
March 13 ,  1972 

John 0. Archambeau, M.D. 
f D i r e c t o r ,  R a d i a t i o n  Therapy  
. Nassau  County Medica l  C e n t e r  
- 2201 Hempstead Turnp ike  

-‘ E a s t  Meadow, New York 11554 

- - Dear  D r .  Archambeau: 

Thank you f o r  your  l e t t e r  of  Februa ry  8 t h  r e g a r d i n g  t h e  u s e  of  
~. -. i h igh-ene rgy  p r o t o n s  i n  c a n c e r  t h e r a p y .  W e  c a n n o t  a g r e e  w i t h  you more 
. ._ I _  t ha t  t h e s e  beams shou ld  be f u l l y  e x p l o r e d .  I n  f a c t ,  t h e r e  h a s  been  a 

c o n t i n u i n g  e f f o r t  by u s  and by o t h e r s  t o  s t u d y  v a r i o u s  a s p e c t s  of  
t h e i r  t h e r a p e u t i c  p o t e n t i a l  f o r  many y e a r s .  P e r h a p s  a d i s c u s s i o n  of 
heavy p a r t i c l e s  i n  q e n e r a l  might  h e l p  t o  c l a r i f y  some o f  y o u r  q u e s t i o n s .  
A r e v i e w  of  t h e  s t a t u s  a t  p r e s e n t  and t h e  problems t o  be s o l v e d  i n  t h e  
f u t u r e  is p r e s e n t e d  w i t h  r e a a r d  t o  t h e  f o l l o w i n g  a s p e c t s :  

1. PHYSICAL CHARACTERISTICS 

l i g i b l e  s c a t t e r i n g  g i v e  r ise t o  an i d e a l  s p a t i a l  d o s e  d i s t r i b u t i o n  i n  
r a d i o t h e r a p y .  The p o s s i b i l i t y  t o  i r r a d i a t e  a tumor w i t h  t h e  hiTh-LET 
peak  component and t h e  i n t e r v e n i n g  normal t i s sues  w i t h  t h e  lower-LET 
p l a t e a u  component i s  a n o t h e r  a t t r a c t i v e  f e a t u r e .  F u r t h e r m a r e ,  i n  con- 
t r a s t  t o  f a s t  n e u t r o n s ,  a c h a r g e d , h e a v y - p a r t i c l e  beam c a n  be r e a d i l y  
f o c u s e d  o r  de focused  and c o l l i m a t e d  t o  any d e s i r e d  s i z e  and  shape .  
The e a s e  i n  s h i e l d i n g  and t h e  a b s e n c e  of t r i t i u m  h a z a r d  a l s o  make it 
s u p e r i o r  from t h e  s t a n d p o i n t  of r a d i a t i o n  p r o t e c t i o n .  I n  a d d i t i o n ,  
t h e  d o s i m e t r y  i s  n o t  c o m p l i c a t e d  by gamma c o n t a m i n a t i o n  n o r  l i m i t e d  
by  enhanced e n e r g y  d e p o s i t i o n  i n  f a t t y  t i s sues .  

The re  a r e  more t h a n  h a l f  a dozen c y c l o t r o n s  i n  t h i s  c o u n t r y  and 
a b o u t  an e q u a l  number  ab road  t h a t  a r e  c a p a b l e  of  p r o d u c i n o  p r o t o n s  or 
a l p h a  p a r t i c l e s  w i t h  s u f f i c i e n t  e n e r g y  and p e n e t r a t i o n  f o r  m e d i c a l  
u se .  A s  f a r  a s  beam d i a m e t e r  and i l s z  r a t e  a r e  c o n c e r n e d ,  most have  
an o u t p u t  more t h a n  adequa te  f o r  t h e r a p e u t i c  p u r p o s e s .  The f i x e d  h o r -  
i z o n t a l  beam i s  a minor d i s a d v a n t a q e ,  b u t  s h o u l d  n o t  be a major  d e t e r -  
r m e n t  i n  l i m i t i n g  i t s  u s e f u l n e s s  i n  mcst s i t u a t i o n s .  P l a t e a u  d o s i m e t r y  
h a s  been  f a i r l y  w e l l  s t a n d a r d i z e d .  However, t h e  t e c h n i q u e  o f  Bragg 
peak  t h e r a p y  is much more c o m p l i c a t e d .  To e n s u r e  a c c u r a t e  p l a c e m e n t  
of t h e  peak i n  a deep- sea t ed  tumor ,  it i s  n e c e s s a r y  t o  know t h e  e x a c t  
t h r e e - d i m e n s i o n q l  b o u n d a r i e s  of  t h e  t a r g e t  volume, and a l s o  t h e  tlick- 
n e s s e s  of d i f f e r e n t  i n t e r v e n i n g  t issues  o r  any  a i r  gap  a t  e a c h  t r e a t -  
ment p o s i t i o n .  Having done  t h a t  an a p p r o p r i a t e  c o r r e c t i o n  f a c t o r  h a s  
t o  b e . a p p l i e d  f o r  t h e  d i f f e r e n t i a l  s t o p p i n g  power of  e a c h  l a y e r  of  t i s -  
s u e  and t h e  a b s o r b e r  t h i c k n e s s  a d j u s t e d  a c c o r d i n g l y  b e f o r e  t h e  beam 

The unique  Bragg peak i o n i z a t i o n  c u r v e  of heavy  i o n s  and t h e  neq- 
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. - e n t e r s  t h e  p a t i e n t .  The h a l f - w i d t h  of an unmodif ied  Bragg peak  i s  
- -- o n l y  a- fe i i  m i l l ime te r s .  I n  o r d e r  t o  c o v e r  a t u m c r  of modera t e  s i z e  

~ . - t h e  pqak h a s  t o  be s p r e a d  c u t  by  u s i n q  wedge filters which  d e c e l e r a t e  
- . t h e  p a r t i c l e s  t o  v a r y i n u  d e g r e e s .  N a t u r a l l y ,  t h i s  i s  done  a t  t h e  ex-  

p e n s e  of lower inq  t h e  peak t z  p l a t e a u  r a t i o  a s  w e l l  a s  t h e  a v e r a c e  
LET. Our c u r r e n t  work i n c l u d e s  t h e  c o n s t r u c t i o n  o f  a r a t h e r  scphis- 
t i c a t e d  t r e a t m e n t  p o s i t i o n e r  f o r  b e t t e r  p r e c i s i o n :  e f f o r t  t o  r e f i n e  
t h e  t e c h n i q u e  of t r a n s v e r s e  tomocraphy o r  u l t r a s c n i c s  f c x  a n a t o n i c a l  

powers: and i n s t a l l a t i o n  o f  a c c m p u t e r i z e d  d o s i m a t e r  w i t h  a p u l s e  
modu la to r  t o  e n s u r e  homoqeneous d o s e  d e l i v e r y :  and t h e  i n c o r p c r a t i c n  
of an a u t o m a t i c  a d j u s t e r  o f  a b s o r b e r  t h i c k n e s s  f o r  r o t a t i o n a l  peak  

r t h e r a p y .  For more e f f i c i e n t  u s e  of t h e  beam time, a s i m u l a t o r  w i l l  
be a . . 'ua luable  a d j u n c t  i n  t h e  f u t u r e .  

I .. s t u d i e s :  t e s t i n g  of a penc i l -beam p r o t o n  s c a n n e r  t o  qauge  s t o p p i n c  

- .  .- . 

-.In t h e  p a s t ,  i o n s  h e a v i e r  t h a n  h e l i u m  have  been  produced  by  heavy  
i o n  l i n e a r  a c c e l e r a t o r s .  V a l u a b l e  i n f o r m a t i o n  h a s  been  obta inec!  w i t h  

- r e s p e c t  t o  t h e i r  p h y s i c a l  p a r a m e t e r s  and i n  v i t r o  b i o l o g i c a l  e f f e c t s .  
,= V n f m X u n a t e l y ,  t h e  maximum e n e r q y  a t t a i n a b l e  i s  o n l y  a round  10-NeV 

p e r  n u c l e o n  which does  n o t  p e r m i t  auch  i n  v i v o  an ima l  s t u d y ,  n o t  t o  
ment ion  any  t h e r a p e u t i c  a p p l i c a t i o n s .  An e x c i t i n q  r e c e n t  d e v e l o p z e n t  
i s  t h e  s u c c e s s  i n  a c c e l e r a t i n g  hiqh-LET heavy  i o n s  s u c h  a s  n i t r c c e n  
and oxygen i n  t h e  BeV range  by m o d i f i c a t i o n  of t h e  B e v a t r o n .  
g e s t  h a n d i c a p  a t  p r e s e n t  i s  t h e  low p a r t i c l e  f l u x .  The b e a n  i n t e n -  
s i t y  o n l y  amounts t o  a few r a d s  p e r  minu te  o v e r  a one  s q u a r e  c e n t i n e t e r  
a r e a .  However, t h e  p h y s i c i s t s  a r e  v e r y  o p t i m i s t i c  t h a t  t h i s  p r o b l e n  
c a n  be overcome i n  t h e  n e a r  f u t u r e .  

The b i g -  

2 .  RADIOBIOLOGY 

x r a y s  i n  terms of  b i o l o g i c a i  e f f e c t s .  
t o r y  on T ,  r e n a l  c a n c e r  c e l l s  exposed  i n  v i t r o  and on marrow a n 3  ? u t  
t i s s u e s  i n  v i v o  s u g g e s t  t h a t  a m o d i f i e d  5 c m .  wide  peak  i s  s i c n i f i -  
c a n t l y  more e f f e c t i v e  i n  c e l l  k i l l i n q ,  i s  a s s o c i a t e d  w i t h  a r e d u c e d  
oxygen e f f e c t ,  and  c a u s e s  more i r r e p a r a b l e  damage compared t o  t h e  
p l a t e a u .  Whether a s m a l l  component of hiqh-LST r a d i a t i c n  m i c h t  be 
r e s p o n s i b l e  f o r  t h e  obse rved  d i f f e r e n c e s  a w a i t s  f u r t h e r  c o n f i r m t i o n  
w i t h  i n  v i v o  tumor sys t ems  and o t h e r  normal  t i s s u e s .  The q r e a t e r  RBZ 
and s m a l l e r  OER and r e c o v e r y  f a c t o r  n o t e d  a r e  n o t  a s  marked a s  t h c s e  
o f  f a s t  n e u t r o n s .  The d i f f e r e n t i a l  r e s p o n s e  between t h e  t e s t e d  tumor 
and normal  t i s s u e s  is a l s o  l e s s  a p p a r e n t .  Al thouqh i t  i s  d o u b t f u l  
t h a t  t h e  t h e r a p e u t i c  a a i n  would compare f a v o r a b l y  w i t h  t h a t  of  f a s t  
n e u t r o n s  or n e g a t i v e  r e m e s o n s ,  w e  f e e l  t h a t  f u r t h e r  e x p l o r a t i o n  i s  
j u s t i f i e d  i n  view of  t h e  d o s i m e t r i c  a d v a n t a g e s .  The Uppsa la  c r o u p ,  
u s i n ?  s i n g l e  d o s e s  o f  p r o t o n s ,  h a v e  found t h a t  t h e  damaae t o  many 
normal  t i s s u e s  i s  comparable  t o  t h a t  a f t e r  x - r ay  e x p o s u r e .  F u r t h e r  
t e s t i n g  w i t h  f r a c t i o n a t e d  d o s e s  is a l r e a d y  u n d e s a y .  The R u s s i a n s  
h a v e  a l s o  e d a r k e d  on a series of  p r e t h e r a p e u t i c  and  t h e r a p e u t i c  i n -  
v e s t i g a t i o n s  on t h e i r  c y c l o t r o n  beams. O f  c o u r s e ,  w e  s h a l l  c o n t i n u e  
t o  e x t e n d  o u r  e h p e r i m e n t a l  program a l o n g  s i m i l a r  l i n e s .  

Based on known r a d i o b i o l o g i c a l  knowledge,  w e  would p r e d i c t  t h a t  
h i g h e r  LET r a d i a t i o n s  s u c h  a s  t h e  Bevat ron-produced  h e a v y  i o n s  a p p e a r  
t h e  most  p r o m i s i n c  i n  t h e  f u t u r e .  RBE v a l u e s  f o r  t h e  Bragg  peak s h = u l d  
be n e a r  maximum, b u t  it rema ins  t o  be a s c e r t a i n e d  w h e t h e r  t h e r e  w i l l  
be a r e l a t i v e  g a i n  w i t h  r e s p e c t  t o  t h e  e f f e c t i v e n e s s  of  peak  v s  p l a t e a u  
and  t o  t h e  r e s p o n s e  of tumor vs normal  t i s s u e s .  

The p l a t e a u  p o r t i o n  of Droton o r  a l p h a  beam :a comparab le  t o  
Recen t  s t u d i e s  i n  o u r  l a 5 o r a -  

A g r e a t e r  s a f e t y  
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margin be tween t h e  t u m o r o c i d a l  d o s e  and normal t i s s u e  t o l e r a n c e  would 
be p a r t i c u l a r l y  advantageous  i n  s i t u a t i o n s  where t h e r e  a r e  c r i t i c a l  
v i t a l  s t ructures  w i t h i n  t h e  t r e a t n e n t  volume. The mean LET of these 
i o n s  .i$ e x p e c t e d  t o  be h i c h  enough t o  o b l i t e r a t e  t h e  oxygen e f f e c t  
a l m o s t ~ c o m p l e t e l y  which w i l l  f , u r t h e r  enhance t h e  t h e r a p e u t i c  c a i n  r a t i o  
if t h e r e  i s  a s i a n i f i c a n t  compor,ent of  h y p c x i c  c e l l s  i n s i d e  a tumor.  
I f  c e l l u l a r  r e p a i r  i s  e s s e n t i a l l y  a b s e n t ,  a s  p r e d i c t e d ,  t h e n  t h e  f r a c -  
t i o n a t i o n  s c h e d u l e  would have  t o  be a d j u s t e d  a c c o r d i n c l y .  Presumably ,  
t h e r e  s h o u l d  be v e r y  ? i t t l e  c e l l - a q e  dependent  v a r i a t i o n  of r a d i o s e n -  
s i t i v l t y .  T h i s  would be b e n e f i c i a l  u n t i l  t e c h n i q u e s  of i n  v i v o  Cyto- 
k i n e t i c  a n a l y s i s  become m a i l a b l e  when it might  be f e a s i b l e  t o  syn- 
c h r o n i s e  t h e  a d m i n i s t r a t i o n  of i n c r e m e n t s  of lower-LET r a d i a t i o n  w i t h  
t h e  m o s t  s e n s i t i v e  p h a s e  of  t h e  t u m o r  c e l l  c y c l e  and t h e  most resis- 
t a n t  p h a s e  o f  t h e  normal  c e l l  c y c l e  w i t h  high-LET r a d i a t i o n .  The 
same p r o b a b l y  h o l d s  t r u e  w i t h  r e o a r d  t o  c h e n i c a l  r a d i o - m o d i f i e r s .  
P r e l i m i n a r y  work h a s  a l r e a d y  becun,  b u t  a l l  t h e  above p a r a m e t e r s  w i l l  
be e v a l u a t e d  s y s t e m a t i c a l l y  b e f o r e  f i n a l  t h e r a p e u t i c  t r i a l  w i l l  be 
i n s t i t u t e d .  

, -  . -  . .  
3 .? "~I;INICAL EXPERIENCE 

The Harvard  c y c l o t r o n  h a s  been  used m o s t l y  for p i t u i t a r y  i r r a d -  
i a t i o n .  They h a v e  employed Bragg-peak t h e r a p y  e x c l u s i v e l y  w i t h  
s i n g l e - d o s e  m u l t i p o r t a l  t e c h n i q u e  and o b t a i n e d  h i y h  success r a t e s  i n  
some p i t u i t a r y  d i s o r d e r s .  However, t h e  low i n c i d e n c e  of  c o m p l i c a t i o n s  
t h e y  h a v e  r p o r t e d  h a s  been  c h a l l e n g e d  by o t h e r s .  

A t  U p p s a l l a ,  p r o t o n  t h e r a p y  h a s  been a p p l i e d  t o  s m a l l  c r o u p s  of 
P e l v i c  and n a s o p h a r y s e a l  c a n c e r s .  U n f o r h n a t e l y ,  some of  t h e s e  
p a t i e n t s  a l s o  r e c e i v e d  p r i o r  x-ray t h e r a p y  and no d e f i n i t e  c o n c l u s i z n  
can  be drawn.  R e c e n t l y ,  t h e y  have  e x t e n d e d  t h i s  wcrk t o  a l a r c e z  
s c a l e  c l i n i c a l  t r i a l s  on v a r i o u s  c a n c e r s .  N a t u r a l l y ,  one  a w a i t s  
a n x i o u s l y  f o r  t h e i r  f i n d i n g s .  

c y c l o t r o n  t h e r a p y  f o r  s e v e r a l  t y p e s  of  n a l i g n a n c i e s ,  f i r s t  a t  Dubr.a, 
l a t e r  a t  Moscow, and more r e c e n t l y  a t  G o t c h i n a .  They seem v e r y  op- 
t imis t ic  a b o u t  t h e i r  p r o g r e s s .  

We u n d e r s t a n d  t h a t  t h e  NASA C y c l o t r o n  i n  V i r g i n i a  w i l l  a l s o  be 

The R u s s i a n s ,  w i t h i n  t h e  l a s t  two y e a r s ,  have  a l s o  i n i t i a t e d  

i n  o p e r a t i o n  for medica l  u s e  soon ,  and w e  a r e  l o o k i n q  f o r w a r d  t o  seo- 
i n g  y o u r  g r o u p  s t a r t  a c l i n i c a l  proqram i n  t h e  n e a r  f u t u r e .  

A t  B e r k e l e y ,  t h e  o v e r a l l  t r e a t m e n t  resu l t s  of p i t u i t a r y  i r r a d i a -  
The number of p a t i e n t s  t r e a t e d  h a s  a l m o s t  t i o n  h a v e  b e e n  r e m a r k a b l e .  

d o u b l e d  i n  t h e  l a s t  f e w  y e a r s .  
w i t h  t h e  p l a t e a u  p o r t i o n  of t h e  h e l i u m  i o n  beam from t h e  184-inch 
s y n c h r o c y c l o t r o n .  
g i v e n  o v e r  an  e l e v e n - d a y  p e r i o d .  The e n t r a n c e  and e x i t  d o s e s  a r e  
p r a c t i c a l l y  i d d n t i c a l  so t h a t  b i p l a n a r  r o t a t i o n a l  t e c h n i q u e  is neces-  
s a r y  for better d o s e  geometry .  W e  a r e  e x p e r i m e n t i n c  w i t h  a d d i t i o n a l  
s a c j g i t t a l  f i e l d s  t o  minimize t h e  l a t e r a l  dose c o n t r i b u t i o n  t o  s t r u c -  
t u r e s  s u c h  a s  t h e  c r a n i a l  n e r v e s  and  t e m p o r a l  l o b e s .  D a t a  a r e  b e i n g  
c o l l e c t e d  t o  o p t i m i z e  t h e  t o t a l  d o s e  and f r a c t i o n a t i o n  s c h e d u l e  f o r  
e a c h  p i t u i t a r y  d i s o r d e r .  
among t h e  more r e c e n t l y  t r e a t e d  p a t i e n t s ,  s i n c e  w e  h a v e  improved o u r  
r a d i o d i a g n o s t i c  t e c h n i q u e s ,  and a d o p t e d  a more c o n s e r v a t i v e  t o l e r a n c e  
l i m i t  f o r  normal  b r a i n  t i s s u e s .  I n i t i a l  t r i a l  o f  Bragg peak t h e r a p y  

Most of  t h e s e  p a t i e n t s  were t r e a t e d  

Therapy  u s u a l l y  c o n s i s t s  of  s i x  e q u a l  i n c r e m e n t s  

S i d e d f e c t s  have  b e e n  m i n i m a 1 , e s p e c i a l l y  
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i n  1 9 6 3  and on s e v e r a l  a c r o m e g a l i c  p a t i e n t s  w i t h  l a r a e  h y p o p h y s e a l  
tumors  h a s  demonst ra ted  more s a t i s f a c t o r y  tumor s u p p r e s s i o n .  U n f o r -  
t u n a t e l y ,  t h e  dartage t o  n e u r a l  t i s s u e s  may b e  a l s o  more s e v e r e .  S i n c e  
a c p r a - t e  b e a a  p e n e t r a t i o n  i s  so c r i t i c a l ,  f u r t h e r  r e f i n e m e n t  i s  i n  

gYesS t o t - a v o i d  any  under  o r  o v e r - s h o o t  of t h e  Braqg peak.  
. , - -  ,. - - .  

As- a pre<$minary s t u d y  b e f o r e  a d e f i n i t i v e  c l i n i c a l  t r i a l  o f  
c a n c e r  t h e r a p y ,  w e  have t r e a t e d  s e v e r a l  p a t i e n t s  w i t h  b r a i n  tumors  
and s e v e r a l  - k i t h  pulmonary m e t a s t a s e s .  Postmortem a n a l y s i s  of t h e  
b r a i n  tumor : :pa t ien ts  hho were i r r a d i a t e d  s e v e r a l  y e a r s  aqo  h a s  u n i -  
f o r m l y  Show? c o m p l e t e  a b s e n c e  of  r e s i d u a l  n e o p l a s t i c  c e l l s  i n s i d e  t h e  
t r e a t e d  volxme which r e c e i v e d  over 5,030 r z d s  i n  e l e v e n  d a y s .  Hex- 

I mer, i n  e a r h  c a s e  tumor r e c u r r e n c e  was n o t e d  e l s e w h e r e .  Hemispher ic  
i r r a d i a t i o n  € o r  a l i o b a s t o m a  m u l t i f o r m e  i s  b e i n g  c o n t e m p l a t e d .  Pul- 
monary m e t F s t a s e  s e r v e  a s  an exce l len t  model fo r  comparing d i f f e r e n t  
:$wes of + < i a t i o n .  
X s i n q  i t  i n ; a  p i l o t  s t u d y  w i t h  f a s t  n e u t r o n  t h e r a p y .  
3 a s e s  a r e  t ? o  few f o r  s t a t i s t i c a l  a n a l y s i s .  The p r e l i m i n a r y  impres-  
Zsion i s  t h a t  Bragg-peak a l p h a - p a r t i c l e s  a r e  more e f f e c t i v e  t h a n  e q u i v -  
?+lent  c o ? ~ a l t - 6 0  camma r a y s  i n  c a u s i n g  turnor r e g r e s s i o n .  
smtients  ag-e b e i n g  f o l l o w e d  t o  check  whether  damage t o  t h e  l u n c s  and 

I n  f a c t ,  t h e  Dutch group a t  Ryswijk a r e  a l s o  
Our a c c u m u l a t e d  

T h e s e  .. 
other: .GsEvjes  i s  a l s o  more e x c e s s i v e .  

For f u t u r e  d e f i n i t e  c l i n i c a l  t r i a l s  w i t h  p r o t o n s ,  a l p h a  p a r t i c l e s ,  
h e a v i e r  i o n s ,  or V-mssons ,  w e  a r e  f a c e d  w i t h  t h e  same problems t h a t  
c o n f r o n t  r a d i o t h e r a p i s t s  i n v o l v e d  i n  f a s t  n e u t r o n  t h e r a p y .  These  
*;ere d i s c u s s e d  by Drs. Kaplan ,  Kl igerman,  and ? J i t h e r s  a t  s o n e  l e n c t h  
d u r i n c  a r e c e n t  symposium i n  H o l l a n d .  I n  e s s e n c e  t h e  f o l l o w i n ?  c r i -  
t e r i a  shoGl2 b e  f c l l o w e d  f o r  v a l i d  s t a t i s t i c a l  e v a l u a t i o n .  A l a r g e  
number of p a t i e n t s  is needed ,  e s p e c i a l l y  where t h e  e x p e c t e d  irnprove- 
ment i n  s a l v a g e  r a t e  i s  n o t  t o o  l a r g e .  F o r  e a c h  s t a c e  of e a c h  c a t e -  
g o r y  of c a n c e r s  t r e a t e d ,  t h e r e  s h o u l d  be a c o r r e s p o n d i n a  matchinq  
g r o u p  of  c o n t r o l  p a t i e n t s  w h o  a r e  t o  be t r e a t e d  w i t h  e q u i v a l e n t  t e c h -  
n i q u e .  The t y p e s  of m a l i g n a n c i e s  chosen  s h o u l d  have  a h i a h  enouqh 
f r e q u e n c y  so t h a t  a s u f f i c i e n t  nuntber of  c a s e s  can  be c o l l e c t e d  o v e r  
a r e l a t i v e l y  s h o r t  p e r i o d  of t i m e .  Here c l o s e  c o l l a b o r a t i o n  anon5 
c e n t e r s  would c e r t a i n l y  h e l p  t o  e x p e d i t e  t h e  s t u d y .  However, t h i s  
would n e c e s s i t a t e  m u t u a l q r e e m e n t  on some s t a n d a r d i z e d  d o s i m e t r y  and 
t r e a t m e n t  t e c h n i q u e s .  I n i t i a l  s e l e c t i o n  s h o u l d  b e  c o n f i n e d  t o  t h o s a  
c a n c e r s  which have a h i g h  i n c i d e n c e  of r a p i d  l o c a l  r e c u r r e n s e  a f t e r  
x- o r  y - i r r a d i a t i o n ,  presumably  d u e  t o  t h e  p r e s e n c e  of r e l a t i v e l y  
r a d i o r e s i s t a n t  h y p o x i c e l l s  i n s i d e  t h e  tumor o r  t o  c r i t i c a l  normal  
t i s sues  i n  t h e  v i c i n i t y  which l i m i t s  t h e  tumor d o s e .  D i s t a n t  m e t -  
a s t a s e s  should  n o t  b e  so f r e q u e n t  a s  t o  i n v a l i d a t e  t h e  a n a l y s i s  o f  
s u r v i v a l  d a t a .  Cancers  which c a n  be e r a d i c a t e d  e f f i c i e n t l y  by X- o r  
y-ray t h e r a p y  w o u l d  n o t  be s u i t a b l e  f o r  e t h i c a l  r e a s o n s .  On t h e  o t h e r  
h a n d ,  t h e  p r o g n o s i s  of some c a n c e r  t y p e s ( s )  t o  be tes ted  w i t h  newer 
m o d a l i t i e s  C K  r a d i o t h e r a p y  s h o u l d  n o t  be so s h o r t  i n  d u r a t i o n  t o  pro-  
h i b i t  e v a l u a t i o n  of t h e  long- te rm e f f e c t s  on normal  t i s s u e s .  F i n a l l y ,  
t h e  f e a s i b i l i t y i o f  combined t h e r a p y  s h o u l d  be c o n s i d e r e d .  P e r h a p s  
hiah-LET r a d i a t i o n  g i v e n  o n l y  a s  t h e  i n i t i a l  and/or  5nal i n c r e m e n t s  
is a d e q u a t e  t o  a c h i e v e  o p t i m a l  r e s u l t s .  
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. '  

3/13/72,  Paoe 5 

Some may q u e s t i o n  a p r i o r i t y  w h e t h e r  t h e  p r o b a b l y  b e n e f i t  w i l l  
out-weiah t h e  expense  i n v o l v e d  i n  such  a s t u d y  and t h e  c o n t i n u e d  
d e v o t i o n  of s o  many p e r s o n n e l s  o v e r  a l o n g  t i m e ,  b u t ,  a s  l o n q  a s  r ad -  
i a t i o n  r e m a i n s  a major  tool i n  t h e  c o n q u e s t  of c a n c e r ,  w e  f e e l  strongly 
t h a t  a n y  p o s s i b l e  s a l v a g e  of human l i v e s  d e s e r v e s  a l l  t h e  e f f o r t  t h a t  
w e  h a v e  and s h a l l  p u t  i n .  

W e  hope t h a t  t h i s  communication w i l l  h e l p  you g e t  a c learer  per- 
s p e c t i v e  of o u r  v i ews .  
w r i t e  t o  u s  a g a i n .  

If w e  can  be of any f u r t h e r  a s s i s t a n c e ,  p l e a s e  

-. ..y 

J hn H. Lawrence P 
W C l a u d e  Y. Chong, M.D. 
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