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. OBJECTIVES 

To p r e p a r e  f o r  and e v a l u a t e  heavy-ion therapy  of human cancers .  This  eva lua t ion  
ould be conducted by: 

1. organ iz ing  a group of u n i v e r s i t y  and community r a d i o t h e r a p i s t s  t o  p l an  
f o r  and ca r ry  o u t  c o n t r o l l e d  c l i n i c a l  t r i a l s  i n  helium/heavy-ion therapy;  

2. des ign ing  and c a r r y i n g  o u t  an  i n i t i a l  t r i a l  of l a r g e - f i e l d ,  f r a c t i o n a t e d ,  
extended Bragg peak helium-ion therapy;  

3 .  e v a l u a t i n g  such r a d i o b i o l o g i c a l  and p h y s i c a l  parameters a s  are necessary  
p r i o r  t o  heavy-ion therapy  i n  humans; 

4 .  i n i t i a t i n g  a t r i a l  of heavy-ion beams as soon as f e a s i b l e .  
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11. BACKGROUND 

Phys ica l  Corisidcra t i o n s  

H e l i u m  and heavy i o n s  have impor tan t  p h y s i c a l  a t t r i b u t e s  f o r  p o t e n t i a l  use i n  
cancer  rad io therapy .  By a p p r o p r i a t e  r i d g e  f i l t e r  c o n s t r u c t i o n  t h e  narrow Bragg peak 
may be  extended s o  ttiaI: t h e  high-dose reg ion  covers  a l a r g e r  range of depth. A u s e f u l  
c h a r a c t e r i s t i c  is a s h a r p  f a l l o f f  a t  t h e  d i s t a l  end of t h e  beam. Add i t iona l ly ,  i n  
t i s s u e  these  par t ic les  t r a v e l  i n  n e a r l y  s t r a i g h t - l i n e  t r a j e c t o r i e s .  I o n i z a t i o n  from 
secondar i e s  causes a r e l a t i v e l y  low background o u t s i d e  t h e  beam f o r  most ene rg ie s ,  a l -  
though above neon (2 = ' l o ) ,  t h e  c o n t r i b u t i o n  from secondar i e s  may become more impor- 
t a n t .  

I n  r ad io the rapy ,  t h e s e  p e n e t r a t i o n  p r o p e r t i e s  and t h e  sha rp  f a l l o f f  of beam d i s -  
t a l  t o  t h e  extended Bragg peak a l low t h e  product ion  of advantageous depth-dose d i s t r i -  
bu t ions  t a i l o r e d  t o  t h e  dimensions of t h e  tumor, and minimizing t h e  dose t o  important 
ad jacen t  normal s t r u c t u r e s .  These advantageous d o s e / d i s t r i b u t i o n s  should p e r m i t  de- 
l i v e r y  of a h ighe r  dose  t o  c r i t i c a l  t rea tment  volumes than  c u r r e n t l y  a v a i l a b l e  wi th  
convent iona l  megavolt t echniques .  

High-LET Oxygen E f f e c t  
** 

While t h e  p o s s i b i l i t y  o f  s i g n i f i c a n t l y  decreased  OER wi th  helium ions  is  min- 
€ m a l ,  a t  t h e  very  h i g h  LET of heavy-ion beams t h e r e  should be  a s i g n i f i c a n t  decrease  
i n  OER. 

It h a s  been recognized  t h a t  tumor cells o f t e n  r e q u i r e  less oxygen than  normal 
c e l l s  and t h a t  many tumors ex is t  wi th  n e c r o t i c  r e g i o n s  where t h e  mi l i eu  i s  hypoxic o r  
Inaerobic  ( 1 ) .  For low-LET r a d i a t i o n s  t h e  OER is  about  3; t h i s  means ' t ha t  a l e t h a l  
i o se  of gamma r a y s  f o r  t h e s e  tumor cells  i s  about t h r e e  t i m e s  as g r e a t  as t h e  usua l  
i o se  f o r  normal oxygenated ce l l s  ( 2 ) .  Using human kidney c e l l s  as a test o b j e c t ,  f a s t  
i eu t ron  and p i  meson OER'S have been measured a t  about  1.6, wh i l e  t h e  helium OER a t  t h  
Bragg peak of 930-MeV p a r t i c l e s  i s  between 1.9 and 2.3 (3). These OER r a t i o s  a r e  i m -  
n-ovements over  t'he OER f o r  X r ays ;  however, based on r e s e a r c h  wi th  low-energy heavy 
ions and i n i t i a l  s t u d i e s  w i t h  high-energy oxygen i o n s ,  w e  know t h a t  t h e  OER f o r  heavy 
,articles of a p p r o p r i a t e  a tomic  number can be cons ide rab ly  less than t h a t  of o t h e r  
r ad ia t ions .  

I n  1966, Tobias  and Todd sugges ted  t h a t  high-energy neon might produce t h e  re- 
p i r e d  OER ( 4 j .  It is p o s s i b l e ,  however, t h a t  t h e  optimum t h e r a p e u t i c  par t ic le  is 
i e a v i e r  than  neon. It i s  a major g o a l  of our  " p r e t h e r a p e u t i c  u se  of a c c e l e r a t e d  heavy 
ions" p r o j e c t  t o  q u a n t i t a t e  t h e  c e l l u l a r  and t i s s u e  e f f e c t s  of heavy i o n s  as a f u n c t i o  
if atomic nu-mber and v e l o c i t y  so  as t o  opt imize  t h e  d e s i r e d  heavy ion  f o r  therapy. 

X i n i c a l  Expe'rience 
I 

Work has been c a r r i e d  on i n  Swedes (5) on a va r i e ty  o f  tumors and a t  the Harvard 
:yc lo t rons  w i t h  sma l l - f i e ld -d i r ec t ed ,  proton-beam the rapy '  p r i m a r i l y  f o r  p i t u i t a r y  
:umors ( 6  ). Recently a n  e x t e n s i v e  program wi th  l a r g e - f i e l d  pro ton  therapy has  been 

I 
; t a r t e d  i n  R u s s i a  a t  t h e  I n s t i t u t e  f o r  T h e o r e t i c a l  and Experimental Phys ics  in MOSCOW, 
:he 1.aboratory f o r  Nuclear Research a t  Dubna(7). About 250 p a t i e n t s  have b e e n  t r e a t e d  ; 

I 
I * 
** I Linear energy t r a n s  fer. 

Oxygen enhancement r a t i o .  

I 
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with large-f  i e l d  p r o t o n  therapy ,  a l though d e t a i l e d  r e s u l t s  of t reatment  are n o t  a v a i l -  
a b l e .  

A t  Lawrence Berkeley Laboratory and Donner Laboratory,  cons iderable  experience 
over  a number of y e a r s  has  been gained w i t h  high-energy pro tons  and helium ions .  The 
f i r s t  t h e r a p e u t i c  human exposure t o  high-energy deuterons  was performed h e r e  i n  1955; 
( 8 )  s i n c e  t h a t  t i m e  s e v e r a l  hundred p a t i e n t s  have been t r e a t e d  w i t h  small f i e l d ,  high 
dose l o w  f ract ion-number helium-ion therapy ,  p a r t i c u l a r l y  f o r  l e s i o n s  of t h e  p i t u i t a r y  
These t rea tments  have proven p a r t i c u l a r l y  e f f e c t i v e  i n  acromegaly and Cushings' Diseas 
therapy ( 9 ) .  A few p a t i e n t s  ia t h e  p a s t  have been t r e a t e d  w i t h  smal l - f ie ld ,  high-dose 

k i n g l e  f r a c t i o n  i r r a d i a t i o n  of s m a l l  pulmonary metastatic nodules ,  or €or b r a i n  
n a l i g n a n c i e s  (10 ) .  

There are  a v a i l a b l e  i n  t h e  Bay Area a v a r i e t y  of s o p h i s t i c a t e d  rad io therapy  
c e n t e r s  i n c l u d i n g  t h e  U n i v e r s i t y  of C a l i f o r n i a  a t  San Francisco Div is ion  of Radiat ion 
Oncology, S tanford  U n i v e r s i t y  Medical School D i v i s i o n  of Radiotherapy, t h e  Zellerbach- 
S a r o n i  Tumor I n s t i t u t e  Department of Radia t ion  Oncology, and numerous o t h e r  radio-  
therapy c e n t e r s  l i s t e d  i n  t h e  Appendix. A number o f  t h e s e  c e n t e r s  have i n t e r e s t  i n  
? a r t i c u l a t e  r a d i o t h e r a p y ,  i n c l u d i n g  Stanford  U n i v e r s i t y  Medical School, where work is  
progress ing  on development of a p ion  r a d i o t h e r a p y  beam. There has  been s u b s t a n t i a l  wor 
done i n  t h e  Radiobiology Laboratory of t h e  D i v i s i o n  of Radia t ion  Oncology a t  t h e  
U n i v e r s i t y  of C a l i f o r n i a ,  San Franc isco  on t h e  r a d i o b i o l o g i c a l  p r o p e r t i e s  of neutron 
beams, bo th  wi th  e x t e r n a l  beams and Cal i fprnium 252. These u n i v e r s i t y  and community 
r a d i o t h e r a p i s t s  have been i n v i t e d  t o  p a r t i c i p a t e  i n  a c l i n i c a l  t r i a l  of helium-ion and 
heavy-ion therapy  through t h e  format ion  of t h e  Bay Area Heavy-Ion Associat ion,  ( s ee  
Appendix B) ;  thcilr combined new cancer  p a t i e n t  popula t ion  i s  i n  excess  of 5,000 cases  
p e r  y e a r ,  This  group a l s o  i n c l u d e s  r a d i o t h e r a p i s t s  from Northern C a l i f o r n i a  inc luding  
t h e  U n i v e r s i t y  of C a l i f o r n i a  a t  Davis and t h e  S u t t e r  Radia t ion  Center i n  Sacramento, 

roups i n t e r e s t e d  i n  p a r t i c u l a t e  rad io therapy .  The background f o r  t h i s  c l i n i c a l  t r i a l  
as been developed a t  Lawrence Berkeley Laboratory and Donner Laboratory through t h e  

a s s i s t a n c e  of D r .  Max L. M.Boone, Chairman of t h e  Department of Radia t ion  Oncology a t  
t h e  U n i v e r s i t y  of Arizona, D r .  Theodore L. P h i l l i p s ,  Professor  & D i r e c t o r  of Radiat ion 
Oncology UC San F r a n c i s c o ,  and D r .  Malcolm Bagshaw, P r o f e s s o r  & Chairman of t h e  Depart 
ment of Radiology a t  S t a n f o r d  Medical Center .  The o r g a n i z a t i o n a l  framework w i l l  be ex- 
panded t o  a s s u r e  development of p r o t o c o l s  f o r  a c o n t r o l l e d  c l i n i c a l  t r i a l ,  as w e l l  a s  
t h e  concomitant development of t e c h n i c a l  e x p e r t i s e  i n  l a r g e - f i e l d ,  f r a c t i o n a t e d ,  ex- 
tended-Bragg-peak therapy  and t h e  development of t h e  a p p r o p r i a t e  c l i n i c a l  f a c i l i t i e s  
t o  conduct an extended c l i n i c a l  t r i a l  of  heavy-ion beams. The Assoc ia t ion  has  a l ready  
had i n d i c a t i o n s  from i t s  p r e s e n t  members of s t r o n g  i n t e r e s t  i n  p a r t i c i p a t i o n  i n  t h e  
c l i n i c a l  t r i a l ,  bo th  i n  t rea tment  of t h e  s tudy  p a t i e n t s  as w e l l  as c o n t r o l  p a t i e n t s  an 
is  open t o  any q u a l i f i e d  r a d i o t h e r a p i s t  who wishes i n  t h e  f u t u r e  t o  p a r t i c i p a t e  i n  t h i  
endeavor. I 

The Northern C a l i f o r n i a  Cancer Program, a n o n p r o f i t  c o r p o r a t i o n  formed by t h e  
major o r g a n i z a t i o n s  i n t e r e s t e d  i n  cancer  r e s e a r c h ,  therapy and r e l a t e d  a c t i v i t i e s ' h a s  
a p p l i e d  f o r  d e s i g n a t i o n  as t h e  comprehensive cancer  center f o r  Northern C a l i f o r n i a  and 
Northwestern Nevada. The U n i v e r s i t y  of C a l i f o r n i a  (Berkeiey, San Francisco Medical 
Center ,  and Davis campuses), S tanford  U n i v e r s i t y  Medical School, and Zellerbach-Saroni 
Tumor I n s t i t u t e  among o t h e r s  are r e p r e s e n t e d  i n  t h i s  o r g a n i z a t i o n .  To co-ordinate 
rad io therapy  r e s e a r c h  i n  p a r t i c u l a t e  i r r a d i a t i o n ,  a high-LET committee has  been formed 
by t h e  NCCP under t h e  chairmanship of Fialcolm Bagshaw. Other c u r r e n t  members i n c l u d e  
T. L. P h i U i p s ,  J. R. C a s t r o  (UCSF); C.  Tobias LBL; A. Raventos, S.  Silverman (UC 
Davis) ;  D.  Pistenma, and R. Kallman (StanEord).  

This  committee w i i l  endeavor t o  co-ordinate  c l i n i c a l  trials i n  Northcrn 
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a l i f o r n i a  inc lud ing  p o s s i b l c  neu t ron  t r i a l s  (UC Davis ) ,  pion t r i a l s  (Stanford)  and 
elium/heavy-ion t r i a l s  (LUL). Cons iderable  common inforniat ion can be shared and d u p l i  
a t i o n  avoided i n  t reatnient  plnntiing, conipensation f o r  inl iomoger~ei t ies ,  and dcvelopmen 
f t rea tment  protocol-s .  
r t  will be a par t icu lar  a h  of this project t o  imintain close communication and 
l i a son  with other groups involved i n  par t iculate  radiothsrapy including on-going 
neutron t r i a l s  a t  the ynivers i ty  of 1-Jashington, T N . ~ C  and iui,rrA, the  proton 
t r i a l  a t  1.lassachusotts General Hospital  ( Harvard Cyclotron) and tho pion 
radiotherapy t r i a l  a t  t he  Los A~amos Keson physics Faci l i ty .  

Thero a re  already e e s t i n g  l i n k s  t o  these on-going t r ia l s  through many of  the 
invest igators  on this project ;  i n  addition, m, Tobias i s  a member o f  the North 
American F a r t i d e  Committee which i s  chaired by m. Bagshaw. 

No trill be espec ia l ly  in t e re s t ed  i n  possible coordinated and/or cooperative 
c l i n i c a l  t r i a l s  i n  order t o  develop anstmrs from the  available pat ient  pool a t  
the e a r l i e s t  opportunity. 

i 
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l iminution of dose t o  uninvolved normal t i s s u e s .  
Las l e d  t o  an  i n c r e a s e  i n  l o c a l  c o n t r o l  r a t e s  and decreased normal t i s s u e  r e a c t i o n s  
a d  morbid i ty  i n  a number of human tumor sites. Never the less ,  l o c a l  and r e g i o n a l  f a i l -  
ires s t i l l  account f o r  a s i z a b l e  p ropor t ion  of  i n s t a n c e s  where r ad io the rapy  f a i l s  t o  
o n t r o l  t h e  tumor. Two p o s s i b l e  advantages e x i s t  i n  heavy-ion r ad io the rapy  which may 
mprove t h e  tumor c o n t r o l  r a t i o :  

This  improved close d i s t r i b u t i o n  

1. A clear improvement i n  t h e  a b i l i t y  t o  d e l i v e r  a h i g h e r  dose  t o  both tumor ant 
t r ea tmen t  volume w i t h  a decreased dose  t o  normal t i s s u e s  l y i n g  near o r  
surrounding t h e  t r ea tmen t  volume. 

An improved chance of tumor c o n t r o l  secondary t o  the '  p h y s i c a l  p r o p e r t i e s  
of heavy i o n s ,  p a r t i c u l a r l y  t h e  dec rease  i n  oxygen enhancement r a t i o  shown 
t o  be p r e s e n t  w i th  i n c r e a s i n g  LET. 

2. 

The u s e  of helium-ion therapy  f o r  t h e  f i r s t  phase of t h i s  s tudy  w i l l  have its 
o t e n t i a l  advantage p r i m a r i l y  i n  t h e  a b i l i t y  t o  b e t t e r  d e l i v e r  a more l o c a l i z e d  dose 
o t h e  t r ea tmen t  volume and minimize t h e  dose t o  a d j a c e n t  normal s t r u c t u r e s .  There may 
e a s m a l l  advantage i n  terms of decreased OER compared wi th  convent iona l  rad io therapy  

Informat ion  t h u s  ga ined  from f r a c t i o n a t e d ,  helium-ion, Bragg peak therapy w i l l  b 
f cons ide rab le  v a l u e  i n  deve loping  t rea tment  techniques  wi th  heavy i o n s  a s  w e l l  as a 
m t r o l  group for comparison w i t h  heavy-ion the rapy ,  where both the advantages of 
e t t e r  dose  l o c a l i z a t i o n  and s i g n i f i c a n t l y  lowered OER are expec ted .  

I n  p rev ious  c o n s i d e r a t i o n s  w e  have suggested t h e  fo l lowing  p o s s i b i l i t i e s  f o r  
umors t h a t  w i l l  be cons idered  f o r  heavy-ion therapy: I) tumors t h a t  have n e c r o t i c  
egions and are known t o  c o n t a i n  anox ic  cells; 2) tumors t h a t  can be p r e c i s e l y  lo- 
a l i z e d ,  w i t h  dimensions t h a t  are known; 3) tumors i n a c c e s s i b l e  t o  surgery ;  4 )  tumor 
d j acen t  t o  r a d i o s e n s i t i v e  s t r u c t u r e s  which cannot be  avoided e a s i l y  us ing  conventiona 
a d i a t i o n ;  5 )  tumors p o s s e s s i n g  c e l l s  s e n s i t i v e  t o  heavy ions ;  6 )  tumors which do 
3 t  m e t a s t a s i z e  r a p i d l y ;  and 7 )  very  s m a l l  tumors. 

We f e l t  t h a t  heavy-ion the rapy  might be  c o n t r a i n d i c a t e d  f0r:Tumors locally con- 
: ro l  l e d )  than 75% by chemotherapy o r  convent iona l  r a d i a t i o n ,  w i th  accep tab le  morbid i t  
s v e l s ;  2) tumors known t o  m e t a s t a s i z e  r a p i d l y ;  3) t'*mors which cannot be proper ly  
x a l i z e d .  .~ 

Accordingly, our  i n i t i a l  e f f o r t s  i n  helium-ion therapy  w i l l  be  d i r e c t e d  towards 

l i n i n g  e q e r i e n c e  a p p l i c a b l e  t o  heavy-ion therapy  when i t  becomes a v a i l a b l e .  For  es- 
n p l e ,  i n i t i a l  sugges t ions  €or t r i a l  s i tes  fo r  f r a c t i o n a t e d ,  l a r g e - f i e l d ,  Iwliurn-ion 

conducting a c o n t r o l l e d  c l i n i c a l  t r i a l  of helium-ion therapy  and 

ierapy inc lude :  p e r i a o r t L c  lymph nodcs i n  such tumors as  carcinoma of tile u t c r i n y  
? r v i x ,  p r o s t a t e ,  b l adde r ,  ovary and/or  rectum; 2)  gl iomata  of t h e  b r a i n ;  3)  s o f t  I 

I )  

1 
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A d e t a i l e d  c o n s i d e r a t i o n  of phys i ca l  and b i o l o g i c a l  f a c t o r s  i n  rad io therapy  w i t l -  
igh-LET r a d i a t i o n s  w a s  made  e a r l i e r  by D r s .  Tobias ,  Lyman and Lawrence (10). 
a d i o b i o l o g i c a l  and p h y s i c a l  f a c t o r s  i n  f avor  Qf high-LET r a d i a t i o n s  f o r  therapy of 
uman cancer  were eva lua ted .  It w a s  expected t h a t  heavy-ion beams' would show high LET 
i t h  low OER. Experimental  a n a l y s i s  of heavy-ion beams inc lud ing  carbon, oxygen, and 
eon have been underway a t  LBL f o r  some t i m e  us ing  first1.0~-intensity.beams of t h c  Be7 

(C ,N and 0) and more r e c e n t l y  t h e h i g h - i n t e n s i t y  and heav ie r  beams of t h e  Bevalac 

The 

A s  heavy charged p a r t i c l e s  p e n e t r a t e  matter, c o l l i s i o n s  wi th  atoms r e s u l t  i n  
u l t i p l e ,  small-angle  s c a t t e r i n g .  S ince  heavy charged p a r t i c l e s  are many t i m e s  heavier  
han e l e c t r o n s ,  a heavy-ion beam w i l l  scatter l e s s  than  an e l e c t r o n  beam, i.~., t h e  

r i ng .  The s c a t t e r i n g  and s t r a g g l i n g  of heav ie r  i o n s  is even less than t h a t  of he l iu  
i s  a l lows  t h e  h e a v i e r  beams t o  be shaped wi th  g r e a t e r  p r e c i s i o n  than is p o s s i b l e  w i t  
o ton  o r  e l e c t r o n  beams. 

Heavy-charged-particle beams a l s o  have d e f i n i t e  range of pene t r a t ion :  t h i s  rang 

ss by t h e  p a r t i c l e  i n c r e a s e s  wi th  'decreasing pa r t i c l e  v e l o c i t y ,  r e s u l t i n g  i n  d e l i v e r  
epends upon t h e  energy.  A s  t h e  par t ic le  beam p e n e t r a t e s  ma t t e r ,  t h e  rate of energy 

a r e l a t i v e l y  l a r g e  dose t o  i )  s m a l l  r eg ion  ( t h e  Bragg Deak reg ion)  j u s t  be fo re  the  
ar t ic le  comes t o  rest (see Figure 1 ,  curve  A ) .  

These p r o p e r t i e s  make p o s s i b l e  i n t e n s e  i r r a d i a t i o n  of a s m a l l ,  s t r i c t l y  l o c a l i z e  
umor wi th in  t h e  body whi le  m a i n t a i n i n g a  relatively  OFT skin dose. 

The helium-ion beam from t h e  184" Cyclotron (11) (12) has a range of approxi- 
t e l y  32 an i n  water. In o r d e r  t o  o b t a i n  a beam of d i f f e r e n t  range,  a degrader  i s  
aced i n  t h e  beam p a t h ;  t h i s  degrader  absorbs energy from t h e  beam as t h e  beam 

i d t h  a t  t h e  80% level of t h e  Bragg peak, i t  is necessary  t o  combine i r r a d i a t i o n s  oE 

i s  some skin spar ing,  due 
i t e  th i ckness  of abso rbe r  necessa ry  t o  e s c a b l i s h  secondary e l e c t r o n  equi l ibr ium.  

omewhat i n c r e a s e s  w i t h  depch, due t o  i n c r e a s i n g  RBE. Beyond t h e  treatment volume, t h e  
ose  w i l l  drop ve ry  r a p i d l y .  For a small t rea tment  volume, dose drops from 80% t o  20% 
i t h i n  about  4 mm. With a l a r g e  t r ea tmen t  volume, t h e  same decrease  i n  dose occurs  
i t h i n  5 mm, and t h e  e x i t  dose  is  less than 3% maximum. Beams from a c c e l e r a t o r s  tend 
o be t i g h t l y  focused and have small c r o s s - s e c t i o n a l  arcas. Larger  beam areas are 
e n e r a l l y  obta incd  through t h e  use o f  magnets o r  s c a t t e r i n g  f o i  Is ( 1 3 ) ,  
r by mngnct ica l ly  scanning the  beam over  t h e  d e s i r e d  area. Largc t rea tment  volumes 
an a l s o  bc i r r a d i a t e d  by a p p r o p r i a t e l y  scanning a p a t i e n t  ac ross  a beam wi th  small 
rea .  Technical  d i f f ' i c u l t i c s  wi th  t h c s c  n w t h o d s  s c t m  to  favor  s c a t t e r i n g  as t he  most 

s vanishes  i f  a s o l i d  bolus  i s  used ad jacen t  t o  t h e  s k i n .  The b i o l o g i c a l  e f f e c t  

! 
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r e l i a b l e  and most e a s i l y  acconiplishcd method. The technique oE double  s c a t t e r i n g ,  de-  
veloped by worlccrs a t  the. 1Iarvard Cyclotron Laboratory (14), i s  also a s u i t a b l e  method 
f o r  obtaii i i i ig a large,  uniform, helium-ion t rea tment  f i e l d  of s u f f i c i e n t  i n t e n s i t y  t o  
b e  c l i n i c a l l y  u s e f u l .  F i g u r e  2 i i idicates an example of l a t e ra l  dose  d i s t r i b u t i o n  of a 
wide helium-ion beam a t  t h e  184" c y c l o t r o n .  

Doslmctry of t h e  helium-ion beam i s  performed p r i m a r i l v  w i t h  i o n i z a t i o n  chambers 
ionization chambers 

The l a r g e  beam is  shaped 
of both t ransmiss ion  type and t i s sue-equiva len t  probe type ( 1  4) . 
a r e  re ferenced  t o  Faraday cup and c a l o r i m e t e r  measurements. 
t o  t h e  f i n a l  d e s i r e d  c r o s s  s e c t i o n  by a Cerrobend a l l o y  c o l l i m a t o r .  

P a t i e n t s  w i l l  b e  t r e a t e d  e i t h e r  s i t t i n g ,  s t a n d i n g ,  o r  l y i n g ,  depending upon t h e  
a r e a  t o  be  t r e a t e d  and e n t r y  p o r t a l s .  Each p o s i t i o n  w i l l  r e q u i r e  some p a t i e n t  immobil- 
i z a t i o n  t o  minimize p a t i e n t  motion dur ing  s i m u l a t i o n ,  s e t u p ,  and t rea tment .  Immobili- 
z a t i o n  methods which may be  employed are head masks, b i t e b l o c k s ,  head and body c a s t s  
( l i g h t  c a s t )  and Velcro s t r a p s .  

Treatment planning w i l l  be done us ing  t h e  b e s t  a v a i l a b l e  d a t a  on c ross -sec t iona l  
stopping-power d i s t r i b u t i o n s .  Res idua l  range of t h e  beam will b e  determined by t h e  
naximum depth  of p e n e t r a t i o n  needed f o r  each e n t r y  p o r t a l ,  t a k i n g  i n t o  account inhomo- 
S e n e i t i e s  i n  t h e  beam path.  Compensation i n  v a r i o u s  areas of t h e  f i e l d  w i l l  b e  provide1 
$hen i t  i s  p o s s i b l e  t o  s p a r e  a s i g n i f i c a n t  amount of normal t i s s u e  beyond t h e  t r e a t -  
nent volume o r  t o  avoid  i r r a d i a t i o n  of a v i t a l  s t r u c t u r e .  Compensation w i l l  n o t  be  
attempted f o r  s m a l l  s t r u c t u r e s  where p a t i e n t  motion might i n c o r r e c t l y . a l t e r t h e  p o s i t i o n  
>f t h e  compensator so as t o  u n d e r i r r a d i a t e  t h e  in tended  treatment volume. 

W e  have measured t h e  s t o p p i n g  power f o r  p a r t i c l e  beams as a f u n c t i o n  of t h e  
3tomic number (15). These a l l o w  c a l c u l a t i o n  of t h e  s topping  power of w e t  bone and of 
I t h e r  t i s s u e  inhomogenei t ies ,  as long  as t h e  atomic composition is known. Relative 
stopping power of  b o n d s o f t  t i s s u e  f o r  high-energy h e l i u u  i o n s  is about  1.2, as a 
slowly vary ing  f u n c t i o n  of t h e  p a r t i c l e  energy. 
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