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I n t r o d u c t i o n  

The p ion  f a c i l i t y  a t  Los Alamos i s  p rogres s ing  very w e l l ;  indeed,  a t  t h i s  

w r i t i n g ,  L o u i s  Rosen and h i s  s t a f f  are moving i n t o  t h e  LAMPF a d m i n i s t r a t i o n  

b u i l d i n g  a t  t h e  e n t r a n c e  t o  the  f a c i l i t y .  Fur thermore ,  each group,  such as t he  

High Reso lu t ion  Spec t rometer  group, t h e  P group, t h e  Nucleon-Nucleon group, 

as w e l l  as t h e  Chemistry group, and o t h e r  groups,  are developing  t h e i r  bm p lans ,  

i n c l u d i n g  beam l i n e s  and expe r imen ta l  a r e a s .  O f  a l l  t h e  groups ,  t he  HRS group 

and the Stopped Muon group seem t o  be the  f u r t h e s t  a l o n g ,  and t h e  HRS group i s  
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e i t h e r  o r d e r i n g  i t s  magnets or abou t  t o  d o  so. 

There is a g r e a t  deal  of work t h a t  needs t o  be done now t o  p lan  the  

biomedical  f a c i l i t i e s  i n  eve ry  r e s p e c t .  Th i s  p l ann ing  should begin  as soon as 

p r a c t i c a l l y  p o s s i b l e .  O f  f i r s t  importance a r e  two beam l i n e s  which need t o  be 
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s t u d i e d  and designed from t h e  p o i n t  of view of 5iclmedical problems.  The f i r s t  

i s  t h e  Burman-Jakobson channel  which i s  n e w  p l a r c e d  a s  a s t o p p i n g  pion chann2.l 

f o r  p h y s i c s  a n d  w i l l  p robably  b e  i n  o p e r a t i o n  a y e a r  o r  more b e f o r e  t h e  second 

c h a n n e l ,  a p u r e l y  biomedical channe l  of l a r g e  a p e r t u r e ,  i s  a v a i l a b l e .  

S p e c i f i c  C o n s i d e r a t i o n s  ReeardiRe t h e  Treatment  

of Human Cancer Cases w i t h  t h e  Negat ive Pi-Yeson Beam From LAMPF 

To g e t  some i d e a s  on t h e  c h a n n e l  r equ i r emen t s  f o r  r a d i o b i o l o g y  and r a d i o -  

t h e r a p y ,  a d i s c u s s i o n  i s  p r e s e n t e d  h e r e ,  w r i t t e n  w i t h  Dr. Max Boone, on s p e c i f i c  

l e s i o n s  t h a t  should be c o n s i d e r e d .  The beam s i z e s  and beam s h a p e s  needed can 

b e s t  be a r r i v e d  a t  by t h i s  k ind  o f  s t u d y  of t h e  l o c a t i o n  of t h e s e  l e s i o n s  and 

what  problems are  encountered i n  t h e  t r ea tmen t  p l ann ing .  

Fo r  t h e  purposes of t h i s  d i s c u s s i o n ,  we a r e  assuming t h a t  t h e  p r i n c i p a l  

a d v a n t a g e s  of a n e g a t i v e  pi-meson beam a r e  t h a t  i t  can be e x q u i s i t e l y  shaped 

i n  t h r e e  dimensions t o  f i t  t h e  r e q u i r e d  t r e a t m e n t  volume, a s  w e l l  as be ing  

a b l e  t o  be  shaped t o  i r r e g u l a r  dimensions so t h a t  i t  does n o t  n e c e s s a r i l y  t r e a t  

o n l y  r e g u l a r  cub ic  g e o m e t r i c a l  volumes. Although i t  i s  t r u e  t h a t  a d d i t i o n a l  

advan tages  should d e r i v e  from t h e  f a c t  t h a t  t h e  e n t e r i n g  beam i s  o f  low LET 

and t h e r e f o r e  low RBE and h i g h  OER, w h i l e  t h e  h igh  dose volume i s  o f  h i g h e r  

RBE and lower OER, t hese  c o n s i d e r a t i o n s  w i l l  a w a i t  f u r t h e r  c o n f i r m a t i o n  i n  

c l i n i c a l  material be fo re  one can  be  c e r t a i n  of t h e i r  f u l l  t h e r a p e u t i c  u s e f u l -  

n e s s .  As a consequence, o n l y  t h e  dose  l o c a l i z a t i o n  f a c t o r  w i l l  be cons ide red  

i n  p r o j e c t i n g  which tumors should advantageously be t r e a t e d  w i t h  pi-mesons.  

Tumors of t h e  Head a n d  Xeck 

Tumors o f  t h e  head and neck o f f e r  immediately e v i d e n t  a d v a n t a g e s  as t h e  

case material  wi th  which t o  e v a l u a t e  a new t h e r a p e u t i c  moda l i ty  because  t h e y  
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a r e  a c c e s s i b l e  i n  most c a s e s  t o  i n s p e c t i o n  a n d  p a l p a t i o n ,  they a r e  surrounded 

by  normal t i s s u e s  v t iose  r e a c t i o n  can be gaugc t  ir, tlic'  c a s e  of  s k i n  and mucosa 

by d i r e c t  o b s e r v a t i o n ,  a n d  a r e  a l s o  inmediate::: a d j a c e n t  t o  v a r i o u s  v i t a l  

s t r u c t u r e s  such as  the  eye ,  b r a i n  stem, e t c .  The h i s t o l o g i c a l  v a r i e t i e s  

o c c u r r i n g  i n  each  s i t e  a n d  t h e i r  r o u t e s  o f  sp read  a r e  w e l l  e s t a b l i s h e d ,  and 

t h e  t r e a t m e n t  r e s u l t s  t o  be expected w i t h  modern r a d i o t h e r a p y ,  combined w i t h  

s u r g e r y  and i n  some c a s e s  w i t h  chemotherapy, a re  f a i r l y  w e l l  e s t a b l i s h e d .  For 

t h e  most p a r t ,  t h e s e  tumors a r e  squamous c e l l  ca rc inomas  of v a r i o u s  g r a d e s  o f  

a n a p l a s t i c i t y ,  lymphosarcomas, and i n  some s i t e s  g l a n d u l a r  carcinomas.  I n  

many c a s e s ,  t h e  lymph nodes i n  the  neck a r e  a l s o  involved e a r l y ,  and must be 

t r e a t e d  a long  w i t h  t h e  t r ea tmen t  t o  t h e  p r imary  tumor. D i sadvan tages  of head 

and neck tumors are  t h a t  they a r e  f a i r l y  ra re .  A s  a t o t a l  group,  t hey  comprise  

7 t o  8 p e r  c e n t  of a l l  mal ignant  d i s e a s e s ,  and i n  some s e r i e s ,  even less  t h a n  

t h i s  t o t a l  p e r c e n t a g e  of a l l  ma l ignanc ie s .  

Lessons from t h e  Use o f  High Energy E l e c t r o n s  

Experience d e r i v e d  from high energy e l e c t r o n  r a d i o t h e r a p y  should be u s e f u l  

i n  p l ann ing  f o r  t r ea tmen t  w i t h  the  n e g a t i v e  p i - z e s o n  beam. The p r i n c i p a l  

advan tage  of h i g h  energy e l e c t r o n s  h a s  been t h e  c a p a c i t y  t o  c o n f i n e  t h e  h i g h  

d o s e  zone t o  a s u p e r f i c i a l  volume w i t h  s p a r i n g  o f  unde r ly ing  normal t i s s u e s .  

I n  a d d i t i o n ,  t h e  n e g a t i v e  pi-meson beam g i v e s  u s  t h e  c a p a c i t y  t o  spare normal 

t i s s u e s  l o c a t e d  n e a r e r  t o  t h e  s k i n  than  t h e  t r e a t m e n t  volume. A second 

advan tage  of h i g h  energy e l e c t r o n s  i s  t h a t  t h rough  t h e  cho ice  o f  an  a p p r o p r i a t e  

Eo, i t  i s  p o s s i b l e  t o  u n i q u e l y  d e f i n e  the  dep th  of p e n e t r a t i o n  r e q u i r e d  de -  

pending upon t h e  dep th  of tumor involvement.  With t h e  n e g a t i v e  pi-meson beam, 

t h e  h i g h e s t  pion energy w i l l  correspond w i t h  t h e  Eo f o r  t h e  h igh  ene rgy  e l e c t r o n s ,  
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and s e l e c t i o n  of an a p p r o p r i a t e  momentum spread w i l l ,  i n  a d d i t i o n ]  cnab!e u s  

t o  spread t h e  h i g h  dose zone over  t h e  d e s i r c d  d e p t h  i n t e r v a l  w i t h  s p a r i n g  of 

t h e  more s u p e r f i c i a l  and nore d c e p - l y i n g  normal t i s s u e s .  A p o s s i b l e  d i s -  

advantage of t h i s  e x q u i s i t e  dose l o c a l i z a t i o n  i s  a l s o  in t roduced  by analogy 

w i t h  h i g h  e n e r g y  e l e c t r o n s .  I n  any r a d i o t h e r a p y ,  it i s  p o s s i b l e  t o  have 

g e o m e t r i c a l  m i s s  through not  having the  p o r t a l  l a r g e  enough, OK having i t  

extend a n  i n s u f f i c i e n t  d i s t a n c e  i n  a g iven  dimension p e r p e n d i c u l a r  t o  the  

beam d i r e c t i o n .  I n  t h e  c a s e  of h i g h  ene rgy  e l e c t r o n s ,  i t  t h e n  became p o s s i b l e  

t o  have g e o m e t r i c a l  miss by p l a c i n g  t h e  zone o f  r a p i d l y  d e c r e a s i n g  dose t o o  

s u p e r f i c i a l l y  s o  t h a t  d e e p e r - l y i n g  p o r t i o n s  of t h e  tumor r e c e i v e d  inadequa te  

dose .  This w a s  p a r t i c u l a r l y  t r u e  i n  t h e  c a s e  o f  t r e a t m e n t  of  tumors of t h e  

t o n s i l l a r  a r e a ' w h e r e  t h e  i n t e r p o s i t i o n  o f  t h e  mandible was shown t o  a t t e n u a t e .  

t h e  dose  somewhat g r e a t e r  than an e q u i v a l e n t  t h i c k n e s s  o f  u n i t - d e n s i t y  t i s s u e .  

In t h e  c a s e  of n e g a t i v e  pi-mesons, t o  t h e s e  o t h e r  dimensions o f  p o s s i b l e  

geomet r i c  m i s s  must be added t h a t  o f  t h e  s u p e r f i c i a l  zone. I f  t h e  h i g h  dose 

zone does  n o t  ex tend  s u f f i c i e n t l y  f a r  toward t h e  s k i n  s u r f a c e  t o  i n c l u d e  t h e  

z n t i r e  turnor b e a r i n g  r e g i c n  and i t s  f i r s t  e c h e l o n  o f  sp read ,  i t  w i l l  be p o s s i b l e  

t o  have g e o m e t r i c  miss due t o  inadequa te  tumor dose  d e l i v e r e d  t o  more s u p e r f i c i a l l y -  

l y i n g  p o r t i o n s  o f  t h e  tumor complex. 

Treatment C o n s i d e r a t i o n s  f o r  S p e c i f i c  S i t e s  

A .  Oral C a v i t y  and Oropharynx 

Tumors h e r e  are c l a s s i f i e d  as  T i f  t h e y  are  less  than 2 cm. i n  d i ame te r ,  1 

T2 i f  t h e y  a r e  2 t o  4 cm. i n  d i ame te r  w i t h  minimal e x t e n s i o n  t o  a d j a c e n t  

s t r u c t u r e s ,  Tg i f  t h e y  are more than  4 cm. i n  d i a m e t e r  w i t h  l i m i t e d  o r  moderate 

e x t e n s i o n  t o  a d j a c e n t  s t r u c t u r e s ,  and TL, i f  t h e y  are massive pr imary tumors. 

1 0 8 1 5 0 2  
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They m a y  a l s o  be accompanied b y  spread t o  lymph nodes th roughou t  the n e c k  

r e g i o n ,  o r  t o  on ly  a l i m i t e d  p o r t i o n  of  t h e  neck ;  t h e y  may i n v o l v e  t h e  ncck 

e i t h c r  u n i l a t e r a l l y  or  b i l a t e r a l l y .  Each of these c o n s i d e r a t i o n s  w i l l  c a l l  

f o r  d i f f e r e n t  shap ing  o f  t h e  n e g a t i v e  pi-meson beam. I t  i s  f e l t  d e s i r a b l e  

i n  o r d e r  t o  encompass t h e  f u l l  r ange  of s i t u a t i o n s ,  a beam should have a h igh  

dose  zone 10 cm. i n  d e p t h  w i t h  an  a p p r o p r i a t e  momentum spread t o  ach ieve  t h i s .  

T h i s  would be r e q u i r e d  f o r  t h e  l a rges t  tumors i n  t h i s  s i t e .  I f  p o r t i o n s  of t h e  

neck are  t o  be i r r a d i a t e d  a l o n g  w i t h  t h e  primary tumor i n  a s i n g l e  f i e l d ,  beam 

s i z e s  u p  t o  15 x 15 cm? shou ld  be provided.  I t  should be noted t h a t  beam 

ad jacency  w i l l  n o t  p r e s e n t  t h e  problem w i t h  n e g a t i v e  pi-mesons t h a t  i t  has  i n  

t h e  p a s t  w i t h  o t h e r  beams u t i l i z e d  f o r  r a d i o t h e r a p y .  A l l  r a d i o t h e r a p y  beams 

a r e  d i v e r g e n t  beams i n  which i t  i s  v i r t u a l l y  imposs ib l e  t o  a d e q u a t e l y  match 

t h e  beam margins  w i t h o u t  h i g h  dose  o v e r l a p  i n  d e p t h  and "cold s p o t s "  near t h e  

s u r f a c e .  With t h e  n e g a t i v e  pi-meson beam, t h e  f a c t  t h a t  i t  i s  e s s e n t i a l l y  

p a r a l l e l  should make beam a d j a c e n c y  problems much l e s s  d i f f i c u l t .  Accordingly,  

i f  t h e  lower neck must be i r r a d i a t e d  a long  w i t h  t h e  upper neck and primary 

tumor, a d j a c e n t  beams may be u t i l i z e d  f o r  t h i s  purpose w i t h o u t  s e r i o u s  pro- 

blems c r e a t e d  by f i e l d  a d j a c e n c y  i f  p a t i e n t  motion i s  minimized, and a j i g  

i s  used f o r  s e t u p .  

The t echn ique  of "boost" i r r a d i a t i o n  w i l l  undoubtedly be u s e d .  That is ,  

a l a r g e r  area i n c l u d i n g  t h e  p r imary  tumor and p r o b a b l e  r o u t e s  o f  spread should 

be included w i t h i n  t h e  i r r a d i a t e d  volume f o r  t h e  f i r s t  p o r t i o n  o f  t h e  dose.  

A f t e r  approx ima te ly  70% of  t h e  t o t a l  tumor dose h a s  been d e l i v e r e d ,  i t  i s  then 

o f t e n  d e s i r a b l e  t o  d e c r e a s e  t h e  s i z e  of the high d o s e  zone t o  encompass more 

p r e c i s e l y  t h e  a r e a  of p r i m a r y  tumor. T h i s  h a s  been p r a c t i c e d  i n  t h e  past  i n  

o r d e r  t o  a c h i e v e  a h i g h e r  tumor dose  l e a d i n g  t o  g r e a t e r  p r o b a b i l i t y  o f  l o c a l  

c o n t r o l  of t h e  tumor w h i l e  n o t  g r e a t l y  i n c r e a s i n g  t h e  i n c i d e n c e  of compl i ca t ions  
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because t h e  technique has  excluded some normal t i s s u e s  f r o m  t h e  h i g h e s t  d o s e .  

T h i s  t echn ique  w i l l  i n  a l l  p r c b a b i l i t y  a l s o  b e  a p p l i c a b l e  t o  p i - m e s o n s .  For 

t h i s  r e a s o n ,  t h e  beam w i l l  p robab ly  be t a i l o r e d  a f t e r  approx ima te ly  70 t o  7 5  

per  c e n t  of t h e  tumor dose has been d e l i v e r e d  s o  t h a t  t h e  r e s i d u a l  lower 

volume t h a t  i s  brought t o  a ve ry  h i g h  d o s e  can  be as  small a s  p o s s i b l e .  T h i s  

w i l l  r e q u i r e  s t i l l  f u r t h e r  e x q u i s i t e  beam shap ing  i n  t h r e e  d imens ions .  In  t h i s  

r e s p e c t ,  t h e  n e g a t i v e  pi-meson beam may be expected t o  a d e q u a t e l y  r e p l a c e  

i n t e r s t i t i a l  i n s e r t i o n  of r a d i o a c t i v e  s o u r c e s  (as f o r  f l o o r  o f  mouth and 

tongue l e s i o n s )  which a r e  p r e s e n t l y  p r a c t i c e d .  A submental pi-meson beam 

p o r t a l ,  combined w i t h  l a t e r a l  p o r t a l s ,  cou ld  be used,  for example, t o  t r e a t  

t h e  f l o o r  o f  t h e  mouth w i t h  good c o n t r o l  o f  t h e  t o t a l  volume b rough t  t o  a high 

d o s e .  Such a t echn ique  would lead t o  g r e a t e r  dose homogeneity t h a n  a c h i e v a b l e  

w i t h  i n t e r s t i t i a l  s o u r c e s  and should produce t h e  same o r  - -  as  we e x p e c t  -- 
b e t t e r  r e s u l t s .  

In o r d e r  t o  a d e q u a t e l y  t r e a t  r e s i d u a l  lymph node masses i n  t h e  neck a f t e r  

an i n i t i a l  c o u r s e  of t h e r a p y  t o  larger f i e l d s ,  i t  should be p o s s i b l e  t o  a d j u s t  

t h e  ene rgy  o f  t h e  n e g a t i v e  pi-meson beam so t h a t  t h e  lowest ene rgy  r e p r e s e n t e d  

i s  q u i t e  low i n  o rde r  t o  b o o s t  r e s i d u a l  lymph node masses. The h igh  dose  zone 

should t h u s  s tar t  on ly  a few m i l l i m e t e r s  under  the  s k i n  s u r f a c e ,  p robab ly  n o t  

more t h a n  3 t o  4 nun., and may t h a n  e x t e n d  1 t o  4 cm. i n  dep th  t o  i n c l u d e  t h e  
/ 

lymph node masses. Here i t  should be noted t h a t  t he  use of n e g a t i v e  pi-mesons 

t o  t r e a t  t h e  neck w i l l  e n a b l e  h igh  d o s e s  t o  be d e l i v e r e d  t o  t h e  lymph node 

b e a r i n g  areas  w i t h  e s s e n t i a l l y  no  d o s e  d e l i v e r e d  t o  t h e  s p i n a l  c o r d .  T h i s  w i l l  

be  h i g h l y  advantageous i n  head and neck r a d i o t h e r a p y  where o f t e n  the  s p i n a l  

co rd  and b r a i n  stem r e c e i v e  r a t h e r  l a r g e  d o s e s  verging on the  normal t i s s u e  

t o l e r a n c e  of t h e  c e n t r a l  nervous s y s t e m .  
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B .  Nasopharynx 

The nasopharynx o n l y  measures 1 - 1 / 2  b y  2 by 2 cm. Hcwcver, i t  i s  custcmary 3 

i n  t r e a t i n g  tumors a r i s i n g  i n  t h i s  a r e s  t o  u s e  a h igh  d c s e  vcIume ex tend ing  frcm 

one s ide of t h e  p a t i e n t ' s  head t o  t h e  o t h e r  a n d  o f t e n ,  through use of a n t e r i o r  

a n g u l a t e d  f i e l d s ,  t o  have the  h igh  d o s e  zone extend forward t o  the  s k i n  s u r f a c e  

o f  t h e  cheek and p o s t e r i o r l y  even i n t o  t h e  b r a i n  s tem.  The inc idence  of 

c o m p l i c a t i o n s  i n  s u c c e s s f u l  t r ea tmen t  o f  nasopharynx c a n c e r s  h a s  been r a t h e r  

h i g h .  These c o m p l i c a t i o n s  i n c l u d e  c e n t r a l  nervous system damage, d i f f i c u l t i e s  

i n  motion o f  t h e  j a w  due t o  h igh  dose  i r r a d i a t i o n  of t h e  tempero-mandibular 

j o i n t s ,  h e a r i n g  l o s s  due t o  high dose  i r r a d i a t i o n  of t h e  a u d i t o r y  mechanism, 

loss o f  t a s t e  and d r y  mouth, and many o t h e r s .  Through u s e  of t h e  n e g a t i v e  

pi-meson beam, i t  should be p o s s i b l e  t o  s t a r t  o u t  w i t h  a h igh  d o s e  zone which . 

i s  somewhat more generous than  t h e  s i z e  of t h e  nasopharynx i t s e l f ,  bu t  no t  so  

gene rous  a s  t h e  h i g h  dose zone involved i n  c o n v e n t i o n a l  t r e a t m e n t .  Again, t h i s  

could be c a r r i e d  t o  doses  approx ima te ly  75% of t h e  f i n a l  tumor dose ,  a t  which 

t i m e  t h e  f i e l d s  could be t a i l o r e d  more c l o s e l y  t o  t h e  nasopharynx and a d j a c e n t  

p o r t a l s  could be .?:;:' f o r  t h i s  purpose ( t h a t  i s ,  more t h a n  one f i e l d  could be 

used w i t h  f i e l d s  be ing  a d j a c e n t  t o  one a n o t h e r ) .  The e n t i r e  neck should be 

i r r a d i a t e d  b i l a t e r a l l y ,  b u t  t h i s  can  be accomplished through u s e  of n e g a t i v e  

pi-mesons w i t h  s p a r i n g  of t h e  s p i n a l  c o r d .  

C.  Larynx and Pyriform S inus .  

Tumors o f  t h e  l a r y n x  va ry  from those  i n v o l v i n g  t h e  v o c a l  cord and having 

d imens ions  o f  on ly  a few mill imeters i n  s i z e  t o  e x t e n s i v e  tumors which extend 

e s s e n t i a l l y  from t h e  base of t h e  s k u l l  t o  t h e  t h o r a c i c  i n l e t .  The re fo re ,  

g r e a t  c o n t r o l  o f  beam s i z e  would be advantageous i n  t r e a t i n g  t h i s  v a r i e t y  of 

tumors .  I d e n t i f i c a t i o n  of e x a c t  placement of t h e  h igh  dose  zone i n  the  p a t i e n t  

t h rough  t r a c i n g  by mesic X-rays, a n n i h i l a t i o n  r a d i a t i o n  from induced r a d i o a c t i v i t y ,  



o r  o t h e r  t e c h n i q u e s  should be v a l u a b l e  i n  c o r r e l a t i n g  w i t h  t h e  p r e c i s e  l o c a l i z a -  

t i o n  o f  ttic tumor throuch tomography, d i r e c t  c o n t r a s t  l a ryns>graphy ,  and v a r i o u s  

a t h e r  t e c h n i q u e s .  The  c o n t r o l  frequency i n  tumors i n  t h i s  group range from 

90% f o r  TI tumors o f  v o c a l  co rds  t o  e s s e n t i a l l y  0% f o r  advanced py r i fo rm s i n u s  

tumors and tumors o f  t h e  e x t r i n s i c  l a r y n x .  I n  t h e  e a r l i e r  tumors,  t h e  c a p a b i l i t y  

f o r  e x q u i s i t e  d o s e  l o c a l i z a t i o n  might be hoped t o  produce t h e  same s o r t  o f  

s u r v i v a l  p r e s e n t l y  o b t a i n a b l e  w i t h  conven t iona l  methods but w i t h  fewer com- 

p l i c a t i o n s  and m o r b i d i t y .  A t  b e s t ,  i t  might produce improved s u r v i v a l s  even i n  

t h e s e  c a s e s .  I n  t h e  more advanced c a s e s ,  one would hope and e x p e c t  t h a t  

improvement a n d  p e r c e n t a g e s  o f  c a s e s  s u r v i v i n g  would be ob ta ined  w i t h  an ex- 

c e p t i o n a l l y  low c o m p l i c a t i o n  frequency.  

D .  P a r a n a s a l  S i n u s e s  and Nasal Cavi ty  

T h i s  g roup  o f  tumors i s  ve ry  i n t e r e s t i n g  i n  t h a t  they o r d i n a r i l y  lead t o  

t h e  d e a t h  o f  t h e  p a t i e n t  i n  approximately 2/3 of  t h e  c a s e s  w i t h  no evidence 

of d i s t a n t  spread o f  tumors;  t h a t  is ,  they  d e s t r o y  t h e  p a t i e n t  by invading 

l o c a l l y .  T h e r e f o r e ,  i f  l o c a l  c o n t r o l  of t h e s e  tumors could be achieved by 

n e u r o r a d i a t i m  - : d z l i z y .  m e  could expec t  t o  s a l v a g e  t h e  p a t i e n t  s i n c e  d i s t a n t  

metastases i s  not t h e  p r i n c i p a l  problem. 

dose  zone i s  impor t an t  h e r e ,  not on ly  t o  i n c l u d e  t h e  primary tumor and i t s  

r o u t e s  of s p r e a d ,  bu t  t o  a l s o  s p a r e  su r round ing  v i t a l  s t r u c t u r e s ,  such as t h e  

eye and t h e  b r a i n .  The c a p a b i l i t y  of shaping t h e  beam [ n e g a t i v e  pi-mesons are 

v e r y  e a s y  t o  s t o p  and t h e r e f o r e  i r r e g u l a r  shaped f i e l d s  may be e a s i l y  ob ta ined  

i n  c o u n t e r d i s t i n c t i o n  t o  f a s t  neu t rons  which a r e  q u i t e  d i f f i c u l t  t o  shape t o  

i r r e g u l a r  f i c l d s ]  should be e s p e c i a l l y  u s e f u l  i n  t h e  case of tumors i n  t h i s  a r e a .  

E x q u i s i t e  l o c a l i z a t i o n  o f  t h e  h igh  

E .  Tumors of t h e  Middle Ear and Mastoid 

High ene rgy  e l e c t r o n s  have no t  proven a s  u s e f u l  i n  t h c s e  tumors as had 

been expec ted .  T h i s  i s  p a r t i a l l y  due t o  t h e  marked i n f l u e n c e  of t i s s u e  



. h e t e r o g e n e i t y  and t h e  o c c u r r e n c e  of a i r  spaces  l e a d i n g  t o  g r e a t  d i s t o r t i o n s  i n  

dosage d e l i v e r y .  With n e g a t i v e  pi-mesons,  i t  may be  p o s s i b l e  t o  ach ieve  

d imens iona l  c o n t r o l  of t h e  high d o s e  zene and t h e r e f o r e  s p a r e  b r a i n  t i s s u e  

w h i l e  a c h i e v i n g  an a d e q u a t e  c o n t r o l  of t h e  tumors.  I f  t h i s  p roves  t o  be the  

c a s e ,  t h i s  would r e p r e s e n t  a n  improvement over t h e  p r e s e n t  t e c h n i q u e s  us ing  

c o n v e n t i o n a l  i r r a d i a t i o n  and w e d g e - f i l t e r e d  f i e l d s  i n  o r d e r  t o  c o n f i n e  the  

h i g h  dose  zone t o  t h a t  r e q u i r i n g  t r e a t m e n t .  

F. Thyroid Carcinomas and Misce l l aneous  Head and Neck Tumors 

Thyroid c a n c e r s  i n c l u d e  a r ange  of mal ignant  p o t e n t i a l  g o i n g  a l l  t h e  

way from v e r y  benign m a l i g n a n c i e s  i n  which p a t i e n t s  o f t e n  s u r v i v e  15 or 20 

y e a r s  o r  more t o  one of t h e  most mal ignant  tumors known i n  man, t h e  g i a n t  and 

s p i n d l e  c e l l ,  c ance r  o f  t h e  t h y r o i d .  For t hose  tumors no t  amenable t o  r a d i o -  - 
i o d i n e  the rapy  and where l o c a l  i r r a d i a t i o n  i n  t h e  neck i s  r e q u i r e d ,  n e g a t i v e  

pi-mesons should o f f e r  t h e  advan tages  of good l o c a l i z a t i o n  o f  t h e  h igh  dose 

volume. The same i s  t r u e  f o r  v a r i o u s  tumors of t h e  head and neck,  such as  

s o l i t a r y  plasmacytoma, ma l ignan t  melanoma, e t c .  

G. Pelxvic T u ~ o r s  

The d e c i s i o n  as  t o  whether  p e l v i c  tumors can be advan tageous ly  t r e a t e d  

w i t h  n e g a t i v e  pi-mesons w i l l  await  c a r e f u l  e v a l u a t i o n  of t h e  p o s s i b l e  e f f e c t  

o f  n e g a t i v e  pi-mesons on t h e  bowel.  

sor t  of shou lde r  w i d t h s  i n  t h e  s u r v i v a l  c u r v e s  of gut  c e l l s  under  n e g a t i v e  

pi-meson i r r a d i a t i o n ,  as  w e l l  as t h e  r ecove ry  c a p a b i l i t i e s  of gut c e l l s  w i t h  

n e g a t i v e  pion i r r a d i a t i o n .  

and d o  v a r i o u s  s p l i t  dose  expe r imen t s  i n  an  a t t empt  t o  d e f i n e  t h e  Elkind type 

r e c o v e r y  cu rve  f o r  n e g a t i v e  pi-mesons. Although t h i s  w i l l  be somewhat d i f f i c u l t  

w i t h  t h e  low i n t e n s i t y  beam p r e s e n t l y  a v a i l a b l e  a t  Berkeley, c e r t a i n l y  attempts 

shou ld  be made t o  d e f i n e  as  a minimum t h e  Dq f o r  n e g a t i v e  pi-mesons,  t h e  RBE 

One w i l l  need t o  c l e a r l y  e s t a b l i s h  t h e  

Thus, i t  w i l l  be n e c e s s a r y  t o  e s t a b l i s h  t h e  Dq, Do, 

1 0 8 1 5 0 1  
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i n  t h e  v i c i n i t y  of  t h e  s h o u l d e r  and i n  the  e x p o n e n t i a l  p o r t i o n s  of t h e  

s u r v i v a l  c u r v e s  f p r  n e g a t i v e  p ions  v e r s u s  c o n v e n t i o n a l  r a d i a t i o n s ,  and if  

p o s s i b l e  t h e  OER v a l u e s  a p p l y i n g  t o  g u t  c e l l s .  T h i s  i s  because the  n o r m 1  

t i s s u e s  as u s u a l  r e p r e s e n t  t h e  l i m i t i n g  f a c t o r  i n  r a d i o t h e r a p y ,  and one cannot  

c o n s c i e n t i o u s l y  p l an  f o r  a p p l i c a t i o n s  of n e g a t i v e  p ion  beams t o  t h e  p e l v i s  

w i t h o u t  f i r s t  e x p l o r i n g  t h i s  q u e s t i o n .  If i t  should prove f e a s i b l e  t o  t r e a t  

pe lv ic  tumors w i t h  p ions ,  one may t h e n  c o n s i d e r  i r r a d i a t i o n  of b l a d d e r  tumors 

i n  which t h e r e  i s  p r e s e n t l y  a v e r y  h igh  l o c a l  r e c u r r e n c e  f r equency  w i t h  

c o n v e n t i o n a l  i r r a d i a t i o n s ,  advanced p e l v i c  tumors i n  which t h e  s u r v i v a l  ra te  

i s  c e r t a i n l y  l e s s  than op t ima l ,  and a n o x i c  c e l l s  v e r y  d e f i n i t e l y  r e p r e s e n t  a 

problem, and p o s s i b l y  one might a l s o  c o n s i d e r  p r e o p e r a t i v e  i r r a d i a t i o n  f o r  

carcinoma o f  t h e  rectum. P r o s t a t i c  carcinoma might  a l s o  advan tageous ly  be t r e a t e d  

w i t h  n e g a t i v e  pi-mesons because of t h e  e x q u i s i t e  c a p a c i t y  t o  l o c a l i z e  dose.  

One would p robab ly  h e s i t a t e  t o  a p p l y  t h i s  new r a d i a t i o n  m o d a l i t y  t o  e a r l y  

cases o f  carcinoma of t h e  c e r v i x  because of t h e  h i g h  c o n t r o l  f r equency  o b t a i n a b l e  

w i t h  p r e s e n t  r a d i a t i o n  m o d a l i t i e s .  However, i f  t h e  bowel p r e s e n t s  no  r a d i o -  

b i o l o g i c a l  ?rL:>,le:, i n  t he  f u t u r e  cine ought t o  c o n s i d e r  e x p l o r i n g  t h e  p o s s i b i l i t y  

of n e g a t i v e  p ions  even i n  e a r l y  carcinomas o f  t h e  u t e r i n e  c e r v i x  because i t  

might be p o s s i b l e  t o  s t i l l  f u r t h e r  i n c r e a s e  t h e  c o n t r o l  f r equency  b u t  w i th  a 

lower i n c i d e n c e  of c o m p l i c a t i o n s  because of t h e  e x c e l l e n t  c o n t r o l  of t h e  h igh  

dose  zone o b t a i n a b l e  w i t h  n e g a t i v e  pi-mesons. 
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The Burman-Jakobson Channel 

The Burman-Jakobson channel  i s  t h e  low ene rgy  pion channe l  which h a s  been 

des igned  f o r  phys ics  w i t h  p ions  from 50 t o  150 M e V .  I t  i s  shown i n  F i g u r e  1. 

Th i s  channe l ,  we have come t o  r e a l i z e ,  d e s e r v e s  a g r e a t  d e a l  of c o n s i d e r a t i o n  

as a b iomedica l  c h a n n e l ,  and Louis Rosen once proposed moving t h i s  channe l  

t e m p o r a r i l y  t o  the  b iomedica l  a r e a .  

2 The beam from t h i s  channe l  h a s  a nominal size of 3 x 4 cm , which would be 

t o o  small  f o r  r a d i o t h e r a p y ;  however, t h e  a d j u s t m e n t s  on t h e  q u a d r u p o l e s  are 

such t h a t  one can f a i r l y  e a s i l y  go t o  15 x 15 cm . T h i s  i s  ample for t h e  k i n d s  2 

of tumor r a d i o b i o l o g y  and r a d i o t h e r a p y  t h a t  one would want t o  s tar t  w i t h ;  namely, 

head and neck tumors. 

T h i s  channel  would, however, have  t o  be changed c o n s i d e r a b l y  f o r  r a d i o -  

t h e r a p y .  

and s t u d i e s  need t o  be made t o  s e e  how t h i s  can  be inc reased  by making r eason-  

For  one t h i n g ,  the  momentum spread o f  t h e  beam i s  small  (& = + - 5%)  
P 

able changes i n  the  beam o p t i c s  compa t ib l e  w i t h  t h e  phys ic s  r e q u i r e m e n t s  of  t h e  

channe l .  An obs.I.-L; t echn ique  Is t o  i n t r o d u c e  a v a r i a b l e  a b s o r b e r  i n t o  t h e  

beam; however, t h i s  produces m u l t i p l e  s c a t t e r i n g  which w i l l  be e v a l u a t e d .  

A s e r i o u s  drawback o f . t h e  channe l  i s  t h e  f a c t  t h a t  the  e l e c t r o n s  a r e  n o t  

removed from t h e  beam. A number of  ways w i l l  be examined t o  do  t h i s ;  t h e  u s u a l  

s e p a r a t o r  i s  not favored by Burman and he s u g g e s t s  an r . f .  s e p a r a t o r .  Two 

o t h e r  methods w i l l  be looked a t - - i f  t h e  channel  were t o  t a k e  p i o n s  a t  90" t o  

t h e  p ro ton  beam, t h e  e l e c t r o n  background would be  q u i t e  l o w .  Another  pro- 

cedure  would be t o  take pions of much h i g h e r  ene rgy  than would be needed ,  

something l i k e  150 M e V ;  t h e  background h e r e  would a l s o  be low and t h e n  t h e  p ions  

would be slowed down t o  the  r e q u i r e d  energy  f o r  r a d i o b i o l o g y  and r a d i o t h e r a p y .  

Here a g a i n ,  the  s c a t t e r i n g  w i l l  be s t u d i e d .  I n  t h i s  area, t h e r e f o r e ,  a number 
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o f  s t u d i e s  w i l l  be made t o  d e t e r m i n e  how t h i s  channe l  can be u t i l i z e d  f o r  

b iomed ica l  work. 

I t  w i l l  be important  t o  c o r s i d e r  i f  a beam can be made t o  i r r a d i a t e  a 

volume l i k e  a s p h e r i c a l  volume w i t h  a minimum of b o l u s .  Most of the time a 

beam l i n e  i s  des igned  f o r  a c h r o m a t i c i t y ;  t h a t  i s ,  t h e r e  i s  no c o r r e l a t i o n  

between p o s i t i o n  and momentum of t h e  p a r t i c l e s .  

t h i s  c o n d i t i o n .  Fo r  p h y s i c s  t h i s  s i t u a t i o n  i s  q u i t e  s a t i s f a c t o r y .  For r a d i o -  

t h e r a p y  i t  i s  c l e a r  t h a t  ch romat i c  d i s t o r t i o n s  o r  ch romat i c  a b e r r a t i o n s  of a 

c e r t a i n  kind w i l l  be d e s i r e d .  S t u d i e s  w i l l  be made as t o  how a beam l i n e  

Symmetric beam l i n e s  s a t i s f y  

shou ld  be made t o  i n c l u d e  d e s i r e d  a b e r r a t i o n s  so t h a t  v a r i o u s  k i n d s  of tumor 

r e g i o n s  can be i r r a d i a t e d .  

i t  i s  c l e a r  t h a t  t h i s  w i l l  t u r n  o u t  t o  be a q u e s t i o n  of g r e a t  importance.  

From t h e  d i s c u s s i o n  above of v a r i o u s  i r r a d i a t i o n s ,  

It vi11 be i m p o r t a n t  f o r  r a d i o t h e r a p y  t o  know how t o  hand le  low energy 

p i o n s .  The lowes t  ene rgy  t h a t  t h e  Burman-Jakobson channel  can  handle  a t  p r e s e n t  

i s  50 MeV. A t  t h e  same time, p i o n s  as low as  8 MeV. (with a range o f  - 3 . 6  mm. 

i n  t i s s u e )  are  needed f o r  subcutaneous and s u p e r f i c i a l  tumors.  A bolus  can 

always '7; . - q ? d ,  3 u t  rmt? - f  t h :  i 17*an tages  of p i o n s  are  l o s t  t he reby .  It would 

be much more d e s i r a b l e  t o  have t h e  channel  hand le  such l o w  ene rgy  pions.  T h i s  

q u e s t i o n  w i l l  be s t u d i e d .  To some e x t e n t  t h i s  i s  a r e g i o n  of pion beams q u i t e  

d i f f e r e n t  from t h o s e  envisaged up t o  now because n o t  o n l y  i s  t h e  energy low, 

b u t  t h e  momentum sp read  r e q u i r e d  i s  v e r y  h igh .  What w i l l  probably t u r n  ou t  i s  

t h a t  some b o l u s  w i l l  be  used b u t ,  i n  a d d i t i o n ,  t o  p r e s e r v e  t h e  c h a r a c t e r i s t i c  

a d v a n t a g e s  of t h e  pion beam, changes i n  channel  d e s i g n  w i l l  be d e s i r a b l e  i n  t h e  

Burman-Jakobson channe l  and e s p e c i a l l y  i n  t h e  Biomedical channe l .  

The methods o f  t h e  TRANSPORT code w i l l  be v e r y  u s e f u l  i n  t h e s e  q u e s t i o n s ,  

b u t  i t  i s  a l s o  c l ea r  t h a t  f o r  r a d i o t h e r a p y  w e  are concerned w i t h  a d i f f e r e n t  

se t  of problems and d i f f e r e n t  k i n d s  of beams from what  p h y s i c i s t s  want ( l i k e  

1 0 8 1 5 1  I 
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small  momentum sp read ) .  The code w i l l  be u t i l i z e d  t h e r e f o r e  and t h e  changes 

w i l l  be m3dc  i n  i t  f e r  t l i c r a p e u t i c  bear! r c q u i r c - e n t s .  

I t  should be mentioned t h a t  t h c  Burnan-Jz'kcSscn channe l  ends  u p  i n  a 

h o r i z o n t a l  beam. Such a beam i s  v e r y  good f o r  head and neck work and t h e r e  

i s  no d i s a d v a n t a g e  h e r e  i n  r a d i o t h e r a p y .  Fo r  c h e s t  and p e l v i c  neoplasms, a s  

. w e l l  a s  c e r t a i n  o t h e r  tumors ,  a v e r t i c a l  beam i s  m c h  more d e s i r a b l e .  Most 

r a d i o t h e r a p y  c e n t e r s  d o  a b o u t  90% of t h e i r  t r e a t z e n t  w i t h  a v e r t i c a l  beam. 

The b iomed ica l  beam shou ld  end up i n  a v e r t i c a l  beam. It i s  a r a t h e r  f o r t u n a t e  

s i t u a t i o n  t h a t  w e  may have  i f  a l l  works o u t  w e l l  t h a t  t h e  Burman-Jakobson 

channel  cou ld  end u p  b e i n g  used f o r  h o r i z o n t a l  beam work and t h e  Biomedical 

channel  f o r  v e r t i c a l  beam r a d i o t h e r a p y .  

T h i s  c h a n n e l  h a s  been  funded through p h y s i c s  and i t s  d e s i g n  i s  no t  yet  

f r o z e n .  We have t i m e  t h e r e f o r e  t o  put i n t o  i t  t h e  needs of r a d i o b i o l o g y  and 

r a d i o t h e r a p y ,  e s p e c i a l l y  s i n c e  t h e  physics  g roup  a t  Los Alamos i s  v e r y  sympathetic 

t o  our r e q u i r e m e n t s .  We c a n  look  forward t h e r e f o r e  t o  making i t  p o s s i b l e  t o  

s ta r t  b iomed ica l  i n v e s t i g a t i o n s  as e a r l y  as p o s s i b l e .  
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WORK AT THE 18b-INCH SYNCHROCYCLOTRON IS ' D E W L E Y ,  CALIFORNIA 

Proposed Research 

I. P h y s i c a l  and  Dccinerric Studies 

We now have pion beams o'f dose rates 0.5 radloin. and 1 rad/min. (over an 

area of 3 x 3 cm.') with an electron contamination of about 10% and 20% 

respectively. The muon contamination is 10% for both the beams. With these 

beams it is possible to make significant improveaents in physical as well as 

biological experiments that would be of value for the biomedical work at LAMPF. 

1. Physical Measurements 

A beam with a low contamination of electrons will be used to obtain informa- 

tion on depth dose distribution of mesons. 

Dosimetry of heavy charged particles can be done using parallel plate . 

ionization chambers without worrying about the wall material of the ion chambers 

since the ionization is mainly in the gas. This will be true for pions except 

in the stopping region where the wall material is important since pion capture 

reactions occur mainly in the wall. Dr. Francis Shonka made a special plastic 

taking the pion interactions into consideration. Our measurements with a r- 
beam of 25% electron contamination s o  far did not indicate any significant 

differences in the depth dose distributions as measured by thimble type ion 

chambers made out of I C R P  muscle equivalent and the special plastic. However, 

our preliminary measurements of depth dose distributions of n',esons with 

parallel plate ionization chambers (with very thin aluminized mylar windows) 

that are commonly used with heavy charged particles show the dose at the peak is 

much lower when compared to thimble type ionization chambers. This needs to be 

studied further. 

These types of investigations are very important in deciding the wall material 
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needed t o  be used  f o r  t h e  dos imet ry  of  n e g a t i v e  pi-mesons. '  The peak of  t h e  p i o n  

depth dose d i s t r i b u t i o n  can be broadened u s i n g  a v a r i a b l e  abso rbe r .  Depth dose  

d i s t r i b u t i o n  w i t h  such broad peaks a r e  necessar:.' f o r  most of  the t h e r a p e u t i c  

a p p l i c a t i o n s .  We propose t o  do these  s t u d i e s .  

These p h y s i c a l  measurements can be c a r r i e d  o u t  q u i t e  we l l  w i th  the  beam a t  

Berke ley  and t h i s  expe r i ence  w i l l  c e r t a i n l y  be u s e f u l  and save a c o n s i d e r a b l e  

amount of  t i m e  i n  g e t t i n g  t h e  biomedical work s t a r t e d  a t  W F .  

2.  Improvements i n  the  Pion Beam a t  the 184- inch  Svnchrocvclo t ron  
( i n  a s s o c i a t i o n  w i t h  M r .  John Sperinde and D r .  V i c t o r  Perez-Mendez) 

The c y c l o t r o n  o p e r a t i o n  group, headed by ?lr. James Va le ,  i nc reased  t h e  

beam c u r r e n t  by n e a r l y  50%. It wac accomplished by p u l s i n g  o f f  t h e  Dee b i a s  

d u r i n g  t h e  a c c e l e r a t i o n  p e r i o d .  The beam had been p r e v i o u s l y  inc reased  by 

u s i n g  ca rbon  t e t r a c h l o r i d e  t o  n e u t r a l i z e  the  beam space  cha rge  i n  t h e  c e n t r a l  

r e g i o n .  With t h i s  i n c r e a s e  i n  beam c u r r e n t  and by f o c u s i n g  the  beam we g e t  

a dose  r a t e  of t h e  o r d e r  of 1 radfmin over  an area of 3 x 3 cm. 2 

A 2" Bery l l ium t a r g e t  i s  commonly used f o r  r - p r o d u c t i o n ;  a 4" Beryl l ium 

and a t h i c k  t u n g s t e n  t a r g e t  were a l s s  t r i e d  t o  s e e  whether  we can improve t h e  

p i o n  i n t e n s i t y .  P r e l i m i n a r y  r e s u l t s  i n d i c a t e  t h a t  no s i g n i f i c a n t  improvements 

i n  i n t e n s i t y  cou ld  be ob ta ined  f o r  the  beam g e o n e t r y  i n  t h e  meson cave. 

However, t h e  i n t e n s i t y  of the p ion  beam and t h e  e l e c t r o n  contaminat ion  i s  

found t o  v a r y  s i g n i f i c a n t l y  w i t h  the  p o s i t i o n  o f  t h e  t a r g e t .  By s a c r i f i c i n g  

50% i n t e n s i t y ,  the  e l e c t r o n  contaminat ion  i s  reduced  from 259. t o  n e a r l y  10%; 

t h a t  i s ,  we a re  a t  p r e s e n t  a b l e  t o  g e t  a p ion  dose  r a t e  of  30 r a d s / h r  w i t h  a n  

e l e c t r o n  c o n t a m i n a t i o n  of lo%, o r  a dose r a t e  of  1 rad/min  w i t h  n e a r l y  the  same 

e l e c t r o n  con tamina t ion  a s  b e f o r e .  
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3.  A Method of  Observ ing  a S topp ing  Pion Regicn 
( i n  a s s o c i a t i o n  w i t h  Mr. John Sperinde ana Dr. V i c t o r  Perez-Mendez) 

Our  p r e l i m i n a r y  measurements of l o c a t i n g  t h e  s t o p p i n g  n e g a t i v e  p i c ?  regicr ,  

by d e t e c t i n g  t h e  g a m a  r a y s  e m i t t e d  fo1lcs; ing tht  c a p t u r e  p r o c e s s  a r e  ve ry  

promising.  A r e p o r t  on t h e s e  measurements accep ted  f o r  p u b l i c a t i o n  i n  Phvsics  

i n  Medicine and Biology i s  he rewi th  enc losed .  

T I .  Rad iob io log ica l  S t u d i e s  

1. Experiments  w i t h  C u l t u r e d  Ce l l s  ( T r l  

The p r e s e n t  dose  ra te  of 1 rad/min i s  rough ly  e q u i v a l e n t  t o  2 t o  3 rads/min 

of  6oCo g a m a  r a d i a t i o n .  T h i s  dose  r a t e  i s  f a i r l y  c l o s e  t o  t h e  acute  exposures  

and hence t h e  i n f o r m a t i o n  of RBE and OER w i l l  be more a p p l i c a b l e  t o  t h e  t h e r a p e u t i c  

s i t u a t i o n s .  

The c o n v e n t i o n a l  t i s sue  c u l t u r e  technique i s  modi f ied  t o  s u i t  t h e  c o n d i t i o n s  

f o r  p i o n  exposures  a t  t h e  c y c l o t r o n .  The maximum p e r i o d  of exposures  a r e  fou r  

and s i x  hours  i n  t h e  p r e s e n c e  o f  a i r  and n i t r o g e n  r e s p e c t i v e l y  t o  b r i n g  t h e  

s u r v i v i n g  f r a c t i o n  t o  a b o u t  1%. 

Exper imenta l  Procedure  

a )  The c e l l s  from a n  ove rn igh t  c u l t u r e  are  p l a t e d  on 35 m. p l a s t i c  d i s h e s  

one day  b e f o r e  t h e  p i o n  exposures .  To reduce  t h e  dose  v a r i a t i o n  w i t h i n  

t h e  sample,  t h e  c e l l s  a r e  p l a t e d  i n  t h e  c e n t r a l  p a r t  of t h e  35 mm. 

p l a s t i c  d i s h  by p l a c i n g  a drop of medium c o n t a i n i n g  ce l l s .  The d i s h  

i s  t h e n  incuba ted  f o r  a n  hour and a d d i t i o n a l  medium i s  t h e n  added. 

Most of  t h e  ce l l s  are w i t h i n  1 - 1 / 2  cm. t o  t h e  c e n t r a l  p a r t  of t h e  p l a s t i c  

d i s h .  P ion  dose  v a r i a t i o n  i n  t h a t  a r e a  i s  less  than  10%. 

b) J u s t  b e f o r e  p i o n  exposure t h e  medium i n  t h e  d i s h  i s  removed and t h e  

C e l l s  are t h e n  k e p t  i n  c o n t a c t  w i th  two t h i n  l a y e r s  of  gauze wet ted 
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w i t h  medium c o n t a i n i n g  a phosphate  b u f f e r  t o  keep t h e  pH a t  about 

seven.  

C )  Soon a f t e r  t h e  e x p o s u r e ,  t h e  c e l l s  a r s  t r y p s i n i z e d  and p l a t e d  on to  

5 t o  10, 35 nun. p l a s t i c  d i s h e s  a f t e r  ? r= ; ) e r  d i l u t i o n  depending on the  

dose  given t o  t h a t  sample.  

P l a t i n g  e f f i c i e n c i e s  of 25 t o  50% a r e  ob ta ined  when t h e  c e l l s  are  kep t  

i n  such e x p e r i m e n t a l  c o n d i t i o n s  u p  t o  e i g h t  h o u r s .  

d )  

Our p r e l i m i n a r y  e x p e r i m e n t s  w i t h  6oCo g a m a  r a y s  and n e g a t i v e  pi-mesons 

i n d i c a t e  t h a t  t h i s  t echn ique  works w e l l  and w e  hope  t o  o b t a i n  RBE and OER f o r  

t h i s  c e l l  l i n e  which has  been s t u d i e d  e x t e n s i v e l y  w i t h  n e u t r o n s  by D r .  Barendsen 

and f o r  heavy ions  by D r .  Todd. 

These t y p e s  of i n v e s t i g a t i o n s  w i l l  not  on ly  g i v e  u s e f u l  p r e c l i n i c a l  r a d i o -  

- b i o l o g i c a l  d a t a  but  a l s o  h e l p  i n  k e e p i n g  up t h e  mmentum of p h y s i c a l  and p re -  

c l i n i c a l  r a d i o b i o l o g i c a l  work f o r  r r m e s o n s  so t h a t  i t  c a n  e f f e c t i v e l y  be 

t r a n s f e r r e d  t o  t h e  b iomed ica l  f a c i l i t y  of LAMPF. 

2. Experiments  w i th  Lymphocytes 

Mr. U. Madhvanath i s  working on r a d i a t i o n  response o f  human lymphocytes 

w i t h  i o n i z i n g  r a d i a t i o n s  of d i f f e r e n t  LET us ing  heavy i o n s  from Berkeley HILAC. 

T h i s  work w i l l  form h i s  Ph.D. t h e s i s  i n  b iophys ic s .  

T h i s  system i s  b e i n g  used  because  of i t s  high s e n s i t i v i t y  t o  r a d i a t i o n .  

Lymphocytes were s e p a r a t e d  from f r e s h l y  drawn hunan blood and were maintained i n  

s h o r t - t e r m  c u l t u r e .  

t h e  r a d i a t i o n .  

d a y s .  

( v i a b l e  c e l l s  exclude t h e  dye ) .  

A f t e r  a day  o f  c u l t u r e  p r e p a r a t i o n ,  t h e y  were exposed t o  

The c e l l s  were t h e n  incubated a t  37OC ( A i r  + 4% C02) f o r  s i x  

On t h e  s i x t h  day t h e  c e l l  v i a b i l i t y  was determined u s i n g  Trypan b lue  dye 
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Thc results with 6oCo ga-r.a ra;,.s indicated (as reported by others) that there 

a r c  two mairr g r r u p s  cf l y m p h c c y t e s  o f  diffcrcnt radiation sensitivity. The 

values x e r e  80 rads 3nd 309 rads. The D37 valuc of 80 rads of the sensitive 

group was found to be i n d e p e c d c n t  o f  dose rate. 

Figure 2 shows the results of 6oCo and r r m e s o n s .  For the sensitive 
CI 

fraction of lymphocytes, an RBE of about 2 was obtained for -mesons and this 

value will be applicable for acute dose rates of r z m e s o n s .  

The mechanism of death of the non-dividing lymphocytes could be different 

from that of other mammalian proliferating cells. RBE measurements for 

mesons will be extended for the less sensitive fraction of lymphocytes. 

3 .  Experiments with Yeast--Reverse Mutations in Saccharomyces Cerevisiae BZ-34 

This system was found to be very practical for measuring the OER for 

mesons. This system has an OER of 2.5 for both the dose rates of 40 radslhr and 

40 rads/min of 
60 
Co gamma rays. 

Our experiments with pions gave an OER of 1.8 and an RBE of 1.5. A report 

on these measurements is enclosed. 

RBE a n d  OE?. f c r  this strain as a function of LET is being measured using 

heavy ions (Helibm, Carbon, Neon) from the Berkeley Heavy Ion Linear Accelerator. 

The results of these experiments are being analyzed and written for publication. 

Figure 3 shows the summary of the results. It was found that the induction of 

mutations saturates with increasing LET, resulting in a lower mutation induction 

efficiency for Neon ions. This trend has also been found in the yeast (strain X841 

used by R. K. Mortiner et a1 >. With BZ-34 the OER values obtained approach the 1 

limiting value of unity with increasing LET as is the case with mammalian cell systems. 

1. R. K. Mortimer, T. Brustad, D. V. Cormack, Influence of Linear Energy Transfer 
and Oxygen Tension on the Effectivcincss of Ionizing Radiation for Induction of 
Mutation and Lethality in Saccharomyces Cerevisiae, Radiation Research, 26, 
465-482 (1965) 

1 0 8 1 5 1 1  
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4 .  Experimcnts  w i t h  Bone Marrow C e l l s  

The re  i s  q c n e r a l  agrecmcnt a n m g  the  e s p e r t s  we have c o n s u l t e d  w i t h ,  t h a t  

i t  would Si- p i  i n t e r e s t  t o  o b t a i n  t h e  RBE w i t h  a s e n s i t i v e  i n  v i v o  a s say  such a s  

t h e  s p l e e n  c o l c n y  forming t cchn ique  developed by J .  E .  T i l l  and E .  A .  bicCu1loch. 

Mr. J.  Feo la  and Dr. Y.  Maruyama - -  from t h e  U n i v e r s i t y  of Minnesota - -  w i l l  be 

d o i n g  t h e s e  expe r imen t s .  

Procedure : 

Bone marrow c e l l s  (BMC) w i l l  be drawn from t h e  femur o f  s e v e r a l  donor mice. 

BMC w i l l  t h e n  be i r r a d i a t e d  i n  v i t r o  i n  a s p e c i a l  c o n t a i n e r  of about  10  cm3 a t  

t h e  r ' p e a k  and p l a t e a u  r e g i o n s .  Samples w i l l  be t aken  o u t  a f t e r  d i f f e r e n t  doses  

are g i v e n  t o  the  BMC s u s p e n s i o n s ,  and t h e  c e l l s  w i l l  then be i n j e c t e d  N i n t o  

r e c i p i e n t  mice,  p r e v i o u s l y  i r r a d i a t e d  w i t h  a dose of 6oCo 8 - r a y s  s u f f i c i e n t  t o  

knock o u t  t h e i r  immunological r e s i s t a n c e .  Medium w i l l  be added t o  t h e  c o n t a i n e r  t o  

keep  t h e  volume c o n s t a n t ,  and c o n s e q u e n t l y ,  t h e  e f f e c t  of secondary r a d i a t i o n  w i l l  

be t h e  same. The c e l l s  w i l l  be s t i r r e d  d u r i n g  i r r a d i a t i o n  t o  keep them under normal 

c o n d i t i o n s  of oxygenat ion.  A f t e r  n i n e  days ,  r e c i p i e n t  an ima l s  w i l l  be  s a c r i f i c e d ,  

their s p l e e n s  e x c i s e d ,  and the  colonies counted.  By comparison w i t h  c o n t r o l  groups,  

Experiments w i t h  X- rays  w i l l  be performed a p o s t e r i o r i ,  w i t h  dose  r a t e s  

e q u i v a l e n t  t o  those  used w i t h  t h e T z  beam, m u l t i p l i e d  by 5 (va lue  o f  t h e  RBE 

o b t a i n e d  w i t h  i n  v i v o  sys t ems) ,  and a l s o  w i t h  a c u t e  exposures .  

RBE w i l l  then be e s t i m a t e d .  

Values of t he  

It i s  expected t h a t  a complete  s u r v i v a l  cu rve  -- down t o  t h e  0.01 l e v e l  of 

s u r v i v a l  - -  w i l l  be o b t a i n e d ,  s i n c e  t h e  Do f o r  a e r a t e d  BMC i r r a d i a t e d  w i t h  X-rays 

i s  abou t  100 r a d s .  
c 

I f  t h e  Do f o r  7 - i r r a d i a t i o n  a t  t h e  peak is abou t  50 r a d s ,  a 

d o s e  o f  200 r a d s  ( N  4 hours  i r r a d i a t i o n  t i m e )  would be enough t o  reduce s u r v i v a l  

t o  abou t  t h e  0.01 l e v e l .  

1 0 8 1 5 2 0  
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s l s  c o ? l s s  of a ? r o ? o s a l  s z z i c l s d  " P r e c n c r a s e s u ~ i c  S t u d i e s  wi tn  
SzAat ive  2 i cns" .  
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L Xovexbsr 1969 - 3i O c t s k :  l j 7 0 .  
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t t * * * 

SCIENTIFIC BAC KGXOUND 

Over the pas t  seven y e a r s  o r  so,  work  with negative pions both 

e q e r i m e n t a i  and theore t ica l  h a s  shown that  chey constitute a type of radiation 

that  h a s  very  good p romise  for the  therapy  of neoplastic disease.  In the f i r s t  

ins tance  it was  verified experimental ly  that  the  physical dose distribution i s  a s  

good as  was  expected from the fundamental  da ta  on pions. 

without excess ive  attenuation t o  depths  of a s  much a s  20 cm. and at that  depth 

t h e r e  i s  good energy deposit ion i n  a region of t he  order  of 5 cm.  o r  so. This  

radiat ion can  r each  the re fo re  any reg ion  of t h e  body and deposit energy i n  a 

The beams  penetrate  

AUG 252969 
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s?eciiied region, 

cocsisting o i  e lec t rons  and muons i s  present .  

probably can be reduced to  negligible proport ions i n  a therapeut ic  Seam. 

entrance s ide,  the beam i s  of low LET a n d  gives a dose of much l e s s e r  effect 

than i n  the  ?eak. 

O n  the exit side o i  the bciinl, O G ; ~  :he bsckgroufic! ir. :he 5 e h m  

Both oi these  backgroufics very 

On the 

The radiobiological work  with a sc i t e s  tumor  ce l l s ,  Vicia faba and other  

sys t ems  has  conf i rmed the fact  that the peak region i s  highly effective wi th  a n  

RBE between 2 and 5. 

to  values  of around 1. 5 compared t o  about 2. 7 for  Co-60. 

F u r t h e r m o r e  the OER i s  a l s o  reduced i n  th i s  peak region 

The combination of high LET i n  the tumor  region and low LET i n  the 

entrance region p lus  prac t ica l ly  no exit dose indicates  the pions have a strong 

peak i n  the tumor  region for  both oxygenated and anoxic cei ls .  This peak wi l l  

differ  in height depending on the  histology and the type of ce l l s  being i r radiated.  

i t  has  a l s o  become c l ea r  that  working with a charged pa r t i c l e  beam has  

a number of advantages and unusual possibi l i t ies  s ince electromagnet ic  methods 

can be used  to  bend, shape and focus the beam and a l so  to  remove  background. 

In addition, i n  the production of negative pion beams,  the posi t ive par t ic le  

background never  p a s s e s  through the negative magnetic channels.  

good control  s y s t e m  of the beam can  be built, a fact  which will  play a mJch 

g rea t e r  ro le  i n  the fu ture  work. 

Thus a very 
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Thc deeper  radiobiological 7 ic ture  h a s  only  ' seen b c ~ c ~ :  a few very 

im?ortar,t fac t s  can be discerned a t  t'nis tirrAs which wi l l  be we l l  worzn exploring. 

In the peak region r epa i r  p r o c e s s e s  i n  the i r r ad ia t ed  c e l l s d k m u c h  l e s s  than in 

the entrance region. 

t rea tment  i s  given i n  f rac t ions  the different ia l  of r epa i r  of surrounding n o r m a l  

t i s sue  over the tumor  t i s sue  will be fu r the r  enhanced. Without any doubt, it can 

be stated that skin react ions will be minimum for  a given tumor effect compared  

t o  any other radiation. 

of the patient wil l  be  much better for  a given c u r e  r a t e  o r  putting i t  another  way 

pions may improve  the cu re  r a t e  considerably for  a given ?est-treatment response.  

This  has  a l ready  been observed.  In addition when the 

It will  follow, the re fo re ,  that the post- t reatment  comfor t  

T h e r e  l i e s  before u s  therefore  a m o s t  promising field which contains 

The problems that need t o  be solved can begin with the  b e a m  many questions.  

optics of the therapeut ic  beam at L A A M P F .  

f o r  therapy still l i e s  before  u s  and finally the radiobiology of this  new radiat ion 

wil l  need t o  be uncovered. 

The  full dosimetry that  i s  n e c e s s a r y  

The u s e  of negative pions for  radiobiology and therapy makes  many 

unusual demands i n  the sophistication and complexity of the ent i re  sys tem;  

however, by the  same  token i t  makes  possible  an entirely new approach t o  these  

problems.  
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SCIESTIFIC SCOPE Or" TXE PZOF'OSED AESEARCH 

I. Ir .2rovenients in the Pion Beam a t  the 184" Cyclotron 

In pion radiobiology the intensity of the beam has  played a determining 

role .  

on the surv iva l  of a sc i t e s  tumor  ce l l s  for different doses  only points i n  the 

ea r ly  p a r t  of the survival  curve  could be obtained. 

i n  the neighborhood of 300-400 rads.  

This  has  been apparent  for  a long t ime.  First oi a l l  in  the experiments  

The total  doses  given were  

A second resu l t  of the low dose r a t e  is  the necessi ty  of making long 

exposures  with the attendant complication of the p r e s e n c e  o r  absence of 

r epa i r  p r o c e s s e s  in  comparing the pion peak with CO-60 effects of the same 

duration. 

A th i rd  p rob lem of long exposures  ex is t s  in the comparison of 

oxygenated and anoxic s ta tes  of ce l l s  t o  pions. 

anoxic s t a t e  can lead t o  damage t o  the cel ls  outside of the effects of the radiation. 

Here  long exposures  i n  the 

It has  been assumed for  a long t ime  that the pion beam at the 184" 

cyclotron was  a s  good as it could be. 

have been done -- one at CERN and one i n  Berkeley on the production of pions 

f r o m  dif ierent  t a r g e t s  and at different angles which shed some new light on 

this question. 

group f r o m  Los Alamos. 

Victor Perez-Mendez  at Berkeley believes that  redoing the  beam may lead 

Over the last few y e a r s  two experiments  

The experiment  at Berkeley was  done by Arch  Thiessen and his 

This data  makes  it possible  t o  redesign the pion beam. 
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t o  a n  i n c r e a s e  of a s  m u c h  a s  a f a c t o r  of 2 t o  4 i n  t h e  b e a m  f l u s .  

t o  s t u d y  t h i s  p r o b l e m  in d e t a i l .  

t h e  small  m e s o n  q u a d r u p o l e  w h i c h  i s  next  t o  t h e  c y c l o t r o n  t a n k  s h o u l d  be  r e p l a c e d  

by  a m o r e  s u i t a b l e  one .  

w o u l d  b e  b e t t e r .  

o n  t h a t  s i d e  of t h e  c y c l o t r o n  t o  a c c o m m o d a t e  a l a r g e r  u n i t  a s  w e l l  a s  t o  c h a n g e  

the m e s o n  w h e e l  to  a l a r g e r  a p e r t u r e .  

It i s  p r ~ ? o s e c i  

In  a d d i t i o n  t o  t h e  d a t a  on  y i e l d s ,  i t  s e e m s  t h a t  

This m a g n e t  h a s  a n  a p e r t u r e  of 8"; h e r e  a 12" a p e r t u r e  

I n  r e d e s i g n i n g  t h i s  m a g n e t  it would  h e l p  t o  c h a n g e  t h e  s h i e l d i n g  

A n y  new e q u i p m e n t  n e e d e d  f o r  t h e  i m p r o v e m e n t  of t h e  b e a m  w i l l  b e  p r o v i d e d  

by t h e  p h y s i c s  g r o u p  a t  t h e  c y c l o t r o n .  

T h r e e  c o m p u t i n g  p r o g r a m s  e x i s t  at t h i s  t i m e  f o r  c a l c u l a t i n g  t h e  b e a m  

o p t i c s  of t a k i n g  t h e  p i o n s  o u t  of t h e  f r i n g i n g  f i e l d  of t h e  c y c l o t r o n  a n d  t h r o u g h  

the t r a n s p o r t  s y s t e m  i n t o  t h e  p i o n  c a v e .  

n e w  i n f o r m a t i o n  t o  i m p r o v e  t h e  b e a m .  

T h e s e  p r o g r a m s  w i l l  b e  u s e d  wi th  t h e  

A s i g n i f i c a n t  i n c r e a s e  i n  t h e  p ion  b e a m  i n t e n s i t y  wou ld  m a k e  i t  p o s s i b l e  

to  g e t  good  v a l u e s  i o r  t h e  RBE w h i c h  a r e  not d o s e  r a t e  d e p e n d e n t .  

2 to 4 i n  i n t e n s i t y  would  e n a b l e  u s  t o  g e t  a m o r e  d e t a i l e d  p i c t u r e  of t h e  RBE f o r  

w i d e  b e a m s .  

the beam for t h e r a p y  at Los A l a m o s .  

e n c o u r a g i n g ,  i t  is n e c e s s a r y  now to  c o m e  t o  the a c t u a l  d ' e t a i l s  of t h e  t h e r a p e u t i c  

i n s t a l l a t i o n  at Los A l a m o r .  

A factcjr o i  

This k i n d  of i n f o r m a t i o n  i s  i m p o r t a n t  now as  w e  start to  d e s i g n  

I n d e e d ,  w h i l e  t h e  g e n e r a l  p i c t u r e  i o o k s  
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E. P h v s i c a :  h:cast:rez-.zr.:s 

L L - ~  p r o p o s e  to  coctinue t h e  n e c e s s a r y  w o r k  on dos ime t ry  i o r  c a r r y i n s  

out the radioj iologicai  exTorinients. 

Special plastic was obtained f r o m  Dr. F r a n c i s  Shonka which t akes  into 

Dr. Shonka h a s  kindly sent account the interact ions of stopping negative pions. 

u s  a se t  of smal l  s i ze  (0.  17cc.)  ion c h a m b e r s  made out of this p las t i c  and another 

s e t  of ion  chambers  made out of ICRP musc le  equivalent plast ic .  

find out how important  it i s  t o  u s e  spec ia l  p las t ics  a s  ion chamber  m a t e r i a l  t o  

measu re  pion doses .  P r e l i m i n a r y  measu remen t s  indicate no significant changes 

i n  the depth dose distribution of negative ?ions a s  measured  by the  ion chambers  

made out of ICi iP  muscle  equivalent p las t ic  and the special  plast ic .  

needs fur ther  study. 

The  aim i s  t o  

This  point 

A Los Alamos group headed by D r .  Robert Burman is Tlanning t o  se t  u? 

a pion beam at the 184" cyclotron at Berke ley  start ing around November 1, 1969. 

Th i s  beam will uti l ize the ex terna l  proton bea.m in the proton cave  ins tead  of the 

in te rna l  beam that we now u s e  fo r  the  pion beam in the meson cave. 

beam setup will t he re fo re  be quite similar in its optics t o  the b e a m s  at Los Alarnos 

and TilIUlMr" i n  Vancouver. T h e r e  i s  a good possibility, therefore ,  i o r  working 

h e r e  with therapeut ic- l ike beams  i n  t e r m s  of the momentum dis t r ibut ion and the 

control  of the penetration. 

i n t e rva l s  of these  b e a m s  such as 0-10  K e v / - b ,  10-100 K e v / k a n d  3 1 0 0  Kev+ 

using conventional proport ional  counter  s . 

This  new 

W e  p lan  t o  m e a s u r e  the depth dose i n  different  LET 

; 
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The  establ ished T-1  ce l l  l ine h a s  been der ived f r o m  normal  human 

kidney ce l l s .  Exper iments  by Barendsen  in Rijswijk,  and by Todd in Berkeley,  

have establ ished the dependence of the RBE and OER of different types of heavy 

charged p a r t i c l e s  with respec t  t o  impa i rmen t  of the prol i ferat ion capacity of 

these  ce l l s ,  assayed  by the clone technique. F u r t h e r m o r e ,  Barendsen has  

obtained extensive data  with var ious beams  of fas t  neutrons of different ene rg ie s  

with these  ce l l s .  

will  provide,  therefore ,  a comparison with most  of the existing types of d i rec t ly  

and indirect ly  ionizing radiations of i n t e re s t .  

The investigation of effects  of -mesons  with th i s  ce l l  s y s t e m  

Xn t h e  p re sen t  facility, i r r ad ia t ions  m u s t  be c a r r i e d  out which last 10 o r  

m o r e  hour s  i n  o r d e r  t o  dec rease  the f rac t ion  of surviving ce l l s  t o  about 30 percent ;  

consequently the  ce l l s  may proceed through a considerable  portion of t he i r  l i fe  

cycle duririg i r r ad ia t ions ,  i f  they a r e  exposed i n  no rma l  conditions, i. e. a t  

370  C. In abnorma l  conditions, e. g. a t  r o o m  t empera tu re  o r  in the absence  of 

oxygen, necess i ta ted  by p a r t  of the exper iments ,  they may be stopped i n  a 

par t icu lar ,  a s  ye t  unknown, portion of t he i r  cycle.  

l e s s  than 10 hours ,  the effects may  not be too  dis turbing,  however. 

If the exposure t i m e  i s  kept t o  

Dr.  Barendsen  initiated these  expe r imen t s  last summer  h e r e  and he was  

successful  in  measur ing  the RBE. The m e a s u r e d  RBE fo r  stopping pions w a s  
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dose r a t e  Gnder near ly  the sarr.e exTerirnenta1 conditions gave a value o i  1 .6 .  

This  suggests  that  the ce l l s  w e r e  not completely anoxic during exposure,  since 

the  c o r r e c t  value h e r e  i s  2.7. 

We a r e  continuing these  experiments  with a view to  measur ing  the O E R  

f o r  stopping pions.  

deoxygeaation ur,it ins tead  o i  the g lass  afid r u j b e r  unit tna; was used previously.  

The unit wili be checked f i r s t  with conventional radiat ions and l a t e r  on the OER 

A modified e q o s u r e  setup i s  being x a d e  with a g lass  

wil l  be measu red  f o r  stopping pions. 

IV. E m e r i m e n t s  with Yeas t  - Reverse Mutations (Arginine) in  Saccharomyces 
cerevis iae  2 -34  

1 Roman and J a c o b  have described an extremely radiosensi t ive effect f o r  

diploid yeas t  that i s  he te roa l le l ic  for  mctations at a biochemical locus. Xelatively 

small doses  of ult raviolet  radiation resul t  i n  a l a rge  i n c r e a s e  i n  reversiori  t o  the 

wild t s e  of these  ce l l s .  

This  effect  a l so  i s  inducible with X-rays  and i s  perhaps  the  m o s t  radiosensit ive 

This i s  ?resumably due to  in t ra -a l le l ic  recombination. 

effect known in yeas t .  2 

1. H. Roman, F. Jacob ,  Comptes  Rendus, Vol. 245, 1032-1036 (1957).  

2. R. K. Mor t imer ,  Radiation Research  Supplement I, 394-402 (1959). 

z 0 8  i 5 3 3  



h:Gr;ic-,cr suggested Z-34  s t ra in  for  :T-.e&sJrlng OZR ior  2iozs  5 e c a u s c  

of i t s  scr.si;i\~tb-. SO data o n  OER i s  avLiiable u-itn t h i s  strain, 

E q e rim e nt al p r o c e du r e : 

i .  Subculture the  2 - 3 4  yeast cel ls  in about six f lasks  f a r  two 

days at 30° C. 

Select the f lask  that has  a r i n i m u m  frequency of spontaneous 

Arginine r e v e r s e  mutants. A typical minimum frequency i s  

about 2 x l o - ?  (This i s  done by plating the ce l l s  f r o m  each 

f lask on -Arginine plates  and incubating the plates  for  abo\;t 

3 - 5  days at 30° C. 

2. 

The number of colonies formed on the 

-Arginine p la tes  give the number of spontaneous mutations 

p e r  total  number  of cel ls  plated. 

During exposure t o  ionizi'ng radiation the cells f r o m  the  flask 

that has  minimurn r e v e r s e  mutation frequency a r e  piaced on 

non-nutrient phosphate buffered agar  discs.  Speciai holders 

were  made so  that the ten-qerature of the ce l l s  could be kept 

about 5 

either i n  the p resence  of a i r  o r  nitrogen, 

be kept at a lower t empera tu re  during acute exposures.  

The ce l l s  a re  plated on -Arginine plates  and Y E P D  plates  and 

r e v e r s e  mutat ions frequency i s  determined after incubating 

the plates for about 3 - 5  days. 

3. 

0 C. during exposure; the exaosures  can be ca r r i ed  out 

The ce l l s  need not 

4. 
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?rc.iin-.insry :i:c'is;1rt'rnents ir,Liia:e :>.&; UGSC.S a s  iow irs 50 r a l s  caii 

1r.c OZ,P ior G o - 6 0  gazxma r a y s  i s  r'ound to  he &bout 2.  5 hz;d is -. be c ~ c ~ c : e d .  

inde?endent oi  dose ra te .  This  resu l t  i s  ve ry  important because the OEX 

value m e a s u r e d  for pions at the present ly  available dose r a t e  (25  r ad /hour )  

wil l  be a2pl icable  t o  acute dose r a t e s  as weil.  

\.Ye propose  t o  m e a s u r e  OER for  pions as  well a s  for  CO-60 gamma 

r a y s ,  acu te  a s  wel l  as  chronic leve ls  s i m i l a r  to the dose r a t e  available f o r  

pions. 

KO information on variation of OER a s  a function of LET i s  available 

We propose t o  m e a s u r e  the OER as a function of LET using f o r  t h i s  s t ra in .  

heavy ions (He, Li ,  C,  Ne) from the HILAC. 

I 

V. LymThocytes f o r  Radiation Response Studies  with r - M e s o n s  

P r o g r e s s  Made: Because oi the  high sensitivity of lymphocytes to  

radiatior,,  the  sho r t  t e r x  in vitro cul ture  s y s t e m  was taken up for  u s e  with 

2-/-xmesons. Star t ing with freshly drawn blood, methods were  standardized 

t o  sepa ra t e  lyraphocytes and maintairi t h e m  ir, culture.  P re l imina ry  resu l t s  

w e r e  obtained with X-ray  exposures  ( surv iva l  af ter  six day incubation following 

e q o s u r e j  and the  systerrk i s  ready for  u s e  wi th  77-mesons.  
c 

E q e r i m e n t s  Planned for  t h i s  Year :  

- b e a m s  (oxygenated as well  as anoxic conditions) for doses  ranging 

Survival curves  will  be  obtained 

for7f-  
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f r o m  20 r ads  to 200  rads .  

with pnytoherr,agg!utinin, to  collect rr,itotic f igu res  for  chron.;OSGZ-*e aber ra t ion  

studies.  

of ce l l s  to  t r a n s f o r m  to blastoid forms ana divide. 

will a l s o  be studied for  the o rde r  of doses  mentioned above. 

P a r t  of t h e  san-,;,!cs w i l l  be i i j e d ,  a f te r  tre;:rr,cnt 

Phytohemagglutinin ini t ia tes  a ce r t a in  i rac t ion  of the or iginal  population 

Inhibition of this  t ransformLtion 

Exper iments  Planned for the Next Year :  Depending on the prel iminary 

r e su l t s  and the sensi t ive p a r a m e t e r s  obtained a s  indicated above, these  studies 

will be extended to  enable bet ter  quantitative analysis .  

It i s  intended that the experiments  with yeas t  and with lymphocytes will be 

of l imi ted  scope and will  not be continued unless  the b e a m  intensity i s  increase’d. 
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The future of biomedical work with pions w i l l  have t o  be at LA.LiP7. 

Here  there  will be the pion intensit ies that w i l l  make all the experi.zients Tossibie 

a s  well  a s  therapy i tself  possible.  

mos t  useful a r e a  for  th i s  work will be the physics  a r e a  "A" which i s  now being 

planned and prepared .  

the  various exper iments  in  physics.  

radiochemistry a r e  now actively prepzring the i r  exper iments  for  that area.  

equipment and faci l i t ies  a r e  being designed and built s o  that when LAIMPF goes 

into operation they a r e  ready to  begin their  work. 

a l so  be pursued by Biology and Medicine. 

The f i r s t  and probab;;r . r  a long t ime the 

This  a r e a  will have the pion beams  and muon beams f o r  

The physics  groups a s  well  a s  the group i n  

T h e i r  

Such an active p r o g r a m  should 

The impor tance  of a r e a  "A" i s  that without a l a rge  investment ,  work can  

get under way with the  added advantage that much of the  physics  equipment fo r  

beam control can  be used. 

e f for t s  aac  their  funds on the par t icular  prcjblems of the i r  discipline. 

In this  way biomedical w o r k e r s  can concentrate t h e i r  

The p r o g r a m  h e r e  i s  t o  work along with the beam des igners  t o  make the 

low energy ?ion beam (50-150 Mev.) the kind of beam that i s  needed for  biomedical 

work. 

beams  must be l a r g e  (at l ea s t  10 cm. x 1 0  cm. ). 

well  depth control of the  b e a m  by simultaneously changing a l l  the cu r ren t s  i n  

These needs a r e  somet imes  different f r o m  those in  physics.  Biomedical 

Shaping must  be provided as  

I 0 8 1 5 3 1  
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the n-.a<r.ets. 

needs C G  bt. pat in on how f a r  one should g o  i n  eiiz-iir,&tir.g the elcctror.  2r.i X G G Z  

backgrounds.  

en t i r s iy  by means of an electron separa tor  and it appea r s  fur ther  that  much of 

the  muon background (which i s n ' t  too  l a r g e  i n  the f i rs t  p lace)  can be removed 5y 

the  b e a m  t ranspor t  system. 

?:us s o m e  l o s s  i n  intensity. 

Much thought and calculation ~ i r , c  fi?,aLy cocstruction ai-,< :estiT.g 

It i s  an important fact  that the electron background cari 'a, rer,oved 

The  drawback in having a long separa tor  i s  the cost  

T h e r e  i s  a question of whether the  biomedical beam should be horizontal 

o r  ve r t i ca l  o r  whether t o  have two beams.  

f o r  many exTeriments in  radiobiology the ver t ica l  beam i s  p re fe rab le ,  

It appears  that  for  thera?y a s  well as  

At the 

s a m e  t i m e  physical r e sea rch  i s  usually c a r r i e d  out with horizontal beams. 

h the  fashioning of the b e a m  where  we work along with the Los Alamos 

groups,  the final work of building the  faci l i t ies  will  r e s t  with Los Alarnos. 

(Dr.  Louis Rosen has stated tha t  t hese  faci l i t ies  will  be provided by LAhlPF). 

T o  take the next step it i s  necessa ry  at t h i s  t ime  t o  s t a r t  ?lannir,g, 

builciing and testing some of the  dos imet r ic  units that Los Alamos wi l l  not provide 

and tha t  wil l  be needed by prac t ica i ly  all  the biomedical workers .  These  sys tems 

a r e  the  dose  measurement uni ts  for  pions,  the profile of the  beam uni t ,  the 

time-of-flight system and an LET dist r ibut ion sys t em for  studying the  biomedical 

b e a m s  with peaks of different widths. This is a very  l a r g e  program.  It is a l so  

the  min ima l  p rogram that needs doing and we must  make every effort  t o  see that 

it ge t s  done. 



A suggestion has  been put f o r t h  by a number of ?eo?le inclGdir,g Dr. Viczor 

Perez-Mendez  and D r .  Louis Rosen which s e e m s  to  have a lot of mer i t .  The idea 

is s imple  and o f f e r s  a way of observing where  the  pions a r e  stopping and  the re fc re  

the region where  therapy i s  being done. 

The technique i s  a s  follows: 

When the 'fl--rneson s tops,  it i s  captured i n  the outer pion orb i t s  of the 

It cascades  f r o m  one level  down to  another  untii  i t  r eaches  the lowest orbit  a tom. 

f r o m  which it i s  captured into the nucleus causing the nucleus t o  explode and 

yielding the high LET f ragments .  

i n  the region of 50-160 kev. 

y e a r s  now and the i r  cha rac t e r i s t i c s  a r e  wel l  known. 

X - r a y s  by the usual  scanning techniques,  thus observing the stopping oi  the pi0r.s. 

Pe rez -Mendez  has  suggested using a spark chamber  t o  look a t  the X-rays  but m o r e  

conventionai techciqG;e s a r e  available.  

Now i n  the cascade  p r o c e s s  X - r a y s  a r e  emitted 

These  X- rays  have been studied extensively for many 

It i s  possible  to  observe these  

Bes ides  being an in te res t ing  technique, it offers  a way of rr,aking su re  i n  

a patient that  therapy i s  being done i n  the p r o p e r  a r e a  a s  determined perhaps by 

a s e 2 a r a t e  X-ray r ad iog ram where  the organs  can be seen. 

We hope t o  work with Dr.  Victor Pe rez -Mendez ' s  group t o  study this 

technique with the pion beam at Berkeley. 
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PEIOGXZSS REPOAT 

The work  on the OER u i t n  Vicia f a b a  has reacned a sa t i s fac tory  s ta te  oi  

completion, and the f i r s t  r epor t  appended desc r ibes  the experiement a n d  the 

resu l t s  obtained. The OER i s  shown t o  be  definitely reduced to  a value of around 

1. 5 in the pion peak of dosage. 

CO- 60. 

This  i s  to  be  compared to  the value of 2. 7 for  

The study of the abe r ra t ions  is continuing. This work i s  quite long and 

tedious. 

F igure  1: 

A compar ison  of the different kinds of aber ra t ions  found is shown in  

a )  Xormal  cel l  in  metaphase 

b)  Isochromatid abe r ra t ions  i n  two S-chromosomes  

c )  

d)  

Cel l  with multiple a b e r r a t i o n s  produced by r c m e s o n s  

Cel l  with many f r agmen t s  produced by 77-Ymesons 

The second 2ape r  enclosed in  th i s  r epor t  i s  of a continuing study of the 

response o i  a s c i t e s  t u m o r s  to  7 :mesons. 

two-day-oid t u m o r s  w e r e  used. 

In this c a s e  well-oxygenated 

These  r e s u l t s  a r e  interesting f i r s t  f o r  the RBE 

value obtained and second, for the light shed on the recovery p r o c e s s e s  that can 

be expected with th i s  radiation. 

The  th i rd  r e p o r t  s u m m a r i z e s  the  groundwork being laid for  work  with 

lymphocytes with r y m e s o n s .  

the endpoints that  a r e  being studied before  the  runs a r e  made with Tf T b e a m .  

Th i s  sho r t  summary  descr ibes  the s y s t e m  and 

I 0 8  I 5 4 0  
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* * * I 

I. 

INTRODUCTION 

Negative pions were  discovered in cosmic r ays  in 1947 and were recognized 

in those days by the large star that they produce in nuclear emulsions a t  ;he end 

of the i r  range.  After they were produced in the laboratory and their propert ies  

were  fully appreciated,  i t  occur red  to a number of people that this particle 

might have therapeutic applications in cancer  therapy. 

sibil i ty with C. A. Tobias in Berkeley, and Hill  at Illinois wrote a memorandum 

on this possibil i ty.  

dose distributions in t issue.  

peutic beams  existed.  

group at CERN undertook the dos imet r ic  s tudies  of these par t ic les .  

We discussed this pos - 

Fowler and Pe rk ins  were  the f i r s t  to  make calculations of 

The problem, of course,  has  been that no thera-  

Even so, we at Berkeley,  a group at Brookhaven and a 

So far  only 

.! GGf .3  
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our group has  ca r r i ed  out rhciobiology with such Seams.  

It is  fa i r  to say,  at  this ti:r,e, tnat a i tkough w e  w e r e  a!i a;trLcted to ti-.+ 

possibilities of pions because o i  :he favorLble  dose distribction, i t  is the 

radiobiology which i s  proving to be oi  i i r s t  importance.  

therapy that lie in this a r e a  i a r  outweigh the simple but useful peak of dose in 

the tumor region. 

the fac t  that a pion factory is being built and a therapeutic beam w i l l  be avail- 

able. The goal of these experiments has  become, therefore ,  no l e s s  than the 

complete evaluation of this radiation, both as to the nature of the dose and the 

radiobiological effects to the extent that the presently available beam intensi-  

t ies  permi t .  

The advantages fo r  

The study of this par t ic le  has  taken on new significance with 

The d s imet  i 

LI. 

SCIENTIFIC BACKGROUKD 

tudies a t  Berkeley and a t  CE&i ha1 E! shown as expected tha 

negative pion beams a r e  very penetrating and, in addition, produce a favorable 

dose distribution in t issue.  In a region ( tumor)  a s  large as  3 to 5 cm. in dia- 

me te r ,  embedded in t issue as much as 2 3  c m . ,  the dose is 2 . 5  to l .  5 t imes wnat 

it is throughout the t issue in f ront  of the tumor.  

Studies of the s ize  of the pulses  in  a Lithium-drifted silicon detector ,  cal-  

ibrated with various sources ,  have a l s o  shown that in the peak region high L E T  

fragments  constitute an appreciable f ract ion of the dose. Thus in the peak the 

dose is not only grea te r  but of an  advantageous quality for  the i r radiat ion of 

tumors  . 
There are distinct advantages to  having a region of high LET that can be 

The studies of the superimposed on the tumor region and that region only. 
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ef fec ts  oi the peak on the s u r v i v a l  of asc i t e s  i i i r r I G r  ce l l s  irr&d;;l;ca :n v:*.’o give 

an  RBE of around 4. 

6 to  10  t imes  what i t  i s  in the healtny t issue.  

Fowler  and Pe rk ins  in their f i r s t  2aper although at the t ime they had no numbers  

to work with. 

. .  T?,e effectiveness o i  tr.s dose in t k e  2eak r e g i o n  is  :nen 

This point w a s  emphasized by  

The second effect of the high LET component in the peak i s  to reduce the 

OER. 

X-rays  and CO-60 x - r a y s .  

about 2 .  5 t imes  a s  much dose to s te r i l i ze  them a s  i t  would tne oxygenated cel ls .  

This means that these cells constitute a highly radioresis tant  component in 

therapy. 

and the f ac t  that neutron recoils have a higher L E T  than $- rays .  

neutrons is about 1 .6  over a wide range of neutron energies .  

I t  is well known that the OER, for  a g rea t  many systems,  i s  around 2 .  5 f o r  

F o r  the anoxic ce l l s  in tumors  this means that it  takes  

Recently, therapy with neutrons has  been inaugurated based on this fac t  

The OEi3 fo r  

The peak oi dose 

should c lear ly  have a low OER comparable to that of neutrons. 

The following propert ies  make pions a very  r e a l  candidate for  therapeutic 

w o r k  

a. Good dose distribution 

b. Lit t le exit  dose 

c .  

d. 

e .  Low OER in the tumor 

f .  High OER in the overlying t issue 

g. Good control of the beam since the par t ic les  a r e  charged par t ic les  

h. Repair  is expected in the overlying t issue and very little in the tumor 

fo r  fractionated regimes 

Skin react ions wi l l  be less than for  any radiation for  a given tumor effect. 

Hign RBE in the tumor region 

RBE of W l  in the overlying healthy t issue 

i. 
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111. 

SCLENTIFIC SCOF'E O F  TX:Z TEiOPOSED VVORK 

LET S P E C T A V M  Or" TTTMESOSS 

The physical cha rac t e r  of the radiation i s  now well known. The depth dose 

under various conditions has  now been measured,  and we a r e  able to handle the 

beam quite well. 

There is one very important piece of information, however,  lacking and that 

is the LET distribution of the fragments  in the peak. I t  has  been shown by  

Barendsen and his co-workers  that wi th  neutrons i t  is the high LET fragments 

f r o m  nuclear recoi ls  that  a r e  so effective in lowering the OER a t  higher neutron 

energies .  Thus it h a s  been found that the OER for  neutrons is fair ly  independent 

of neutron energy f r o m  about 2 to 15 MeV. To compare pions with neutrons, a s  

well as to understand the radiobiological effects  of pions,  a good measurement of 

this distribution w i l l  be made. 

The technique that  is used most  often a t  p resent  that  of a TE pro2ortional 

counter with TE walls ,  w i l l  be used to begin with. However, a study must be 

made to see how this chamber  reac ts  io severa l  prongs of a pion s t a r .  To make 

good measurements ,  the chamber  must  not s ee  two f ragments  of a s t a r  as one 

t r ack  of a higher LET. I t  has  been suggested that the wal l - less  chambers utilizing 

TE gas might be m o r e  suitable. The experiments w i l l  utilize both kinds of 

chambers ,  and should, therefore ,  give a good picture of the LET distribution. 

Such measurements  have'been made for  neutrons; this  work wi l l  give, there-  

fore ,  in addition, a d i r ec t  comparison of the two radiations on this important 

point. 
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The a im of these studies is to m e a s a r e  valGes or' the relative biological 

effect iveness  (RBE) and the oxygen enkancement ratio (OEX) of n- - rnesons  in  

the plateau and peak region with a view to  a s s e s s  their  potential  value fo r  

radiotherapy. 

radiobiological end-point; namely,  impa i rmen t  of the capacity fo r  unlimited 

prol i ferat ion of mammalian ce l l s  s ince it is  this capacity that we want to destroy 

in  all tumor ce l l s  without producing too s e v e r e  damage to n o r m a l  t i s sues ,  Other 

biological end-points (e. g. growth deiay and chromosome abe r ra t ions )  a r e  of 

in te res t  in o r d e r  to obtain a be t te r  insight into radiological mechanisms which in 

tu rn  can support  conclusions to  be drawn from experiments  involving cell  killing. 

In view of the low dose r a t e  of about 10 radslhour ' '  at tainable with // >esons,  

This a im implies  that  in te res t  i s  centered around a par t icular  

and the necessi ty  to r e s t r i c t  tho length of the i r radiat ion,  effects of ra ther  low 

total  doses  have to be measured .  

accura te ly  RBE and OER values at doses  which a r e  sufficiently la rge  to produce 

surviving fract ions of cells of between 0 .1  and 0,0001, measu remen t s  a t  low 

doses  which produce surviving fract ions of cel ls  of between 0.50 and 0 .10  can 

yield significant resul ts  i f  the exper imenta l  conditions a r e  well-controlled.  

Although it is in  principle s imples t  to measure  

In addition, since radiotherapy in  patients is  usually given as a s e r i e s  of low 

doses  spaced by 24 hours or m o r e ,  sufficient to allow complete recovery  of 

sublethal damage, experiments  with r a the r  low doses  may provide the most  

r elevant information required.  

~~ ~ 

*In our most  recent  experiments ,  the dose  r a t e  has  been 30 r ads /hour .  
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It  can be stated w i t h  ;r ~ O Z C  d e a l  of c o n i i l c n t c  that w i t h  the cs?,erier,ce 

-Lined i r o m  the ? r e v i a u s  bloiogicai wcrk  &nd witk the u s e  oi some new a?proaches 

with cel ls  and w i t h  Vicia Faka, th ree  n e w  e q e r i m e n t s  will be c a r r i e d  Gut which 

p romise  to shed much light on the OER of negative pions. 

as follows. 

3 

These exper iments  a r e  

EXPERIMENTS WITH ASCITES TUMOR CELLS 

1 Mr.  J.M. Feola  e t  a1 using L#2 ce l l s  ( lymphoma) transplantable in mice,  - 
and assayed  by  the se r i a l  dilution technique has  obtained a D37 of about 6 5  r ads  

f o r  T z m e s o n s  in the peak region. 

a surviving fract ion of 0 .5  and a dose of 130 r ads  should cor respond to a surviving 

f rac t ion  of 0.1. 

which wi l l  eoable us to obtain a surviving f rac t ion  of about 0 .1  with an  i r rad ia t ion  

of 8 hours.  

Thus a dose of 50 rads  should correspond to 

It seems that the dose  r a t e  can be increased to 20-30 radsl l iour  

This ea r l i e r  work attempted to find a difference of the peak dose on asc i tes  

tumor ce l l s  of different ages,  t h r e e -  and five-day-old tumors .  

surviving fract ions was observed. 

No difference in  

T w o  r easons  probably account fo r  this fact: 

1) The e r r o r s  were large and the expe r imen ta l  points were few. 

p r e s s u r e  inside of the tumor fluid w a s  not known. 

2 )  The oxygen 

Since then we have studied the p 0 2  in  the tumor fluid with a microe lec t rode  and 

it has become fair ly  c lear  that in  a two-day-old tumor,  the p02 is-40 mm,  

which is normal  and well oxygenated while by the fifth day the tumor  i s  a lmost  

anoxic. This is for an inoculum of l o 6  ce l l s .  The equipment used was a Beckman 

1. J .M. Feola, C. FLichman, M.R. Raju, S . B .  Curtis,  and J.H. Lawrence, 
Radiation Research,  34, 70 (1968). 

1 0 8 1 5 4 1  
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microelectrode and a Sec:c;r,an reLLdoiit s y s t e m .  

w i l l  therefore  be i r radiated in vivro. 

of cells wiil be counted and seriaiiy di luted.  

injected into 4 groups of 1 0  animals each. 

TWO afid six-day-oid tcmors  

The a i i rna l s  w i l l  be sacrii iced, t k ,e  number - 
The i r rad ia ted  cells w i l l  ;hen be 

Points w i l l  be obtained a t  100, 200,  300 and 500 r ads .  This experiment should 

give then a value of the OER in vivo. 

EXPERIMENTS WITH CULTURED T-1 CELLS 

The establ ished T-1  cel l  line has been der ived  f r o m  a normal  human kidney. 

Experiments  by  Barendsen in  Rijswijk, and by  Todd in Berkeley, have established 

the dependence of the RBE and OER of different  types of heavy charged par t ic les  

with respect  to impai rment  of the proliferation capacity of these cells,  assayed by 

the clone technique. Fur thermore ,  Barendsen has  obtained extensive data with 

various beams of fast neutrons of different energ ies .  The investigation of effects 
- 

of 7 - m e s o n s  with this ce l l  system w i l l  provide,  therefore ,  a comparison with 

most  of the exis t ing types of directly and indirect ly  ior,izing radiations of interest .  

In the p re sen t  facility, irradiations m u s t  be c a r r i e d  out which las t  1 0  or  m o r e  

hours  in o r d e r  t o  dec rease  the fraction of surviving ce l l s  to about 30 percent; 

consequently the ce l l s  may  proceed through a considerable portion of their life 

cycle during i r rad ia t ions ,  if they a r e  exposed in  no rma l  conditions, i .e .  a t  37' C. 

In abnormal  conditions, e .g .  at room t empera tu re  or in  the absence of oxygen, 

necessitated by p a r t  of the experiments, they m a y  be stopped in a particular,  as 

yet  unknown, por t ion  of their .cycle.  If the exposure t ime is kept to  l e s s  than 

10 hours,  the effects  may not be too disturbing however. Furthermore,  in long 

e x p o ~ u r e s ,  repair of sublethal damage produced by the low LET component of 

1 0 8 1 5 4 8  
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the energy de?osited,  zAa)l O C i U r .  In a r d e r  to asbess the efiec: oi 1.f - r , e s o n s  in 

conditions wnere  no c?.-.an;es occxr diirin; e:qos\;re, it i s  ?ro?ased  to 1rtac;ate 

cel ls  both at  room t e r n p r a t u r e  and frozs; in liquid citrogen a t  -140"  C .  

exper iments  w i l l  be complicated by the fact that in f reezing mammalian cells,  

dimethyl sulfonide or glycerol  mus t  be added, which may influence radiosensitivity, 

These 

Thus the experiments  w i l l  cons is t  of two series:  

1) LMeasurements of surv iva l  curves  at ra ther  low doses  involving ex-  

posu res  of up to 8 hour s ,  possibly to be extended la te r  to 1 2  hours. 

The cel ls  wi l l  be kept a t  room tempera ture ,  22-26' C. Cells w i l l  be 

i r rad ia ted  in  equi l ibr ium with air or  nitrogen to es t imate  the oxygen 

enhancement ra t io .  

2 )  Measurements  of surv iva l  curves  of cel ls  exposed at -196' C may 

provide a surv iva l  curve  over an extended range of doses ,  since 

exposure t ime is not l imited.  

t empera ture .  

may be required concerning the influence of DIMSO and freezing. 

Cells can be kept indefinitely a t  this 

Before an est imate  of the OER can be made,  experiments 

0 Comparison of the curve obtained a t  -196  C with the data obtained for the cells 

a t  room t empera ture  for the low dose region w i l l  provide some insight in the 

p rope r t i e s  of damage produced by I r -mesons.  

A l l  the experiments  with T = m e s o n s  must be compared with equivalent data 

.z- 

measured  for X-rays  o r  g - r a y s  applied in identical conditions. 

I t  should finally be mentioned that experiments ca r r i ed  out until now have been 

pe r fo rmed  at the center  of the beam,  at the position where the maximum number 

of p r m e s o n s  a r e  stopped. 

RBE and OER i n  other posit ions within the beam, especially before  and beyond 

the maximum. 

F u r t h e r  data should be obtained with respec t  to the 
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ES?E,?;,L:ENTS OS OZX L‘SISG VICI.4 

. - .  
T,-icia is weli known to be L veri ;  tsc,icl 2inC .-.-= . . . ~ z r ~ r - , g : ~ i  sys tem isr  the 

study of radiobiological effects .  

the same  ( 2 . 7 )  a s  is observed for  mammal iaz  sys tems.  

h a s  shown that the seedlings can be kept anoxic for a period of 2 4  hours a t  3’ C 

The CIEX fax.d for  acute i r radiat ions is  closely 

Fur the rmore ,  Hall‘ 

without a n y  apparent  damage t o  subsequent growth. 

that  at 3 O  the OER found for  chronic  i r radiat ions (46 r ads /hour )  

as fo r  acute i r radiat ions (64 r a d s l m i n ) .  

He has  shown, in  addition, 

w a s  the same 

This  sys t em when i r rad ia ted  at 3’ C i s ,  therefore ,  quite suitable for measu re -  

men t s  of OER with negative pions.  

roo t s  and cooling the roots.  

Work is now well underway on growing the 

Exposures  have a l so  been made a l ready  with Go-60. 

In view of the fact  that a higher dose ra te  is now available, a measurement  

of the OER at room tempera tu res  can a l so  be made. 

measu remen t s  is always the length of t ime that the roots  can be kept anoxic; it 

s e e m s  now that the roots  can be kept hypoxic f o r  8 hours  at room tempera ture  

without apparent  permanent  damage. 

dependent which is an interest ing f ac t  in  i tself .  

m e n t s  with conventional radiations w i l l  be c a r r i e d  out. 

The problem in such 

The OER at room tempera tu re  is dose r a t e  

A l l  the necessa ry  control experi-  

Detailed cytological studies w i l l  a lso be made of the root t ips af ter  irradiation 

in  the plateau and the peak. 

Medical  School in  San F ranc i sco  is collaborating in  this work, 

Dr .  Sheldon Wolf of the University of California 

2. E.J. Hall, Br.  J. of Rad.,  40, 128 (1967). 
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I V .  

The dos imet ry  has  evolved over the l a s t  s eve ra l  yea r s .  It turned out that all 

of the electronics  was faithful and in good o r d e r  except for  the final step of 

summing all of the pulses to give the total  dose .  The dosimetry used with pions 

is a single par t ic le  dosimetry; each par t ic le  is detected alone and the pulses 

are amplified and finally summed. 

u ses  a sma l l  computer,  the P3P-5, f o r  the final summation. F igu re  1 is a 

The technique which has  now been wozked out, 

photograph of the complete particle analysis  an2 dosimetry electronics  with the 

computer in the center .  To accomplish the faithful summation, the pulses f rom 

the amplif ier  a r e  digitized by an  analog-to-digital-converter (ADC), then s tored 

in  the computer .  

are in  a memory;  any kind of calculation can  now be mhde with the compater.  

F r o m  here on, advantages accrue  f rom the fac t  that the pulses 

The 

teletype pr in ts  out the pulse distribution a s  well as par t ia l  sums  and the total 

energy deposited in  the detector. In figure 1, the t ime -of-flight equipment is on 

the r a c k  on the left,  and the rack oa the ex t r eme  right contains the number-of- 

pa r t i c l e s -ve r sus  -range equipment and dosage equipment with the ADC a t  the 

bottom, 

It is possible to  identify the pions by the time that they take to  go f rom the 

cyclotron tank, through all the magnets and out through the shield, a total  

distance of about 25 feet. 

t r a v e r s e  this distance.  

nanoseconds. 

and putting these pulses  in coincidence with dos imeter  pulses,  it was possible 

The-background of e lectrons takes a shor t e r  time to  

The difference in the t imes  is of the o rde r  of a few 

By introducing a variable delay called a trombone in  the circuitry 

I O 8 1 5 5  I 
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to obtain curves for  the pions alone as well a s  for  t>,e pions \vi::; ;>.e 2irc:ron 

background. 

about 25 percent  of the total beam. Still in a i l ,  i t  is good to Se a 3 k  to s a y  that 

we know exactly what the background does in all of the physical m3asurernent.s. 

The electron background has never  bc;e;l l&:ge; it cs2s:i:u:eS 

The top diagram in Figure 2 shows the electronics  in block form. The 

various detectors  and the var ious signals a r e  shown, 

the geometry of the scint i l la tors  and the silicon detector  togethe? with the variable 

absorber .  

The bottom drawing shows 

Figure 3 shows spec t ra  f r o m  the time-of-flight sys t em,  A s2ec t rum with 

electrons and without e lectrons is  shown. The relative number of the two cu rves  

is not important here .  

Figure 4 is the differential range curves  for two energ ies  of negative pions, 

for  pure and contaminated beams.  

defined region of about two inches of lucite. 

is excellent. 

It is c lear  that the pions stop in a c lear ly  

It is also c lea r  that the penetration 

- 
Figure 5 is a plot of the dose distribution of a 65 M e v r - b e a m  i n  water .  It is  

c lear  that the peak is high and a l so  broad. 

number-of-par t ic les-versus  -distance -curve. 

feeling for the los s  of par t ic les  a s  the beam t r a v e r s e s  water.  

momentum spread  of the beam in t e r m s  of its range. 

On the same  grasn i s  a plot oi the 

Tnese latter curves  give one a 

It a l so  shows the 

Figure 6 is a comparison of the dose distributions for 67 and 91  lMev negative 

pions fo r  contaminated beams and pure beams.  

"pureff beam there is still about a 10% negative muon contamination. 

It mus t  be added that even in  a 

Figure 7 is data which is very  important because it shows clear ly  that the 

total  

dose 

dose distribution is not the whole story by any means.  

is equally important. 

The cha rac t e r  of the 

What was measured  he re  w a s  the percentage dose 

1 0 8 1 5 5 2  
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- 
above a cer ta in  threshold in different regiGr-5 0: the  v -?ei;C, ar,d i t  is coz-.?ared 

-- with rr_f-mesons; T i - m e s o n s  have a  COS^ distribution sirr.iiLr io ,, -..- ,..ts.Gcs 2 

energy  of the pulses,  we see  the contri5ctior:s due io  the l a r s e  pulses produced by 

the s t a r  f ragments .  

much more  effective. 

It is c lear  then that iri this high L E T  region, the T Z p e a k  is 

These high LET effects do not appear in total dose but make 

themselves  known in  the biological experiments .  

F igure  8 is the isodose distribution for  a 65 Mev %--beam with contamination. 

The re  is a tail of low dosage that is seen h e r e  in two dimensions. 
- - Figure  9 is an isodose plot of a 63 Mcv -beam with the backgrouxi  removed. 

It can  be seen that it is a very  interesting distribution. The drop-off dose on the 

s ides  and in the back of the tumor region is  very  rapid. The peak of dosage, at the 

p re sen t  t ime, is over a limited region. In the future ,  for  therapy, i r  w i l i  be 

necessa ry  by means of a more  sophisticated magnetic system to spread  :hi: peak 

more .  These isodose curves  a l so  show that the biological experiments  have to be 

put in  place carefully. The build-u? of dose f rom entrance to the tumor region is 

t ru ly  unique and shows how different and efieti ive pions may turn  out to be i n  

saving the healthy tissue i n  iront of the tumor.  

F igu res  10 and 11 a r e  the same t s e  or' distributions for ' j t+-rnesons.  Since 

the re  a r e  no stars produced, these serve  simply a s  an interesting comparison fo r  

the two kinds of beams. 

The final curve,  F igure  12, repeats  the integral  dose distribution of Figure 7 
- 

and adds the differential pulse distribution f o r  a 65 M e V 7  -beam. It can be seen 

that there  is a low but significant distribction of pulses  beyond 10 ,MeV ani! extending 

beyond 50 MeV. 

Mev in the silicon detector.  

The final spike is the dose due to  pulses giving an energy over 50 

1 0 8 1 5 5 3  
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Figure  1 .  

Photograph of the e lectronics  and the on-line computer  

used €or the dosimetry of &e / j  -beam. -- 

I 0 8 f 5 5 



- 1 4 -  

d 

> ~ 

4 
W 
0 

U 
r' S 



. -  
- * 3 -  

- 
0 
> 
Q> 
t 

L 

c 

.- 

.- i! 
c 

*, 
c 
3 
0 
V 

c 

t 
7T 

TIME OF FLIGHT SPECTRUM 
OFT-  BEAM 

! +Time 
e 

DBL 677-1696 

Figure 3. 

o Total beam of electrons, muons, and pions, 

0 Beam without electrons.  



. I  -. 0 -  

U 
V 

0) > 
U 
0) 

v) 

.- 
A 

- 
L 

m 
- 
C 
0 
a. 
0 
c 
a 
11 
0 

.- 

.- 

u, 

15 

13 

11 

9 

7 

5 

3 

0 2 4 6 8 10 

Depth in inches (lucite) 

12 14 

DBL 677-1706 

Figure 4. 



- 1 7 -  

I 1 I 

Q pure pion beam N UMBER- DISTANCE AND 
A contaminated pion DEPTH DOSE DISTRIBUTION 
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Figure 5 .  
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ISODOSE DISTRIBUTION OF 65 M e V r -  BEAM (CONTAMINATED) 
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ISODOSE DISTRIBUTION OF 65 M e V r -  BEAM (PURE) 
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ISODOSE DISTRIBUTION OF 65 M e V r +  BEAM (CONTAMINATED) 
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WOEiK ACC0,MPLISHED 

XADIOBIOLOGY 

P r e l i m i n a r y  measu remen t s  a r e  AOW being completed on the OEii for pions 

and these r e su l t s  a r e  being compared with Cs137, 

sented a t  the P ion  Review Meeting in Washington on Ju ly  23 .  

This en t i re  a r e a  w i l l  be p r e -  



A .  Direct Costs 
1. Salar ies  and Wages 

a. Pr incipal  Investigator 

b.  Associate Investigator 

c .  Research Associate  

d. Research Ass is tan t  
-V. Gcanapurani 

e .  Secre ta ry  

Chaim Richman (4070) $ 9 , 6 0 0  

Tissue Culture (33 1/3'10) 4,000 

,M.R. Raju (25%) 3,  300 

(1 C070) 6,  840  
(2oYoo) S4J 

Total Salar ies  and Wages 

2 .  Benefits, Sick Leave,  e t c .  
2570 or' Salar ies  and Wages 

3. Suppiies and Expendable Equipment 
oxygen, electronic  s p a r e s ,  e tc .  

4. Projec t  Equipment 
a. P D T 8 / I  - f o r  data  handling of L E T  

chambers 
b. Coulter Counter - f o r  ce l l  counting 
c. T L D  Dosimeter  
d. Readout Equipment for P H A  
e .  AXicroscope fo r  Cytology (Vicia Faba) 

5. Travel  and Subsistence 
a. Dallas t o  Berkeley,  6 t r i p s  a t  $250 

d. Summer Stay in  Berke ley  

1 , 500 

2 ,000 

b. Dallas to Wash. ,  2 t r i p s  a t  $250 309 

c.  S e r k e k y  to Wash . ,  1 t r i p  400 

6. Page Costs,  Drafting Exp. Repro. Costs 
7 .  TeleThoce and Telegraph 
8. Consultants - Electronic ,  10 da. at $100 

9. Books and Teriodicals  

1,000 
80 0 - Barendsen,  1 month 

Total Direct  Costs 

B. Indirect  Costs - 85% of Sa la r i e s  and Wages 

$24,580 

5, 320 

3,000: 

4,000 
3,000 
2,000 
2,000 
5,500 

4,4:co 
1 , 0 0 0  

l a 0  

1 , 8 C O  
30 3 

r73>-) 
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SOUTHWEST CENTER FOR ADVANCED STUDIES 
FOR M L R L Y  

GRADUATE RESEARCH CENTER OP THE SOUTWWPST 

POST OFFICE BOX 3031s 

D A L L A S .  T E X A S  75130 

hbrurry  21, 1968 

Dr. Robert Wood, Chfef 
Uadioloaieal Phyrlcr md 

f a r  tnrrrn tr t ioa Llr8nCh 
Dlvlrton of Biology and Uedtcine 
& t a l c  lCnrrgj Carirrion 
W8rhington, b. C ,  20545 

bear Bob : 

Drr. Raju, Burke, A u t ,  and C u r t 1 8  and hr r t r .  teoh and Ibughma 
4nd I mot l a  Berkeley l a r t  week and went over our plan8 for t h e  
blologic8l run0 rcheduled for the next three month$, I h8oe uti 
t en  down fo r  p r h o r t  r e i u ~ r  of the r p r t e u  th8t vi11 be u r d  
md the  rearm8 €or uri(38 th r r .  

Our f e e l i n g  a t  t h i 8  time I8 tha t  Vict8 faba 8ffordr the be8L op- 
portunity for waruring the 081. in 8 ryrt-, and t h i r  i 8  being 
putrued intensely. 
the frozen r t a t c  and i r  t h e r e f o r t  anoxic. ?rim rt nunbrr of point 
of view, t h i r  $8 proairing and the Co-60 run8 art ncu being made. 

Ihe second ryrtem l r  8 lymphoma vhich is ic 

In rub8equent  aerier of e ~ p e r i u n t b ,  we arc going t o  do gr888hODpc 
neurobl88tr vhich, 88 you her, fr 4 very rcnrltioc ryrtem. In 
addition, Hr. Loughmn deoctfbed f o r  ur the advantage8 of urlng 
Lrphocyter end 80 t h i r  r y o t m  will a180 be prepa?d. 

A8 YOU C8n eee, O u t  eade8vor here i 8  t0 obt8ln 8 C O m p h t t  8nd a8 
clc8r 8 picture  88 parriblo o f  the biological effect8 of p&xtr vith 
the present machine. 
r y r m l  tbe dose r a t e  llmit8tionr c.o be overt-, and ue look 

I t  appear8 en t i r e ly  porribh that in these 

f0ZW.d t o  1ernbg  6 gre8t d8.1 fr- there 8Ymt-8. 



___- 

Dr. Robert Wood 
Page 2 

A budget har been prepared for the three-month txtenrfon ve discussed 
errl icr  and reflect#, for the m r t  part, our 8 C t U . l  cart  experience 
om the project. 

1. R. Stahl  
Vice Rerident 

Saclorurea 

cc: Dr. C. S .  shoup 
Atomic Bnerw Corirrioo 
Oak Ridge, Tcaneroee 
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BIOLOGICAL EXPERIMENTS BEING PREPARED 
FOR CYCLOTRON RUNS 

Experiments on t h e  OER Using Vic i a  Faba 

S e v e r a l  systems have been cons idered  f o r  de te rmining  t h e  OER wi th  p ions ;  

however, t h e  problem i s  t h a t  most b i o l o g i c a l  systems a r e  damaged when they  a r e  

kep t  a n o x i c  f o r  long p e r i o d s  of t ime,  such a s  would be necessa ry  w i t h  t h e  low 

i n t e n s i t y  p ion  beam. 

It h a s  been shown t h a t  V i c i a  f a b a  s e e d l i n g s  can be kep t  anoxic  fo r  a per iod 

of 24 hours a t  3°C wi thou t  any appa ren t  damage t o  subsequent  growth (Hal l ,  B r i t i r  

J o u r n a l  of Radiology, 9, 128-133).  

a t  3*C i s  t h e  same f o r  both  c h r o n i c  as w e l l  a s  a c u t e  exposures .  

system p a r t i c u l a r l y  s u i t a b l e  f o r  t h e  low i n t e n r i t y  

It was f u r t h e r  shown t h a t  t h e  OER measured 

This  makes t h i s  

R--beam a t  t h e  184-inch 

c y c l o t r o n ,  and it  i s  c l e a r  t h a t  t h e  r e s u l t s  obtained i n  t h e  p r o t r a c t e d  i r r a d i a t i o l  

w i l l  be a p p l i c a b l e  f o r  i n t e n s e  beams where t h e  i r r a d i a t i o n  w i l l  be of an  a c u t e  

n a t u r e .  

C y t o l o g i c a l  s t u d i e s  w i l l  a l s o  be made on t h e  i r r a d i a t e d  r o o t s .  

RBE S t u d i e s  for  t h e  V-Beam Usinn Cultured 
Manunallan C e l l s  I r r a d i a t e d  a t  -196°C 

Cul tured  maunnalian c e l l s  a r e  used i n  these  experiments  because of t h e  quan t i .  

. t a t i v e  n a t u r e  of t h e  r e s u l t s  t h a t  can be obta ined .  Lymphoma (L5178Y) a r e  f rozen  

and exposed a t  l i q u i d  n i t r o g e n  tempera ture .  A t  t h i s  t empera ture ,  t h e  c e l l s  are 

i n  t h e  anox ic  s t a t e .  The end p o i n t  used i s  t h e  s u r v i v a l  of  t h e  c e l l s ,  which 

s i m u l a t e s  t h e  exper imenta l  t h e r a p e u t i c  s i t u a t i o n ;  i n  t h i s  s ta te  t h e  c e l l s  a r e  

more r a d i o r e s i s t a n t .  

The exposures  t o  p ions  have t o  be made a t  lw dose rate, and it i r  expected 

t h a t  w i t h  frozen cello, dore rate e f f e c t 8  w i t h  be e l imina ted  and t h e  dO8age w i l l  

s imply  accumulate .  

1 0 8 1 5 1 1  
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S t u d i e s  a r e  now i n  progress  w i t h  Co-60 y-rays t o  work ou t  t h e  e x p e r i m e n t a l  

t e c h n i q u e s .  There a r e  a number of t e c h n i c a l  problems r e l a t i n g  t o  the  exposure  

* of  a l a r g e  number of c e l l  suspens ions  and t h e  dos ime t ry  i n s i d e  of t he  Dewar. 

The Co-60 runs  se rve  no t  on ly  t o  work o u t  t h e  t echn iques  but  a l s o  t o  compare acu t  

w i t h  p r o t r a c t e d  i r r a d i a t i o n s  a t  t h i s  t empera tu re  f o r  a low LET r a d i a t i o n .  The . 
pion  dose  d i s t r i b u t i o n  i n  t h e  p l a t e a u  r e g i o n  behaves very  much l i k e  X-rays.  

S u r v i v a l  curves  a r e  obta ined  f o r  t h e  suspens ions  i n  t h e  u s u a l  f a s h i o n s  w i t h  

a C o u l t e r  c o u n t e r .  It should t h e r e f o r e  be p o s s i b l e  t o  o b t a i n  v a l u e r  f o r  t h e  RBE 

f o r  anoxic  c e l l s  f o r  s topp ing  p i o n s .  

Lymphocytes 

We propose h e r e  t o  t ake  whole blood from animals  and e x t r a c t  pure lymphocyte 

Such lymphocytes a r e  a r r e s t e d  i n  t h e  G1 s t a t e  and a r e  e s s e n t i a l l y  dormant.  

c e l l s  a r e  p u t  i n  suspension and i r r a d i a t e d  a t  normal tempera tures .  T h i s  is a 

The 

r e l a t i v e l y  s e n s i t i v e  system; about  100 r a d s  g i v e s  a 507. r educ t ion  i n  s u r v i v a l .  

The c e l l s  a r e  i r r a d i a t e d  w i t h  d i f f e r e n t  d o s e s .  Phytohemagglutinin (PM) i s  then  

added and t h e  c e l l s  a r e  now s o r t e d  i n  t h e  fo l lowing  way. The dead c e l l s  a c c e p t  

a s t a i n  and a r e  counted and s u r v i v a l  c u r v e s  drawn.  

b u t  f u n c t i o n a l l y  impaired and w i l l  n o t  grow. 

C e r t a i n  c e l l s  may be a l i v e  

The remaining c e l l s  w i l l  grow and 

w i l l  g ive  a m i t o t i c  index and permit  chromosome s t u d i e s .  

Some e f f e c t s  of hypoxia can a l s o  be determined wi th  t h i s  rystem. Hence, i n  

a s i n g l e  maamallan c e l l  system t h r e e  s e p a r a t e  parameters ,  w i th  and w i t h o u t  t h e  

e f f e c t  o f  oxygen, may be observed .  

1 0 8 1 5 1 2  
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?I= Retirement b Benefits 
25X of A1 

3 .  Supolier and Expendable Xquipment 
4. Electronic Counting Equipmat 

*/. 
5 - C -  '.1 ' .-&-line Data Hand l ing Equigcent 
,&-- /. ~ f .*-F, 

I -- - ,  
- c  - . _. / L L  5 .  Purch8red Scrvice8, C81ibration, ctc 

6 .  CoPuoications, Tt lephcnc, and 

7 .  h b l i c 8 t i o n r  and P8gc Ccrtr 

9 .  lkare1:  3 trips D8118r/UCB a t  $300 

be - 
Tc lcgraph 9: . . .- 

I d-LP 
t:= 8 .  k o f t r s i o n a l  ?eer and Conrult8atr 

v/rubrirtcnce 

B .  Indlrcct Costs 

To t a  1 three -mon t h  budget 

852 Of S818ri t t  8ad W l l g O S  

$1,480 
1,250 

900 - 
$ 4,130 

1,032 
750 

1,500 
3,000 

4,500 
2 50 

150 
300 
500 

000 
$12,512 

3,510 

$16,022 
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GRADUATE RESEARCH CENTER OF THE SOUTHWEST 
P Q S T  O F F I C E  B O X  30365 

D A L L A S ,  T E X 4 S  7 5 2 3 0  

.\DINS 1-1471 

November 12, 1965 

U. S. A t o m i c  Energy Commission 
Research and Development Division 
P. 0. Box E 
Oak Ridge, Tennessee 37831 

Attention: M r .  C. S. Shoup 
Chief,  Biology Branch 
Research and Development Division 

Gentlemen: 

Subject: Renewal of Contract N o .  AT-(40-1) -3343 

I n  response t o  your l e t t e r  of November 1, 1965, w e  a r e  submit t ing '  
the  information required i n  s a t i s f a c t i o n  of cont rac t  requirements 
and for  consideration of renewal. 

W e  have already submitted t o  D r .  Nathaniel F. Barr,  a t  AEC 
Headquarters, a summary account of progress i n  t h e  program and 
preprints  of technica l  papers which w i l l  appear e i t h e r  as 
Lawrence Radiation Laboratory technica l  reports o r  a r t i c l e s  i n  
professional journals .  W e  are  s u b m i t t i n g  a n  addi t iona l  set  of 
these documents herewith. The t w o  l e t t e r s  addressed t o  D r .  Barr, 
s i x  copies of which are  a l so  at tached,  a r e  provided t o  meet, i n  
pa r t ,  the  progress report  requested i n  paragraph one (1) of your 
l e t t e r .  

An expenditure statement i s  a l s o  provided which ind ica tes  current  
expenditures on the program, including both the  Center ' s  contr ibut ion 
t o  t h i s  spec i f i c  contract  and i t s  costs for pion dosimetry s tudies  
incurred from i t s  own f u n d s  i n  the f i r s t  qua r t e r  of f i s c a l  year 
1966. T h i s  expenditure report does n o t  include American Cancer 
Soc ie ty  funds  which have a l so  been expended f o r  purposes which 
complement research car r ied  on under AEC sponsorship. 

A s  we point o u t  i n  the l e t t e r  t o  D r .  Barr,  w e  regard the  scope of 
work set  for th  i n  the contract  a s  complete and have proposed t h a t  
a new scope of work be prepared for any r e s u l t i n g  contract .  This 
scope or  work descr ipt ion should include i n s t a l l a t i o n  of an 
e l e c t r o s t a t i c  separator  i n  the e x i s t i n g  p i o n  beam for removing 
electron and muon contamination and rerunning previous dosimetry 
experiments. I t  i s  c lear  from the expenditure statement t h a t  no 
fur ther  funds  remain avai lable  f o r  performance of t h i s  second task.  



I- 

U. S. Atomic Energy Commission 
Page 2 
November 1 2 ,  1965 

Our l e t t e r s  t o  D r .  Barr explain i n  reasonable d e t a i l  what w e  
propose t o  undertake i n  the subsequent period and the budget for 
accomplishing t h i s  work which, however, e x c l u d e s  any amounts which 
may be expended by the Lawrence Radiation Laboratory. 

D r .  Richman a t  present has no Federal funding for  h i s  project  
although a proposal has  been submitted for  concurrent radiobiology 
work t o  the Office of Naval Research. We have been advised 
informally t h a t  t h i s  proposal has been approved but t h a t  funding 
is  n o t  yet  avai lable .  A s  w e  p o i n t  o u t  i n  our l e t t e r s  t o  D r .  Barr, 
we a re  proposing tha t  t he  Commission support e s s e n t i a l l y  the costs  
involved i n  rerunning dosimetry experiments. We would expect t h a t  
ONR funds and any renewal funds from the American Cancer Society 
would be devoted almost e n t i r e l y  t o  continuing the work with mice 
and bean roots  which i s  described i n  t h e  attached papers. 

A summary of the proposed research is  a l s o  enclosed, together with 
a voucher for  the remaining 10 per cent  of the consideration 
set  fo r th  i n  Art ic le  B-XI of Appendix B t o  the contract .  

Although considerable equipment was developed t o  permit accurate 
dosimetry, advances were made primarily i n  techniques using 
known components. We conclude t h a t  no inventions,  i n  t he  sense 
t h a t  t h i s  word i s  used i n  the U. S, Patent Laws, w e r e  made i n  
t he  course of the work under t h i s  cont rac t .  

S i n c e r e l y ,  

Ralph N .  S tohl  
V i c e  President 
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Xalph I?. StcC1 
Vice ?:c5 icczt 

Zxlosures: 6 sets trensmittal & Richman Eovenber 1, 1965 
l c t t e z  to Earr 
( 3  s e t s  only) Papers UCS-16387 

I' i6071 

Budget 
I 1  15302. 

Zcc: C. :.ic'r-ir.an (withour 3 _ o a p r s )  . C. Peavey I' 
I 1  

S. Robottom (complete set )  

1 0 8 1 5 1 1  



R E V I S Z D  AEC BUDGET 

A .  31rez2 Costs 
1. Sa ia r i e s  & Kages 

a .  Trinc ipa l  Inves t iqa tor  

b. Research Associate 

c .  Graduate Student 

d. Technician 

e.  S e c r e t a r i a l  

C. i?.ic:?xan ( 50%) $ 8,250 

L. Stephens ( 75%) 7 ,000  

J. Sperinde ($200/month) 2,400 

E. Hammack ( 50%) 2,700 

E. Raphael ( 50%) 2,392 

$22,742 Tota l  S a l a r i e s  & Wages 

2. 

.3 . 
4 .  

5. 

6. 
7. 
8 .  
9. 

a e n e f i t s  & Accrual for  Vac. & Sick 

Elec t ronics  Equip. , x - y  p l o t t e r ,  P i c 0  
a m e t e r s ,  semi-conductor d e t e c t o r s ,  
osci l loscope camera 5 ; 000 
Travel - Dallas  t o  BerKeley & 

Return 5 t r i p s  @ $250 1,250 
Subsistence & P e r  diem; 90 days 

Leave 25% of 1 5,686 

@ $10.00 (Summer, 1966) 900 
Expendable Equi2ment & Supplies 1,000 
Tsle?hone & Telesraph 500 
Report & Page C o s t s  750 
Computer Rental  CDC 1604 or equiva len t  

1 hour ( r a t e  subjec t  t o  change) 225 

Total  Direct Costs 

B. Izdirec-, ~osts--80% of Sa la r i e s  & Wages 

Total  Budget 

c .- $38,053 

18,194 

$56,247 
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GRADUATE RESEARCH CENTER OF THE SOUTHWEST 
POST O F ~ I C L  eo* 3036s 

DALLAS, T E X A S  7b230  - 
ADAM. I-LI71 

November 1, 1965 

D r .  N a t h a n i e l  F. Barr ,  Chief 
R a d i o l o g i c a l  Phys ics  and 
I n s t r u m e n t a t i o n  Branch, 
D i v i s i o n  of Biology and Medicine 
U. S. Atomic Energy Commission 
Germantown, Maryland. 

Dear D r .  3arr: 

I w i l l  w r i t e  down for you our  p r e s e n t  s i t u a t i o n  i n  t h e  p ion  dos ime t ry  
program so t h a t  you can see where we s t a n d  and what w e  f e e l  needs t o  be done. 

The D o s i n s t r y  So Far :  

We have f i n i s h e d  about f o u r  d i f f e r e n t  d o s i m i r i c  s t u d i e s  of t h e  90 MeV 
p i o n  beam a t  Berkeley. 
CountSrs f o r  t h e  p a r t i c l e  a t t e n t u a t i o n  i n  l u c i t e ,  semiconductor  d e t e c t o r 8  f o r  t h e  

We have used i o n i z a t i o n  chanbers  f o r  dosage ,  s c i n t i l l a t i o n  

p u l s e s  of p i o n s  i n  f l i g h t  and s t o p p i n g  p ions ,  and f i n a l l y  a 

. -.. 5 )  

t h e  c o q o s i t i o n  of t h e  beam. 

Speaking broadly ,  w e  have found from t h e s e  exper iments  

As e q e c t e d ,  pions a r e  v e r y  p e n e t r a t i n g  p s r z i c l e s  t h a t  
of dose a t  t h e  end of t h e  range.  

t ime-of - f  l i g h t  set  up 

t h e  fo l lowing :  

g i v e  a good peak 

Tiiis peak is not as h igh  as some peopie  expec ted ,  a t  l e a s t  n o t  w i t h  t h e  
beams a v a i l a b l e  a t  t h e  p r e s e n t  t i m e .  

The p u l s e s  ob ta ined  when p ions  s t o p  a r e  indeed v e r y  l a r g e  and c o n t a i n  
t h e r e f o r e  a s i z e a b l e  high LET component. 
i n  s i l i c o n  i s  about  20 MeV. 

The average  energy of t h e  star 

The beam c o n t a i n s  a background of  about  25% e l e c t r o n s  and 10% muons; 
t h e s e  contaminat ions  obscure  t o  a s i g n i f i c a n t  e x t e n t  t h e  dos ime t ry  of  
p ions .  

Tine beans a v a i l a b l e  on t h e  184" c y c l o t r o n  sre somewhat h i g h  i n  energy  
for bio-medical  work, and t h e  s lowing  down r e s u l t 6  in a t t e n u a t i o n  and 
s c a t t e r i n g  of t h e  beams. 
60-50 MeV beam. 

I n s t e a d  o f  90 MeV, what would be b e s t  is a 

1 0 8 1 5 1 9  
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D r .  S a t n a n i e l  F. Barr - 2- November 1, 1965 

Wich t!-,is b c m  we have t aken  a look a t  t h e  e f f e c t  of  the  peak and p l a t e a u  
of cha 3:s;~ curva wi th  s t a r s  on V i c i a  Faba, and w i t h  t h a  hslp of a nunber of 
?so?le i n  3erXaley, on tho  e f f e c t s  of the  bzam on asci:es t ~ l ~ o r  c e l l s  i n  n i c e .  

Tha peak has  a r e n a r k a b l e  e f f e c t  ove r  the ?latea:: 03 Zrowth r a t e  of t h e  
r o o t s ,  anaphase b r i d g e s  and m i c r o n u c l e i  of the  r o o t  mer is tem i n  Vicia Faba. 
Fo r  exanp le ,  w e  s e c  about  2.4 times as many chroqosome b r i d g e s  f o r  ce l l s  
exposed i n  t h e  peak r e l a t i v e  t o  c e l l s  exposed i n  t h e  plateau.  

With t h e  h e l p  of Dr. J. F e o l a  a t  LRL, mice w i t h  a s c i t e s  tumor ce l l s  were 
exposed i n  t h e  peak and i n  t h e  p l a t e a u .  
o f  t h e  peak dose  over  t h e  p l a t e a u  dose  on c e l l  v i a b i l i t y .  
are s t i l l  l a r g e ;  however, t h e  exper iment  can be improved a good d e a l .  I t  i s  
a l s o  becoming clear t h a t  t h e  e f f e c t s  i n  t h e  peak are n o t  j u s t  due t o  t h e  h i g h e r  
dose  b u t  a l s o  t o  t h e  h i g h e r  LET i n  t h e  peak. 
have s t u d i e d  t h e  chromosome b r i d g e s  and t h e  p o l y p l o i d y  of t h e  a s c i t e s  tumor cel ls  
exposed t o  t h e  beam; 
t o  t h o s e  exposed i n  t h e  p l a t e a u .  

The r e s u l t s  show a g r e a t e r  e f f e c t i v e n e s s  
The p r o b a b l e  e r r o r s  

Mr. W. D. Laughman and D r .  H.S. Winchel l  

they f i n d  a r a t i o  of about 5:1 f o r  c e l l s  exposed i n  t h e  peak 
The p robab le  e r r o r s  are s t i l l  l a r g e .  

What Xeeds 70 Be Done: 

The,:- - bean I s  a r e a a r k a b l e  r a d i a t i o n  and t h e  background of e i e c t r o n s  and 
muons should  be renoved as much as p o s s i b l e  wizh an e l e c t r o s t a t i c  s e p a r a t o r .  
t h e  dos ime t ry  of p ions  w i l l  be much clearer. 
r edes igned  t o  go w i t h  the  s e p a r a t o r .  
go down i n  energy  fron 90 t o  around 50-60 MeV. 
main d i f f i c u l t i e s  of lower energy  beams i s  an i n c r e a s e d  e l e c t r o n i c  background. 
I f e e l  t h a t  a l l  t h e  dosi inetry expe r imen t s  t h a t  have been t o n e  should be  r e p e a t e d  
w i t h  a c l e a n  beam. 

Then 
The f o c u s i n g  sys tem w i l l  then be 

With a s e p a r a t o r  i t  may a l s o  be  p o s s i b l e  t o  
This may work o u t  s i n c e  one of t h e  

I t r u s t  t h a t  you w i l l  a g r e e  w i t h  u s  on t h e  i inportance of c o n t i n u i n g  our  
e x c u r s i o n s  i n t o  r ad iob io logy .  . 

V i z h  r e f e r e n c e  t o  t h s  p ion  f a c t o r y ,  the  f a c t s  t h a t  w e  a r e  l e a r n i n g  are of 
g r e a t  i n a o r t a n c e  t o  t h e  s h i e l d i n g  problem and a l s o  t o  t h e  scope and l ay -ou t  of 
a b io-medica l  cave. 

I aa submi t t i ng  w i t h  t h i s  l e t t e r  a v e r y  r e a s o n a b l e  budget f o r  a y e a r .  
Mr. Srephens and Mr. Sper inde  are needed t o  h e l p  set  up t h e  s e p a r a t o r  and 
magnets and h e l p  w i t h  t h e  a l ignmen t  of t h e  e n t i r e  system, as w e l l  as w i t h  - 
t h e  exper iments .  

I a m  e n c l o s i n g  t h r e e  of our papere  which g i v e  

CR: er 
cc: Jack Robottom 

Ralph S t o h l  

d e t a i l s  of o u r  work. 

Enc 1 ., 
I O 8  I 5 8 0  



o b s c u r e  t k e  peak t o  3 l a t e a u  dose r a t i o  o f  p l o z s  BS well zs o*'- b i r e ~  d o s i x z t r i c  

aeasu remen t s  of t h e  bean. The r s d i o 3 i o ; o g i c a i  s t u d i e s  on besn roots and 

n i c e  are a l s o  a f f e c t e d  by t h i s  background. It  is proposed t o  add an e i e c t r o -  

s t a t i c  s e p a r a t o r  i n  t h e  bean  h a n d l i n g  sys t em t o g e t h e r  with a f u r t h e r  f o c u s i n 2  

n a g n e t  t o  produce  a much p u r e r  beam wnich w i l l  t h e n  be used t o  r e s t u d y  t h e  

d o s i n e t r y .  

It  is e x p c t e d  t h a t  t h e  e1ectror.s will 5e 2as.y t o  s e p r a t e ,  but t h e  

muons w i l l  be more d i f f i c u ' ; t  s i n c e  t h e i r  =ass is 60 c l o s e  to t h e  pion mass. 

3 e s i d e s  chis  work, ixiproverents  w i i l  b e  naie in tha  s e a i c o n d u c t o r  

d e t e c t o r  e l e c c r o n i c s  t o  e a a b l e  us t o  measure  no: o ~ l y  the  spec t rum of t h e  

pulsas but a l s o  t h e  i n c e g r a i  of :;:e l o s e  ?ulses.  

F o r  t h e  s t u d y  of t h e  e r ' f sccs  of  pions on asc i tes  itur.ar c e l l s  (Lyrrq'noma) 

i n  mice a new sys:en io: :;la i-- ,AGcla:ion 02  :he nice will La 3 u i l t  which w i l l  

i r r a d i a t i o n  . t r o u L l i !  W B S  encouaczred i n  both of t h e s e  a r r angenen t s .  

I O 8  1 5 8 1  
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GRADUATE RESEARCH CENTER 
O f  T U L  S O U t U W L S T  

POST orr lcc  .ox 847.  

OA.LAS 5 .  T E X A S  

CABLL.: GRADRESCEX 

November 7,  1963 

D r .  Nathaniel F. Barr ,  C h i e f  
Radiological Physics and 

Instrumentation Branch 
Division of Biology and  Medicine 
U. S. Atomic Energy Commission 
Washington 2 5 ,  D. C. 

Dear D r .  Barr: 

I have learned  with pleasure of your i n t e r e s t  i n  D r .  Chaim 
Z i c h a n ' s  cur ren t  radiobiology research using a pi-meson beam 
for  dosimetry s t u d i e s .  
has draf ted  ou t l in ing  the  nature  of t h e  problem, h i s  cur ren t  
experimental program, and the course of h i s  fu ture  research,  

Enclosed is a pro,Posal which  D r .  Ricknan 

As D r .  Richman has probably t o l d  you, h i s  sunmer r e s u l t s  were 
extrernely encouraging; and he is moving toward the  use of a 
more e f f e c t i v e  ion iza t ion  chamber f o r  h i s  subsequent work. 

A t  t h i s  s tage ,  research cos t s  a r e  r e l a t i v e l y  modest: and we 
do n o t  a n t i c i p a t e  requirements for  a major s t a f f  for  sone time 
co come. The American Cancer Society has  given us  a s t a r t i n g  
grant ,  which, toge ther  w i t h  the  co-operation of D r .  
the  Donner Laboratory and the use of AEC f a c i l i t i e s ,  has made 
gassijle the  progress which has been ma8e. 

Lawrence a t  

We have requested support  for  t h i s  program from the National 
i n s t i t u t e s  of Health, b u t  the success of t h i s  proposal 1;s/ 
uncertain.  We would a l s o  hope t o  maintain a t  a modest kevel 
our Aiierican Cancer Socie ty  support ,  
I n s t i t u t e s  of Health e l e c t s  t o  f u n d  t h i s  work, we would withdraw 
t h i s  Sroposal,  though i n  view of the  Commission's i n t e r e s t  i n  
t h i s  f i e l d ,  w e  would provide you with cu r ren t  information a s  
work progresses.  

I n  t he  event the  National 

For my part, I consider  D r ,  Richman's program one of the most 
in t r igu ing  and p o t e n t i a l l y  valuable of a l l  which a r e  now being 
pursued a t  t he  Center,  and indeed we have supported it on our 
OWA UASpoASOred research  funds for approximately two years.  
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D r .  Sarhaniel  F. Barr 
Sovsm3er 7 ,  1963 
Pa5e 2 

I may say t ha t  Dr. Richzan's s t a c l l n g  and t h e  i n t r i z s i c  z e r i t  
of this r e s e a r c h  commands my personal s u p p o r t  as a scientist, 
and I am hopeful that the Coznission w i l l  be able t o  a s s i s t  
him. 

M M  L. P r e s i d e n t  V. Berkner 



PROPOSAL 

TO 

U. S.  ATOMIC ENERGY C-ISSION 

FROM 

SOUTHWEST CENTER FOR ADVANCED STUDIES 

CF THE 

GRADUATE RESEARCH CENTER OF THE SOUTHWEST 

Invest igat ion of t h e  
Dosimetry of Negative and Pos i t ive  Pions 
and.  t h e i r  F e a s i b i l i t y  for Cancer Therapy 

* 

D r .  Chaim Richman 
Pr inc ipa l  Invest igator  

* * * * 

I. 

SUMMARY ' 

The purpose of t h i s  work i s  t o  explore from the  dos i ze t r i c  

s tandpoint  the  nature of beams of negative and pos i t i ve  pions. 

These t w o  rad ia t ions  o f f e r  unusual possibilities for the t r e a t -  

ment of rad io- res i s tan t  tumors and cancer therapy i n  general ,  

The d i s t r i b u t i o n  of dosage looks promising, as well a s  the 

possibi l i ty  for overcoming the  "oxygen e f f e c t ,  'I which w e  have 

good reason t o  be l ieve  is responsible for t h e  f a c t  that ordinary 

X r a d i a t i o n  and gamma radiation a r e  n o t  effective for ce r t a in  

kinds of neoplasms. 
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IMPORTANCE 

A t  present ,  beams of 

problems i n  pure physics. 

OF PROPOSE3 R2SEA2CH 

pions a r e  used t o  study varioas  

The riost useful  beams a r e  prodccec! 

by synchrocyclotrons a s ,  for example, t h e  one a t  the  Lawrence 

Radiation Laboratory a t  Berkeley. 

of energy between 500 and 1000 MeV, which then impinge upon a 

t a r g e t  t o  produce the  beams. 

Such machines y i e l d  protons 

We can describe w i t h  some precision t h e  behavior of a 

nagative pion as  it t raverses  matter such a s  t i s sue :  t h e  

pion loses energy throughout i t s  _path l ike  any charged p a r t i c l e ;  

t h a t  i s ,  it in t e rac t s  with the  e lec t rons  i n  the a t o m ,  proedcing 

ion iza t ion  an3 t h i s  ionizat ion is given by the  fami l ia r  Bragg 

curve ca lcu la ted  fo r  pions. 

phenomenon is observed: 

nucleus such a s  carbon, oxygen, o r  ni t rogen,  and causes this 

nucleus t o  explode i n t o  %-par t ic les ,  neutrons and protons. 

Most of t h e  energy used to c r e a t e  the  p a r t i c l e  is now returned 

t o  us i n  k i n e t i c  energy of these fragments. About 30 Mev is 

given off i n  the o(-particles,  and protons,  which are therefore  

of s h o r t  range. A unique consequence is t h a t  t he  c u b i c  centimeter 

of t i s s u e  where the  pion stops receives an energy t r a n s f e r  many 

t i m e s  what a cc of tissue receives  by t h e  t r ave r sa l  of t h e  pion. 

This is the  f i r s t  of the phenomena by which one is led t o  think 

of t h e  negative pion as a candidate for a therapeut ic  particle.  

A t  the  end of i t s  range,a new 

the  negative pion is  captured by a 

l08158b . 
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The pos i t i ve  pion has n o t  here tofore  3een corsi6sze6 I?. 

acy way a s  having therapeut ic  p o s s i b i l i t i e s .  Our  ex?e r imnt s ,  

however, have shown t h a t  t h e r e  is a l a r g e  dosage ava i lab le  a t  

the end of a pos i t ive  pion. The p s i t i v e  pion decays in to  a 

sho r t  range muon of 4 MeV. This muon i n  t u r n  beta  decays i n t o  

a posi t ron and two neutr inos.  The i n t e r e s t i n g  f ea tu re  i n  t h i s  

case is t h a t  these positrons a r e  h ighly  energet ic ;  and t h e i r  ? 
range i s  such t h a t  they may be use fu l  f o r  l a rge  resions of 0 

involvement a s  occur,  for  exanple,  i n  ovarian carcinoma. 

The rad io logica l  t r e a t n e n t  of cancer i s  a t  present  g r e a t l y  

l imi ted  by the  ava i lab le  t o o l s ,  and the  purpose of t h i s  work is.  

t o  a s c e r t a i n  what these new r a d i a t i o n s  can o f f e r  f o r  t he  

treatment of many malignant d i seases .  

\ 

The cross sections for the  production of pions,  t h e i r  

angular d i s t r i b u t i o n ,  and the  energy spec t ra  a t  t he  d i f f e r e n t  

angles a r e  w e l l  known. The behaviour of pions i n  matter is 

w e l l  understood: furthermore, t h e  energy spectra  of t h e  o(-_particles 

and t h e  neutrons r e su l t i ng  from t h e  capture  have been measured 

i n  a number of mater ia ls .  There a re  e f f e c t i v e  methods ava i l ab le  

f o r  making beams of pions; and it is  known what combination of  

mu-mesons, e lec t rons ,  pos i t rons ,  and neutrons can be expected. 

Thus, t h e  d i f f e r e n t i a l  physical  background is  w e l l  es tabl ished.  I 
The s h o r t  range p a r t i c l e s  t h a t  are produced i n  t i s s u e  i n  

the capture  of t he  negative pion ion ize  heavi ly  per u n i t  dis tance;  

i .e . ,  with a high LET. Such high LET'S have an unusual imprtance 
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for  cancer therapy. T h i s  coir,es about i n  t h e  followir,g way: 

For many y e a r s , i t  has been known that large ~ G Z G Z S  o u t q r ~ w  

t h e i r  supply of oxygen; f u r t h e r ,  it has a l s o  been known for 

many decades t h a t  a low oxygen supply makes tumor ce l l s  

unresponsive t o  X rays and gamma rays.  In recent  yea r s ,  i t  

has become c l e a r  t h a t  high LET r ad ia t ion  overcomes t h i s  so-cal led.  
7 

oxygen effecL However, w e  have not  had ava i l ab le  a wholly 

s a t i s f a c t o r y  form of such high LET rad ia t ion .  

pion offers t h i s  p o s s i b i l i t y  i n  a highly u s e f u l  form since t h e  

LET i n  t h e  healthy t i s sue  rema ins  low. This s e l e c t i v e  r ad ia t ion  

The negative 

with i t s  high-LET terminal dose is t h e  most iin,oortant aspect  

. of t h e  work discussed here.  

The penetrating q u a l i t y  of pions is most impressive; a 

50 Mev pion w i l l  t r averse  10 c m  of t i s sue  before  s topping,  

while a 100 Mev pion w i l l  t r a v e l  30 c m  i n  t i s s u e  before  coziing 

t o  res t .  Such eneiget ic  pions a r e  e a s i l y  produced with several  

of t h e  high-energy synchrocyclotrons now i n  operat ion.  

particle can penetrate any port ion of t h e  body without giving an 

undue dosage t o  the heal thy t i s s u e .  In  therapy, the  pion energy 

would be chosen so t h a t  t he  pions w i l l  s t o p  a t  the s i t e  of the  

tumor. The ionizat ion i n  t h e  heal thy t i s s u e  remains low because 

Such a 

t h e  pion is l i g h t  and i n t e r a c t s  weakly with the  e lec t rons  i n  

t i s s u e ,  compared t o  a heavy par t ic le  with t h e  same energy. 
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RESULTS Or' PRIG3 WO3X 

Under a modest i n i t i a l  grant  from t5e American Cancer 

Society,  AEC f a c i l i t i e s  made ava i lab le  a t  the Donner Laboratory, 

University of Cal i forn ia ,  and s u p + r t  from the Center ' s  own 

funds,  D r .  Richman and h i s  co-workers devoted the summer of 

1963 t o  an intensive experimental program using the  184-inch 

synchrocyclotron. 

Enclosure A e n t i t l e d  "On the Dosimetry of Xegative and Pos i t ive  

Pions." This paper also references other  work which bears  u w n  

t h i s  problem. 

The r e s u l t s  of t h i s  program appear i n  

IV. 

SCOPE OF PROPOSED PROGXAM 

Expr imenta l  r e s u l t s  conf i rn  t h a t  ava i la3 le  pion Seam a r e  

aaequate for  dosimetric measurezents; indeed, t he re  is a need 

for such s tudies  wholly apart from the therapeut ic  a s p c t s  of 

t h i s  radiat ion.  

Somewhat unexpectedly, it was observed t h a t  the  pos i t rons  

from pos i t ive  pions produce a la rge  terminal dose which meri ts  

study fo r  other  appl icat ions desp i te  the low LET compared t o  

the  corresponding negative pion dose. 

charnbers were not adequate, during t h e  summer program, t o  

measure the dosage produced by the  s t a r s  r e su l t i ng  from negative 

pion capture. 

high-pressure ionizat ion chamber now under cons t ruc t ion  a t  Berkeley, 

o r  s o l i d  s t a t e  de tec tors  t o  increase the  stopping power of the  

detectors .  

Available ion iza t ion  

The Invest igator  proposes, therefore ,  t o  use a 
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From the technological s tandpoint ,  it is plannec! t o  

inves t iga te  a l t e rna t ive  nagnet lc  s y s t e m  fo r  pro2ccing bea;r,s 

of varying size and q u a l i t y .  

begun with the co-operation of sembers of Donner Laboratory by 

i r r a d i a t i n g  tumors i n  mice i f  t h e  dosage is s u f f i c i e n t .  

Radiobiological s tudies  w i l l  be 

V. 

METHOD OF PROCEDURE 

Enclosure A referenced e a r l i e r  a l so  describes the  ex?eri- 

mental techniques which have been used t h u s  fa r .  Subs tan t i a l ly  

s imi l a r  techniques w i l l  be pursued i n  the program here  proposed. 

V I .  

SUPPORT AVAILABLE FROX OTHER SOURCES 

The Principal  Invest igator  has a small grant  from the 

American Cancer Society for prel iminary s tudies  i n  t h i s  f i e l d ,  

and t h e r e  is some prospect t h a t  modest funds for  a second y e a r ' s  

work may be avai lable .  

The Center has supported t h i s  work from i t s  own fun& and 

w i l l  continue t o  underwrite the  Invest igators  expenses 'co a 

reasonable l i m i t ,  including one-half of h i s  sa la ry  and a2proxi- 

mately four 'thousand do l l a r s  i n  general  purpose equipment. 

A proposal was submitted on January 11, 1963, t o  the  

National I n s t i t u t e s  of Health f o r  support of t h i s  program. We 

have been unable t o  ascer ta in  t h e  prospects for approval o r  

whether t h i s  proposal, i f  approved, w i l l  be funded. I n  the 

event t h e  NIH should a c t  favorably,  w e  would expect t o  withdraw 

t h i s  proposal t o  the A X .  .- 



- 7 -  

V I .  

B'UPGET 

F i r s t  Year 

A. Direc t  Costs 
1. S a l a r i e s  &Wages 

a. Pr inc ipa l  Inves t iga tor ,  
C. Richman (100%) $8,250" 

b. Co-Principal Invest igator  
M. Weissbluth ( 20%). 4,800 

c.  Senior Physicis t  ( 20%) 4,000 
d. Research Associati! 

(Postdoctoral)  ( 50%) - o - 
e. Mathema t i c  ian-- 

Programmer (100%) 8 ,000  
f. Graduate Students--2 

(summer) 2,400 

Total  Sa la r i e s  & Wages $27,450 

2. Ehployee Benefite--15% of 1 4,110 3. Travel (Serkeley & Dallas 

4. Report and Page Costs 300 5 .  Occupancy, U t i l i t i e s ,  and 

6. Shop Costs ( ins t rcnent  rework, 
f ab r i ca t ion ,  etc.) 500 7. Consumable Supplies ( e i ec t ron ic  
spares ,  tubes , wire,  
connectors,  small t oo l s ,  
m i s c .  l a b  mater ia ls)  450 8 .  Major Equi*ment** 

' S c i n t i l l a t i o n  counters ,  
photomult ipl iers  , 
amplifyers , sca l e r s  , 
e 1 ec t r  ome t e r s  

Total  Direct Costs 

@ $200 round t r i p ,  
10 t r i p s )  2 , 000 

Maintenance 2 , 000 

8 , 000 

B. I n d i r e c t  Costs--30% of A. 

$44,810 

13,440 
~ 

Total  F i r s t  Year Budget $58 , 250 

*One h a l f  of Dr .  Richman's s a l a r y  w i l l  be met by the Center 

**In addi t ion  t o  cos ts  estimated, t h e  Center w i l l  contr ibute-  
approximately $4,000 for  such equipnent as meters, 

1 0 8 1 5 9 1  
. - . . . . - 
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oecillosco.pes, test ing equipsnt ,  and c e r t a i r :  costs  of 
fabrication. 
qenerously made available other equipment, pezso~lr;el, an6 
s srv ices ;  and, on t h e  assumption t h a t  cyciokron t ine w i l l  
be made available ,  we have not inclu2ed such costs  for future 
work. 

The Donner Laboratory a t  Berkeley has 

Second Year 

W e  do not."believe that w e  have a sound basis  for es t i za t ing  

second-year costs  since these will depend in large measure on 

the resul ts  of  our first-year e f for t  and the co-operative role  

which the  Donner Laboratory may wish to take. 

IO8 I592 


