  doses of h ign- in tens i ty  peak pions o r  
x-rays e i t h e r  as s i n g l e  f r a c t i o n s  o r  a s  th ree  dally f r a c t i o n s .  The d a t a  a r e  
not s u f f i c i e n t  t o  determine whether t h e  s i n g l e  dose cumes are  p a r a l l e l ,  but 
it i s  r e a d i l y  apparent  t h a t  pions a r e  i . 2 - 1 . -  tunes more e f f e c t i v e  Khan x-rays 

- 27 I- 

00133521.272 



n 

de 
Y 

xoseiev, ?.c-erz 3 . ,  J:., X.3 - 
TUNE 168 PEAK WIDTH 14CM 

DOSE PROFILE (X-AXIS) 
I PEAK CENTER (9 crn DEPTH1 

I . . .  

S I  

s S 

I 

I 

. . 
e- 

- *  - . . 
" .. 

e. 
e. 

a . .  
I 

L , ,  0 3 6 . 9 
-4 -6 -3 

DISTANCE FROM BEAM CENTE3 (CM) 

Figure 5 5 .  Central-axis dose p r o f i l e  and cell-killing at peak center 
of collimated pion beam (Tune 163, Lk-co 2eok) 

-2 -2 -  

1 0 9 1 b i  3 00133521.273 



W 
# 
0 a 

I- 

I- 
7 00 C 

I- 

1 400 RAD 

I I I I I I 
0 3 6 9 12 75 78 21 

DEPTH IN WATER (CM) 
Figure j 6 .  Dose distribution and. c t l i  surrivai am a f m c t f o n  of 

dose and depth, Tune :63 ,  q-c,n ?ark 
-273- 

00133521.274 



Xoscley, Xobcrt 

w 5 0 -  
cn 
0 n 

0 -  

700 

I x .  
I - 'a 

X ~ 7 x 7  cm COLLIMATOR 
- 11x14 cm COUMATOR 

- 0 74x17 cm COLLIMATOR 
. Q *GI x*Q*g. 

2 EXPERIMENTS (400 RAD) 
+ 

14x17 cm COLLJMATOR ' O 0 I  

- 7x7 crn COLLIMATOR +I - *+ 

1 I I I I I 1 

3 6 9 12 15 18 21 

DEPTH IN WATER (CM) 
Ftgurt 57. Dose distribution and c e l l - t i l l i n g  as a function of 

depth and co l l ima t ion ,  Tunc 16B. IO-cm ptaic 

- 2 7 4 -  

00133521.275 



PROXIMAL PEAK 

I I I t 1 I I 

300 400 500 600 100 200 

Fi5urr 58. C a l l  ourrival  crrrvea f o r  7roximal pos i t ion  or' 5 - .  !O-, and 
iA-cm pion peaks ( T x c  168) versus x-raps 

- 2 - j -  
Y 

00 133521.276 



i 
I 400 500 6CO too 200 300 

DOSE (RAD) 

Figure 59. Cell survival cumes for c'cntsr position of 6 - ,  lo-, and 
14-cn pion peaks (Tunc 16B) versus x-rays 

- 2 7 6 -  

1 0 9 1 b t l  00133521.277 



Xoseiev, lober: 3 . ,  :r. x . 2 .  

PEAK W I D n :  6, 10 8; 14cm. 

DISTAL PEAK I00 

,-,l Ocm 

I I I I 7 I L 
100 200 300 400 500 600 

<, 

-. rrguru 60.  Cell survival cumes €or distal ?os::ion oi 6-. 10- and :+cz 
peaks (Tunc 16B) versus x-rays 

11091 b 1 6  00133521.278 



i- 

1 7 -  
s 

a x  Vcse..ev, 3oberr  3- 

200 RAD 

*****.* 
*.*****a *e 

.a- 

**  

400 RAD 
** .******-* 

.e*.* 

n 

v 

> 
> rr 
- 

f I I I 1 

P. 
3' 6 9 12 15 18 

\. DEPTH IN WATER (CM> 
Figure 61. Dose dLstribution and cell survival a s  a function of  

dose and depth ,  T a e  !2S, LO-cm ?cak 
- 2 ' 8 -  

00133521.279 



100 

X 
r . x . . .  

PEAK WIDTH - iOcm 

COLUMATOR - 1 2 ~  f 7Cm 

TUNE 238 
X 

a * . *  

1 200 RAC 

600 RAD 

3 

- ciaurc 6 2 .  

e 
e .  e. e 

e * *  

e 

e 

* e  
* e  * *  

* e  

e e.**.. 
e e. 

e.. 

w . 

I I I I I I I 

6 9 12 15 18 21 24 27 

DEPTH IN WATER (CM) 
Dose discrlbucion and cell survival as a functicn of 

dose and dapch, Tuna L3B. 10-CE >ear 
-279- COPIED FOR 

HSPT 
00 133521.280 

1 0 9 1 3 3 2 0  



1 i 
1 

I I 1 
I I I 

400 500 600 
1 

200 300 100 

DOSE (RAD) 
Figure 63. Cell survival curves f o r  central posi:ion of pion be= (Tune i5B. 

10-cm p e a k )  v i t h  two  aifferrnc co i l - rmto r s  vetsut x-rays 

-280- - - - -  SI 

1 0 4 1 b Z  I 00133521.281 



Yoseley,  Robert D . ,  J r .  Y.3  I 
i n  the  single-dose s t u d i e s  and t h a t  t h e  delay induced by t h r e e  d a i l y  doses of  
pions is a b o r t  as l a rge  as chat  induced by srngle  p i o n  doses ,  while t h a t  f o r  
x-rays shows f a r  g r e a t e r  tumor recovery from f r a c t i o n a t i o n .  

(b) Kidnep. These s t a d i e s  have been described 
In  b r i e f ,  the r a i n i n g  kidney of u n r l r t c t a l l y  ncph- 

Six months a f t e r  exposure they  vere s a c r i f i c e d  f o r  h i s t o l o g i c  exam- 
Figure 64 i s  a 

by Jordan et -- al.L26r127 
rectomized mice was exposed to peak pions or x-rays one month a f t e r  neph- 
rectomy. 
i n a r i o n  and semi-quant i ta t ive grading o f  the i r  kidney injury. 
p l o t  of the RBE of pions as a f m c t i o n  of the number of doily f r a c t i o n s  i n  
t h i s  system. Studies  involving up to IS d a i l y  f r a c t i o n s  a r e  i n  progress .  

( c )  Spinal  cord. A study of s p i n a l  cord i n j u r g  
was i n i t i a t e d  IS soon IS s u i t a b l e  p i o n  dose r a t e s  became a v a i l a b l e .  TWO-= 
segments o f  the lumbar spine in Fisher  3 U  r a t s  were i r r a d i a t e d  wrth graded 
doses of e i t h e r  pions 02: x-rays,  a t  dose r a t e s  or' 80 tad/mrn. One-, 5 -  and 
15- f rac t ion  treatment schedules were used. Animals were observed veckly f o r  
signs of p a r a l y s i s ,  f o r  up to one year post-rrradiacroo.  

The :esults are  s u m a t i r e d  i n  Figure 6 5 .  
The percentage of paralyzed animals in each i r r a d i a t r o n  group (5-12 mice per  
group) is p l o t t e d  as a f u a c t i o a  o f  dose f o r  1-, 5 - ,  and 15-fract ion creatment 
schedules .  As 
can be seen, the RBE of pions f o r  s p i n a l  cord pa ra lys i s  increases  from 1.3 f o r  
s i n g l e - f r a c t i o n  exposure t o  2 . 1  and 3.2 f o r  5 and 15 f r a c t i o n s ,  respec t ive ly .  
There RBE valuer a r e  indeed higher than values t h a t  have been measured f o r  
other norma1 tissues. They a r e ,  however, coasistcnt with data  obtained by van 
der K O g d  for This L s  shown in Figure 67, which p l o t s  EDSO 
versus f r a c t i o n  number f o r  pions, neutrons,  and x-ravs. 

Corresponding values of  Ellso and RBE a r e  given i n  Figure 6 6 .  

I t  should be  noted that t h e  increase  i n  RBE 
with f r a c t i o n  number for  both pions and neutrons L S  Trimari ly  the result o f  an 
increase  i n  the  EDSO'S f o r  the c o n t r o l  i r r a d i a t i o n s .  The EDSO f o r  pions o r  
other high-LET r a d i a t i o n ,  e . & . ,  neutrons,  varAes slowly with f r a c t i o n  number. 

( d )  Colon. A system f o r  s tudying l a t e  f i b r o t i c  
and vascular  i n j u r g  i n  t h e  colon o f  r a t s  has been described by Black e t  a l .  
and pre lhrnary  p i o n  s t u d i e s  (one, t w o ,  and three d a i i v  f r a c t i o n s )  vere reported 
previous ly .  

A 10-fract ion colon experiment i n  r a t s  has  
r e c e n t l y  been completed. The high t o t a l  dose8 required f o r  a 10-fract ion 
experiment (2500-7000 rad) proved t o  be problematic,  as m o s t  animals i n  the 
high-dose troups died due t o  overexposure of  the  gut before long-tern colon 
i n j u r p  could be manifest. Consequently, tbe 10-fract ion s tudy was repeated,  
using an improved collimator design f o r  both pions and x-rays. 
experimenf, animal i u r p i v a l  r a t e s  were s a t i s f a c t o r p ,  and both pion and x-Lrradi- 
a t t d  animals were s a c r i f i c e d  a t  L# months post-exposure. Results a r e  being 
ana lyzed . 

In  the repeat  

(e)  Brain. Several p o s s i b i l i t i e s  have been 
explored f o r  studying the Late e f f e c t s  of p ion  i r r a d i a t i o n  t o  the b r a i n .  
There a r e  two problems involved: ( i )  the choice o f  a s u i t a b l e  b i o l o g i c a l  end- 
poin t ,  and (2) dosimetr ic  d i f f i c u l t i e s  of i r r a d i a t i o n .  For  small anrmrls, 
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Yorelev,  

such a8 r a t s ,  it is d i f f i c u l t  t o  ensure long-time sL;rvi*Jal 
i r r a d i a t i o n ,  because of concurrent r a d i a t i o n  :nj u r j  t o  -he 
csophglu.  

Robcrr G J r .  5 . 0 .  - 
a f t e r  uholc b r a i n  
o r a l  c a v i t y  and 

Using a finely collimated pian bean and a 
s p e c i a l l y  designed bolus, s ingle- f rac t ion  t e s t  i r r a d i a t i o n s  of vhoie b r a i n  
were made OD a group of ainc r a t s ,  a t  doses o f  1000-2500 rad. Concurrent 
i r r a d i a t i o n  of control anmals t o  x - i r r a d i a t i o n  of  1500-3000 rad vas also 
perfonred.  
danage t o  t h e  b r a i n  is bczng evaluated. 

A l l  aainuIs vert sacrificed, and gross morphological rad vascular  

( f )  L a .  Three s t u d i e s  involving tad ia t ion-  
induced lung death and/or collagen depos i t ion  i n i t i a t e d  by Yuhar e t  a l . ,  but  
none o f  the mice successfully surrrived the t reatment .  
developed chronic  pneumonia and d ie .  
been starfed, as acscr ibed under flethods o f  Procedure. 

The mice uniformly 
A new s e r i e s  of l u g  experiments have 

( 3 )  Yechanism s t u d i e s  

( a )  Negative versus  p o s i t i v e  pions.  Batphau 
in i t ia ted  a series of s t u d i e s  on growth delay of !Xa-11 HTS exposed t o  negative 
p ions ,  p o r i t i v e  p ions ,  and x-rays. As described above, the  primary d i f fe rence  
betveeo negative pions and x-rays vas a smaller threshold f o r  pions before 
d e t e c t a b l e  arouth delay was observed. P o s i t i v e  pions i n  these experiments 
produced r e s u l t s  ind is t inguishable  from those of x-rays. This f inding i n d i c a t e s  
that the "star" formation produced by pions is l a r g e l y  responsible  f o r  t h e  
r e d u c t i o n  in th reshold .  

(b) Radioprotection aga ins t  pions. The respon- 
siveness of  CEO cells t o  rulfhvdrvl  (cvsteine) radioorotect ion was comared  
f o r  2-cm peak pions 8ad x-rays: 
demonstrate that  cyrtcFDe is near ly  as e f f e c t i v e  i n  pro tec t ing  aga ins t  pions 
as againrt  x-rays. 
peak p ion  r a d i a t i o n  is lou LET. 

Resulh of this study, sunnarizcd in Table 31, 

This i s  cons is ten t  with the f a c t  t h a t  the  vast  majori ty  o f  
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CEO aLLs AGAINST EITER 2-ci PEAX PIONS OR X-RAYS 
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3.  S p e c i f i c  A i m s  

a .  To e s t a b l i s h  the RBE f o r  pions a s  compared t o  ki lovol tage 
x-rays f o r  f rac t iona ted  pion i r r a d i a t i o n  in  the induct ion of acute  i n j u r y  t o  
t h e  mouse skin and intestinal mucosa. 

b. To study the Late e f f e c t s  of c l i n i c a l l y  ueful  pion berms 
on t h e  r a t  c e r v i c a l  sp ina l  cord by analysis of physiological  and h i s t o l o g i c a l  
endpoints.  

c. To study t he  l a t e  effects  o f  c l i n i c a l l y  usefu l  pion beams 
on the r a t  kidney by meaas of s e r i a l ,  noainvasive radioisotope scanning and 
c o r r e l a t i o n  vith histopathologic  f ind ings .  

on the inouse Lung a8 assayed by physiological  and histopaChologica1 endpoints.  
d .  To study the late e f f e c t s  of c l i n i c a l l y  usefu l  pion beams 

e. To study the l a t e  e f f e c t s  of c l i n i c a l l v  usefu l  pion beam 
on the r a t  rectum by means of morphometric a n a l y s i s .  

f .  To scudy the  l a t e  e f f e c t s  o f  p ion  i r r a d i a t i o n  on the  mouse 
lens.  

g.  To c h a r r c t e r i r c  t h e  p a t t e r n s  of c e l l - k i l l i n g  and ICBE f o r  
c l i n i c a l l y  employed pion beams including s t a t i c ,  f an ,  and spot beams, as well 
as varying f i e l d  sizes and range-modulated perks using cul tured c e l l s  i n  gel. 

h. To study mutagenesis and t ransforrmtion by pions using 
cul tured  cells and carcinogenesis by pions usang the same a n h a l s  i r r a d i a t e d  
i n  che Late e f f e c t s  s tud ies .  

involved i n  pion biomedical re rearch  i n  Vancouver, B. C. , Canada, and Vi l l igen ,  
Switzerland and t h i s  p r o j e c t  i n  terms of comparison of biology protocols  and 
r e s u l t s  as vel1 as development of complementary programs. 

i. To f a c i l i t a t e  cooperation between other  i n s t i t u t i o n s  

4 .  nethods of Procedure 

Cell culture studies u i n g  !he gel-tube suspension system 
s i m i l a r  to studies reported i n  t h e  progress  repor t  w i l l  be wed t o  c h a r a c t e r i z e  
the  spectrum of s t a t x  and dynamic beam tunes used in therapy. 
CO-l-nt dosimetry studies and guide the development of range-rhif t e r  funct ions 
and t reaunent  planning. 

1980, have es tab l i shed  t h a t  the d i s u l  region of  the  Bragg peak is more blo- 
l o g i c a l l y  e f f e c t i v e  than the  pro.-1 regroa and that the  b i o l o g i c a l  e f f e c -  
tiveness of  pions decrcrrer s i g n i f i c a n t l y  with increar rng  peak v i d t h .  
d i f f e r e n c e s  i n  b i o l o g i c a l  effects could be larger f o r  f rac t iona ted  doses .  
propose t o  s tudy the RBE f o r  acu te  reac t ions  t o  Eractionatcd doses of  pions 

These s t u d i e s  

Cell c u l t u r e  studies perfo-d durang September and October 

The 
We 
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f o r  var ioua  
survival of 

peak v i d t h s  CormPonly used i n  radiotherapy,  uszng tcc!miquer assessing 
mouse i n u s t i n a l  c r y p t  cells and desquamatAon o f  mouse sk in .  

Since the Late e f f e c t s  s t u d r e r  are very c o s t l y ,  vc propose t o  
s tudy  the l a t e  e f f e c t s  of pion r a d i a t i o n  on normal t i s s u e s  ( r a t  c e r v i c a l  
sp ine ,  kidney, and colon and mouse Lung and lens) using a p i o n  beam v i t h  the 
smallest peak width (6 0 )  used i n  therapy. 
a l s o  be used f o r  c e r v i c a l  sp ina l  cord s t u d i e s  l a t e r .  The response of murine 
tumors as compared t o  mouse stun and g u t  vi11 a l s o  be studied v l t h  pion beams 
of  6 - a  peak v i d t h  t o  document the r e l a t i o n s h i p  o f  RBE fo r  tumor and normal 
tissue in t h e  same system. 

r\ l a r g e r  peak v id th  of 14 an w i l l  

a.  Beam uniformity s t u d i e s .  Some of the  range-shif ter  functions 
used i n  conjunct ion  with the  s t a t i c  beams c u r r e n t l y  used in therapy have been 
v e r i f i e d  as producing uniform c e l l - k i l l i n g  ac ross  the peak region by s t u d i e s  
of cu l tu red  hamster c e l l s  (V79) suspended in  g e l a t i n  ( s e t  the ?regress r e p o r t ) .  
Such measurements w i l l  be made for a d d i t i o n a l  treatment tunes required for 
thorough c h a r a c t e r i z a t i o n  of beams c q l o y c d  i n  p a t i e n t  treatment.  Dynamic 
treatment plana u s i n g  "fan tunes" and "spot tunes" a t e  uadcr development. 
response of cu l tu red  c e l l s  t o  these focused beams vi11 also be measured by 
exposing several tubes containing c e l l  suspensions i n  g e l  orienrcd i n  d i f f e r e n t  
d i r c c t i o a a  v i t h  respect t o  the beam. 
be compared v i &  those f o r  dynamic treatment b e m a .  

The 

The results f o r  l a rge  s t a t i c  beams v i 1 1  

b.  Normal t i s s u e  e f f e c t s  

i. Acute e f f e c t s  

(1) I n t e s t i n a l  crypt c e l l s .  Cultured c e l l  cxperi- 
meats i n d i c a t e d  decreases i n  RBE uiLh increasing peak width (see che progress 
r e p o r t ) .  These d i f f e rences  a r e  expected t o  be larger f o r  fractionaced doses.  
I d e a l l y ,  such ~ e a s u r e m e n t s  should be c a r r i e d  out  v i t h  beams t h a t  a r e  used 
c l i n i c a l l y .  Withers' techniquc12' v i 1 1  be used f o r  i n t e s t i n a l  crypt  c e l l - s u r v i v a l  
measurements. Since  t h e r e  are  no d i f f e rences  between obdoninal i r r a d i a t i o n  
and vtaole body i r r a d i a t i o n  i n  i n t e s t i n a l  c ryp t  c e l l  s u m i v a l ,  there is no need 
t o  use any a d d i t i o n a l  col l imat ion that could chance the beam qua l i ty ;  hence 
t h i s  s y s t a  is appropr i a t e  for  measurements of  differences i n  UE as a funct ion 
of peak width ranging from 6 t o  16 cm. In add i t ion ,  extensive background da ta  
us ing  the Withers technique art a v a i l a b l e  f o r  comparison v i t h  neutrons,  

Since l imi t ed  time periods are ava i l ab le  on t he  
biomedical channel f o r  d 0 8 i m t r y  and radiobiology experiments (approximately 8 
hours d a i l y ,  from m i d n i g h t  t o  8 : O O  a - m . ,  and about 32 hours during vetkends) , 
f r a c t i o n a t e d  erptr imenta  C M  be performed only during veekends. Studies  with 
s i n g l e - f r a c t i o n ,  two- and four-fract ions.  separated by three-hour time i n t c v a l r ,  
and a l i m i t e d  uumber of erperiPKnts using up t o  10 f r a c t i o n s  will be conducted. 
The e f f e c t s  of  v a r i a t i o n  of range-shif ter  funct ions vi11 also be studied using 
f o u r - f r a c t i o n  exposures a t  t he  proximal, mid, and d i s t a l  rcgioas of the peak. 

and heavy ions.L3o 

(2 )  House skin.  The mouse foot  system12s has been 
found t o  be useful  f o r  studying the acu te  e f f e c t s  o f  heavy par t i c l e s13 '  and 

of 6- and 1L-ca peak widths f o r  single and f r ac t iona ted  exposures. 
f r a c t i o a s  w i l l  be used, s i n c e  the RBE obtained f o r  four f r a c t i o n s  is not si - 
n i f i c a n t l y  d i f f e r e n t  from that f o r  a i a r g c r  number of f r ac t ions  f o r  pions.  

I t  i s  proposed t o  use t h i s  system also t o  measure RBE o f  pion beams 
Four d a i l y  

I f 3  
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ii. Late e f f e c t s .  Late e f f e c t s  of  r a d i a t i o n  in general  
develop in tissues with a slow turnover of  ttl:s,  such as the l u n g ,  kidney, 
b r a i n ,  and spinal cord. These organs a r t  t h e  most  c r i t i c a l  dose- l imit ing 
normal tissues, since severe damage may lead to serious morbidity o r  death.  
In c o n t r a s t  t o  a c u t e  e f f e c t s  observed, for example. i n  skin o r  in tes t ine ,  
mechanisms involved in  t h e  development o f  l a t e  damage a r e  not well understood. 
I n  t h e  pion radiobiology programl the following tLssues of  d i r e c t  imporzancc 
t o  c l i n i c a l  t reatment  w i l l  be s tudied :  (1) centra l  nemous system ( C X S ) ,  
( 2 )  kidney, (3) l u g ,  (6) colon, and ( 5 )  lens. 

(1) E. This i s  one of t h e  most M p o r t a n t  dose- 
l i m i t i n g  tissues i n  t r c a m e n t  of a v a r i e t y  of tumors, i n c h d i n s  those of  the  
bra in ,  head/nect,  luna, ercphagas,  and paocrcas.  
to le rance  of t h e  b r a i n  and spinal cord,  the r a t  c e r v i c a l  s p i n a l  cord has been 
observed t o  be a c l i n i c a l l y  re levant  aodel .  12" 
r a d i a t i o n  myelopathy may develop, depending on r a d i a t i o a  dose o r  time a f t e r  
i r r a d i a t i o n .  These syndromes a re  rrmarkablp simxiar t o  those descr ibed i n  
p a t i e n t s  wi th  regard t o  his toparhological  c h a r a c t e r i s t i c s  and t i m e  of  appearance. 
The two major types  of i r r e v e r s i b l e  delayed damage a re :  

For s t u d i e s  cn the rad ia t ion  

Various svndromes of 

( a )  Early delayed damage cons is t ing  of  demye- 
l i n a t i o n  and v h i t e  mat te r  necros is .  
with neurological  signs of a rapidly progressing p a r a l y s i s  

This develops 5-6 months a f t e r  i r r a d i a t i o n ,  

(b) Late delaved damage, mainly character ized 
by vascular  i n j u r y  such as t e l a n g i e c t a s i a ,  thrombus formation and foca l  hemor- 
rhages. The l a t e n t  period shoos grea t  v a r i a t i o n .  but  usua l ly  is from 1 t o  1.5  
years. In  most animals,  t h e  neurological  s igns  a r e  m i l d ,  but severe para lys i s  
may also occur as a r e s u l t  of a hemorrhagic i n f a r c t i o n .  

Iz rad ia t ioa  of  the r a t  lumbar spine conraining 
t h e  lower lumbosacral p a r t  of the cord and a ? a r t  of the cauda cquina r e s u l t s  
i n  a c o q l e t e l y  d i f f e r e n t  h i s t o l o g i c a l  p i c t u r e  as compared t o  t h e  c e r v i c a l  
cord. In chis region,  t h e  maia damage is necrosis  of t h e  nerve roots ,  with 
the  spirul  cord i t s e l f  w e l l  preserved, even uich s i n g l e  doses of x-rays a s  
h i g h  as 6000 rad.  
ships with the e a r l y  delayed response in the  c e r v i c a l  cord,  chc lumbar cord 1s 
not a r e p r e s e n t a t i v e  model f o r  the utloie CYS. .-\iso, the Late vascular  response 
of c e r v i c a l  cord and b r a i n  is no(: observed in tnc Lumbar region. 

Despite some gross s i m i l a r i t i e s  in dose response r t l a r i o n -  

Until  nov, most s r u d i e s  v i t h  high-LET 
r a d i a t i o n  00 the s p i n a l  cord have been performed on the lunbar region. 
were re o r t e d  f o r  fast neutrons,128'136113' heavy ions.138 and, recent ly ,  

almost as high  as those obtained with 1S-fleV neutrons (see progress  r e p o r t ) .  
However, f o r  c l i n i c a l  therapy,  these  small Bragg peaks w i l l  not be used; a 
spread peak of  about 6 em is  expected t o  be the  smallest beam used. 
experiments on CNS to le rance  w i l l  be pcrfomcd With rhc l a t t e r  beam time, 
using the  rat c c m i c a l  s p i n a l  cord as the  most reievanc model f o r  human CXS. 
Since a f u r t h e r  increase  i n  peak width w i l l  show a decrease o f  ME, the  r e s u l t s  
obtained with the smallest c l i n i c a l  beam L O  be used should give an upper i icnic 
of RBE. 

Results 

pions . '  s ' The REE valuer  obtained v i t h  pions o f  a mail volume Bragg peak a re  

Therefore,  
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I n  the  first s e r i e s  of experiments,  i r r a d i -  

a t i o n  v i11  be Carr ied ou t  v i t h  1, 2,  5 ,  10 ,  and 20 Eractions o f  pions and 
x-rays wi th  doses per  f r a c t i o n  as lov as 1 Cy. 

Tor determination of ED50 values  v i t h  an 
accuracy of 5-10 pe rcen t ,  each experiment v i11  use about 50 r a t s  with 5-6 
r a d i a t i o n  darer .  This t o t a l s  GOO r a t s  f o r  the fou r  f r a c t i o n a t i o n  schemes with 
x-rays and p i o n s .  
v i t h i n  six months; the o t h e r s  have t o  be observed for  a minuum of 1-1.5 
pea rs . 

On the average,  half  of  these  r a t s  v i11  develop pa ra lys i s  

I n  a l a t e r  s t age ,  it i s  envisioned t o  
r epea t  a 5- or 10-f rac t ion  experiment with a l a r g e r  v o l w  pion beam. 
depends on vhether significant di f fe rences  i n  RBE values  a r e  found f o r  acute  
reac t iona  in skin and i n t e s t i n e -  . 

This 

Other asp tc t s  a r e  r e s idua l  damage and 
In sp l i t -dose  expermeats  v ~ t b  300-kV x-rays amount of long-term r tcoverp.  

and 15-UtV neutrons on the rat ccroicrl s p m r l  cord,  the r e p a i r  capaci ty  after 
neutrons vas s t rong ly  reduced f o r  a 2k-hr i n t e r v a l  between two f r a c t i o n s .  
However, with inc reas ing  time intervals, a d d i t m a i l  recovery vas observed t o  a 
s u n i l a r  o r  even g r e a t e r  e x t e n t  f o r  neutrons as coawred t o  x-rays (Figure 68) .  
Experiments wi th  x-rays and pions vi11  be car r ied  OUC to f u r t h e r  e lucidate  the 
mechanisms of long-term recovery a f t e r  lov- and high-LET i r r a d i a t i o n  of the 
(22s. 

(2) Kidoep. In the pion radiobiology program, 
development of l a t e  h i e  in  t h e  mouse kidney has been s tudied  f o r  up to 15 
f r a c t i o n s  of pions ( 2 - a  peak v id th )  and x-rays. The model used vas t h a t  
developed by P h i l l i p s ,  140 in which one kidney is  i r r a d i a t e d  about 30 drys 
a f t e r  u n i l a t e r a l  nephrectomy. 
s imple  but crude endpoint ,  a q u a n t i t a t i v e  h i s t o l o g i c a l  scor ing  syrtem vas 

a r e  also derived f o r  doses below the  l e t h a l  range. 
versus  the number of  f r a c t i o n s  shows a log-l inear  r e l a t ionsh ip  f o r  up t o  15 
f r a c t i o n s  of  pions and x-raps.12' The steep curve f o r  x-rays ( s lope  0 . ~ 9 1  
i n d i c a t t s  a great capac i ty  of the mouse kidney f o r  r epa i r  of subef fec t ive  
damage-erea greater than that observed f o r  the  spinal cord (s lope 0.62) .  
Pioo i r r a d i a t i o n  reduce8 thr amount of re  a i r ,  b u t  t o  a lesser ex ten t  t h n  
t h a t  obremcd in  the lumbar s p i n a l  cord. ''' A disadvantage of t he  u n i l a t e r a l  
aepkrectomy model is t b a t  the rad iobio logica l  c h a r a c t e r i s t i c s  o f  t h e  remaining, 
hypertrophied kidney may aot  be r c p r e s e n u t i v e  o f  a normal kidney. 
t he  results obtained by HopewellA4 for the p i g  kidney rhov a s i g n i f i c a n t  r i s e  
i n  to l e rance  when the overall treatment tiae i s  increased from 16 t o  30 days, 
presumably due t o  repopula t ioa .  
the u n i l a t e r a l l y  aephrec toa i rcd  mice, which suggests a decreased p r o l i f e r a t i o n  
p o t e n t i a l  in the hypertrophic  kidney. 

Instead of evaluat ing LDso values, which is  a 

The a d v u t a g e  of t h i s  system is t h a t  dore response re la t ionships  
Xsoeffect t u n e s  f o r  dose 

For example, 

This e f f e c t  was not seen by in 

In a neu s e r i e s  of experiments,  another 

A system will be developed f o r  monitoring kidnep 
approach v i11  be the  i r r a d i a t i o n  of one kidney i n  t he  r a t ,  with the  ocher 
kidney remriniag i n t a c t .  
func t ion  v i t h  r ad ioac t ive  t r a c e r s  a t  var ious time i n t e r v a l s  a f t e r  i r r a d i a t i o n .  
The func t ion  of the i r r a d i a t e d  l e f t  kidney v i11  be compared v i t h  the  uni r rad ia tcd  
r i g h t  kidney as an i n t e r n a l  con t ro l .  Dynamic s tud ie s  with radioisotopes a r t  
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most sensitive f o r  t e s t i n g  loss of  func t ion ,  even a t  doses which do not cause 
i r r e v e r s i b l e ,  l e t h a l  damage. 
f o r  the f u a c t i o n  of kidney CmpartPCncs, e .  g . ,  Bippuran f o r  tubular sec re t ion  
and DTPA (d i e thy lene  t r i a a i n e  penta-acet ic  ac id)  for glomerular f i l t r a t i o n .  
Since these  techniques a r e  noninvasive, d i f f e r e n t  funct ions can be assessed 
r e g u l a r l y ,  which allows the evalua t ion  of acu te  and l a t e  phases i n  t he  deoclop- 
ment of damage. 
and developmeat of kidntg d w g e  w i l l  be s tudied  uith t he  quan t i t a t ive  scoring 
technique wed in previous moue kadney erperunents .  

c o n t r o l l e d  by convtn t ioua l  radiotherapy i n  ooly about 50 percent  of cases ,  
there tumors a r c  included in the  c l i n i c a l  pion program. Exprrfments had been 
i n i t i a t e d  by Y u h u  and h i s  assoc ia t e s  t o  s tudy the  effect of pions and x-rays 
on the muse l u g  (LDso endpoint) ,  but  severe i n fec t ions  hampered the progress  
of these s t u d i e s .  

D i f f e ren t  Lracers can be used, vhich a r e  s p e c i f i c  

P a r a l l e l  t o  there func t iona l  assays, r a t s  vi11 be s a c r i f i c e d  

(3) a. Since carcinoma of the lung is l o c a l l y  

T h e  e f f e c t  of h i  h-LET rad ia t ion  on lung 
has been s tud ied  ex tens ive ly  by Fie ld  and H o r n ~ e y ’ ~ ~  and Phi l l i p s , ’43  using 
death az 160-180 days as an endpoint,  which is mainly r e l a t e d  t o  acute  pneu- 
amni t i s .  Recent ly ,  a more s p e c i f i c  model har been developed by Travis 
d* e t  a1  L44’L4d c o l p b u g  quan t i t a t ive  h i s t o L o n  and a noninvasive assay of 
lung function i n  the  #we.  
f o r  monitor ing r e s p i r a t o r y  freqluncy. 
i r r a d i a t i o n  with x-rays and fisc neutrons.  
e a r l y  and l a t e  waves o f  damage b i  been q u a n t i t a t i v e l y  r s r e s s t d .  

This method employs vhola body plethysmography 
Dose-response curpes were derived a f t e r  

With t h i s  system the occurrence of 

, Recently,  a p i l o t  experiment was c a r r i e d  
ou t  w i th  1, 2 ,  5 ,  10, and 20 f r a c t i o n s  of  X - K ~ ~ S  and pkoas. From two months 
a f t e r  i r r a d i a t i o n ,  animals started LO d i e  with r ad ia t ion  paeuanonitis v i thou t  
signs of i n f e c t i o n .  Dose-response curves f o r  the  e a r l y  phase of damage a t e  
expected mid 1982. 

The whole body plethysmography system is 
now used in Lor Alam08, and bare-line data  a r e  s i m i l a r  t o  o the r  s t r a i n s  of 
mice. 
waver of damage is planned. 

A #re d e u i l e d  analys is  of the r e sp i r a to ry  p a t t e r n  in  e a r l y  and l a t e  

(4) Colon and tectum. Late f i b r o s i s  and mucosal 
i n j u r y  to t h e  lower intestinal t r a c t  i s  a se r ious  complication a f t e r  i r r a d i a t i o n  
of p e l v i c  tumors with x-rays o r  fast neutrons.  
p ions ,  a system f o r  h i r t o l o g i c a l  scor ing  of changes i n  the  mucosa and submucosa 
of the rcct= h.8 been 
subarcor81 dauge  are f i b r o s i s  and vascular  s c l e r o s i s .  
tionatad pion i r r a d i a t i o n s  (up to  10 f r a c t i o n s )  have been done with a narrow 
( 2 - a )  Bragg peak. 
r e l e v a n t  beam of 6 cm. 

To evaluate the e f f e c t  of 

The main components of the obsemed 
Single  dose and f rac-  

Additional e x p e r b e n t s  vi11 be ca r r i ed  out w i t h  a c l i n i c a l l y  

(5 )  &. A s i g n i f i c a n t  amount of r ad ia t ion  map be 
given t o  t h e  lens of the eye during the course of p ion  radiotherapy for tumors 
in t h e  head and neck o r  brain. ~ ‘ O K  concern I s  t h a t  high-LET rad ia t ions  have 
a high  RBE f o r  lens opacification.1s4 Experiences with neutrons ind ica t e  that 
t h e  RBE of f a s t  neutrons i s  a funct ion of dose (varying from 10 t o  50 ,  v r t h  a 
higher  RBE a t  lower dose reg ions) .  Although one can a l l e v i a t e  the  incidence 
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o f  c a t a r a c t  formation by us ing  f rac t iona ted  
t e s t e d  i f  such f r a c t i o n a t i o n  can Lower the incidence of lens opaci f icac lon  f o r  
pions.  
and four f r a c t i o n  dores. Ue intend t o  use noaanesthetized mice under the 
s tudy design proposed by the group a t  TRIuMT.'s* 
determination is t h e  t h  required t o  achieve Catarac ts  i n  50 percent  Of the  
mice i r r a d i a t e d .  Preliminary s t u d i e s  involviag s i n g l e - f r a c t i o n  x-rays as well 
as pions a r e  in  progress  a t  Los Alamos. 

i t  is y e t  t o  be 

We propose t o  s tudy the e f f e c t s  of  pions on mouse lens using single 

The endpoint f o r  the RBE 

iii. Yutaqenici ty  and oncogenicity s t u d i e s  

(1) In v i t r o  s t u d i e s .  Yutagenic and oncogenic 
p r o p e r t i e s  are  important aspec ts  i n  evaluat ing new therapeut ic  modal i t ies .  
For x-rays,  experience b r  shown that  t h e  oncogenic r i s k  from such therapy is  
considerably rurporsed by the p o t e n t i a l  b e n e f i t s .  
s t u d i e s  using cu l tured  w l i a n  cells may not be of c l i n i c a l  relevance. 
However, with s i g n i f i c a n t  p r i o r  experience i n  oncogenicity o f  x - i r r a d i a t i o n ,  -- i n  vitro comparative s t u d i e s  between x-rays and pions will provide a clue i n  
the e v i l r u t i o n  of mutagcnicfoncogcnic c b r a c t e r l s t l c s  of  pioa beams. 
s t u d i e s  by L i  have ind ica ted  t h a t  the s lope  f o r  mutants pe r  10' survivors  
versus  dose is three timer steeper f o r  pions than i c  is  f o r  x-rays using the 
hypoxaathine-guanine phosphoribosyl cransferase iHCPRTarc) locus in CHO cells 
(see the  progress  r e p o r t ) .  
plutonium was compared t o  t h a t  of x-rays u s i n g  the same c e l l  system, p l o t s  of 
mutation frequency aga ina t  s u r v i v a l  showed that, r e l a t i v e  t o  x-rays, the  
p r o b a b i l i t y  is greater tlut a l e s ion  from alpha p a r t i c l e  i r r a d i a t i o n  w i l l  
r e s u l t  i n  an i n a c t i v a t i o n  ( c e l l  death)  than i n  a mutagenic event.Ls' 
review of v i t r o  t ransformation s t u d i e s  invoiviag high-LET r a d i a t i o n  has 
been published by Yang and Tobias.1S8 

Yutagenicity and oncogenscity 

Previous 

b%en the  mutagenicity of alpha p a r t i c l e s  from 

Extensive 

Because of v a r i a t i o n s  i n  neutron cont r ibu t ion ,  
rad iobio logica l  p r o p e r t i e s  of pioa bears vary,  depending on the peak width f o r  
a given f i e l d  s i z e .  Therefore ,  we intend t o  continue t o  measure the mutagenic 
c h a r a c t e r i s t i c s  of pion beams v i t h  d i f f e r e n t  peak widths. 
s t u d i e s ,  CHO and human embryonic f i b r o b l a s t s  w i l l  be used, and, for t r iosformation 
s t u d i e s ,  Syrian hamster c e l l s  (313) vi11  be used. Cells will be  i t r a d i a t e d  in 
water phantom a t  37°C with  one f r a c t i o n  or two f r a c t i o n r  given t h r e e  hours 
a p a r t .  The da ta  obtained w i l l  be matched v i t h  the s u r v i v a l  data t o  c o r r e i a t e  
t h e  mutagenicity o r  t r a n s f o r n u t i o n  r a t e s  i n  the surv iv ina  f r a c t i o n s .  
s t u d i e s  using x-rays and alpha p a r t i c l e s  f o r  one and tvo f r a c t i o n s  are in  
progress ,  i n  c o l l a b o r a t i o n  v i t h  the  metubers of the Yolecular Biology Group i n  
the UHL Life Sciences Divis ion.  

For autagcnic i ry  

Preiiminary 

(2) I n  vivo s t u d i e s .  As descr ibed e a r l i e r ,  the  rats 
that w i l l  be exposed t o  pions or x-rays f o r  CYS l a t e  e f f e c t s  and o ther  normal 
t i s s u e  l a t e  e f f e c t s  s t u d i e s  w i l l  a l s o  be followed f o r  radiation-induced tumors. 
A11 the a n m l r  that  develop tumors w i l l  be examined h i s t o l o g i c a l l y .  

c. Pioa RBE and tumor c e l l  d i f f e r e n t i a t i o n .  H i s t o r i c a l l y ,  

The rationale f o r  urang high-LET 
t h e  rationale f o r  proposing cancer therapy with high-LET r a d i a t i o n s  was t o  
overcome the rerirtrnce of hypoxic c e l l s .  
p a r t i c l e s  is tht they 8ay produce g r e a t e r  e f f e c t  on tumor c e l l s  f o r  a given 
e f f e c t  on normal tissues. 
neutrons i n d i c a t e s  t h a t  t h e  RBE on noma1 ~ L S S U C S ,  e s p e c i a l l y  for l a t e  e f f e c t s ,  

The radiobiologic  and c l i n i c a l  experience v i t h  fast 

. 
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is r a t h e r  large; hence, t h e r e  MY not  be a uniform the rapeu t i c  advantage t o r  
high-LET r a d i a t i o r u  for a11 t w r s .  
ex tens ive  series of i n v e s t i g a t i o n s  with human pulmonary metastases t h a t  chert  
is a c o r r e l a t i o n  between h i s t o l o g i c  tumor grade and volume-doubling time and 
between RBE and oolQmr-doubling time, suggesting an advantage for high-LET 
r a d i a t l o a r  orrly f o r  slow-grouing, well d i f f e r e n t i a t e d  tumors. ve bel ieve 
this important obreroat ion should be explored in high-LET progr-I. About 
7,000 patients have been t r e a t e d  v l t h  f a s t  neutrons,  but  a d e f i n i t i v e  ansvet 
is  8 t i u  not a v a i l a b l e  as t o  vhecher f a s t  neufrons improve l o c a l  tumor Control, 
as corpared t o  l o c a l  c o n t r o l  v i t h  conventioorl  aegavoltaae radiothcrapy. The 
h r t c r d u  group has speculated t h a t  good r e s u l t s  f o r  some tumors my be Counter- 
balanced by bad results for other tumors, thereby confounding a r e so lu t ion  t o  
the arresswnf of improved l o c a l  con t ro l .  

The Amsterdam group concluded a f t e r  an 

Since it is d i f f i c u l t  to accumulate such extensive 
c l i n i c a l  experience w i t h  p i  mesons or heavy ions, it i s  of  paramount importance 
t o  develop methods that vould help screen p a t i e n t s  who vould have a b e t t e r  
prognosis wi th  high-LET p a r t i c l e s  than with conventional r ad ia t ion .  We propose 
t o  i n i t i a t e  such a research program i n  a s-11 sca l e .  
w i t h  our e x i s t i n g  rodent tumor l ines  ( w e l l  d i f f e r e n t i a t e d  and poorly d i f f e r -  
e n t i a t e d  adenocarcinomas) and t o  extend there s tud ie s  wi th  more re levant  tunor 
s y a t u u  and t o  me~rure RBE of a c r e  tumors by mans of g r o v t h  deLay/colony 
foxmation 5 v i t r o .  
t i S 8 U e S  such as skin and gut t o  t e s t  vhether t h e r e  is any c o r r e l a t i o a  between 
rcsponae t o  piom and tumor d i f f e r e n t i a t i o n .  
p a t i c n t  records,  the tumor response o f  p a t i e n t s  t r e a t e d  v i t h  pions o r  x-rays 
i n  this program f o r  any c o r r e l a t i o n  betvcen tumor d i f f e r e n t i a t i o n  and t w r  
response. 

We intend t o  S t a r t  

These RBE d a t a  w i l l  be compared to t he  RBE of normal 

We w i l l  a l s o  examine, f r o m  

5 .  Anticipated Results 

Anticipated r e s u l t s  from the biology component o f  the program 
a re :  

a .  Biological  dorisetry i n fomat ion  will be obtained by means 
of c e l l  c u l t u r e  r y s t e w  and experimental animal systems t o  v e r i f y  and/or  
modify pioo therapy bcur  of var ious dimcarions to enhance uniformity of 
c e l l - k a l l i n g  across the peak. 

b. RBE values of f r ac t iona ted  doses of pion beams f o r  acute 
e f f e c t s  (mouse s k i n  urd gut) and l a t e  e f f e c t s  ( r a t  c e r v i c a l  s p i n a l  cord. 
kidney, and colon and mouse lung and lens) will be determined t o  provide 
guidance on late nornu1 tissue responses f o r  the therapy program. 

c .  Studies in c e l l  systems and in rodents v i l l  provide in fo t -  
amtion f o r  comparison with the  expectation o f  mutagenicity and oncogenicity 
a f t e r  x - i r r a d i a t i o n .  

d. Determination of  tumor RBE €or  vel1 or poorly d i f f e r e n t i a t e d  
tumors c o q 8 r e d  to RBE's f o r  normal t i s s u e s  w i l l  provide i n f o m a t i o n  on expected 
t h e r a p e u t i c  ga in  v i th  pions.  
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6 Signif icance 

The b i o l o g i c a l  component of this proposal is primarrly armed a t  
a s s i s t i n g  t h e  c l i n i c a l  program. 
a s s i s t  t h e  therapy proarm i n  terms of b i o l o g i c a l  dosimetry (uniform c e l l - k i l l i n g  
across the beams), REE values  f o r  var ious  dose-limiting normal tissues ( including 
i s o c f f e c t  slopes so that REE values can be extrapolated t o  di f f erent  f r a c t i o n a t i o n  
schemer), and in foruut ioa  o a  carcinogenesis.  

Experimental data obtained will be used to 

7 .  F a c i l i t i e s  Available 

The UKL Life Sciences Divis ion has e x c e l l e n t  Laboratory f a c i l i t i e s  
for t h e  proposed s tudy,  in a d d i t i o a  t o  t h e  experrise in the f i e l d s  o f  molecular 
biology, c e l l u l a r  bioiogy, a a m l i a n  biology, and flow cyfooccry. 
f a c i l i t i e s  in pathology ace a v a i l a b l e  a t  UNIl. 
under IIH guide l ines ,  are a v a i l a b l e  a t  IANL and a t  the UNn Uedical Center f o r  
housing animals i r r a d i a t e d  i n  these s t u d i e s .  

Exce l len t  
Animal f a c i l i t i e s ,  accredi ted  

8 .  Co 11 a bo ti t ivc A r  ran gemen t S 

Col laborr t ivc  arrangements with E. Travis ,  Ph.D., of the H . D .  
Anderson Cancer Center, Houston, f o r  l a t e  e f f e c t s  s t u d i e s  of  lung are described 
under Hethodr of Procedure. The c o l l a b o r a t i o n  between the WKL Life Sciences 
Div is ion  aod the UNtl Department of Pathology, as vel1 a s  rhe a d d i t i o o  of Dr. 
van d e r  Kogel from the Radiobiological I n s t i t u t e  of the Organisation for  Health 
Research, FIO, Rijsuijk, The Netherlands,  are  also described above. Other 
p o t e n t i a l  c o l l a b o r a t o r s  who m y  be a b l e  t o  contribute new information and/or 
techniques t o  these  s tud ies  a:l be  sought as  the need ind ica tes .  
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I). Core Cotaponent 

1. I n v e s t i g a t o r s  

Name - Tit le  - 
Robert D. Xoselep, Jr . ,  3.D. Co-Principal Invest igator  
TBA Co- P r inc ipa l  Inves t i g a  t o r  

Kincaid Davidson, Y.S.  Protram h n a g e r ,  CRWLos Alms 
TBA Grants h u g e s e n t  S p e c i a l i s t ,  

Aato Fnette Garcia Program S p e c i a l i s t  IX, Protocol 

m Program S p e c i a l i s t  11, Protocol 

Chief,  Radiation Oncology, CRTC 

cRTC/Los Alamor 

Off i ce ,  CRTC/Albuquerque 

Off ice ,  CRTC/Lor Alamos 

2. Introduction 

a .  Objec t ive  T’he ob jec t ive  of t h i s  component is t o  provide 
adequate admin i s t r a t ive ,  l o g i s t i c s ,  and data aaolgcment support so t h a t  c l i n i c a l  
t r i o l s  of  pioa radiotherapy can be conducred as expeditioualy and c o s t - t f f e c t -  
ively as poss ib l e .  

b. Rationale .  The conduct of the  c l i n i c a l  t r i a l s  program as  
a coopera t ive  e f f o r t  bc tu tcn  the UNWCRTC in Albuquerque and LANL i n  Lor 
A l r w s  c r e a t e s  the need f o r  an adminis t ra t ive s t r u c t u r e  capable o f  supporting 
t h e  s t a f f i n g ,  p a t i e n t  interchragc,  rod c o m e a t i o n s  between EVO i n s t i t u t i o n s  
90 miles a p a r t ,  8s well as the uswl  requirements associated v i t h  s c i e n t i f i c  
docuaentat ion,  p a t i e n t  data management. t echn ica l  adminis t ra t ion and f i s c a l  
a d a i n i r t r a t i o n .  

Administration, CKTC/Lor Alamor. L o g i i r t r c i l  support and 
technical and f i s c a l  admimst rar ron  f o r  the Lor Alaros-based components of the 
pioa clinical  and s c i e n t i f i c  program are supervised by the Administrative 
Of f i ce ,  CBTCILor Alamor Kiacaid Davidson, Program Haxuger. The group handles 
t c c h n i c a l / f i t c a l  monitoring, accouriting, budgeting, p a t i e n t  reimbursements, 
reimbursements t o  health c a r e  providers,  purchasing, personnel, and r e l a t ed  
matters f o r  t h e  CXrC/Lor Alamor s t a f f .  All documentation flows through the 
appropr i a t e  u u t s  of the CRTCIAlbuquerque (F. Jackson, Administrator,  CRTC/ 
Albuquerque) aad then t o  appropriate  units of the UNn !lcdical Center. The 
group also assists in arrangements f o r  p a t i e n t  and s t a f f  housing and t r ans -  
p o r t a t i o n  in h r  A l m s ,  arrangements f o r  v i s i t i n g  scientists,  and l i a F S O n  
w i t h  the ICI, Wn, the Lor A l m s  Hedical Center,  members of the Pion Program 
External A d v i s o v  c m t t e e ,  the Radiation Therapy Oncology Croup, and o the r  
o r g a a i u t i o l r r ,  as appropriate .  

Lftch.nisM f o r  b i l l i n g  appropriate  medical cos t s  fo r  pion 
p a t i e n t s  t o  t h i r d - p r r t y  providers  a r e  being streamlined t o  maximize recovery 
of Costs a t  r a t e s  corprr-ble  t o  those f o r  rou t ine  radiotherapy, and t o  document 
c o s t s  not recoverable  from t h i r d  p a r t i e s .  
more t ime ly  and c o r p l c t c  b i l l i n g  and improved co l l ec t ions .  
from this source a r e  c red i t ed  t o  t h e  grant  in proport ion t o  money co l l ec t ed .  

These improvements a r e  r e s u l t i n g  in 
Funds received 

-298- 

t 0 9 1 b 3 9  00133521.299 



?iosclep, Robert 

?he adminisKrativc s t a f f  is housed i n  o f f i c e s  i n  the  Pion 
Biomedical F a c i l i t y .  With funds provided by the DOE, LlNL mplemented major 
modif icat ions t o  t h e  Pion Biomedical F a c r l i t y  t o  accomodate  i n s t a l l a t i o n  of 
t he  En1 7070 whole-body CT s c a m e r  and associated pe r iphe ra l s  and a new trcaL- 
ment p lanning  area.  The p ion  chrnncl cont ro l  room vas expanded t o  accowodate  
a new PDP 11/70 computer and physics da ta  a c q u i s i t i o n  equipment. 
a rea  was expanded t o  permit t h e  simultaneous set-ap o f  two p a t i e n t s .  
room was converted f o r  use as a p a t i e n t  ca s t ing  room, pe rmi t t i ng  sepa ra t ion  a €  
Lightcase manufactum from bolus /co l l i rP . tor  work. 
i n s t a l l e d  f o r  on-s i t e  p repa ra t ion  of p a t i e n t s ’  meals, 
space conversions,  aeu quarters vere added t o  r ep lace  l o s t  o f f i c e  and confcrencc 
room space. 
nexL t o  the Pion Biomedical F a c i l i t y ,  t o  provide o f f i c e s  f o r  displaced s t a f f  
and coaference space.  

n e  s t ag ing  
Another 

A new k i t c h e n e t t e  was 
As a resul t  of these 

LANL procured a pre fab r i ca t ed  bui lding and a tr l l i ler ,  l oca t ed  

The CRTC Protocol Office v i11  be s t a f f e d  with one person 
in  Albuquerque (A.  Garc ia ) ,  and one hal f  FTE zn Loa Alamos co provide l o g i s t i c s ,  
scheduling da ta  management, and r e l a t ed  support ts the  pion program. 
d i f f i c u l t y  of coordinat ing p a t i n e t s  and records between the Lor Alomos and 
Albuquerque f a c i l i t i e s ,  and the f a c t  t h a t  p a t i e n t s  a r c  coming from throughout 
t he  United Sta tes  f o r  p i o a  therapy and follow-up, has required l o g i s t i c a l  
support  i n  excess of that normally needed f o r  da ta  management i n  c o n j u c t i o a  
with c l i n i c a l  r e sea rch  p ro toco l s .  

3. S p e c i f i c  Aims 

The 

a .  t o  provide f i s c a l ,  personnel,  l o g i s t i c a l ,  and o the r  
ope ra t iona l  support  r e l a t e d  t o  delivery of pion r a d i a t i o n  therapy in Los 
Alamos . 

b. To seme as  U$H/CRTC l i a i s o n  with var ious Mm units 
p a r t i c i p a t i n g  i n  o r  support ing t h e  pion program. 

C .  To a s s i s t  in planning l a d  coordinat ion of the pion 
research program. 

d .  To scrpe as l i a i s o n  w i t h  r e f e r r i n g  i n s t i t u t i o n s ,  
visiting s c i e n t i s t s ,  members of advisory groups, t h e  RTOG, the XCI, and o the r  
organizat ions and agencies concerned with the p i o n  program 

e .  To prepare and process p ro toco l s ,  ConaeaK forms and 
progress reports f o r  t he  pion program, f o r  assurance of p ro t ec t ion  of human 
sub jec t s .  

f .  To monitor ( t echn ica l ly  and f i s c a l l y )  expendi tures  
incurred i n  the pion program, t o  ensure cos t - e f f ec t ive  u t i l i z a t i o n  of resources.  

g. To serve as l i a i s o n  with medical providers  rad  agencies 
providing t h i r d - p a r t y  payment. t o  promote cooperation in provis ion of and 
reimbursement f o r  s e r v i c e s  t o  p a t i e n t s  p a r t i c i p a t l a g  i n  the pion c l i n i c a l  
s t u d i e s .  

c 
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4. nethods of Procedure 

The Lor Alamor a d n i L i s t r a t i v e  offices o f  the  CRTC a re  
Located at LAMPF, w i t h i n  the  Pion Biomedical Faciliry. 
CRTC personnel working i n  Lor Ala-$, and Wn scientists vorking on the 
program as needed. 

The s t a f f  seme all 

Comunica t ions  between the CRTC in  Albuquerque and CRTC 
s t a f f  bared i n  Lor Alamor art s impl i f i ed  by having access t o  the  
phone system (vhich permits  d i r e c t  d i a l r a g  t o  any phone i n  Albuquerque a t  no 
c b r g t  t o  th ia  program); access t a  the E1S f o r  Long-distance c a l l s  (other chrn 
Albuquerque); access  to o f f i c i a l  use of Ross Aviation f o r  t r a r u p o r t i n p  corres-  
poadence and p a t i e n t  records and f i b s  by plane; and 8ccers t o  o f f i c i a l  t a x i  
service f o r  t r a n s p o r t i n g  p a t i c n t s  and s t a f f  t o  and from the Lor Alawr  a i r p o r t  
and business locations (e .g. ,  Lor Alamos Hedical Center, Pion Biomedical 
F a c i l i t y ,  p a t i e n t  apartments,  ecc.)  f o r  p a t i e n t s  and s t a f f  who do not  have 
dutomobile t r a n s p o r u t i o n .  %any CRTC s t a f f  rout inely d r ive  t o  and f r o m  Lot 
Alamor in their  OM o r  Vm veh ic l e s .  These s t a f f  also rout inely t ta lJ tpOtt  
correspondence, packages,  and small equipment between the two c i t i e s .  

The LAHL adminis t ra t ive scoff has been mort cooperative 
and h e l p f u l  t o  this p r o j e c t  in  procurement of space, o f f i c e  equipment, and 
su rp lus  s c i e n t i f i c  equipment; f r e i g h t  t r a n s f e r s  bervecn Albuquerque and Lor 
Alamor; and in var ious o t h e r  ways. Lines of  comunacatioa and cooperacion 
betveen t h e  CRTC and LANL adminis t ra t ive s t a f f s  f o r  che conduct of this program 
a t e  w e l l  e s t ab l i shed .  

ceotrex 

All CRTC admin i s t r a t ive  p8peWOrk t h a t  o r i g i n a t e s  i n  Los 
Alamor f lovs through regular  chrnnels of the  CRTC and UMI, so t h a t  CRTC opera- 
t i o n s  i n  Lor Alamor a r e  a s a t e l l i t e  ex ten t ion  of the Um/CRTC, nor a separate  
operat ion.  
information has become a v a i l a b l e  t o  j u s t i f y  teimbursement from t h i r d  p a r t i e s  
f o r  c o s t s  p a t i e n t s  would incu r  i f  they vere t o  reccioc convcntiooal therapy, 
the b i l l i n g  program f o r  pion protocol  p a t i e n t s  has been expanded t o  promote 
eximum recovery of c o s t s  froo t h i r d  p a r t i e s .  
program offset the amount of support  requested from the !XI. 

As c l i n i c a l  operat ions have become more rout ine and s u f f i c i e n t  

The funds  generated through t h i s  

P a t i e n t s  vho come t o  Albuquerque from p r c t r e a a e a c  evaluation 
or  f o l l o r u p  ace housed i n  a l o c a l  mocel f o r  procedures performed in Albuquerque 
and then e i t h e r  fly via Ross Airlines o r  a r e  t ransported by c a r  t o  Lo8 Alamor 
f o r  c l i n i c a l  exaninat ion,  c a s t i n g ,  CT scanning, and simulation (new p a t i e n t s ) .  
Those who a r e  in Albuquerque for diagnostic vort-up, c l i n i c a l  examination 
a d o r  CT scanning (new and follow-up pa t i cncs )  are brought t o  the  CRTC each 
day by cab. 

In  Los A l m s ,  p a t i e n t s  are housed i n  one-room e f f i c i e n c y  
apor twr r r r  each  w i t h  t w o  beds,  located next t o  (and owed by) the  Lor Alamot 
Medical Center. 
c a f e t e r i a .  However, when a CRTC 
QhySiCian c e r t i f i e s  t ha t  it is medically indicated t o  have a family member 
accompany the p a t i e n t ,  t he  e f f i c i e n c y  unit is assigned t o  the pac ien t  and h i s  
family arcmbcr. In the past, t h i s  h a s  r e su l t ed  Ln cost  ravings because i t  
reduces the need f o r  home nursing care and of t en  saker the  d i f f e rence  between 

P a t i e n t s  may cook t h e i r  OM meals o r  e a t  in t h e  h o s p i t a l  
Two p a t i e n t s  can be housed i n  each unit. 

-300-  

00 13352 1.30 1 



Yostlry, aobert  D., Jr .  5.D. 

whether o r  no t  a p a t i e n t  Medr LO be admitted to the h o s p i t a l .  
p o l i c i e s  apply t o  ou t -o f - tom p a t i e n t s  being given conventional ' i t e a u x n t  i n  
Albuquerque as an adjuuct  to pion therapy. 

hospitalized a t  the LAW; the LVIC also provides wbu laace  se rv ice  and emergency 
se rv ice  when needed. 
s p e c i a l i s t s  (e .g . ,  internists, c a r d i o l o g i s t s ,  surgeons, e t c . )  as indicated and 
as experienced s p e c i a l i s t s  a r e  l o c a l l y  a v a i i a b l e .  P a t i e n t s  a r e  taken by 
goveramcntal-paid (DOE) taxi sexvice t o  the Pion B iowdica l  F a c i l i t y  f o r  t h e i r  
d a i l y  t rea tment  a t  no upease t o  t h i s  p r o j e c t .  
volunteers  provide t r a n s p o r t a t i o n  f o r  rhoppiag and sight-seeing,  and arrange 
social  sa the r ing8  f o r  p 8 t i r n t s  v i t h  l o c a l  r e s i d e n t s .  

P a t i e n t s  vho need h o s p i t a l i z a t i o n  in Albuquerque are  
admitted t o  the eight-bed cancer research unit a t  the Wf Hospital, when 
appropr i a t e .  However, they may be placed on o t h e r  services, such as the  
s u r g i c a l  serpice o r  i n t c n t i v c  care  u n i t  i f  needed. 
more s p e c i a l i s t s ,  c . g . ,  gas t roen te ro log i s t s ,  head and neck surgeom, or gpoe- 
c o l o g i s t r ,  i n  Albuquerque as indicated by t h e i r  condi t ion before ,  during o r  
a f t e r  t h e  cour sc .o f  t h e i r  treatment.  P a t i e n t s  who may have d i f f i c u l t i e s  with 
t h e  a l t i t u d e  in Loa Alamor a r e  referred f o r  ca rd iac  aad p u h o ~ r y  fuac t ioa  
s t u d i e s  p r i o r  t o  t r e a t a e n t .  All p a t i e n t s  assigned t o  pion therapy receive an 
opthalmologic exam t o  assess base l ine  lens opac i ty .  This is re-evaluated 
annually t o  determine c b n g e s  which may be due to high-LET rad ia t ion  dose t o  
:he l ens  dur ing  pion treatment.  To d a t e ,  no such changes have been seen. 
d iagnos t i c  studies t o  evaluate  Local d i sease  o r  poss ib l e  metastases a r e  perfomed 
a t  t h e  CRTC o r  the Vm Borpiral i n  Albuquerque. 

A l l  t he  above arrangemtnto are  scheduled by the Protocol 
Off ice  s ta f f  according t o  the ins t ruc t ions  of t he  t e spoas ib l c  CRTC r a d i a t i o n  
onco log i s t  o r  o t h e r  physician.  In add i t ion ,  t he  staff completes d e t a i l e d  
forms on p a t i e n t s  a f t e r  their treatment f o r  input  t o  the computerized pion 
p a t i e n t  da t a  system, as vel1 as follov-up € o m s  a f t e r  each follow-up v i s i t .  
This system provides the data base required for analysir of  a v a r i e t y  of 
c l i n i c a l  parameters associated with treatment and outcoae. The s t a f f  a l t o  
completer,  with guidance from the appropriate CRTC r ad ia t ion  oncologis t ,  a l l  
forms required by the RTOG and v a r i o u s  human research review cornat tees  re- 
garding p a t i e n t s  accessed t o  t h e  p ion  program. 
othc f i l e s  r e l a t e d  t o  treatment a r e  maintained by t he  Protocol Office s ta f f  
f o r  r c fe r r ence  by t h e  CRTC rad ia t ion  onco log i s t s ,  physicincs ,  and others as 
needed. 

The Same 

P a t i e n t s  who require h o s p i t a i i t a t i o n  i n  Los Ahnos a r e  

C l i n i c a l  coa ru lca t ioa  is a l s o  provided by LOS Alamos 

Local American Cancer Society 

Host p a t i n e t s  see one o r  

A l l  

Detailed CT scan f i l e s  and 

5 .  h t i c i p r t e d  Results 

I t  is an t i c ipa t ed  t h a t  methods and procedures ~ O K  continued 
support  of the pion c l i n i c a l  t r i a l s  through t h e  remainder of the  experimental 
phase, and beyond a8 a routine medical treatment i f  the r e s u l t s  o f  c l i n i c a l  
trials SO warrant ,  a r e  f imly es t ab l i shed ,  but v i 1 1  continue t o  be streamlined 
and o t h e r v i s e  improved during the course of the proposed p ro jec t  period. 

P ' f  
\. . 
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6 .  Significance 

The admin i s t r a t ive  rod l o g i s t i c s  processes and procedures 
developed as p a r t  of this cooperative e f f o r t  between the CRTC and UNL are  
t r a n s f e r a b l e  to other r i tes  where heavy p a r t i c l e s  a r e  being invest igated i n  
cancer therapy as a cooperative effort between major medical cen te r s  and 
a c c e l e r a t o r  f a c i l i t i e s .  
i n f o n m t i o a  v i t h  other facilities, and t h i s  vi11 continue. ?lore s i g n i f i c a n t l y ,  
s e r v i c e s  proficed by the core component help t o  enaure the success of a j o i n t  
sc ien t i f ic  e f f o r t  conducted by t&e CRTC and LANL phys ica l ly  rpearated by 90 
miles. 

There has already been considerable crosa- t ransfer  of 

7. F a c i l i t i e s  Available 

The f u l l  adminis t ra t ive f o c i l t i e r  of UNn, CRTC and 'UWL a r e  
a v a i l a b l e  t o  this  p r o j e c t .  
provided by UM a t  no c o s t  t o  this program,  along v i t h  u t i l i t i e s ,  phoac 
seraice, and other support .  

Office space f o r  the CRTC staff i n  Los Alrmos is 

8. Col labora t ive  Arrangements 

Col labora t ive  arrangcmentr are  well es t ab l i shed  v i t h  heal th  
c a r e  providers in Albuquerque and Los Alamos, as well as vendors of aecesrary 
supplies and equipment. The Lor Alams t ledical  Center provides the  majority 
of the l o g i s t i c a l  support t o  the c l i n i c a l  component of this program ( e . g . ,  
p a t i e n t  housing, i a p a t i e n t  s e p i c e d ,  ou tpa r i cn t  semices, c l i n i c a l  supp l i e s ,  
t t c . ) ,  under a blanket  purchase agreement v i t h  Vm. Arrangements a r e  a l s o  
vel1 t s t a b l i r h e d  w i t h  the Los Alloos  chapter of the h e r i c a n  Cancer Sociccy 
f o r  personal assistance t o  p a t i e n t s  and t h e i r  f ami l i e s  while they a r e  i n  Los 
A l m s ,  p a r t i c u l a r l y  LO those who do not have access t o  an automobile. 
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I n  r e p l y  refer to: DIR 
M i 1  stop: 100 

Francis 3. Hahoney, Ph.D. 
Program Director f o r  Radiat ion Branch 
Oivlrion of Cancer Treatment 
National Cancer I n s t i t u t e  
Landow Bui ld ing,  Room 8C09 
791 0 Woodmont Avenue 
Bethesda, n0 20205 

February 23, 1982 

Subject: 

Dear Dr. Whoney: 

The Un ive rs i t y  o f  Nm Mexico (UNW) and the Un ive rs i t y  o f  
C a l i f o r n i a  (UC), pa r t i es  t o  a cost reimbursable cont rac t  f o r  
work conducted both a t  UNM and a t  Los Alamos Laboratory, do hereby 
express t h e i r  i n t e n t  t o  extend the referenced cont rac t  fo r  an 
add i t lona l  pcr4od o f  f i v e  years from May 1, 1982 through 
A p r i l  30,  1987, subject  t o  the  approval o f  the U.S. Department of 
Energy and NCI  and to any in tervening changes i n  p o l i c i e s  i n  such 
matters by e i t h e r  Agency. The statement o f  work fo r  eacn grant 
period w i l l  be based upon the proposal present ly  being prepared, 
assuming appropr ia te funding for each per iod o f  the contract. 

A f t e r  r e c e i p t  by UNM of Notices o f  Award, and provided the 
work t o  be performed and the funding provided are reasonably 
consis tent  with the proposals made, a formal Amendment t o  the 
cont rac t  will be a n t e m i  I n t o  w i t h  appropriate rev is ions  of the 
a r t i c l e s  r e l a t i n g  t o  the  Statenent o f  Work, Term, and Funding. 
It i s  no t  contemplated a t  t h i s  time tha t  any other  changes need 
t o  be made i n  the Terms and Conditions o f  the contract. 

Assurance o f  I n t e n t  t o  Reneu Contract 
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3r. Francis J. Mahoney 
D I R  
Page 2 

Subject t o  the  condit ions noted above, the p a r t i e s  see no 
obstacle t o  e f f e c t i n g  t h i s  Amendment pranpt ly  upon r e c e i p t  of 
finn infonnatlon as t o  the  t e n s  o f  the NCI grant  awards. 

THE REGENTS OF THE U N I V E R S I N  OF 
NEW MEXICO 

John Perovich 

and Finance 
TITLE: Vice President for Business 

THE REGENTS OF THE UNIVERSITY OF 
C A L I F O R W  ,' 

4 c) ?./ 

Dated: ,d-'. 3r BY: ?c 

Donald M. Kert 
T I T L E :  Director, Los Alamos National 

Laboratory 
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CLIYTCAL RESEARCH PROTCCOLS 

RTOG io-23:  Evrluacion of Radiobiological Effects of Ncgrcrvt Pi !?esons 
on ~irccllrnrous Locally Advanced and/or  Rrcurrcnr %man 
Solid Tlypors and Surround:ng Noma1 Tissues 

>?oG 79-26: Evrluacion of R a d i o b i o l o g i c a l  fffecrs of  Hegativr Ti 5erons 
on 3irctllrneous zecas ta t i c  Lesions 
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RADIATION THEUPY ONCC)LCGY GOUP 
RTOG 7P-23 

EYALUATION OF RAADIOBIOLOGIUL EFFECTS OF 
HEGATl'fE PI YESONS ON 

YISCELlCWEDUS L0tAU.Y ADVANCED AND/OR RECURRENT HllfIA:l S O L 3  N M X S  
XlO SURROUNOINE lvORM4L TISSUE5 

?totocol f o r  Human Radiobioloqy Studies of P i  %son 
3adfat jon Therapy at 

University o f  New Mcxico/Los Alanos Scientif ic  L a b o r a t o w  

Study ehrlnrn: Steven E. a m ,  Y.3. 
Phone: 505/277-6141 

Activated: October 30 ,  1979 
Current Edit ion:  Hay 1, 1981 
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11.9 
12.0 
13.0 
14.0 

Schema 
Intruduct i on 
Object f vcs 
El i g i b i l  i t y  Crittri a 

Pratraatzent Eva1 u a t i  an 

Admission t o  StQdy 

frtataent 
Endpoints 
S t a t i s t !  cal tansicerat i ons 

Full cw-up Schedule 
Additional Thcraay 
P a t  hol ogy 

F a n s  
Patient Consent and 2etr 2udSl"ent 

Pcfemnccs 
Appendix f 
Appendix I1 

- Karnofsky 2erfomancz Status 

- Sample Consent ? o n  

i 
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.UDIATION X 3 A P Y  O N C X C G Y  WCUP 
RTCG 79-23 

EVALUATION OF UOIOBIOLOGIUL EFFECTS OF 
:IEGAT'IYE PI #€SONS ON flISCELUNEOUS LOCALLY AOVANCED AND/CR RECL'RRENT 

HUMAN SOLID TUMORS M U  SURROUNOING N O M 1  TISSUES 

E l  i g i b l a  2atients: Patfcntr  r i t h  biopsy-onvcn 
1 ocrlly advanced o r  recurrent neopl am diIofe 
?rujee',ed survlval is a t  least three nonths 

Trea tncnt : 

Non-2andotni zed flcgatf ve P t  ?+son 
Zadiotherapy Alone or 2s a Planned h o s t  

Following Conventional Radiotherapy 

Endpoints: 

Tumor Tcgrrsrion and time t o  recurtcnca. 
Local and regional t m r  control. 
Eva1 uatfon o f  tissue tolerances f o r  ?ion radictherapy 

alone or as a jlanned boost following cmvantianal 
rsdi otheracy. 

Qualfty and length o f  survival. 
Adequacy of twr  localization, trratncnt t l a n n i n g .  

and inhomogeneity corttction. 
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1.0 i?ITRODUCTION 
The r a t i o n a l e  f o r  pfon rad io therapy  i s  pr imar i ly  r e l a t e d  t o  t W 0  

fac tors :  (1) a d i f f e r e n t  b i o l o g i c  response i n  ttrc stopping tag ion  
o f  the pion baa from t ha t  seen i n  c3nvtnt ional  r a d i a t i o n ,  and ( 2 )  
:he capabfl  i t y  for  l o c a l i z i n g  this d i f f e r e n t i a l  response w i t h i n  the 
target voImc. l a r g e l y  s p a r i n g  normal surroundinq t issues.  

U i t h  high-tlnear-encrjLy-tranrfrr (h igh-UT)  rad ia t ion  (for example, 
neutrons, pions,  and heavy ions) ,  :hen  i s  increased irtcgarable 
dunage o f  critical molecules  ( i  .e.. double-szrand breaks 4 n D N A )  
as e m p a d  t o  the t y p e  o f  damage caused by ler-LET r a d i a t i o n  
(s.g., x-rays, gama r a y s  o f  caba l t ,  e l e c t r o n s ,  and pro tons ) .  I n  
addi t ion.  ce l l s  exposed t o  low-LET r a d i a t i o n  e x h i b i t  up t o  zhrea 
tines more r e s i s t a n c e  to i n j u r y  i f  :hey a r e  not  u e l l  oxygenated. 
;-bus, hypoxic cifls, l a c e  numbers o f  mirich are dsually present  i n  
:*mors, a h  l es t  sensffive t o  damage than a r z  well 3xy?enat& c e l l s  
of the tumor and the surrmndfnq noma1 tissue. 7he cense ‘oniza- 
t i o n  of high-LET r a d i a t i o n  may overtme tkc p r o t e c t i v e  effect of 
hypoxta , k i l l  i ng t h o s e  eel  l s a l m o s t  as  e f f e c t i  vel  y a s  
well-oxygenated cells. F u r t h e r ;  cells  a r e  nore r e s i s t a n t  t3 

Iow-LET radia:!on i n  c e r t a i n  :hues o f  the c e l l .  cycle  3 a n  i n  
o t h r n .  Hlgh-LET r a d i a t i o n  reduces differences i n  c e l l u l a r  
s e n s i t i v i t y  due t o  c e l l  cycle v a r i a t i o n s .  

Scavy charged particles, such as pions and heavy ions ,  d i s t r i b u t e  
the i r  dose with a Btagg peak. a region o f  i n t e n s e  r a d i a t f o n  which 
can be l o c a t e d  i n  t h e  tamor volume. 

Pions have t ho  advantages o f  both high-LET and low-Ln r a d i a t i o n ,  
becuaaa t h e y  dagosft Iow-LFT r a d i a t f o n  a s  they  pass through tIsSue 
(plateau region), but pruduce a high-LET component i n  the s topping 
(tmr) region. Our t o  their  negat ive  charge.  the C o p p i n g  pions 
are absorbed by the p o s i t i v e l y  charged nuc le i  o f  oxygen, carbon, 
cnd n i t r o g e n  at=. This excess enerqy rakes :Se nuclei unstab le  

and they d i s i n t e g r a t e ,  producing neutrons * protons.  deuterons , 
i r i t o n s ,  a lpha  particles,  and 9eavy ions. 3 e s e  events increisc 

C, 
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:he t o t a l  dose i n  the pion s topping  region 2nd al:cr the b i o l o g i c a l  
effectiveness o f  the dose i n  t h a t  region besaosc o f  the dense 
i c n i z a t i o n  produced mainly by the a l p h a  p a r t i c l e s ,  heavy ions, and 
neutrons-  

Phase I1 t r i a l s  a n  proposed t o  study :he ef f icacy  o f  pion radio- 
therapy  in impraving local c o n t r u l  and, thus, p o t e n t i a l l y  Survival  
f o r  p a t i e n t s  with a variety o f  l o c a l l y  advanced, non-metastat ic  
neoplasms, and t o  assess a c u t e  and chronic  noma1 tlsrue i n j u t y  

a s s o c i a t e d  with such t r r a t m n t .  S i t e s  of mjor i n t e r e s t  i n c l u d e  
high grade gliomas (g l foblas toma and as t rocytzna  Srade 111 and I V ) ,  
i n o p e r a b l e  esophageal carcinoma, inoperable  opidemoid l sng  carci- 
ncma, inoperable  p a n c r e a t i c  carcinoma. car t inonu o f  the uterine 
c e r v i x  (Stage I I I  and I V A )  and l o c a l l y  advancEd cdenocarc inma of 
t h e  p r o s t a t e  (T3T4. A X ) .  

t a t f e n t o  w i t h  lesions amenable t o  t reatment  with c?nvtn t lona l  
rad io therapy  and/or surgery  wi th  an a n t i c i p a t e d  f i v e - y e a r  surv iva l  
r a t e  g r e a t e r  than approximately 4GS would be excluded. ? a t i e n t s  
;nust be between 18 and 75 y e a r s  o f  age and h a v e  a Kariofsky s t a t u s  
of 60 of grea te r .  

1.1 Sumary of the Study. 
This  is a non-randmized p i l o t  s tudy  t o  evaluate  n o m a 1  tissue 
and tunor  response t o  p i o n  rad io therapy  i n  a wide v a r i e t y  of 
hunan tumor s i t a r .  a l l  o f  which wil? be b i a p s j - p r w t n ,  l o c a l l y  
advanced o r  recurrent so l id  tumors. -he s t sdy  o f  l o c a l  and 
regional  tunor c o n t r o l  a s  well a s  tissue to le rances  will be 
t he  prime goal  o f  t h i s  p r o t o c o l .  A d d f t l o n a l  v a l u a b l e  
i n f o m t  ibn uil I be g r i  ned r e g a r d i  ng f u r t h e r  r e f  i ncrnent of 
t e c h n i q u e s  o f  t r e a t m e n t  p l a n n i n g ,  p a t i e n t  s e t - u p  dnd 

i m o b i l i t a t i o n ,  assessment o f  tissue inhosogenci t ies ,  and 
o t h e r  technical aspects o f  pion therapy. 

P a t i e n t s  p r e v i o u s l y  t r e a t e d  w i t h  c h t i o t h c r a p y  b u t  n o t  
d e i o n s t r a t i n g  ob j u t i v c  response wit 1 be el i g i b l  e ptovi  dcd 
they have a l i f e  expectancy of  a t  ‘erst three :anths. 
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2.0 OBJECTI'IES 
2.1 To e v a t u a t e  tumor n s p o n r e  ta pion rad ia t ion .  
2.2 To study local and reg iona l  c o n t r o l  of  t'mor. 
2.3 To e v a l u a t e  noma1 tissue resi)onsC and t a l e r a n c c  t o  large 

f i e ld  mltf-fraeion pion therauy, o r  t o  ;lion thcraoy 
del i v t r e d  a s  a planned boas t  fo l lowing  canventional 
radi otherapy. 

2.4 To e v a l u a t e  i n p o r t a n t  aspects o f  t t e a t z c n t  planning and 
t e c h n i c a l  aspects of d e l i v e r i n g  the rcdfation I n  an a t t u n p t  t O  

naxinfza  the t h e r a o c u t i c  r a t i o  by ninimizfng t 9 e  noma1 t i s s u e  
vol-mba t o  be i r r a d i a t c d .  

3.0 ELIGIBILITY b I ? S l A  
3.1 Condit ions o f  E l i q i b i l f t y .  

The fol lowing c o n d i t i o n s  must be met befare a 7at:ent can be 
admi t ted  i n  ',ha study: 

3.1 . 1 
3.1.2 
2.1.3 
3.1.4 Karnofsky S t a t u s  2 60. 
3.1.5 

B i  opsy-proven mal i gnrncy. 
Local ly  advanctd o r  r r c ' J t t t n t  Cancer. 
P a t i e n t  age between 13 and 75. 

Litrle Or no chance of crrra w i t h  c s n v w t i o n a l  
rad f o t  he ra py a 1 one. 
' Jndcrstanding by the p a t f e e  o f  :he provis ions of the 
study and voluntary  i n f o n c d  consent t o  >ar%.ici p a t e  
i n  L!e study. 

3.2.1 Noderate t o  high chance o f  cure by other t rea tment  
nodal itfer. 

3.2.2 Ongoing chemotherapy. 
3-2.3 Lffe expectancy less t h a n  three months or Karnofsky 

s t a t u s  o f  less t h a n  60 and age < 18 or > 75- 
3.2.4 Active u n c o n t r o l l a b l e  i n f e c t i o n  i n  r t t a  of 

i rradl a t  i on. 
3.2.5 Yedical, psychological  or o t h e r  cont ra indicaz ion  :3 

proposed t r a r t n c n t .  

3.1.6 

3.2 Ccndi t fans  o f  l n c l i g i b i l i t v .  

. .  

c :: 
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4.3  ?R€X.4T.X€Kf EYALUATION 

Prettart ; ;rcnt e v a l u a t i o n  w f l l  be p e r f o n e d  a t  the Univers i ty  of :;ew 
Yexico Cancrt Zcseahh and T r t a t n t n t  Center ( U T C )  o r  by :he 

t t f z r r i n g  physdcfan a t  another i n s t i t u t i o n ,  wi th  f f n d i n g s  v e r i f i e d  
2nd s t u d i e s  aupentcd as requi red  by :he C2TC st2dy tram. 

tva lua t lon  will includr: 

4.2 Physical examfnrtion. 
4.3 Laboratory tests. 

The 

4.1 Mcdfcrl h i s t o y .  

4.3.1 

4.3.2 PI a t e 1  e t  c a m  
4.3.3 Urinalysis 
4.3.4 

4.3.5 O t h e r s  u indicated 
Cfiesf x-ray, other radiographs and radicnucbidc s t : d ' e s  as 

i n d i c a t d .  
S t ag ing  procedures  as indicated wi th  c a r e f u l  n c p p i t g  and 
c l ipp ing  o f  tumor where Fosszblc. 
An ophthalmologic  examinat'cn t o  asssss 'ens opacity (t3 3e 

perfomed upon admi rsion t o  the s t u d y ) .  

C3C ( i n t 1  udi ng d i f f e r e n t 1  a1 ) 

Serum chmi s t r y  tmi i l  e 

4.4 

4.5 

4.5 

f.C1 ADMISSSON TO THE STUDY 

Any patient who meets t h e  *wired el i g i b i l  i t y  and p r a t r ? c t n c n t  

c v a l u a t f o n  c r i t e r i a  will be admitted t o  the protocol f o r  ?ion 
tzdiothwipy a t  W F .  The following records w i l l  be gcncratcd by 

the study tzam and F a r t i c i  pa t i  ng i nsti t g t i  ons f o r  s t o r q e ,  

retri eva l  and anal ysi s : 
P a t l e n t  el i g i b i t  f t y  fonu. 

his tory  and physical information, l abora tory  t e s t s  and 

special studies including surgery, w i l l  be submitted on 
those p r t f  entt ref e r red  f o r  trea tnent . 
Study entrance form ( p a t i e n t  name, addres s ,  referr ing 

i n s t i t u t i o n ,  r e f t r t i n g  phys ic ian ,  c t c . )  

1- 
2, Pre t r ea tmen t  eva lua t ion  fonn. T h i s  form, docment ing  the  

3. 

A s tudy  case number wi l l  be assigned t o  each jat icnt  by 97% 
Headquarters (215-574-3191]. 

. 
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5.0 X A M N T  
A l l  patients w i l l  m a j v e  non-randomized pion Zherapy a t  the 

tl i n t o n  P. Anderson &son Physics Facility (UHPF) i n  LOS A1 a 0 S I  

2ew Uuicb.  either a lone  of as a planned boost i n  cmjunction with 
cmventfonal  rad4 otherapy. Pfon doses are based upon previous 
cxptric!cc with pion i r r a d f a t f o n  of various human tumors' and f o r  
regtesentat ivc  s i t e s  are  outlined below. 

Current Treat.nent Pol 1 CY 

Haxiam Dose ffinfmum Dose 
Si t a  J P t a k  Pion Rad) (?rrk Picn  Pad) F r x t i o n s  - 
?el vi s* 4 550 3500 36 50 

Xho 1 e 
Conc-down 

4101 e 
Cane-down 

E s o ph a g us+ 

2750 
4SCO 

2 $00 
3840 

'Ai de-fi e ld  3500 
C o ne-dcw n 4500 

l m g  

Y i d t - f i e l d  3250 
Cane-down ' 4500 

2200 22 32 
26CO 26 50 

: 920 24 ;S 
1072 24 3 5  

2800 28 38 
2630 36 50 

2500 26 35 
36013 36 50 

- 
a 

'Yay be treated by tonvurtional nide-field frradfat ion and pion boost 
(approximately 1500 peak pion cGy (rad) mrxiaum/lZ f r a c t i o n s / 2  1/2 weeks). 

R 8 ~ ~ s f  f ie lds  treated to 5000 peak pion cGy (rad) maxfmum 
*-Cmbined with pl rnned octernrl beam conventional therapy 

Variations i n  total dose I n  t h e  range o f  2 10% about the above 
doses will be u p l o r t d  to  further evaluate :*mor response and 
normal t issue to l erance .  Doses i n  t h i s  range w i l l  be con- 
s i d e r e d  def init ive and w i l l  be combined with Qther ccnvan- 
t i o n a l  therapy as outlined i n  Section 1O.U Additional 'hcrcpy, 
>elow. L C' _ .  
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P!anned c m b i n r t i o n s  of canvcnt iona l  r a d i a t i o n  :>eraiy w i 2  

conc-down p i o n  boost t he rapy  will be appl ied  i n  sc?ccZrd 
s i t u a t i o n s  based upon p rev ious  expcri encc r t o a r d i  ng noma1 
t f s s u e  to l e rance  In p a t f e n t s  r ece iv ing  pions alone. 3hc 

estimate4 b io log fca l  e q u i v a l e n t  o f  combined p i o n  and ccnven- 

t f o n r l  treatsent wlll no t  u c r t d  t h a t  recogni:d as ~ l e r a n c e  
f c t  pion o r  convent iona l  t he rapy  alone. 

t t a t a e n t  aethods w i l l  be those developed previously fo r  pion 
t hc ragy  w i t h  the f i x e d  v e c i c a l  beam a t  UMPF w i t h  a o p m p r i a t c  
a o d i f i c a t i o n s  and improvements emsf s t i n t  with  inproved :ac+ 
n!qucs.* Slng lc  o r  m u l t i p l e  p o r t  :hcrcpy w i t h  o r  u i t h o u t  
cancdown thr rapy  will be app l i ed  an an i nd iv idua l i ze4  :as is  
:3 maximize noma1 t i s s u e  s p a r i n g  and t o  actmnodatc p a r t i c -  
u l a r  diiffcsltics with p a t i e n t  pos i t i on ing  o r  i i s a a s s  s + t z .  

- 
I reatnent pl anni ng d l l  be jerfomrd by cmputrr! zed cal  CUI a- 
t f o n  from ff ' d a t a  of necessary c m p e n s a t l o n  f o r  bcdy and :mot 
con tour s  2nd t issue inhomo~encitias.3 V e r t f i c a t f o n  o f  t r z a t -  
a n t  volmes w i l l  be accomplished by s imula t jon  using 
or-!iodfagraphic scanning  4 and r o u t i n e  -- i n  v i v o  dosimetry.  

7.0 E::DPOl NTS 
7 . 1  Tumor rrgression and simc t o  recurrence.  
7.2 l oca l  and r eg iona l  tumor control. 
7.3 Evaluation o f  tissue t o l e r a n c e s  f o r  pion rad io therapy  alone or 

as a ?lamed boost fo l lowing  convent ional  r td io thercpy .  
7.4  Q u a l i t y  md l e n g t h  o f  su rv iva l .  
7.5 Adequacy a f  twt l o c a l  f z a t i o n ,  t rca tnwnt  planning, and 

:nhomogtnrity cor rec t ion .  

8.0 STATISTICAL COHSlDERAllONS 
This w i l l  be a non-randomized t r i a l  c o n s i s t i n g  o f  i nd iv idua l  pilot' 
s t u d i e s  ccrqar ing  l o c a l  c o n t r o l  and su rv iva l  s t a t i s t i c s  with bes t  
r e p o c c d  results us ing  convent iona l  t rcatrnent  f o r  :base r i t e s  
zentianed above. Approximately 15-30 p a t i e n t s  will r c c o i v e  
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o p t f n i z e d  pion therapy f o r  t ach  o f  the d i s e a s e  s i t e s  of ptfrary 

i n t e r e s t .  
to ?)lase 111 t r f a l s  vi11 include a c m p a r i s o n  of loCa1 cont ru l ,  
z t d i a n  s u n i v a l ,  and ftve-year s u r v i v a l  ratts  f o r  t a e n t l y  t e g o r t c d  
h i s t o r i c a l  c o n t r a 1  s and p ion - t r ea t ed  g a t i e n t s .  

Endpoints of intgresf i n  d e t e n i n i n g  whether t o  ?raced 

9.1 The referr ing 
i n  accordance  

9.0 FOLLOY-UP SCHEDULE 
phytfcian will k cncouraSed t o  see the p a t i e n t  
with h i s  curtomay schedule. 

The g a t i t n f  w 

Ccntcr a t  one 
for 12 months 

11 b t  seen a t  t5c Cancer P.escarch and Trea txenr  
month a f t t r  t r e a t n c n t ,  then e v e n  three nronths 
n u n t i n g  from Day 1, and s e d - a n n u a l l y  

thereafter u n t i l  s u m i v a l  reaches f'vc years. If  the 2 a t f e n t  
cannot r e t u r n  t o  the CRTC, a r t a n q e m n t s  w i l l  be =de t o  have 
him examined a t  a n o t h e r  h o s p i t a l  by his referr'ng 2hys ic ian  
and ?referably h f s  r a d i o t h c r a g i s t  and a r a g o t t  o f  this 
examinat ion  submi t ted  t o  :he CATC. 

The following in format ion  w i l l  be recorded 3n 
fonn  a t  t ach  vis i t :  

9.2 Follow-uo I n f o m a t f o n .  

9.2.1 
9.2.2 

9.2-3 

9.2.4 

9.2.5 
9.2.6 

Brief i n t e r v a l  h i s t o r y  m l a t r d  t o  d 
Physical uami n a t i  an: 

Wei ght  , blood pressure 
fenperatwe 
Appropn'atc aspects of physical  

:he f o l l  aw-up 

uami  n a t i  on 

Regression o f  pa lpab le  or  v i s i b l e  turnor 
Labora to ry  tests and' m u t i n e  x-rays; appmpri  a t e  
studies as f n d t c a t t d -  
S p u i f f c  d f a g n o s t i c  s t u d i e s ,  o r  studies which gave 

the mort r e l l a b l r  I n f o m a t i o n  regarding t h e  i n i t i a l  
extent of tumor w i l l  be repeated a t  pe r iod ic  
i n t s n a l  s. 
Cow t i ca t i  ons o f  treatnent . 
Recording cnd s c o r i n g  o f  l i t e  r e a c t f a n s  and 
p a t h o l o g i c  szudies by r t - b i o s y I a u t 3 p s y  as 
i nd ica t ed .  

c .  * 

- 3 6 5 -  

00133521.366 



9.2.7 Spht5a tnologic  exam t o  assess :ens oodci ty  
(annual 1y) 

?.3 Stgdy Parameters. 
Parameters t o  be recorded throughout t h e  study i nc l  ude: 
9.3.1 
9.3* 2 Xsscssiumt o f  a c u t e  t a d i a t i  on effects. 
9.3.3 

Zegrtt and time o f  regress ion  and regrovth. 

kssrsr;lrnt of long-tern r a d i a t i o n  effects. 

Sumary o f  Study Parameters  

X i  s t o r y  and ?hysfcal 
?erfcnmca S t a t u s  (Kar3ofsky Scale)  
C3C. D i f i e r e n t i a l  , P l a t e l e t  b u n t  
U t i  nrl ysl t 

C5mi s t r y  Pnf  11 e 
3 i a q n o s t i c  ( rad iographs ,  u l t rasound,  

S:aging/Local i a t i o n  ?tocedures 
Cpthalmologic Exam 

nuc? err scans, ezc. ) 

a - As Indfca ted  
b - Yearly 

? t r t r e 3 t z e n t  Fol ? OW-UO 

X x 
X X 

X X d  

X 

X X 

X 

a 

X a  a 

a 
X 

X 
b 

X 

10.0 ADO I TT ONAL THERAPY 
C1:nical e v i d r n c r  o f  lack a f  tumor c m t m l  should be docme?rtd  by 

biopsy if possible .  If such evidence i s  equivocal, r e - u p l o r a t i o n  
snould be encouraged if t h e  p a t i e n t  i s  a good surg ica l  e r n d i d a t e ,  
u n t i l  such time as a pattern o f  r e c u r r e n c e  i s  established and 
documented. 
excised t i s s u e  ar biopsy specimen should be c a r e f u l l y  uanlned by 
the s tudy  p a t h o l o g i s t  w i t h  a s s i s t a n c e  from the involved r a d i a t i o n  
oncologis t .  I f  the primary tumor I s  not c o n t r o l l e d  o r  i f  d i s t a n t  
n e t a s t a s e s  devcl op, subsequent therapy should proceed a t  the  
d i s c r e t i o n  o f  t h e  p a t i e n t ' s  r e s p o n s i b l e  physieizn.  The p a t i e n t  o f  
;hysician w i l l  n o t i f y  the invcst i  g a t o r  o f  a n y  t r e a t t l e n t  i ns t !  tu ted  
t h a t  has  not been prescr ibed  by :fit invcst'Gator. 

In the event  t h a t  surgery o r  biopsy I s  performed, the 

-366- 

IO9  I - l o ?  

. COPIEDFOR 
HSPT 

00133521.367 



- 
1 I. 0 2.9XJLOGY 

11.1 I n i t f a 1  Surqfcal (BToosy) Soecioens. 
Represen ta t ive  slides and c o p i e s  o f  biopsy reports will be 
s u b i t f e d  t o  the study c e n t e r  and r e v i e r e d  by the study 
pathot ogi szs. 
will be fomarded t o  the r e f e r r i n g  and/or follow-up ?hySiC!an* 

Any t i s s u e  surgkrlly rmovrd from anatomic sftrr will be 
uamintd  by pathot ogi sts  a t  the p a r t i c i  p a t i  ng i ns:i:utfon 
,&era surgery w a s  perfand.  
and pa tho log ica l  regorts will >e f o r d a r c e d  '.a :he stuay :enter 
for r e v i e w  by :!e s'cudy g a t h o l o g i s t s -  

Autopsies a r e  strongly urged on a l l  study prtfents by 

p a t h o l o g i s t s  a t  t h e  p a r t i c i p a t i n g  i n s t i t u t i o n s .  
studies should i nc lude  a d e s c r i p t i c n  a i  i r r3d ia tcd  :issues and 

:he c h a r a c t e r  and e x t e n t  o f  persi stcnt r x u r t t n t  o r  
zetastatic t m o t .  
i3;lfcmscopic slides will  be fordarded t o  ;he study centcr f o r  

C o p i t s  of the rapofis frm these gathoi  ogi s t S  

11.2 Subrmuettt S u m i t a t  Soecicenr .  

Aopnpr ia tc  n i c t x c a p i c  SI ides 

11.3 Autoosies. 

Post -ncr tm 

Autopsy m g o r t s  and r e g r t s e n t a t i  vc 

review by *&e study pa tho log i s t s .  

i2.0 F 3 R S  - 
T*O copies o f  tach study fo rm ms: be s u b m i t t c d  t o  RT3G 
%adquartan. Data w i l l  ba recorded on szandard f o r m  t O  be 

supol icd t o  p a r t i c i p a t i n g  i n s t i t u t i o n s  by QTOG ueadquarters.  
a. 

bo P a t f t n t  e l i g i b i l i t y  f o m  
C. Pretreatment e v a l u a t i o n  form. 
d. Study mtranca fom, 
e. Radia t ion  t r ea tmen t  sumnary. A d a i l y  sche4ule o f  pion 

therapy w i l t  be ptagared a t  LAMPf. 
i n c l u d e  an end o f  treatment examination t o  include 
weight ,  p e r t i n e n t  genera l  physical  examination, 
perfomancc s t a t u s ,  corrcnt m d i c a t i o n r ,  and i f  ;os s ib l t .  

Photocopy o f  p a t i e n t  cmscnr fonn-  

This ragorf wilt also 

an a s t e s s n t n t  of tunor rts?onse. 
f. Follow-up examination fom. 

g. ?a:hol oqy f o m .  
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13.0 PATiENT CC3SE.G AN0 PEER JUOGaE3T 
A l l  inst i tut ional ,  Food and Drug Administration, and !latfonal 
Cancer Instftgtc regulations requiring s u h i s s i o n  t o  the 
institutional human upcrimtntatfon comi t t e t  and the use of 
;rocdures f o r  obtaining and recording i n f e n e d  c m s e n t  w i l t  b C  

followed- 
not fn the bast intertst  o f  the patient.  
voluntarily f r o m  the study a t  any time, as will be indlcated f n  the 
consent fonn. 

A patlent may be r m o v d  from the study i f  the study it  

A patient may withdraw 
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2. ?riot  
7 -  :-..cbil iration and posi t ioning f o r  nore effic'ent rzdiothcrapy.  

2. 

-- --- 
4 .  

Loca1i:ation of structures for pion radiot5eraay by 

-368- 
COPED FOR 

HSPT 
00133521.369 



APPENDIX I 

KXRNOFSKY PERFr?R!’ANCE S T A n S  
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Xannal; no c a p l r i n t t ;  no evidcnca of disease. 

Able t o  carry on n o m 1  actfvity; minor signs or s p o t o m s  or 
d i  seast. 

Noma1 act iv i ty  with effort; same sign or symptoms o f  discm!. 
Cares f a t  se l f ,  unable t o  carry on n o c a l  activity or do acziwe 
work. 
; icqu!tas oc:asianal assissancc, but :s able t o  care for Z O S ~  

gertonal needs. 
Zeqdrer cans!darablc a r s i  stance and frequent d f c a l  care. 
Di sabl d; requirts spcci a1 care and ass1 stance. 

Severely disabled; hosgi ta l  i z a t i o n  i s  ‘ n d i c a t t d ,  although ~ 2 3 t h  

not imi nent. 

Very sick, hosqital i r r t i t n  necrssary; ect ’vc s u c ~ r t  t t : i t x n t  i s  
neces saw. 
Hotibund; f a t a l  process ~rogmrsing rapidly. 
Dead. 

r 
Y 
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APPENDIX I1  

?at'; e n t  ' s %me: 

3ospi ta l  /Cl inic: 

Soispita1 /Cl lnic 1.0. 8unbcr: 

1. I ,  , agree t o  take ; a r t  

i n  a =search Itttdy of p i  n e s m  r a h i a t i o n  therapy f o r  cancer. 
2 i  mson t a d f i t i o n  t r e a b c n t  wlll 5e given a t  t h e  Clinton P. 
Andersan Yeson Physics  F a c i l f t y  i n  Los A l m o s ,  ::tu Xuico.  Or. 
Steven E. Bush and doc tors  h e  has chosen w i l l  do t h i s  study. 
Tersons h e l p i n g  t!!m will be supervised 3y a doctor  a t  a l l  times 
wnilc t r e i t = t n t  i s  being given. 

7ne t r ta tacr l t  t o ' b e  given t o  ne h a s  Seen descr'bed t a  me by 
3r. . I t  i s  as follows: 

a. If I choose t o  be i n  the study and :he phys ica l  exminat ion  
and tes ts  show t h a t  I am a b l e  t o  be i n  the study,  ? Gust agree 
t o  s p n d  the needed time i n  Los Alanos f o r  t r e r m e n t .  
a l so  agree t o  return t o  t h e  University o f  New Hcxico Cancer 
Research and Treatment Ctntcr  f o r  any check-ups and t e s t s  
needed a f t e r  t h e  p i  meson t a d f a t i o n  therauy. 

I w i l l  be given p i  meson r a d i a t i o n  treatments a lone ,  usually 
five days a week f o r  about e i g h t  wedcr, o r  ! w i l l  b e  given 
ordinary r a d i a t i o n ,  usua l ly  f ive days a week fo r  about s i x  
weeks, fo l ' lowed by pion r a d i a t i o n ,  usually flvc days a week 
f o r  about one t o  two weeks- 

examinations. There t e s t s  w i l l  include x-ray pictures and 
scans so t h a t  the persons t r e a t l n g  me can see what area should 
be treatad.  

:lame of ? a t i e n r  
The 

2. 

I . m S t  

5-  

C. 9cfore t r e a t a n t ,  X will receive standard tests and 

d. Before t rea tment ,  I w i l l  be placed i n  the exact posi t ion that 
I w i l l  be i n  dur ing  treatment.  T h i s  set-up i s  done i n  a room 
near the t t t a t n e n t  mom. X-ray pictures will  be trrkcn to see 
i f  the  t r e a t m n t  planned f o r  me i s  co r rec t .  

'Sar;..plc Consent f o n  s u b r n i t 3 ~ 4  by the Study C a i m a n .  
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1- 

a. f w i l l  =rive t r c i t a c n t  i n  the same s t t - u p  posit fan.  There 
w i l t  be no g a i n  o r  f e e l i n g  from the p i  aeson beam during 
treatzent. I w i l l  be a lone  i n  the t rea tment  room. b u t  perrons 
t r e a t i n g  me can s e t  me on c l o s e d - c i r c u i t  t e l e v i s i o n .  
a l s o  be a b l e  i o  talk t o  each other through a microphone and 
speaker system. 
room and ready to h e l p  nt, 

After t h e  p i  xesm t r t a t s e n t s  end. I w i l l  rxeivc s t a n d a d  
medical tests t o  sea what :he t r e a t 3 e n t s  have done. 

Ye w i l l  

P a p i e  will always be outside t h e  t r e a t l e n t  

f. 

3. Dt. has t o l d  ne t h a t  ; might not feQ1 well 
after the p i  meson r a d i a t i o n  t r e a t q e n t s .  
7roblems and risks from p i  meson t r z a m c n t  is not known. Tests  
w i t h  ccI’Js, animals, and p a t i e n t s  have shown t h a t  p i  meson 
r a d i a t i o n  does not cmatr pmblens much different from ~rob~erns 
c r e a t e d  by s t a n d a r d  r c d i a t f o n  trezmnts. 90th p i  m s o n  and 
s t anda rd  r a d i a t i o n  cou ld  c a s e  some o r  a17 of the following 
Jrcblemt and risks: 

Complete fnfomat ion On 

( i n s e r t  l i s t  f o r  tsmor s i t e  t o  be t r e a t e d ) :  
Attach s i  5ned 1 i s f  t 3  consen t  f o m -  . 

2. Or. has t o l d  ze zbout :he qood :.Clings this 
-%Jcarcn srudy inignt do for ne and f o r  other :eoptc. 

a. P f  meson treetnent might ?idate me feel better whi le  I am 3ejng 
Z r t a t  ed. 

b. ?f meson t r e a t m e n t  might  shrink the tumor Set ter  than orker 
t t e c L n e n t s  and improve cnancrs  for c m t r o l  o f  ay d i s d a s t .  

5. O r .  has  t o l d  me about o t h e r  trEat3ents 
for me. 

a. Drug t r ea tmen t s .  

b. Standard tad1 ation. 

e. Surgery. 

6. Dr. will  answer any questions I have dur’ng 
the t r e a r s e n t .  

7. I know that the t t a M l n t  could ham me. No one has said t h a t  i t  
wou?dn’t. I can stop having t r ea tmen t  a t  any t ine  1 want to. 

a. Or. is  in charge  o f  ny treataent. He can 
change the t r e a t n r n t  a t  any time, or stop  it. 

9- I f  my body i s  injured by the =Search t r?atrnent ,  more t h a n  o r  
d i f f e r e n t  from t h a t  exp la ined  above, I u n d e r s z a n d  t h a t  any 
c.:crgcncy medical cam I need will be given to ae a t  no c o s t ,  bu t  I 
w i l l  not be paid any money. Payments far medical  cos:J w i l l  not 
c f n t i n u e  a f t e r  the emergency traatatnt  is finished. 

-371- C. 

00133521.372 



-- 
10. I understand that by s i g n i n g  this 2aperr I am not g i v i n g  up w 

legal rights. 
they have been t r e a t e d  carelessly. 
c a l l  ';he Risk flanagement D i v i s i o n ,  3oom 2 4 ,  !.dm 3uildin9, Sante 
?e, :;ew tlexico 87503, 

State laws e x i s t  A i c h  nay h c i p  p o p l c  who t h i n k  
For i n f o m a t i o n ,  I c m  w r i t s  or 

Oata: Time: Pl ace: 

Sf gned: Uf tncst: 

Uitncst:  

. .  

7arurf or Guardian Uhcn indicared 
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- 
?f on ?rutocoI: Advancad/Recurtent funor s  , Phase i /I I 

Possible  ?rublcmr and Rfsks 

1. I may get ulcers and other sores In stonach and mall o r  large 
intestine. Doctors r a m l y  see t h i s  happen w i t h  standard r a d i a t i o n  
t r e a ~ a m t ,  and i t  i s  not likely with p i  meson r a d i a t i o n  :reat=lent. 

? may have chcngcs fn blood calfs.  
more o f t e n  f o r  this. I will be treated r i g h t  away. 

2, Tests are g l v c n  every week of 

3. 1 ;slay loss hair i n  :he area being treated. 

4. Yy s k i n  nay get rrd and pet1 i n  :fie tredf3ent area. 

5- 1 my have weakness i n  same parts  of ;ny Sody and not be d b i h  t o  
move those parts-  This p r o b l a n  does not happen very often i n  usual 
radiation treatcrmtt, so i t  i s  n a t  ex3utcd t? happen very oftrn tO 
patients rrcr iv inq pi a m o n  radiation. 

6- I may have p i i n  and swelling i n  the  treatment area. 

7. I may have diarrhea. Blesding c3uld hap?en with tSc dirtrhea. 1 
understand t h a t  these p r o b l m  usually s t o p  a t  the and or' :he 
trratzent- I may be given medicine f o r  these ~ - 9 b l m s .  

8- ? m y  be sick a t  my stcmactr- nis problem csn be h e l w d  by 
medicine o r  by slowlng the rate of radiation. 
aethodr a r e  used t o  ease this problem. 

Sometines 30th 

9. I nay have t o  pats  my water mom often. Sometimes I t a y  have 
burning pain when I p a s s  my water. 
after the trtatmmt i s  ended. 

These ?toblems usuaily go away 

10- I understand t ha t  about 40% o f  men uno are treated may t a t  be able  
zo produce chi ldren or have sex. 

S i  gntd: 
Pat i  em 

Date: time: 

I 

c 
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~ Y T C  XNO MOOMIYAL LESIONS. FEYALE PATIENTS 

Passiblc P r e b l m  and Risks 

1. 

2. 

P 3. 

4. 

5. 

6. 

7. 

8. 

9. 

LO . 
11. 

f may get utcrrr or other so= in  my stomach and s;nal1 or large 
intcrttne with p i  meson radiation. 
wi th  usual radfation, so i t  is not l ike ly  t o  happen with p i  aesan 
rad1 a t 1  on. 

3octor-s rarely see this happen 

I may hive changes in by blood cclls,  Tests w i l l  be done every 
week o r  more often for t h i s .  

I may lose my h a i r  i n  the area being treated. 

I will be t r e a t &  right away. 

My stSn .?lay get red and ?eel i n  the tmatzent area. 

I may have ueaknrss i n  same 9a-s o f  ny body and not be able t o  
move those parts. This problem does not hagpen very often i n  usual 
radiat ion treatment, sa it i s  not upeczed t a  happen very  often t o  
;rat!e?ltt rece iv ing  p i  meson r a d i a t f o n .  

1 may have pain ~d swelling' in the treatxent area. 

1 nay have dfarrher and sone b l e d i n g  with t h e  dlart!wa. 
prublem can be treat'cd quickly, and it xsually goes away after the 
'creatmnts are  over. 

This 

I xay be sick a t  my stomach. This ?r?olem czn be hel;ed by drugs 
or 3y slowing the  rate o f  rad ia t ion .  
used t o  case this ?roblea. 

1 nay have to pass water more often. 
p a i n  when I ?ass my water. 
the trearmmt is ended- 

Sometimes b o t h  methods are 

Sometimes I aay have burning 
Those problems usually go away after 

I underr tand  t h a t  my monthly periods may r t o p ,  and ! 3ay 3ot be 
able t o  have children. 

I may have a discharge from the vagina. 

S i  gntd: 
Pat i ant 

Date: Tlmc: 
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?gss ib le  P r e b l e m  and Risks 

1. 

2. 

3- 

4. 

S. 

5. 

T 
I .  

8. 

9- 

10- 

11. 

12. 

13. 

14- 

1s. 

16. 

17. 

18. 

19. 

Xo aatfer what type of radfation I am given, I misht need an 
operation after the radiation which oight make ne lose ry voice 
forever. . 
I may have weaknut  f n  some parts of my body and not be a b l e  t3 
move those parts. 

I may have unusual opcnings'in q s k i n  o r  other t issue.  neSe 
openings might heal themselves, or I n igh t  need suqery t o  -yair 
them. 

Thfs problem does not happen very often. 

1 aay have pain and swelling in the tttatc'lent arcs. 

1 zay lose noma1 bone or tissue in the trcatzent area. 

f nay g e t  cav i t ies  in teeth. 

I aay get u l c r r r  i n  ny mouth and throat. 
anay or be 2emanent. 

I may have sore throat and tnuble swallowing. 

3 e s e  ulcers n i s h t  go 

I x i g h t  have a caugh. 

I night have trouble breathing. 

I may have changes in blood cells.  
more often f o r  t h i s .  I w i l l  be treated right away. 

Tests are given every weck or 

I may Kavc a fever. 

I may have more chance o f  gettlng an infection. 

Later, I may get cancer of the t!!yroid, but t h i s  problem does not 
happen very o f t ~ n ,  

My skin may get red and peal fn the treatment area. 

I might  have much wetness or dryness near the t o p  o f  ny breathing 
tubes or food tubes. 

I m i g h t  lost nly sense of t a s t e .  
1 ong. 

This loss u s u a l l y  does not I d s t  

I night lose hair i n  the trratzent area. 

I might get cataracts (c louding o f  :he lenszs  i n  q e y e s ) .  
not exgected, but if i t  does happen it czn 3c cwrectcd by an 
operation. 

%is  i s  
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. . .. -- 
CREST LESIONS 

?ossibtc Problem and Risks 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10- 

11 . 
1 2  

13 

14. 

15. 

Hy lungs may become rcd and s c a d -  The redness may $0 away or 
leave scam. 
ma. Long-tam prubtems yere found In  one out of 133 p t i c n t r  in 
one s h e s  o f  studies with usual radiation.  1 may have trouble 
brrathi ng. 

f may have weakness fn some parts o f  3~ body and not b e  able 20 
move those parts. This pmblcm doer not happen v c y  often. 

i nay have unusual opcnfngs  in nly skin or other tissues. nest 
openings might heal thasrlves, o r  ! n i g h t  need sut;ary t o  repafr 
tSW. 

rha scam usually cause no pmblcms that would ham 

I may have pa40 and swelling i n  tZIc :rertncnt area. 

I .night torr normal bone or mscle ti SSue 

I may have a t o m  tbruat and trouble rdal 

i m i g h t  have a cough. 

I m i g h t  have truub’ic b r r a t h i n g .  

1 may have cfirnger in blood ce l l s .  Tests 

i n  

ow ng. 

are given every week of 
nore often f o r  h i s .  I wi l l  be treated t i s h t  away. 

1 nay have a ftvcr. 

I l a y  have more chance of getting an infection. 

Later, 1 may get cancer of the thyroid, but this problcrn does n o t  
happen vary aftan. 

Yy skin my g e t  md and peel i n  the trratzient ami. Later, I night 
get skin cancer. 

I might have rmch wetness o r  dryness near the top o f  by breathing 
tuber or food tubRS- 

I might torr hair i n  the trea-ent area. 

Si gncd: 
P a t i  t n t  

Sate: ffme: 

5, 
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1. Pat ients  with b t a f n  c a n c e r  o f ten  have some p r o b l e m s  t h a t  are there 
Oeioh treataenf. T r r a t z t n t s  can s t i r  vp these ? r a b i m s  f o r  a 
L .  Such problem are: 

a. 1 may be rick a t  rr(y stomach. 
drugs o r  by s l a w f n g  the rate o f  radiation. 
methods are  used t o  ease the p r o b l e q -  

This  p r o b l e m  can be h c i p d  5y 
Sornctf=rer b o t h  

bo 1 nay have h e t d a c h e s .  5ut t3ese can be rreated w i t h  qedicinc. 

c. I nay 3e drowsy, b u t  this can be t-eated w i t h  ncdicZ?e. 

d .  1 .;ray have double  v i s i o n .  

2- I nay not feel well after the tt$atsents. 
::ar might be caused by the tre3:aent.s are: 

Sone of the ;rPblerns 

a. P a e m  of my noma1 b r a i n  tissue nisnt be dest toyed .  > i s  
could cause weakness i n  sme ;rat% o f  
be able to move those parts .  
seeing, hearing, s a e l l i n g ,  :;ucfiing o r  tasting. 
have trcuble i n  :5?nking. 

body, and 1 nay not 
I n ish t  a1 so have t r s u b l c  

zignt also 

5-  % s k i n  nay get  e d  and peel in tSe  trearzent area. 
a i  ght get sk' n czncer. 

Lztzr. I 

C- I Kill lose my h a i r ,  but it w i l l  p r o b a b l y  grow back after 
treamcnt . 

d. X might get cataracts  (cloudinq-of the !crises i n  nY ayes). 
This i s  not upactad,  b u t  i f  i t  dots happen it can be 
c o t r u z e d  by an operat ion.  

SI qned: 
Pari em 

c gate: I fme: 
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?cst iblc  ? n b T m  and Rfsks 

Women o f  child-berring'age should u n d v s t a n d  :hat the ?ion 
t fhaCntntf ,  Itk8 x-rays o r  other tadfatton, could cause changes t h a t  
might result i n  b i r t h  detects i n  children born after treatment has been 
given. n e  chance o f  this happening i t  not known. :omen uno to 
have  chi ldren a t  any ti= after they complete treatment should seek 
counscllng frca doctors who am qual i f ied t a  he19 them understand the 
extent o f  this risk. 

5 f s3ed: 
? a t :  enf 

Date: T i  me: 

$142-2 

c '. 
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RADIATION THEUPY 3NC3LOGY SCUP 
2 f O G  79-24 

E’fALUATION OF RADIO8 ICLOGiCAL EFFECTS OF 
NEGATIVE PI MESONS ON MISCELMEOUS KTASTATIC LESIONS 

3mtoc31 f o r  Human Radfobiology Studies of 
P i  Meson Radiation Therapy a t  

Uni versi t y  o f  New !4s(ocico/Los A1 amos ki cntif  ic Labora tory  

Study Chairman: Steven E. Sush, Y.D. 
?hone: 505/277-6141 

Activated: October 30. 1979 
Current Edi t ion:  Hay 1, 1981 

MITE: Pat ients  treated subsequent t o  
d a n u a y  1, 1978 may be registered 
recnspectivel y. 
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13.0 

mlu 
fntroductlon 
ob j cct f vcr 
€7 f g l  b i l l  t y  Criteri a 
Pretreatment Eva1  u a t i  on 
Admission t o  Study 
Treatment 
Endpoi ntt 
Follow-up Schedule 
Additional Therapy 
Pathology 
Forms 
Patient Consent and Peer Judgment 
Ref emnces 
Xppcndix I - Kamofrky ?erfmnancr Status 

Appendix I1 - Sample Consent F o m  
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R h I A T I O N  THEMPI ONCOLCGY t;lOUP 
RTOG 79-24 

EVALUATION UF RADIOBIOLOGXCAL EFFECTS OF 

NEGATIVE PI MESONS ON HISCELUNEOUS METASTATIC LESiONS 

E l i g i b l e  Patients: Pat ients  w i t h  metastat ic  
lesions o r i g i n a t i n g  ftan biopsy-proven sol i d  t'mor3, 

whose projected survival i s  a t  least 3 r e t  montSt 

Treatment: 

Non-randomized Negative P i  Heson 2adiotharapy 

Endpoints: 

Tumor regress ion  and time t o  ecurrence 
Eva1 u a t i  on o f  t i  ssuc t o1  erantc fur  p i  on radiotherapy 
qual ity and length o f  survival 
Adequacy o f  tumor local  i ra t ton .  t t e a t n c n t  planning, 

and inhomogenri t y  correction 

-382- 
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- .  
1.0 INTRODUCTION 

The r a t i o n a l e  f o r  pion  radiothetapy i s  primari ly  r e l a t e d  t o  two 
t a c t o n :  (1) a d t f f e r b t  b io log ica l  response i n  the s topping 
region of the pion beam from t h a t  seen i n  cmvcntional  r a d i a t i o n ,  
and (2)  the c a p a b i l i t y  for  l o c a l i z i n g  this d i f f e r e n t l a 1  response 
w i t h i n  the t a r g e t  volume, 1 a r g e l y  s p a r i  ng noma1 s u r t o u n d f  ng 

. t f s subs .  

With high-1 I near-energy-transfer (hi  g h - L n )  r ad ia t ion  ( f o r  example, 
neutrons, piam, arrd heavy i o n s ) ,  :here i s  Increased i r r e g a r a b l e  
damage o f  crltical molecules (i.e., double-strand Steaks i n  3NA). 
a s  empared t o  the t ype  o f  damage cause by low-LET r a d i a t i o n  (e.g. , 
x - r a y s ,  g a m a  r a y s  o f  c o b a l t ,  e l e c t r o n s ,  and 2rotons). In 
addi t ion,  cr l l s  exposad t o  low-LET r ad ia t ion  e x h i b i t  30 t o  three 
t ! m u  mare m s i s t a n c r  t o  i n j u r y  i f  they a r e  n o t  well oxygenated. 
%us, hypoxic c e l l s ,  l a r g e  numbers o f  which a r e  usual ly  present i n  

tumorS, a r e  less s e n s i t i v e  t o  damage than are well oxygenated c e l l s  
of the  tumor and the s u m u n d i n g  noma1 tissue. The dense 
i o n i z a t i o n  o f  high-LET r a d i a t i o n  may overcmc :he y r o t e c t f v e  effect  
of hypox ia ,  k i l l i n g  t h o s e  c e l l s  a l n o s t  a s  effect'vtly a s  
well-oxygenated c e l l  s. Further, c e l l  s are nore msi s t a n t  t o  
low-LET r a d i a t i o n  i n  c r r t a i n  phases o f  :he c e l l  cycle than i n  

others. High-LET r a d i a t i o n  reduces d i f f e r e n c e s  * n  c e l  I u l a r  
sensitivity due t o  cell cycle variat ions.  

Scavy charged p a r , i c l e r ,  such as ;lions and heavy ions. d i s t r i b u t e  
their dose with a Bragg peak, a region o f  !nrensc r a d f a t i o n  which 
can be l oca t ed  I n  the tumor volume. 

Pions have t h e  advantages o f  both high-LET and low-LET r a d f a t j o n ,  
because they deposit  low-CET r a d i a t i o n  as  they pass thruugh tissue 
(p l a t eau  r e g i o n ) ,  but produce a high-LET component f n  t h e  s topplng 
(tumor) region. Due t o  t h e i r  negative charge, the s t spp ing  p ions  

art absorSed by t h e  p o s i t i v e l y  charged nuclel  of  oxysen, carbon, 
and ni t rogen atoms. This excess energy flakes the nuclei unstable 
and they d f s i n t e g r a t e ,  qroduc? ng 3eutrons. p r 3 t a n t ,  deuterons,  

r_.. -383-  

00133521.384 



t f i t o n f ,  a lpha  p a r t f c l c r ,  and heavy ions. Thesr events i n c r e a s e  
:he t o t31  dose I n  :he pion s topping  reg ion  and alter the b i o l o g i c a l  
cf fec t jvenur  of the  dose In t h a t  region because o f  the-  dense 
i o n i z a t i o n  pmduccd mainly by t5e alpha p a r z i c l e s ,  heavy !ons, and 
neut  runs. 

Phase 11 triats are pruposd t o  s tudy  the e i f f c a c y  o f  p ion  radfo-  
therapy i n  iaprorlng l o c a l  con t ro l  and. thus. g o t e n t f a t l y  s u n i v a l  
f o r  p a t f r n t s  with a variety o f  l a r g e  s o l i t a r y  m e t a s t a t f c  neoplasms, 
and t o  a s s e s s  a c u t e  and ch ron ic  ncnnal t i s s u e  i n j u r y  a s s o c i a t e d  
with s a d  t raatzient .  

? a t i e n t t  wfth l e s i o n s  amenable t o  t r e a t m n t  w i t h  csnvent iona l  
r a d i o t h e r a p y .  surgery a n d / o r  chemothe rapy  w i t h  an a n t i c i p a t e d  
five-year survival r a t e  g r e a t e r  than  approxfmately LC': would be 
excluded. P a t i e n t s  m u s t  be between 18 and 75 years o f  age and have 
a Karnofsky S t a t u s  o f  60 or grea te r .  
1.1 Summary o f  the Study- 

This  i t  a non-randomized p i l o t  s tudy  t o  eva lua te  response t o  
? i o n  r a d i o t h e r a p y  o f  m i s c e l l a n e o u s  m e t a s t a t i c  l e s ions  
Orig ina t fng  fm any type o f  s o l i d  trunor. The c u d y  o f  l oca l  
cmtrol a s  well a s  t i s s u e  t o l e r a n c e s  will !x the  jrime goal of 
this protocol. Addi t iona l  val uable  infomation vi 11 !x gained 
r e g a r d i  ng f u r t h e r  r a f i r r e m n t  o f  techniques o f  t r t a t a e n t  
plannjng, p a t l e m  set-up and i m o b i l  i r a t i o n ,  assessment of 
t i  w e  i nhmogenci  t i  cs , and other t echn ica l  aspects of j i o n  
therapy. 

P a t f e n t t  p r e v i o u s l y  t r e a t e d  w i t h  chemotherapy  b u t  n o t  
dcmonstratfng o b j e c t i v e  response w i l l  be e1 i g i b l c  provided 
they have not received previous rad io therapy  t a  the a r e a  and 
have a l i f e  expectancy o f  a t  l e a s t  three months. 

. 

2.0 OBJECTIVES 
2 - 1  To e v a l u a t e  tunor response  t o  pion t a d f a t f o n .  

' COPIEDFOR 
2.2 To e v a l u a t e  noma1 tissue resJontc and t o l e r a n c e  t o  

HSPT 
m u l t i - f r a c t i o n  p i  on therapy.  
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2.3 To e v a 1 u s t ~ : m p o r t a n f  a s p e c t s  o f  t reatment  planning and 
t r c h n i c a l  a s p e c t s  of delivering the r a d i a t f o n  ( i n c l u d i n g  
fnhomogentfty c o m t f a n s )  i n  an a t t s p t  t o  maximize the 
t h e r a p e u t i c  r a t i o  by minimizing the noma1 tfssuc volume t o  be 
i r radf  a t  ed. 

3.0 ELIGIBILITT CZITERfA 
3.1 Conditfons of EYfqfbf l l tv .  

The fo l lowing  c o n d f t f o n r  must be met before a p a t i e n t  can be 
a d m i t t e d  t o  the study: 
3.1.1 Siopsy-proven mal i gnancy. 
3.1.2 
3-1.3 
3- 1.4 

3-1,s 

H e t a s t a t i c  lesfon o r i g i n a t i n g  ftm any s o l i d  tmor. 
P a t i u r t  age be tue tn  18 and 75. 
Little o r  no chance o f  cure wi th  conventional 
therapy. 
Undcrstandfng by the p a t i e n t  o f  the provis fons  o f  
the study and voluntary  infamed consent t o  
p a r t i c i p a t e  i n  the study. 

3.1.6 Karnofsky s t a t u s  - > 63- 

3.2- 1 Yodera t t  t o  high chance of curt by o t h e r  trea-ent 
modal l t les .  

3.2.2 Prrvious rad io therapy  to s i  te. 
3-2.3 Onqof ng chemotherapy. 
3.2.4 L i fe  expectancy less %!an three months o r  Karnofsky 

s t a t u s  o f  less t h a n  60. 

3.2.5 Active u n c o n t m l l a b l c  infection i n  area o f  
f r r a d t a t i o n .  

3.2.6 Hedita’l, psychological  or other c o n t r a i n d i c a t i o n  t o  
pmpoaed trcatncnt. 

3-2 Condit ions o f  I n e l i g i b i l i t y .  

Age < 18 and > 7 5  yean-  

4.0 PRETREATHENT EVALUATION 
Pretreatment  e v a l u a t i o n  will be perfonned a t  the Univers i ty  of ‘:ew 
Mexico Cancer Research and f r t a t m e n t  Center (C2TC) or by the 
referring phys ic ian  a t  another i n s t i t u t i o n ,  with find:’ngt verif ied 
and studies augnented as  r e q u i r e d  by ‘.he CRTC study team. n e  
e v a l u a t i o n  w i l l  include: C 
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? 

4.1 ? ? d i e d  hi&. 
4.2 Physical examination. 
4.3 Laboratory tests. 

4.3.1 CEC ( fnc ludfng  d i f f e r e n t i a l )  
4.3.2 P l  a t c l  e t  count  
4.3.3 U r i n a l y s i s  
4.3.4 Serum chemistry pmfltr 
4.3. s Others as Indica ted  

4.4 Chest x-ray, tomogram, ultrasound, radfonucl fde studfer, CT 
scans and o t h e r s  as indicated, p a r t f c Q l a r l y  if tumor i s  i n  
close praximity t o  bone. 

4.5 Staging procedures a s  indicated.  
4.6 An ophtaalmologic examination t u  assess lens o p a c i t y  ( t o  be 

gerfaned upon admfssion t o  t h e  s tudy) .  

5.0 dDMISSION TO STUDY 

Any p a t i e n t  who meets the requite e l i g i b i l i t y  and p r a t r a a t x c n t  
e v a l u a t i o n  c r i t e r i a  will be a&n'it"ced t o  t h e  protocol f o r  pion 
radiot!tttapy a t  M P F .  
the study :earn and p a r t i c i p a t i n g  i n s t i t u t i o n s  f o r  storage,  
r c z r i c v a l  and ana lys i s .  

ne following records will be generated by 

I. 3at lcrr t  t l i g f b l l t y  form. 
2. Pretreatment e v a l u a t i o n  f o n .  This  form, d o c m e n t l n g  the 

h i s t o r y  and physical f n f o m t t o n ,  l a b o r a t o y  t e s t s  and 
s p e c i a l  s t u d l e s  inc luding  surgery, w i l l  be submitted on 
those patfentt  referred f o r  treatment. 
Study e n t r a n c r  form ( p a t i e n t  name, address ,  r e f e r r i n g  
institution, r e f e r r i n g  physician,  etc.  ) 

A study case nwnbet w i l l  be assigned t o  each p a t l e n t  by RTOG 
Headquarters. 

3. 

4. Patfent consent form. 
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6.0 TZEATKHT 

A11 p a t i e n t s  will ~ c c a i v c  non-randomized p i o n  therapy a t  t h e  
Cl f nton P. Anderson Heron- Physics Facil i t y  ( M P F )  i n  Lor A I  m o s ,  
New Mexico, t i ther  a?one or M a planned boost i n  conjunctfon with 
conventionat tadf othcrapy. 
e x p t r f e n c s  with pion i r r a d i a t i o n  of various human tumors’ and f o r  
representative si tu a f t  out1 f ned below. 

PIon dotes we based upon previous 

Curttcrt Treatment Policy 

Haxfmurn Dose M n i m  Dose 

?el v i s  4 500 3600 36 50 

Si te  (Peak Pion Radl _(Peak Pion 2ad) F r a c t i o n s  Days - 

Head & ? k k g  4500 36 00 36 50 

’Ut101 a 
Co ne-down 

2750 
4500 

2200 22 32 
36ilO 36 50 

Shol e 
Cane-down 

2400 
za4o 

24 35 
24 35 

‘goost f je lds  treatad t o  SO00 peak p i i n  &y ( r a d )  aaxirnum 
*Ccmbined wi th  planned ex terna l  beam conventional therapy 

Variat ions fn total  dorr fn the range o f  + 10% about  the above 
doses w i l l  be explored t o  further evaluate t ’ a t  response and 
noma1 t f s t u t  tolerance. OOSN in this range will be con- 
s i d e r e d  d a f f n i t i v e  and w f l l  be combined with o t h e r  convcn- 
t i o n a l  therapy as outlfned f n  Section 10.0 Additional ncrapy,  
bel ow. 

- 

Planned combinations of  conventional r a d i a t i o n  therapy with 
cone-down pion  boost therapy will be appl ied  i n  selected 
s i tua t ions  ! m z d  upon p r e v i o u s  experience r t g a d f n g  noma1 
t issue to’lgrance i n  patfcnts receiving pions alone. The 
estimated bio’logical equf valent o f  cimbined pion and conven- 
t i o n a l  treatment w i l l  not exceed t h a t  recognized as tolerance 
f o r  pion or conventional therapy alone. c .  
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Trettment metho& w i l l  be those developed previously f o r  pion 
the rapy  with the f ixed v e r t i c a l  beam a t  UMPf with  a p p r o p r i a t e  
a o d i f f c a t i o n r  and improvekents consistent with improved tech-  
niques.' Sfnglr o r  m u l t i p l e  p o e  ~ e r a p y  'with or without 
cane-down therapy will be appl i ed on an i nd iv i  dual f zed bas4 s 
t o  maximize noma1 tissue spa r ing  and t o  dCtOITImOdatI! p a r t i c -  
u l a r  d l f f l c u l t i r r  with p a t i e n t  p o s i t i o n i n g  o r  d i s e a s e  site. 

Treatment planning wilt be performed by computed zed calcul a- 
t i o n  f r o m  CT data o f  n e c r r s a y  c m p c n s a t i o n  f o r  Sody and t 'mor 
c m t o u r s  and t i s s u e  i n h m o g e n e i t i e ~ . ~  Y e r i f i c a t i o n  o f  t r e a t -  
ment volumes will be  acccmplished by s imula t ion  usfng 
o c h o d i a g r a p h i c  scanning and r u u t i  ne !n v i v o  dosimetry. 4 

7.0 EXOP0I;YTS 

7.1 
7.2 Eva lua t ion  of tfssue t o l e r a n c e s  for pian t ad ia the raoy .  
?.3 * quality and length of  survival. 
7.4 Adequacy of tumor l o c a l i z a t i o n ,  ',raat=lent planning and 

fnhomosencity co r rec t lon .  

Tumor r e g r e s s i o n  and time t o  r ecu r rence .  

8.0 FOLL%-UP SCHE9Ul.E 
8.1 Follow-Uo P l a n  and Schedules. 

The r r f c m ' n g  phys ic i an  w i l l  be enc3uragcd t o  sae :he p a t i e n t  
i n  accordance w i t h  his customary schedule. 

The patient Kill be saen a t  the Cancer Research and Treatment 
Centtr a t  ana  month a f t e r  tnatment ,  t h e n  every t h r e e  months 
f o r  12 months count ing from day 1, and semi-annually 
t h e r e a f t e r  u n t i l  death occurs o r  s u n f v a l  reacher  f ive years. 
If the patient cannot retu,rn t o  the CRTC, a r rangancn t s  will be 
made t o  have h im examined a t  ano the r  h o s p i t a l  by h i s  r e f e r r i n g  
phys ic fan  and p r e f e r a b l y  his r a d i o t h e r a p i s t  and a =?art  of 
t h i s  examinat ion submitted t o  the CRTC. 

COPIED FOR. - 
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8.2 Faltaw-Uo k m n a t i a n ,  
The following fnfomatfon will be recarded on the fo i lou-UP 

f o r m  a t  tach v i s i t :  
8.2.1 Brief fnterval history re1 ated t o  dfsease. 
a. 2.2 Physical exami natlon: 

Uci gM, blood pressure 
Temperature 
Approptf a te  aspects o f  phyri car oruninati on 
Regress1 on o f  pal pabl e or v i  s i  b l  e tumor 

8-2.3. Laboratory t e s t s  and rout ine  x-rays; a p p r o p r i a t e  

studies as indicated- 
8.2.4 Speciffc diaSEosf'c stadfes,  or studies which gave 

the mast reliable information regarding the initial 
extent o f  tunor w i l l  be repeated a t  pcriodfc 
i nte iva l  so 

8.2.5 Cmplfcatf ons o f  treatment. 
. 8.2.6 Rtcordfng and scaring o f  late reactions and 

pathologic studies by re-biopsy/autopsy as 
indi catcd. 

8.2.7 Ophthalmologic exam t o  assess lens 3pacity 
(annually). 

8.3 Study Paramc*,crs. 
?arametcrt to be recorded throughout the study include: 
8.3.1 
8.3.2 Assessment o f  acute radiation effects. 
8.3.3 

Degree and t ime o f  regression and regrawth. 

Assessrnurt o f  long-tern radiatfon cffsccts. 

4 

. 
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Sumary o f  Study ? a r m e t e r s  

Yistory and Physical 
Perfocnancr Status (Karnofsky) 
C3C. D i  f f e m n t i  a1 , PI a t e l  e t  Count 
Chemi rtry P r o f 3  1 t 
Urina lys i s  
01 aqncsti  c ( rad icgraphr  , ut t rasacnd,  

nucl a i r  scans) 
Stagi  ng/Local i rati on Procedures 
Cphthalmologic Exam 

a - As Indica ted  
b - Yearly 

P 

x 
X 

Xa 

a 
X 

x 

Fa1 1 OW-UO 

X 

X 

X 
a 

xa 

Xa 

b 
X 

5.0 ADDITIONAL THERAPY 
Subsequent therapy should prucced a t  the dfsc t e t ion  of the 
p a t i e n t ' s  respons ib le  physician. 
no t i fy  the i n v e s t i g a t o r  of any treatment i n s t i t u t e d  t h a t  has not 

The patfent  o r  physfcian w i l l  

keen prescribed by the fnv t s t iga to r .  

10.3 P47iOLOGY 
LO.1 I n i t i a l  Surg ica l  (8ioosy) Soaimens. 

Zegresentat ive slides and copies o f  biopsy ragorts w i l l  be 
submitted t o  the study cen te r  and reviewed by the study 
pathologis ts .  
pa thologis t s  w i l l  be forwarded t o  :he referr ing and/or  

Copies o f  the reports  from the study 

follow-up physician. 

Any tissue s u r g i c a l l y  m o v e d  f r m  anatomic sites will be 
examined by pa tho log i s t s  a t  the par t ic ipa t ing  i n s t i t u t f a n  
where surgery was perfomcd. 

10.2 Subscaucnt Surgica l  Soectmens. 

Appropri a t  e m i  cmscopi c m l  ides 
and pathologic  repor ts  w i l l  be forcrarded t o  :he study center 
f o r  r e v i e w  by. the study pathologis ts .  

h t o p s i e s  are strongly urged on a l l  stgdy p a t i e n t s  by 
COPIED FOR 

HSPT 
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ga tha log i s t s  a t  the par t i c ipa t ing  i n s t i t s t f o n r .  ? o s t - m r t m  . 
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11.0 

- 
studies should include a d e s c r i p t i o n  o f  i r r a d i a t e d  tissues and 

the character and extent o f  any persistent, recurrent of 
metattatfc tumor. 
microscopic slides will be forwarded t o  the study c r n t e f  fOf  

revim by the study p a t h o l o g i s t s .  

Autopsy reports and r e p r e s z n t a t i v e  

FCRK. 
Two copier of each study form must be submitted t o  RTOG 
Headquarters- Oata wfll be recorded on standard foms t o  be 
suppl ied to p a r t i c i p a t t n g  i n s t i t u t i  ans by R E G  Yeadquarten. 

a. 
b. Patient e l l g i b l l l t y  f ~ m .  
c. Pretreatment e v a l u a t i o n  fom. 
d. Study entrance fom. 
e. Radia t ion  treatment tumary. 3. dai7y schedule o f  pian 

therapy  w i l l  be prepared a t  WPF. 
include an end o f  t r e a t m e n t  examination to include 
wci ght , perti n m t  general physical -ami nati on, 

;erfomantc e a t u s  * current medicat i ons , and, if 
possible, an assessment  o f  tqmor response. 

f. Follow-up examination fom. 
g. Pathology fom.  

- 

Photocopy o f  p a t i e n t  consent f a n .  

This regar t  w i l l  a l s o  

12.0 PATTEHT CONSENT AND P E R  JUDGJYENT 
A1 1 i n s t f  t u t i  onal , Food and Drug Pdmi n i  s t r a t i  on, and Hati onal 
Cancer I n s f  t u t r  regul  a t i o n s  -qui ti ng submi sri on to the 
i n s t i t u t i o n a l  human exper imenta t ion  c m i  t t tc and t h e  use of 

prucedures f o r  obtaining and mcordlng fnfonned consent will be 
followed. A patlcnt may be tanoved t m  the study f f  the s tudy  i t  
not i n  t h e  best In te res t  of the patient, 
v o l u n t a r i l y  from t h e  study a t  any time, as w i l l  be Indica ted  i n  t h e  
consent form. 

A 7 a t i e n t  may withdraw 

- >  c.: ' 
. .  
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KARMOFSKY PE4FORPANCE STATUS 

! :anal; no complaints; .no evidence o f  disease.  
Able to c a n y  on noma1 a c t i v i t y ;  minor  s i g n s  o f  symptoms Of 

disease. 
flarmal a c t f v i t y  w i t h  effort; some s i g n  or symptom of dfstase. 
Cares f o r  self ,  unable to carry on noma1 acti-rity c r  do act ive  

wo*. 

3 e q ~ i r e s  octasfonal assistance, bur is able t o  care f a r  most 
;enanal needs. 
ileqrritcs considcrabte assi stancs and frcqucnt aedical care?. 
Ci sabl cd; requires  special  care and a s s i  s t a n e .  
Severely dlstbled;  hasqitalization is indicateci, a l though d e a t h  
no i n i n t n t ,  
Very sick; hospitalization 3ecessary; E c t i v e  supgorZ trrataent 
i s  necessary. 
:%ribund; fatal process progress ing  rapidly .  
Gead. 
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APPEYDIX I1 

PATIENT CONSENT FORI4 FUR PI MESON .WDIATION TiE3APY FOR 
METASTATIC UNCElI* 

Patlent's Name: 

Address: 

uospital /C7 i n i c :  

: - r o s p i t a l / C I i n i c  1.0. Number: 

I. I ,  , a g r e s  t o  take p a r t  i n  a 

The p i  meson r a d i a t i o n  t r e a t m n t  will  be g iven  a t  t h e  

,Yam o f  ? a t i e n c  
research S u d y  of p l  meson r a d i a t i o n  t r e a t z e n r  f o r  cancer t h a t  has 
sirread. 
C l i n t o n  P. Anderson IYeson Physics F a c i t  i t y  i n  Los Alarnos, Yen 
Hexico. Or. Steven E. Bush and d o c t o r s  he h a s  chosen will  do this  
s t u d y .  Persons h e l p i n g  them will be s u p e r v i s e d  by a doctor a t  a l l  
tines w h i l e  t r e a t n c n t  1 s  b e i n g  g iven .  

The t r r a t z e n t  t o  be g i v e n  t o  ne has  been desctibed t o  ne by 
Or. I t  is as fo l lows :  

2. 

a. 

b. 

C I  

do  

If I choose  t o  be i n  the study  and the 7hysical e x m i n a t f o n  
and tests show t h a t  I am a b l e  t o  be i n  t a t  s t u d y ,  1 must a g r e e  
t o  spend the needed time i n  Los Almos f o r  ;r%at;nentI 
also a g m  t o  r e t u r n  t o  the U n i v e r s i t y  o f  Yen Mexico Cancer 
Research and Trea tment  Con te r  f o r  any check-ups and t e s t s  
needed after t h e  p i  meson r a d i a t i o n  t r e a t n e n f s .  

I will be g f v e n  p l  mson r a d i a t i o n  t r e a t z e n t s ,  usually f f v e  
days a wed, f o r  abou t  e i g h t  weeks.  

I must 

Befort t r ea tmen t ,  I will receive s t a n d a r d  t e s t s  and 
examinattom. These tes ts  will i n c l u d e  x-ray pictures and 
scans so t h a t  the p e r s o n s  t r e a t i n g  me can see what  a r e a  should 
be t r t a t e d .  

Before t r a a t n e n t ,  I w i l l  be p laced  i n  the exact p o s i t i o n  t h a t  
I w i l l  be i n  d u r l n g  t r e a t m e n t .  T h i s  s c t - u p  is done i n  a roam 
n e a t  t h e  t r e a t s e n t  toam. X-ray pictures w i l t  be t a k e n  t o  see 
if the t r e a t a e n t  p lanned  f o r  me i s  correct. 

Tanple Csnsent Form submitted by :he Study Chafman. 
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e. I wilt rwZve t r ea tnen t  in the same set-up g o s i t f o n .  mere 
will be no pain o r  f ee l ing  f rom t h e  p i  meson beam during 
treatment.  I wit1 be alone in the tre3taent mom, but  persons 
t r e a t l n g  me can see me on c losed -c lmui t  television. l e  w i l l  
a l s o  be ab le  t o  t a l k  t o  each other through the microphone and 
speaker system. People wil? always be outs ide the treatment 
mom and ready t o  h e l p  me. 

medfcal tests t o  see what the t r a a f m n t r  have done. 
f -  After the p i  meson t t e a t n c n t s  end, I w i l l  receive standard 

3. Dr. has t o l d  me t h a t  I m i g h t  c o t  f ee l  well 
a f t e r  t h e  D i  mcsan r ad ia t ion  t rea tnents .  Canplera i n f o n a t i o n  OR 
prublernr and risks from p i  meson t r ea tnen t  is not kncwn. Tests 
with  cal ls ,  animals, and pa t i en t s  have shown :fiat p i  meson 
r a d i a t i o n  does not create problems mcf i  different ?tam 7mD1e!!S 
cyeated by s tandard  radfar ion treatments. 9 0 t h  p i  m s o n  and 
s tandard  r ad ia t ion  could cause some o r  a l l  of t h e  fallowing 
~rcblems and r i s k s :  ( I n s e e  l i s t  f o r  :'mor s i t e  t o  be t reated:  

Attach s igned  1 jst :a cmsem fom. . 
4. Or. has t o t d  me about the good th ings  t h i s  

research  szuay night  do f o r  me and f o r  o the r  geople. 

a. 31 aeson t r e a t n c n t  m i g h t  make me feel better uniie I am being e 

t rea ted .  

b- P i  meson t r c e t a e n t  m i g h t  s h r i n k  the tumor  bettor than other  
. t t e c t n c n t s  and improve chances f o r  control  of my disease.  

5. 3r. has t o l d  me about o the r  t r ea tnen t s  for  me. 

a. Drug trtrrtmtntt. 

b. Standard radfatfon. 

e- Surgety. 

treatment- 
6. O r .  w i l l  answer any quest ion I have during the 

7. f know t h a t  the treatment could harm me. No one has sa id  tha t  I t  
wouldn't-  I can stop havfng treatment a t  any time I want to. 

8. Or. i s  i n  charge o f  ny treatment. He can 
change t h e  t r e a t i n t  a t  any time, or stop It. 

9. If my body is in jured  by t h e  research t reatment ,  m o r e  t h a n  o r  
different from t h a t  explained above, I understand t h a t  any 
emergency medical c a n  I need will be given t o  me at no cast ,  but  I 
w i l l  not be paid any money. Payment f o r  medical c x t s  w i l l  not 
cant  i nue a f t e r  the emergency treatment is fi ni shed. 
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- 
10. I mdctstand t h a t  by signing t h i s  paper,  I d m  g i v i n g  up lW 

legal r ights .  
t5ey have been treated carelessly. 
c a l l  ;fie Rlsk Manaoment D i v i s i o n ,  Room 24, Lamy Building, Santc 
?e, !:en 9exico 87503.. 

S t a t e  laws exist which nay h e l p  people who think 
For  inionnation, I can write o r  

h L  - a  .E: Time: Cate: 

Si S3ed: Witness: 

Y f  tness : 
?rrp,nr or Suardian ihen Indicated 

CC: ?&ti ent 
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Pcss ib le  ? t o b l m ' a n d  R i s k s  - 
1- I Gay get ulcers and othcr'soras i n  Q' stxach and small or large 

intestine. Doctors rarely see this happen with standard r a d i a t i o n  
t?eafaentr and it i s  n o t  l tke ly  with p i  aeson radiation traatxent- 

I may have changes I n  blood cells.  T e s t s  a r e  given every week or 
more o f t cn  for  this. I will be treated r i g h t  away. 

2- 

3. I nay lose hair  fn  the area bet'ng treatdo 

4. Ply tk:a may qat red and ?eel i n  the t r a a t z e n t  area. 

5. I nzy have weakness  in some parts of ;;ly h G y  and 3ot be able t o  
aore those parts. This ptabltm docs n o t  nappen very often i n  usual 
t a d f a t f a n  treat;untt,  so i t  i s  not e x t e c 3 4  t o  haipen very o f t m  to 
Tati entr recti ving p i  muon  radiation. 

6. 1 may have pain and swelling in the t r e r t x n t  area.  

7 -  I may have diarrhea. Bleeding could 'nacDen wi th  the diarrhea. I 
understand that there problcns usually stcu a t  the end of the 
t r r a t n c n t .  I may be given medicine for tkese 7rsblems. 

8- I may be s i c k  a t  ny stomach. 
nedic5ne or by slowing the r a t e  of rzdiat:on. 
methods itre used t o  ease this problem 

T h i s  proble! can be helped by 
Sanetimes both 

9. I may have t o  pass my water =re often. 
burn ing  pain when I pass my water. 
aftar the t reatment  i s  ended. 

Safzetirnes I may have 
These problem usually go away 

10. I undcntand t h a t  about 40% o f  men who a r e  tra3ted aay not  be able 
t o  produce children or have sex. 

S i  gned: 
Patient 

Date: Time: 
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PELYICTND ABDOMINAL LESIONS, FEPALE PATIENTS 

. .  
Possible Pmblcms and Rfsks 

1. 

2. 

.3 .  

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

I may g e t  ulcers or other sores f n  my stomach and small or l a r g e  
i n t e s t i n e  with p i  meson r a d i a t i o n .  
wi th  usual r a d i a t i o n ,  SO it it not l l k e l y  t o  happen w i t h  p i  meson 
r a d i a t i o n .  

I nay have changes i n  qy blood cells. T e s t s  will be done every 
;de& o r  more often f o r  this. 

Doctors rarely see t h i s  happen  

1 w l l l  be t r e a t e d  r i g h t  away. 

I may lost ay hair i n  t h e  area being treated. 

!4y s k f n  may get r d  and ?eel i n  the t r E a t 3 e n t  area. 

I z a y  have weakness i n  some par ts  o f  by body and not be ab le  t o  
move those parts. This problem docs not happen very 3 C c n  i n  usual 
r a d i a t i o n  t reatment ,  so i t  i s  not expected t o  happen v a r j  often tO 
p a t i e n t s  recaivfng p i  meson r a d i a t i o n .  

I may have pain and swelling i n  the trcat7ent area. 

‘I may have d i a r r h e a  and some bleedyng with :ha dfar rhea .  
7 r o b l e n  can be treated q u i c k l y ,  and i t  usually gces away after the 
t reatzents are over.  

This 

I nay be sick a t  my stomach. 
or by slowing the rate o f  r a d i a t i o n .  Sometimes both nethods a r e  
usid t o  easa this problcm. 

I may have t o  pass water mare often. Sometimes I may have 5uming 
pain when I pass my water. Those problems usually go away a f t w  
:he treatment i s  ended. 

T h i s  problem can be helped by drugs 

I underszand that my monthly periods may s t o p ,  and I nay not b e  
able t o  have ch i ldren .  

I may have a discharge  from t h e  vagina. 

Signed: 

Date: T i  me: 

? a t i c m  
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9. I ;;riaht have a :3ugh. 

13. 

12. 

1 a i s b t  bave t t z u b l e  breathing. 

I :ay have ckaneer i.? blood crlls.  
nore o i t a n  f o r  this. I will be t r e a t &  r f S X  ZUCY. 

Tosrs zre g i v e n  every *e*k or 
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P o s s i b l e  Pmb7ems and R i s k s  

M y  lungs may become md and scarred. The redness may go away o r  
leave scars. 
me. Long-tern prublcms were found i n  one a u t  of 133 p a t i e n t s  I n  
one  series o f  s tudies  with u s u a l  r a d f a t i o n .  1 may have t r o u b l e  
brarthi ng, 

I may hrve weakness i n  some p a r t s  of my body and rrot be able  t o  
move those ports. 

I may have unusual open ings  i n  my s k i n  or other t i s s u e s .  These 
openings might  hea l  thansclvcs, o r  I might  n e d  sut?;ery t 9  repa i r  
them. 

The scars usually cause no p m b l a n s  t h a t  would ham 

Thfs p r o b l m  does not happen very oftrn- 

I may have pain and swelling i n  t h e  t t tatnent area. 

I might lose noma1 bone or muscle tissue i n  the t n a t n t n t  area-  

1 may have  a fare t h m a t  and t rouble  wall owing. 

I s i s h t  have  a caugh. 

I m i g h t  have  t r o u b l e  breathing.  

I 3ay  have  changes  t n  blood cells. 
nore oftan f o r  this. I w i l l  be t r c a t e d  r i g h t  away. 

res ts  are gi*ren every week or 

I nay have  a f e v e r .  

I may have  more chance o f  g e t t i n g  an ‘niect’on. 

Later ,  1 may get cancer of the t h y r o i d ,  b u t  :his problem does not 
happen very often. 

My s k i n  may get  E d  and peel in the tteacqent area. Later,  I s i g h t  
get s k i n  cancer. 

I might have mu& wetness or dryness n e a r  t h e  t op  o f  ny b r e a t h i n g  
tubes or food t u b e s .  

f might  lose h a i r  i n  t h e  t r e a t m e n t  area. 

Signed:  
Pati ent 

3ate: lime: 

c 
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SRAIN LESIONS 

l o s s i b l e  ?tublens and R!sks 

1. ?atlents with brain cancer often have some pmblems that  are  :here 
before treatment. 
. i m -  Such problem are: 

a. 

Treatrnents can s t i r  up these p r u b l t f l t  for a 
.* 

I nay be sick a t  my stomach. 
d r u g s  o r  by slowing the rate o f  r a d i a t i o n .  
methods are used t o  ease the problem. 

1 may have headaches, but t h e s e  can be treatM w i t h  medicine. 

I zay be drowsy, b u t  th i s  can be t r E a t e d  with medicine. 

This problm can be hel7ed by 
Sccetines both 

b. 

c. 

d o  

1 m y  not feel well after the trcstnents. 
t h a t  n i g n t  be c a u s e d  by the treatments art: 

a. 

I say have double v i s i o n ,  

2. Some of the problem 

?arts o f  my noma1 bra in  t’ssue n i g h t  be desfr3yed. 
m u l d  ccuse weakness in sa~s parts o f  my body, and f may not 
St able t o  nove those p a r t s .  
seeing, hearing, smelling, t o u c h i n g  o r  t a s t i n g .  I might also 
have trouble i n  t h i n k i n g .  

b- ’3) skin nay ge? red and peel i n  the  treatment area. Later, I 
might  get s k i n  cancer. 

C. 1 w i l l  lose ;;ry ahir,  b u t  i t  will przbably grow back after 
t raatr;;ent . 

T h i s  

I m i g h t  also have trouble 

d. I might get cataracts (cloudfng of the lenses i n  my eyes). 
T h i s  i s  not e x p e c t e d ,  but i f  it does happen i t  can be 
cwrected by an operat ion.  

Signed: 
P a t 1  cnt 

Date: T i  me: 

-402- 

1 0 9 1 7 4 3  00 133521.403 



Vomn o f  child-bearing age should undetszand t h a t  the p i o n  
t;-eatmentt, like x-rays o r  other r a d i a t i o n ,  could csusc c h a n g e s  t h a t  
night result i n  b i r t h  defccts*in c h i l d r e n  born aftcr treatncnt has been 
given, Umen who plan t o  
h&ve children a t  any time after they complete trcbtmtnt sfrould seek 
counseling fran doctors who are q u a l i f i e d  to h e l p  t h e n  unders tand  the 
extent o f  :his risk, 

;he c h a n c e  o f  t h i s  happening i s  not know. 

Sf sncd: 
?at :  ent 

a- . 

. 
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