


v. hIETiI@DS OF PlIOCEDURE - 

1. A1li l lysi .s  of t imor/normal  t i s s u e  r e l a t i ' onsh ips  wi th  r e s p e c t  t o  s e l e c t i o n  o f  
tumor s i tes  f o r  p i l o t  s tud ies  

The i n i t i a l  phase  of t h i s  p r o j e c t  w i l l  stress an a n a l y s i s  of t hose  tumor s i t e s  
f o r  which b e n e f i t  can be  expected from t h e  improved tumor dose l o c a l i z a t i o n  p o s s i b l e  
wi th  helium-ionlheavy-ion beams. Our i n i t i a l  i n t e r e s t  w i th  helium i o n s  w i l l  be  d i r e c t c  
towards e v a l u a t i o n  of improved r e s u l t s  prinarily duc to  better l o c a l i z a t i o n  of t h e  
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ima te ly  7,000 r a d s  i n  7 weeks can  be  d e l i v e r e d ,  l o c a l  c o n t r o l m i g h t  b e  o n l y  slightlyin-' 
roved by b e t t e r  dose  l o c a l i z a t i o n ,  a l though morb id i ty  might be  diminished.  Where 

doses  of t h i s  level cannot  be  reached  because of l i m i t a t i o n s  by n o r m a l t i s s u e t o l c r a n c e ,  
however, t h e  improved d i s t r i b u t i o n  from pro ton  therapy  might a l l o w  tumor ic ida l  doses  
of - 7,000 r a d s  t o  b e  d e l i v e r e d  wi th  consequent i n c r e a s e  i n  l o c a l  c o n t r o l .  Considera- 
t i o n s  f o r  helium-ion the rapy  f a l l  g e n e r a l l y  i n t o  t h e  same c l a s s i f i c a t i o n  as proton  
therapy  because of t h e  s l i g h t l y  h ighe r  REE of 1 .2  and probably  o n l y  minimally improved 
OER of - 2 . 3  ( 3  ).  

I 

Our i n i t i a l  p l ann ing  w i l l  t h u s  be d i r e c t e d  t o  tumor sites where a n  improved 
tumor/normal t i s s u e  d o s e  r a t i o  can b e  ob ta ined .  S u i t  and G o i t e i n  sugges t  t h e  fo l lowing  
s i t e s  f o r  p o s s i b l e  improvement i n  l o c a l  r e s u l t s :  carcinomata of t h e  stomach or  
panc reas ,  r e t r o p e r i t o n e a l  t i s s u e ,  p e r i a o r t i c  regfon,  base  of b l adde r  and p r o s t a t e  (16) .  
As i n i t i a l  tumor si tes f o r  t r ea tmen t  w i t h  helium i o n s  w e  are cons ide r ing  grade 111 o r  
I V  as t rocytomas  ( b r a i n ) ,  p a r a a o r t i c  lymph nodes ( c e r v i x ,  b l adde r ,  p r o s t a t e ) ,  l o c a l i z e d  
p a n c r e a t i c ,  o r  r e n a l  and esophagea l  tumors. Carcinomata of t h e  stomach, b l adde r ,  s o f t  
t i s s u e s  and t h e  head and neck r e g i o n  are  among t h e  si tes t o  b e  eva lua ted  la te r .  

In c o n s i d e r i n g  tumor s i t e s  t o  be  i r r a d i a t e d ,  t i s s u e  d e n s i t y  inhomogenei t ies  must 
be  recognized  and t h e  a p p r o p r i a t e  i n fo rma t ion  inco rpora t ed  i n t o  t r ea tmen t  p lanning .  
For some tumor sites adequa te  d e n s i t y  in fo rma t ion  r ega rd ing  such  inhomogenei t ies  may bl 
ob ta ined  through c a r e f u l  imaging techniques  ( t r a n s v e r s e  tomography,u l t rasound,  standarc 
X r a y s ) .  Ca re fu l  s u r g i c a l  e x p l o r a t i o n  wi th  p r e c i s e  i d e n t i f i c a t i o n  and c l i p p i n g  of tumo 
volumes is  a n  e s s e n t i a l  p a r t  o f  t h e  p re t r ea tmen t  e v a l u a t i o n .  Improvement i n  t rea tment  
p lanning  techniques  w i l l  b e  for thcoming wi th  t h e  use  of computer-assis ted a x i a l  tomog- 
raphy,  which w i l l  p r o v i d e  a c c u r a t e  t i s s u e  d e n s i t y  c r o s s / s e c t i o n s  f o r  t rea tment  p lannin  . 
Helium-ion treatment compensatioq f o r  inhomogenei t ies  w i l l  be  by i n d i v i d u a l l y  p repa red ,  
abso rbe r s  (bo lus ) .  For  t r e a t m e n t  w i t h  t h e  BEVALAC heavy-ion beam, absorber  m a t e r i a l s  
and computer-directed energy  modulat ion t o  c o n t r o l  t h e  depth  of p e n e t r a t i o n  of t h e  ex- 
tended Bragg peak c a n  b e  used.  

i r r a d i a t i o n  are t h o s e  w i t h  g rade  I11 o r  I V  as t rocytomas  us ing  "boost" therapy  fol lowin$ 
whole-brain i r r a d i a t i o n  t o  a b a s i c  dose  leve l  of perhaps 4,000 t o  4,500 rads  i n  5 t o  
6 weeks. The a b i l i t y  t o  l o c a l i z e  t h e  hel ium beam w i l l  p rovide  s i g n i f i c a n t  spa r ing  of 
ormal b r a i n  t i s s u e  w h i l e  r a i s i n g  t h e  primary tumor volume dose  t o  t h e  equ iva len t  of I 

7,000 r a d s  i n  8 weeks. Although one might no t  expec t  ve ry  g r e a t  irnprovemcnt i n  l o c a l  

1 
d 
i 

Among t h e  p a t i e n t s  s u i t a b l e  f o r  i n i t i a l  f e a s i b i l i t y  s t u d i e s  wi th  helium/heavy-io 
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- 
which a re  knovn s i tes  of mic roscop ic  me tas t a ses  from v a r i o u s  pr imary s i tes ,  e s p e c i a l l y  
carcinoma of t h e  u t e r i n e  c e r v i x ,  b l a d d e r ,  r e c t u m ,  and p r o s t a t e .  To d a t e  gu t  t o l e r a n c e  
h a s  l i m i t e d  adequate  i r r a d i a t i o n  'of t h e  lymph nodes because of a s i g n i f i c a n t  morbidity 
ra te  from i n t e s t i n a l  damage w i t h  doses  adequate  t o  c o n t r o l  tumors. The p r c c i s c l y  de-  
f i n e d  depth-dose d i s t r i b u t i o n  a c h i e v a b l e  wi th  t h e  helium/heavy-ion beam can be  e r f e c -  
t i v c l y  u t i l i z e d  t o  i r r a d i a t e  t h e s e  nodes t o  a t  least  5,000 r a d s  i n  5 weeks  with an  ex- 
pec ted  d e c r e a s e  i n  morb id i ty .  Even h i g h e r  doses  may be f e a s i b l e  because of t h e  lower 
i n t e g r a l  dose  t o  t h e  i n t e s t i n e .  A s imple  t r ea tmen t  p l ann ing  approach would u s e  a d i r e c  
p o s t e r i o r  f i e l d ,  w i t h  a p p l o p r i a t e  coinpensation f o r  v e r t e b r a l  bone w i t h i n  t h e  t reatment  
p o r t ;  i t  might r e q u i r e  combination w i t h  high-energy photon beams i n  o r d e r  t o  diminish 
t h e  s u r f a c e  dose of t h e  s i n g l e  e n t r y  p o r t a l .  Another d i sadvan tage  of t h e  s i n g l e  p o s t e r  
i-or p o r t  i s  a r e l a t i v e l y  h i g h  dose  t o  a small p o r t i o n  of t h e  s p i n a l  co rd  and a l a r g e  
p o r t i o n  of t h e  cauda equ ina .  Improvement on t h i s  t echn ique  w i l l  be  achieved through t h  
use of m u l t i p l e  p o r t s ,  a p p r o p r i a t e l y  weight ing f i e l d s  t o  minimize t h e  dose t o  t h e  ad- 
j accn t i n t e s t i n e .  

Cont inuat ion  pogc  

i An area o €  ~1-e:itcr iritcrcst is  thaL: of i r r a d i a t i o n  of p e r i a o r t i c  lymph nodes,  
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con t inua t ion  p o g c  

2. Design of p r o t o c o l s  f o r  c l i n i c a l  t r i a l s  

Tlie Bay hrea Heavy-Ion A s s o c i a t i o n  P r o t o c o l  Design Committee is  cha i r ed  by D r .  
David Pistenma 01 the. D i v i s i o n  of Radiotherapy, S t an fo rd  U n i v e r s i t y  Medical School. 
T h e  o t h e r  members of t h i s  committee i n c l u d e  D r .  Ted P u r c c l l  (A l t a  Bates H o s p i t a l ) ,  D r .  
Bernard Lcwinsky (Let  terman Gcneral Hosp i t a l )  , D r .  B a r r y  Chauser (Peninsula  H o s p i t a l ) ,  
Dr. Ronald Van Roy ( S a n t a  Rosa),  Dr. Richard Bor r i son  (O'Connor H o s p i t a l  and Val ley 
S e d i c a l  Center ,  San J o s e ) ,  D r .  Sal11 Silverinan (Sacramento, CA, Univ. of C a l i f .  a t  
Davis),  3r.  A.  Rao (U.S. Naval H o s p i t a l ,  Oakland),  and D r .  S t a n  C u r t i s  (LBL). 

The P r o t o c o l  Design Committee has  accepted t h e  cha rge  of d e f i n i n g  g u i d e l i n e s  f o r  
p a t i e n t  s e l e c t i o n ,  e v a l u a t i o n  and t r ea tmen t .  The i n i t i a l  monthly meet ings of t h e  Bay 
hrea Heavy-Ion A s s o c i a t i o n  have been devoted t o  an  a n a l y s i s  of p o s s i b l e  tumor s i t e s  f o  
p i l o t  s t u d i e s  and t h e  methods by which p r o t o c o l s  f o r  c o n t r o l  s t u d i e s  might be developed. 
The d i s c u s s i o n s  have l e d  t o  t h e  recornmendation t h a t  p r o t o c o l s  be  modified f r o m t h o s e d e -  
veloped by t h e  Regional  C l i n i c a l  Committee and Subcommittee f o r  Human T r i a l s  of Pion 
Radiat ion Therapy a t  Los Alamos Meson Phys ic s  F a c i l i t y .  The p r o t o c o l s  developed a t  L O  

4Lamos cover some f o u r t e e n  tumor si tes,  a l l  of which are s u i t a b l e  f o r  treatment wi th  
helium i o n s  o r  heavy i o n s .  A d d i t i o n a l  p r o t o c o l s  w i l l  be  developed f o r  o t h e r  tumor s i t  
t h a t  a p p e a r  s a t i s f a c t o r y  f o r  helium-ion o r  heavy-ion the rapy .  I n i t i a l l y  t h e  emphasis 
d i l l  be  on f e a s i b i l i t y  s t u d i e s  to  d e f i n e  t r ea tmen t  t echn iques  f o r  t r e a t i n g  tumors w i t  
helium/heavy i o n s .  A s  t r e a t m e n t  methods a re  demonstrated d u r i n g  t h i s  i n i t i a l  p e r i o d ,  
randomized c l i n i c a l  t r i a l s  w i l l  b e  planned and e s t a b l i s h e d  f o r  s e l e c t e d  tumors. It is  
2xpected t h a t  t h e  p r o t o c o l s  for t h e  randomized c l i n i c a l  trials w i l l  b e  l a r g e l y  accom- 
pl ished w i t h i n  t h e  f i r s t  y e a r  of t h e  s tudy .  T h i s  should c o i n c i d e  wi th  t h e  t i m e  a t  whi 
wavy-ion r a d i o t h e r a p y  beams become a v a i l a b l e .  Some of the treatment protocols' t o  be 
3eveloPed 2 r T  khnwn in Appendix D. Othe 
d i l l  be developed d u r i n g  t h e  n e x t  year. 

AS these protocols a r e  completed by the protocol Design Committee and approved by 
the pr incipal  invss t iga tor  and 3 ~ m ~ ,  they will be submitted t o  the DL Human Use 
Adrisory Committee art3 the  University of Cal i fornia ,  Berkeley campus Cormnittee fo r  
the protection of Human subjects .  When approved,they w i l l  be opened t o  pat ients  f o r  
helium ion  therapy i n i t i a l l y  and f o r  heavy ion  therapy when appropriate pre- 
therapeutic work i s  completod. A c o n t r o l  s e r i e s  of  pat ients  will be t reated a t  
collaborating r ad ia t ion  therapy f a c i l i t i e s  so t h a t  eventually a three-armed study 
w i l l  r e s u 1 t ; s t s t i s t i c a l  advice Will be needad t o  determine the  number of patiens i n  
each arm although it i s  hoped t h a t  the  preponderance of the study pat ients  w i l l  be 
the  heavy ion  therapy arm. 
Not a l l  tumor s i t e s  need t o  be randomized; those with survival or l o c a l  control  
less than lo$ with conventional radiotherapy techniques m y  be non-randomized. 
The i n i t i a l  r n ~  recommended by the  qadiobiology c o d t t e e  of B A ~ A  for  use with - 
helium ions i s  1.2; i n  addi t ion i n  many protocols helium ion  doses for  the i n i t i a l  
3-6 pat ients  may be 2043 lower than the planned l e v e l  i n  order t o  be ce r t a in  of no 
undue immediate e f f ec t s .  These doses will be raised t o  t he  planned level as 
soon as it i s  f e l t  safe by tho  pr incipal  invest igator .  
A l l  pat ients  w i l l  have t o  give a voluntary, informed consent t o  par t ic ipate  i n  the  
study.  his consent form t o  be developed w i l l  be submitted t o  the  campus committee 
f o r  protection of Human subjec ts  fo r  t h e i r  approval. 

Appendices TJ & F: l i s t  par t ic ipants  i n  the  study with the  current numbers of new 
pat ients  seen year ly  i n  the major par t ic ipa t ins  centerso nata i s  also,available f r o ]  
t h e  Caxfo rn ia  Tunlor Peqis t ry  qivin? t h e  breakdmm of new cancer pat ients  i n  the  
Korthern California area by site of  o r i z i n  of t u s o r .  



i o n  beam. 
s p a c i a l  e f f o r t  t o  make use  of e s t . ab l i shed  t echn iques  inc lud ing  c a r e f u l  mapping and 
c l i p p i n g  of  tumor e x t e n t  a t  t h e  time of su rge ry  ( w e  w i l l  encourage e x p l o r a t i o n  of 
p a t i e n t s  cons idered  f o r  heavy-ion the rapy  where p o s s i b l e )  ; i nag ing  techniques  inc lud ing  
s t anda rd  rad-iographs;  s p e c i a l  X-ray procedures  ( v a s c u l a r  s t u d i e s ,  t r a n s v e r s e  tomography 
s t anda rd  tomograms, e t c . ) ;  u l t r a sonography ;  and i s o t o p e  scanning.  W e  w i l l  be  explor ing  
i n  conce r t  w i t h  o t h e r  LBL r e s e a r c h  groups and pe r sonne l ,  a d d i t i o n a l  avenues of  improved 
l o c a l i z a t i o n  t echn iques .  These i n c l u d e  t h e  fo l lowing  p o s s i b i l i t i e s :  1 )  heavy-ion 
rad iography;  2 )  hel ium-ion rad iography;  and 3) computerized t r a n s v e r s e  a x i a l  body 
scanning.  
working on s imilar  problems i n  o rde r  t o  exchange u s e f u l  techniques .  
Los Alamos Meson Phys ic s  F a c i l i t y  Pion T r i a l ,  S t an fo rd  Medical School P ion  T r i a l ,  and 
t h e  Massachuse t t s .Genera1  H o s p i t a l  - Harvard Medical  School Pro ton  Trial .  

Accurate  mapping of  t h e  t r ea tmen t  area wi3 .1  t h e r e f o r e  be  needed.  We plan  a 

W e  would expec t  t o  ma in ta in  c l o s e  l i a i s o n  wi th  o t h e r  p a r t i c l e  therapy  groups 
These inc lude  t h e  

* 
A major  problem e x i s t s  i n  t h e  assessment  and c o r r e c t i o n  o f  t i s s u e  inhomogenei t ies  

t r a v e r s e d  by t h e  beam. 
a x i a l  body scanne r s  p rov ides  a means of o b t a i n i n g  a c c u r a t e  body-section d e n s i t y .  i n f o r -  
na t ion .  A s imi la r  t echn ique ,  such as t h e  heavy-ion r ad iog raph ic  c o n s t r u c t i o n  method, 
could a l s o  p rov ide  t h e  necessa ry  in fo rma t ion  t o  perform t rka tment  p lanning  w i t h  f u l l  
cons ide ra t ion  o f , d e n s i t y  inhomogenei t ies .  U n t i l  t h i s  advanced in s t rumen ta t ion  i s  avaj  
a b l e ,  e x i s t i n g  s t a n d a r d  r a d i o t h e r a p y  t r ea tmen t  p lanning  methodology u s i n g  br thogonal  
X-rays, t r a n s v e r s e  tomography, s u r g i c a l  e x p l o r a t i o n ,  and s t anda rd  anatomic a t lases  
could be used t o  c o r r e c t . f o r  inhomogenei t ies  f o r  s e l e c t e d  tumors. The e x i s t i n g  com- 
puter  program f o r  t r ea tmen t  p lanning  wi th  t h e  184" c y c l o t r o n  w i l l  be  modif ied t o  in-  
:orPorate  c r o s s - s e c t i o n a l  d e n s i t y  in fo rma t ion  d e r i v e d  from computer-assis ted ax ia l  
t r ansve r se  scanning .  I n  t h e  i n i t i a l  phase of  t h e  s tudy  r e p r e s e n t a t i v e  t rea tment  plans 
€or  several i l l u s t r a t i v e  tumor si tes and anatomic areas w i l l  be  eva lua ted .  These p la r  
J i l l  serve as a . r e f e r e n c e  f o r  t r ea tmen t  p lanning  f o r  a c t u a l  p a t i e n t s .  With he l ium ' io r  
I t  t h e  184" cyc lo t ron , .  compensation f o r  d e n s i t y  inhomogenei t ies  w i l l  be made by means- 
if a n  e x t e r n a l l y  a p p l i e d  bo lus .  In  a l l  s i t u a t i o n s  t h e  beam energy w i l l  be  decreased 
iy t h e  bo lus  so  t h a t  t h e  t r ea tmen t  volume receives t h e  f u l l - d o s e ,  wh i l e  t h e  c r i t i c a l  
: i s sues  beyond t h e  t a r g e t  volume receive as s m a l l  a dose as p o s s i b l e .  
nent w i t h  t h e  heavy-ion beams a t  t h e  BEVALAC i n c l u d e  Compensation f o r  inhomogenei t ies  
)y vary ing  t h e  energy of t h e  beam t o  g i v e  d i f f e r e n t  p e n e t r a t i o n  dep ths  as w e l l  as by 
:ompensation wi th  t h e  e x t e r n a l l y  a p p l i e d  bolus .  Computer c o n t r o l  w i l l  be  u t i l i z e d  t o  
3ppropr i a t e ly  v a r y  t h e  energy  of t h e  beam t o  s t o p  t h e  p a r t i c l e s  i n  t h e  d e s i g n a t e d '  
:urnor volume. Au to rad ioac t ive  beams (see Sec t ion  V-10) w i l l  be  h e l p f u l  i n  determining 
:he s topp ing  power of he te rogeneous  t i s s u e s  and f o r  dose v e r i f i c a t i o n .  

The f o r t u i t o u s  i n t r o d u c t i o n - g f  computer-assis ted t r a n s v e r s e  

P l a n s  f o r  t r e a t  

. .  



Joseph R .  Castro 

Continuation poqc  
~~ ~ 

4. Treatment plnnuing and inplementa t i o n  

W e  propose t o  procced as f o l l o w s  t o  i m p l c m r i i ~  t r ea tmen t  of p a t i e n t s ,  f i r s t  w i t h  
hel ium i o n s  iind l a t e r  w i t h  s e l e c t e d  lieavy i o n s :  

a .  Develop t r e a t m e n t  t echn iques  f o r  s e l c c t c d  tumor sites such a s  b r a i n ,  esoph- 
agus ,  p e r i a o r t i c  lymph nodes,  l o c a l i z e d  pancrea:; f o r  t r e a t m e n t  w i t h  t h e  184"-Cyclotron, 
heliuci-ion beam (and l a t e r  w i t h  tlic BEVALAC tienvy-ion beam) , u r i l i z i n g  l a r g e - f i e l d ,  
f racLionated , extcnded-Bragg->cak therapy.  Developmcilt of t h e s e  techniques w i l l  i n c l u d e  
such s t e p s  as  p r e p a r i n g  i n i t i a l  r t p r c s c n t a t i v c  Lreatmenc p l a n s  u t i l i z i n g  phantom m c d -  
surements  and s t a n d a r d  anatoniic a t l a s  c r o s s  s e c t i o n s ,  c x t e r n a l  b o l u s  c o r r c c t l o n  f o r  
inhornogeneities,  and c a r e f u l  s i m u l a t i o n  t o  a s s u r e  s t o p p i n g  t h e  beam b e f o r e  v i t a l  norma 
s t r u c t u r e s  are encountered.  C o r r e c t i o n  of inhomogenei t ies  w i l l  be  g r c a t l y  f a c i l i t a t e d  
by u s e  of t r a n s v e r s e  body scanne r  t o  provide e l e c t r o n  d e n s i t y  d a t a  i n  t h e  beam pa th .  11 
any even t  t r ea tmen t  w i l l  n o t  b e  a t t empted  wi th  t h e  helium o r  hcavy-ion beam u n l e s s  dosc 
d i s t r i b u t i o n  is  a t  l e a s t  as advantageous as conven t iona l  i r r a d i a t i o n .  We expect i m -  
proved dose  l o c a l i z a t i o n  ove r  conven t iona l  t echn iques  o r  w e  would n o t  u t i l i z e  hc l -  
ium/heavy-ion t l icrapy. 

b) Proceed t o  treatment p l ann ing  f o r  a w i d c r v a r i e t y  of tumor sites. 

c) Perform d o s i m e t r i c  and r a d i o b i o l o g i c a l  experiments  as needed t o  confirin t r e a l  
a e n t  p l ann ing  c a l c u l a t i o n s .  

A g3o-MeVY helium-ion beam is  a v a i l a b l e  from t h e  184".Cyclotron. The p h y s i c a l  
c h a r a c t e r i s t i c s  of t h i s  beam are w e l l  known. With t h e  a d d i t i o n  of secondary t reatment  
scatter w i t h i n  t h e  t r e a t m e n t  cave, maximum f i e l d  s i z e  of 30-coi d i ame te r  w i l l  be  ob- 
t a i n a b l e .  With a p p r o p r i a t e  s b i e l d i n g ,  t h e  secondary sca t te r  o u t s i d e  t h e  beam w i l l  b e  
q u i t e  low. The output is i n  t h e  range of 150-200 rads/min. 

The p r e s e n t  r i d g e  f i l t e r  p rov ide  a 5.5-cm extended Bragg peak. RBE measurements 
w i t h  t h i s  r i d g e  f i l t e r  i n d i c a t e  a n  average RBE over  t h e  extended peak of 1.2,  r i s i n g  
g r a d u a l l y  from approximately 1.1 a t  t h e  proximal p o r t i o n  of t h e  peak u n t i l  t h e  d i s t a l  
p o r t i o n  of t h e  peak, where. i t  reaches 1.3 i n  the  r e g i o n  of g r e a t e s t  s topp ing  of t h e  
p a r t i c l e s .  An i s o s u r v i v a l  r i d g e  f i l t e r  is  being des igned?  which w i l l  c o r r e c t  f o r  t h e  
v a r i a t i o n 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  over  t h e  extended peak. 

The s u r f a c e  dose w i t h  t h i s  t echn ique  w i l l  b e  i n  t h e  neighborhood of 8 5 % ,  which 
may n e c e s s i t a t e  e i t h e r  combining a s i n g l e  helium-ion beam w i t h  a 25-MeV photon beam, 
o r ,  p r e f e r a b l y  us ing  m u l t i p l e  helium-ion f i e l d s .  

Shaping of t h e s e  f i e l d s  w i l l  b e  accomplished by a n  i n i t i a l  c o l l i m a t o r  system f o l -  
lowed by Cerrobend shap ing  p l a c e d  as c l o s e  t o  t h e  p a t i e n t  as p o s s i b l e .  Th i s  beam is 
h o r i z o n t a l l y  d i r e c t e d .  I S M  ( I r r a d i a t i o n  S t e r e o t a x i c  Apparatus f o r  Humans), an e l abora t  
and v e r s a t i l e .  p a t i e n t  p o s i t i o n e r ,  is a v a i l a b l e  a t  t h e  184" Cyclotron.  This  a l lows the  
p a t i e n t  t o  b e  t r e a t e d  i n  a l y i n g  p o s i t i o n  upon a t r ea tmen t  t a b l e ,  s i t t i n g  i n  a c h a i r  01: 

s t a n d i n g  u p r i g h t .  It  h a s  t r a n s l a t i o n  c a p e b i l i t i e s  i n  three o r thogona l  d i r e c t i o n s  as we1 
as r o t a t i o n a l  c a p a b i l i t y  i n  two d i r e c t i o n s ;  P a t i e n t  immobi l i za t ion  w i l l  be f a c i l i t a t e d  
through t h e  u s e  of e x i s t i n g  face-mask techniques as w e l l  is t h e  development of a b i t e -  
b lock  t echn ique  s u i t a b l e  f o r  hcad and neck (and b r a i n )  i r r a d i a t i o n .  Body c a s t s  i n -  
c l u d i n g  s t anda rd  p l a s t i c  t echn iques  and newer extruded p l a s t i c  methods w i l l  be u t i l i z e d  
f o r  o t h e r  areas of t h e  body i n  o r d e r  t o  minimize p a t i e n t  motion. X-ray g e n e r a t o r s  are  
a v a i l a b l e  i n  t h e  t r ea tmen t  room t o  v e r i f y  t h e  accuracy of t h e  beam p o r t a l s .  I t  is es- 
pec ted  t h a t  aL1 of t h e  p o s s i b l e  methods u t i l i z e d  to  l o c a l i z e  t h e  trentnicnt volumc and  
immobilize t h e  p a t i e n t  w i l l  be  explored ( 1  1 )  ( 1 2 ) .  
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The v c r s a t i l i t y  of p a t i e n t  p o s i t i o n i n g  w i t h  ISAH should e n a b l e  t reatment  of v i r -  
:ually eve ry  anatomic site, even though on ly  a h o r i z o n t a l  beam i s  a v a i l a b l e .  tnwn 
i p p r o p r i a t c ,  t h i s  pos i t . i one r  w i l l  b c  moved t o  t h e  BEVALAC f a c i l i t y  f o r  u t i l i z a t i o n  w i t  
rhc  heavy-ion beam. A s i m p l c r  p o s i t i o n i n g  a p p a r a t u s  w i l l  bc  cons t ruc t ed  a t  t h e  184" 
:yclotron a3 i t  is dcemcd a p p r o p r i a t e  t o  con t inue  t h e  helium-ion t r i a l .  Pretreatment  
' va lua t ion  of t h e  p a t i c i i t s  w i l l  be  s t anda rd ized  among p a r t i c i p a t i n g  i r i s t i t u t i o n s ,  bu t  
i i n a l  c l i n i c a l  e v a l u a t i o n ,  tumor l o c a l i z a t i o n  and t r e a t m e n t  planqing f o r  helium- 
ion/hcavy-ion the rapy  w i l l  be  done a t  LBL. 

We expec t  t h a t  p a r t i c i p a t i n g  r a d i o t h e r a p i s t s  t r e a t i n g  c o n t r o l  p a t i e n t s  a t  t h e i r  
)wn i n s t i t u t i o n s  w i l l  spend h a l f  a day each week a t  LBL p a r t i c i p a t i n g  i n  t h e  t r ea tmen t  
) l ann ing ,  a c t u a l  t r e a t m e n t  and followup of s t u d y  p a t i e n t s .  T h i s  w i l l  provide maximum 
) p p o r t u n i t y  f o r  c o n s i s t e n c y  between t r ea tmen t  methods and w i l l  a l s o  provide g r e a t e r  
y e l i a b i l i t y  between comparable c o n t r o l  and s t u d y  groups.  

One of t h e  chi.ef conce rns  w i l l  be  t o  a s s u r e  a t r u l y  c o n t r o l l e d  t r i a l  w i t h  
:omparable pat.ient g roups  and c a r e f u l  a t t e n t i o n  t o  pre-treatment e v a l u a t i o n ,  set-up,  
:reatment t echn iques  and dosimetry.  
:echniques and p e r s o n n e l  w i l l  a i d  i n  t h i s  e f f o r t .  
:resting c o n t r o l  p a t i e n t s  p a r t i c i p a t e  f u l l y  i n  t h e  treatment p r o c e s s  o f  s tudy  
Fa t i en t s  a t  Berkeley t o  assure e q u a l ,  s o p h i s t i c a t e d ,  b e s t  "s ta te-of- the-ar t"  con- 
r e n t i o n a l  low LET r a d i o t h e r a p y  s o  tha t  no unintended b i a s  can unduly improve t h e  
- e s u l t s  of t h e  p a t i e n t s  t r e a t e d  w i t h  helium o r  heavy i o n s .  

Frequent  and thorough in t e rchange  of i d e a s ,  
It is  v i t a l  t h a t  r a d i o t h e r a p i s t s  

The Radiologic  P h y s i c s  Center (Houston) o r  a s i m i l a r  group i f  developed by 
:he Northern C a l i f o r n i a  Cancer Program w i l l  v i s i t  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  t o  
r e r i f y  accuracy of t rea tment  t echn iques  and dos ime t ry  f o r  c o n t r o l  p a t i e n t s .  

HS-396 
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5 .  Radiob io log ica l  v e r i f i c a t i o n  of RBE f o r  f r a c t i o n a t e d  helium-ion beam 

A y r e a t  m o u n t  o f  radiobiological r e s e a r c h  has  been performed a t  t h e  Lawrence 
c rke lcy  Labora tory  184-inch Synchrocyclotron.  
n f o r n a t i o n  i s  summarized i n  Table  I .  

A t a b u l a t i o n  of  much of  t h e  a v a i l a b l e  

For  t h e  spurposes of human t h e r a p e u t i c  i r r a d i a t i o n ,  t h e  helium-ion beam w i l l  be 
e n e r a l l y  used i n  i t s  the rapeu t i ca l ly -mod i f i ed  o r  “spread-out”  form i n  which t h e  
e l i u n - i o n ,  Bragg- ioniza t ion  curve w i t h  i t s  s i n g l e  s h a q  peak i s  transformed i n t o  a 
l a t t e n e d  depth-dose d i s t r i b u t i o n ,  so t h a t  c e l l  k i l l i n g  i s  
o n s t a n t  a long  t h e  l a s t  6 - 10 cm of range. This  i s  done by i n t e r p o s i t i o n i n g  i n t o  t h e  
earn p a t h  a moving copper  r i d g e  f i l t e r  ( 1 4 ) .  

It i s  worthwhile  to  exanine  t h r e e  d i f f e r e n t  p o r t i o n s  of t h i s  spread-out  Bragg 
urve  to  see how r a d i o b i o l o g i c a l  parameters  may vary.  

l a t e a u  r eg ion  of  i o n i z a t i o n  

The ranqe  o f  t h e  fu l l - ene rgy ,  (g30-McV), helium-ion beam is 32 cm i n  t i s s u e -  
q u i v a l e n t  m a t e r i a l .  LET cor responding  t o  t h i s  energy is  1.6 keV/micrometer. Many 
t u d i e s  have exanlined b i o l o g i c a l  e f f e c t s  i n  t h i s  p o s i t i o n  ( o r  t h e  p l a t e a u  r eg ion  of 
o n i z a t i o n  i n  the spread-out  Bragg peak,  which has  a%i imi l a r  average  LET v a l u e ) .  

Work has  been done on human k idney  c e l l s  i n  t i s s u e  cul, ture by Raju e t  a1 . (1972) ;  
odd e t  a l .  (1973) ; and on Chinese hamster  ovary c e l l s  by Gerner and L e i t h  (1975) ( 3 ) .  

It is  c l e a r  t h a t  t h e  r e l a t i v e  b i o l o q i c a l  e f f e c t  i n  t h i s  reg ion  o,f i o n i z a t i o n  
s u n i t y :  t h i s  is l i s t e d  i n  Table  I .  I n  Table  I I ,  some r e l e v a n t  b i o l o g i c a l  s u r v i v a l  
a t a  a r e  l i s t e d .  

-- 
.- - 

The work done on animal  t i s s u e s  i s  a l s o  shown i n  Table 1 .  Again, t h e  r e l a t i v e  
i o l o g i c a l  e f f e c t  is  e s s e n t i a l l y  u n i t y .  

herapeutically-modified, Bragg-peak regio-n of i o n i z a t i o n  

I n  this i r r a d i a t i o p  s i t u a t i o n ( T a b 1 e  I ) ,  t h e  Bragg peak has  been t ransformed i n t o  
n i sodose  depth  p r o f i l e ,  c o n s t a n t  ove r  6 cm. For purposes  of d i s c u s s i o n ,  it is  
s e f u l  t o  c o n s i d e r  t w o  p o r t i o n s  of  the spread-out  Bragg curve,  t h e  proximal and d i s t a l  
egions.  I n  bo th  r e g i o n s ,  t f iere  w i l l  be  some f r a c t i o n  of helium i o n s  t h a t  are stoppj.ng 
nd t h e r e f o r e  e x h i b i t i n g  t h e i r  maximum LET. 
a r t i c l e s  will i n c r e a s e  as t h e  maximum range of t h e  p a r t i c l e s  i s  approached. Bio logica  
c s u l t s  are aga in  l i s t e d  i n  Table  1 .  Data on r e l a t i v e  b i o l o g i c a l  e f f e c t i v e n e s s ,  . 
xygen enhancement r a t i o ,  and r e p a i r  of s u b l e t h a l  r a d i a t i o n  damage (expressed as D2-D1/ 
-1, where D2 is t h e  dose  (g iven  i n  t w o  i n s t a l l m e n t s )  needed t o  produce t h e  same 
i o l o g i c a l  e f f e c t  as a s i n g l e  dase ,  and where n i s  t h e  number o f  f r a c t i o n s )  are  given - 

It is  e v i d e n t  t h a t  RBE i n  t h e  proximal  p o r t i o n  of  t h e  Bragg curve is u n i t y  o r  
l i g h t l y  g r e a t e r  t han  u n i t y .  
e p a i r  o f  s u b l e t h a l  r a d i a t i o n  damage is  a l s o  s i m i l a r  t o  t h a t  i n  t h e  p l a t e a u  reg ion  * 

f i o n i z a t i o n .  

This  f r a c t i o n  of  s topping  t o  t r a v e r s i n g  

The oxygen enhancement r a t i o  is s l i g h t l y  decreased.  

i 
I t  is  o n l y  i n  t h e  d i ’ s t a l  r eg ion  of th/e modi f i e d  Bragg curve  t h a t  change i n  

i o l o g i c a l  e f f e c t i v e n e s s  may be seen.  I n  Table I ,  average i n c r e a s e  in’F33E i s  
3proximately 1 . 2  to  1 . 4 ,  w i t h  1.3 a reasonable  mean valuc.  It also a p p a r s  t h a t  
l e  oxygen e’lillzncement r a t i o  is decreascd  by about  30 pe rcen t  of  t h e  va luc  i n  t h e  
l a t c a u  rcgioii of i o n i z a t i o n .  



Joseph R .  C a s t r O  
Continuation page 

There a l s o  appears  t o  be  a s l i y h t  r educ t ion  i n ,  a b i l i t y  t o  r e p a i r  s u b l e t h a l  damage. 
.though t h e  d a t a  a r c  imprec i se ,  a va lue  of about  15  - 20% dec rease  i n  the D2-D1(or DQ) 
) s c  €or t h e  d i s t a l  end of t h e  modif ied.Bragg i o n i z a t i o n  curve a s  compared t o  tlic 
. a teau  r eg ion  of i o n i z a t i o n  is probably a r easonab le  e s t ima te .  

I n  Table  11, we have l i s t e d  some s u r v i v a l  d a t a  on mammalian c e l l s  i n  t i s s u e  cu l tur i  
These d a t a  a r e  : r a d i a t e d  a$ t h e  Lawrence Berkclcy Laboratory 184-inch Cyclo t ron .  

i tended t o  e x p l i c i t l y  present changes i n  s u r v i v a l  curve parameters .  Also p resen ted  
; r e l a t i v e  s u r v i v a l  for o x i c  and hypoxic c e l l s  a t  a s e l e c t e d  d o s e  (300 r a d s ) .  This  
)se l e v e l  i s  s i m i l a r  t o  t h e  dose p e r  f r a c t i o n  t h a t  w i l l  be used c l i n i c a l l y .  It may 
2 seen  f rom.Table  I1 t h a t  s u r v i v a l  a t  300 r a d s  dec reases  a s  one moves from t h e  
Lateau t o  t h e  modified-Bragg-peak r eg ion  of i o n i z a t i o n .  This  i l l u s t r a t e s  t h e  s l i g h t  
i c r e a s e  i n  RBE. 
2 l a t i v e  t o  o x i c  cells ,  i l l u s t r a t i n g  why OER i s  s l i g h t l y  decreased  i n  t h e  t h e r a p e u t i c  

Also ,  it may be seen  t h a t  s u r v i v a l  of hypoxic c e l l s  dec reases  f u r t h e r  

l d i f i e d  Bragg peak. 

. .  

t 


