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al 'i g &  - :.$ha& you f o r  your l e t te r  of February 8 t h  r ega rd ing  t h e  u s e  of 
$ b i $ l p F e e y  p ro tons  i n  cancer  therapy,  
s$%E.&%& beams should be f u l l y  explored. 

coneinuing  e f f o r t  by u s  and by o t h e r s  t o  s tudy  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 years .  Perhaps a d i s c u s s i o n  of 
heavy p a r t i c l e s  i n  g e n e r a l  might h e l p  t o  c l a r i f y  some of your 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 so lved  i n  t h e  
f u t u r e  i s  p resen ted  wi th  r ega rd  t o  t h e  fo l lowing  a s p e c t s :  

W e  cannot  ag ree  w i t h  you more 
I n  f a c t ,  t h e r e  h a s  been a 

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  dose d i s t r i b u t i o n  i n  
r ad io the rapy .  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 wi th  t h e  hiSh-LET 
peak component and t h e  i n t e r v e n i n g  normal tissues wi th  t h e  lower-LET 
p l a t e a u  component i s  ano the r  a t t r a c t i v e  f e a t u r e .  Furthermore,  i n  con- 
t r a s t  t o  f a s t  neut rons ,  a charged ,heavy-par t ic le  beam can  be r e a d i l y  
focused  o r  defocused and co l l ima ted  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  absence o f  t r i t i u m  haza rd  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  dos imet ry  i s  n o t  compl ica ted  by gamma contaminat ion  no r  l i m i t e d  
by  enhanced energy  d e p o s i t i o n  i n  f a t t y  t issues .  

There a r e  more than h a l f  a dozen c y c l o t r o n s  i n  t h i s  coun t ry  and 
about: an equa l  number abroad t h a t  a r e  capable  of producing p ro tons  o r  
a lpha  p a r t i c l e s  w i th  s u f f i c i e n t  energy  and p e n e t r a t i o n  f o r  medical 
use.  A s  f a r  a8 beam diameter  and dose r a t e  a r e  concerned, most have 
an o u t p u t  *.than adequate f o r  t h e r a p e u t i c  purposes.  The f i x e d  hor- 
i z o n t a l  bead@&. a minor d isadvantage ,  b u t  should n o t  be a major deter- 
rment: i n  lialprciag i t s  use fu lness  i n  most s i t u a t i o n s .  P l a t e a u  dos imet ry  
h a s  been f a i r l y  well s t anda rd ized .  However, t h e  t echn ique  of Brag9 
peak the rapy  i s  much more compl i ca t ed .  To e n s u r e  a c c u r a t e  placement 
o f  t h i e  peak i n  a deep-seated tumor, it i s  necessa ry  t o  know t h e  e x a c t  
th ree-d imens iona l  boundar ies  of t h e  t a r g e t  volume, and a l s o  t h e  tfick- 
nesses of d i f f e r e n t  i n t e r v e n i n g  tissues o r  any a i r  gap  a t  each 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 topping  power of each l a y e r  of tis- 
s u e  and t h e  abso rbe t  t h i c k n e s s  a d j u s t e d  acco rd ing ly  b e f o r e  t h e  beam 

The unique Bragg peak i o n i z a t i o n  curve  of heavy i o n s  and t h e  neg- 



. * ‘  3/13/72, Page 2 

t h e  p a t i e n t .  The ha l f -wid th  of  an unmodified Bragg peak i s  
few millimeters. I n  o r d e r  t o  cover  a tumor of moderate s i z e  
k has  t o  be spread o u t  by us ing  wedge f i l t e r s  which decelerate 
t i c les  t o  vary ing  degrees .  N a t u r a l l y ,  t h i s  i s  done a t  t h e  ex- 
f lowering t h e  peak t o  p l a t e a u  r a t i o  a s  w e l l  a s  t h e  ave race  
u r  c u r r e n t  work inc ludes  t h e  c o n s t r u c t i o n  of  a r a t h e r  sophis -  

t r ea tmen t  p o s i t i o n e r  f o r  better p rec i s ion :  e f f o r t  t o  r e f i n e  
hnique of t r a n s v e r s e  tomography or u l t r a s o n i c s  f o r  ana tomica l  
: t e s t i n g  of a pencil-beam p ro ton  scanner  t o  gauge s topp in?  
and i n s t a l l a t i o n  of  a ccmputer ized dos imeter  w i t h  a p u l s e  

or t o  ensu re  homoqeneous dose  d e l i v e r y :  and t h e  i n c o r p o r a t i o n  
utomatic  a d j u s t e r  of  absorber  t h i c k n e s s  f o r  r o t a t i o n a l  peak . For more e f f i c i e n t  use of t h e  beam t i m e ,  a s i m u l a t o r  w i l l  
l u a b l e  ad junc t  i n  t h e  f u turp .  

u” -2‘ 2- - - j 52% t h e  p a s t ,  i ons  heav ie r  t han  hel ium have been produced by heavy 
2 ~ 5 is? Z*ear a c c e l e r a t o r s .  Valuable  informat ion  has  been ob ta ined  wi th  
$ 5  ?cef$g t o  t h e i r  phys i ca l  parameters  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 .  

=Wl€&tzunately, t h e  maximum energy  a t t a i n a b l e  is  on ly  around 10-MeV 

An e x c i t i n g  r e c e n t  development 

c = -  - -  

p e r  nucleon which does n o t  permi t  much i n  v ivo  animal s t u d y ,  n o t  t o  
mention any t h e r a p e u t i c  a p p l i c a t i o n s .  
i s  t h e  success  i n  a c c e l e r a t i n g  high-LET heavy i o n s  such a s  n i t r o g e n  
and oxygen i n  t h e  BeV range by mod i f i ca t ion  of  t h e  Bevatron. 
g e s t  handicap  a t  p re sen t  i s  the l o w  p a r t i c l e  f l u x .  The beam in t en -  
s i t y  o n l y  amounts t o  a few rads  p e r  minute over  a one squa re  c e n t i m e t e r  
a r ea .  However, t h e  p h y s i c i s t s  a r e  ve ry  o p t i m i s t i c  t h a t  t h i s  problem 
can  be  overcome i n  t h e  near  f u t u r e .  

The big-  

2 .  RADIOBIOLOGY 

x r a y s  i n  terms of b i o l o g i c a l  e f f e c t s .  Recent s t u d i e s  i n  o u r  l abora -  
t o r y  on T ,  r e n a l  cancer  cel ls  exposed i n  v i t r o  and on marrow and o u t  
t i s s u e s  i n  vivo sugges t  t h a t  a modif ied 5 c m .  wide peak i s  s i o n i f i -  
c a n t l y  more e f f e c t i v e  i n  cell  k i l l i n g ,  i s  a s s o c i a t e d  w i t h  a reduced 
oxygen e f f e c t ,  and causes  more i r r e p a r a b l e  damage compared t o  t h e  
p l a t eau .  Whether a smal l  component of  high-LET r a d i a t i o n  miqht be 
r e s p o n s i b l e  f o r  t h e  observed 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 ivo  tumor systems and o t h e r  normal t i s s u e s .  The g r e a t e r  RBE 
and sma l l e r  OER and recovery  f a c t o r  no ted  a r e  no t  a s  marked a s  t h o s e  
of f a s t  neut rons .  The d i f f e r e n t i a l  response  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  appa ren t .  Although it is  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  g a i n  would compare f avorab ly  w i t h  t h a t  of  f a s t  
neu t rons  or noga t ive  ff-mesons, 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  advantages.  The Uppsala group,  
us ing  s i n g l e  do6es of  p ro tons ,  have found t h a t  t h e  damage t o  many 
normal t i s s u e s  is comparable t o  t h a t  a f t e r  x-ray exposure.  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  doses  i s  a l r e a d y  underway. The Russ ians  
have a l s o  embarked 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  in-  
v e s t i q a t i o n s  on t h e i r  c y c l o t r o n  beams. Of cour se ,  w e  s h a l l  c o n t i n u e  
t o  ex tend  o u r  exper imenta l  program a long  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 ighe r  LET r a d i a t i o n s  such a s  t h e  Bevatron-produced heavy i o n s  appear  
t h e  most promisin? i n  t h e  f u t u r e .  RBE va lues  f o r  t h e  Bragg peak should 
be n e a r  maximum, b u t  it remalns to ’be  a s c e r t a i n e d  whether  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  response  of tumor v s  normal t i s s u e s .  A g r e a t e r  S a f e t y  

The p l a t e a u  po r t ion  of  pro ton  or a lpha  beam is comparable t o  

t l b G i S l  
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margin between t h e  tumorocidal dose and normal t i s s u e  t o l e r a n c e  would 
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  
w i t h i n  t h e  t rea tment  volume. The mean LET of t hese  

expec ted  t o  be h igh  enough t o  o b l i t e r a t e  t h e  oxygen e f f e c t  
%ompletely 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  qa in  r a t i o  

i s  a s i g n i f i c a n t  component of hypoxic cells  i n s i d e  a tumor. 
.J 

C' L- ~2 I If. C ~ e 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 ,  then t h e  f r ac -  

* 2. : +lie+<& hhould be ve ry  ? i t t l e  ce l l - age  dependent. v a r i a t i o n  of radiosen- 
Th i s  would be b e n e f i c i a l  u n t i l  t echniques  of i n  v ivo  cyto- 

- c .F  : kinet>@ 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  to  syn- 
- v) 2 ; ;  chr$:n;t$e t h e  a d m i n i s t r a t i o n  of increments of lower-LET r a d i a t i o n  wi th  
2 
.- 6%;: t a n t  F+se of t h e  normal ce l l  c y c l e  wi th  high-LET r a d i a t i o n .  

E ' .' P r e l i ? i h r y  work has  a l r e a d y  begun, b u t  a l l  t h e  above parameters w i l l  2 pe'.. e v a l a a t e d  s y s t e m a t i c a l l y  be fo re  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 
P 6 

c o2 z 11- :: ,; -tioE$a&f;on schedule  would have t o  be ad jus t ed  accord ingly .  Presumably, 

-' ..sith@!&. 

2 i.W-Ings& s e n s i t i v e  phase of t h e  tumor c e l l  c y c l e  and t h e  most resis- 
The ' P Sap6 P&bably holds t r u e  w i t h  reqard  t o  chemical rad io-modi f ie rs .  

- 5 = 7 .  
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L, ' 3 3  %h%ICAL EXPERIENCE 

The Harvard c y c l o t r o n  h a s  been used mostly f o r  p i t u i t a r y  i r r a d -  
i a t i o n .  They have employed Bragg-peak the rapy  e x c l u s i v e l y  wi th  
s ing le-dose  m u l t i p o r t a l  t echnique  and obta ined  hiqh 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 inc idence  of compl ica t ions  
t h e y  have q o r t e d  h a s  been cha l lenged  by o the r s .  

A t  Uppsa l la ,  p ro ton  the rapy  h a s  been app l i ed  t o  small  groups of 
pelv.ic and nasopharygeal cancers .  Unfozbnately,  some of t h e s e  
p a t i @ n t s  a l s o  r ece ived  p r i o r  x-ray therapy  and no d e f i n i t e  conclus ion  
can h e  drawn. Recent ly ,  t hey  have extended t h i s  work t o  a l a r g e z  
Scale c l i n i c a l  t r i a l s  on va r ious  cance r s .  N a t u r a l l y ,  one awa 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  the rapy  f o r  s e v e r a l  t ypes  of mal ignancies ,  f i r s t  a t  Dubna, 
l a te r  a t  Moscow, and more r e c e n t l y  a t  Gotchina. They seem very  op- 
t imist ic  abou t  t h e i r  p rog res s .  

W e  understand t h a t  t h e  NASA Cyclotron i n  V i r g i n i a  w i l l  a l s o  be 

The Russ ians ,  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  f o r  medical u s e  soon, and w e  a r e  looking forward t o  see- 
ing your group s t a r t  a c l i n i c a l  program i n  t h e  nea r  f u t u r e .  

A t  Berkeley, t h e  o v e r a l l  treatment r e su l t s  of p i t u i t a r y  i r r a d i a -  
t i o n  have b.gi remarkable.  The number of p a t i e n t s  t r e a t e d  h a s  almost 
doubled i n  t h e  last few yea r s .  Most of t h e s e  p a t i e n t s  were t r e a t e d  
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  helium ion  beam from t h e  184-inch 
synchrocyclo t ron .  Therapy u s u a l l y  c o n s i s t s  of s ix  equal  increments 
g iven  o v e r  an eleven-day per iod.  The e n t r a n c e  and e x i t  doses  a r e  
p r a c t i c a l l y  i d e 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  technique  is neces- 
s a r y  f o r  b e t t e r  dose geometry. We a r e  experimentina wi th  a d d i t i o n a l  
s a g g i t 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  struc- 
tures such a s  t h e  c r a n i a l  nerves  and temporal l obes .  Data a r e  being 
c o l l e c t e d  t o  opt imize  t h e  t o t a l  dose  and f r a c t i o n a t i o n  schedule  f o r  
each p i t u i t a r y  d i s o r d e r .  
amonq 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  have improved our 
r a d i o d i a g n o s t i c  t echn iques ,  and adopted a more c o n s e r v a t i v e  t o l e r a n c e  
l imi t :  f o r  normal b r a i n  tissues. I n i t i a l  t r i a l  of Btagg peak therapy  

S i d e e f f e c t s  have been minima1,espec ia l ly  

I I G i  2 ,  

i i 
I 
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i n  1963 and on s e v e r a l  acromegal ic  p a t i e n t s  w i t h  l a r g e  hypophyseal 
tumors h a s  demonstrated more s a t i s f a c t o r y  t u m o r  suppress ion .  Unfor- 
t u n a t e l y ,  t h e  damage t o  n e u r a l  tissues may be a l s o  more severe. S i n c e  
ac@ga%gbe_an 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  ref inement  i s  i n  
prFgg&$ e*&oid any under or over-shoot  of t h e  Bragg peak. 

2 z '  6qq p'r@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  of 
canker '-the+a§yb., 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 
a&:: sevegaJ Lvgth pulmonary metas tases .  Postmortem a n a l y s i s  of t h e  
b k a h  turhor$#tients Cho were i r r a d i a t e d  s e v e r a l  y e a r s  auo h a s  uni- 
G r m i y  s h d 4 j  ,Fomplete absence of r e s i d u a l  n e o p l a s t i c  cel ls  i n s i d e  t h e  
t 3 e t e d  ;vg4&b? which rece ived  over  5,000 r a d s  i n  e leven days.  How- 

Hemispheric 
hrYadia$iFe-$or qliobastoma multiforme i s  being contemplated.  Pul- 
#o%&ry in$@&tase s e r v e  a s  an excellent model f o r  comparing d i f f e r e n t  
. ~ & % o € ~ I & ~ a t i o n .  
C t i i n g ; i t : j l a  p i l o t  s t u d y  w i t h  f a s t  neutron therapy.  E F&S$s; ary'*qo few f o r  s t a t i s t i c a l  a n a l y s i s .  The pre l iminary  impres- 

gsi$cBI' .i> 
Oai3en.E -C$b@-60 gamma r a y s  i n  c a u s i n g  tumor r e g r e s s i o n .  g&&&&&,&@ being  followed t o  check whether damage t o  t h e  lunqs  and 

.= :.> :: ,' .- 3 
0' $ ;? r j  .$ ,: &q 

, w.&, i d  e&R' c a s e  tumor r e c u r r e n c e  was noted elsewhere.  

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

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  than  equiv- 
These 

O ' t h k i ~ t s & + s  i s  a l s o  more excess ive .  

h e a v i e r  i o n s ,  or Cir-mesons, w e  a r e  faced  w i t h  t h e  same problems t h a t  

were (discussed by D r s .  Kaplan, Kligerman, and Withers  a t  some l e n a t h  
dur ing  a r e c e n t  symposium i n  Holland. I n  essence  t h e  f o l l o w i n a  cr i -  
t e r i a  shoCild be followed 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  i s  needed, e s p e c i a l l y  where t h e  expected improve- 
ment i n  sa lvage  r a t e  i s  n o t  too l a r q e .  For each s t a g e  of each c a t e -  
gory  (of c a n c e r s  t r e a t e d ,  t h e r e  should be a corresponding matching 
group of c o n t r o l  p a t i e n t s  who are t o  be t r e a t e d  w i t h  e q u i v a l e n t  tech-  
nique.  The types  of mal ignancies  chosen should have a h i a h  enough 
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  number of c a s e s  can be c o l l e c t e d  over  
a r e l i s t i v e l y  s h o r t  per iod  of t i m e .  H e r e  c l o s e  c o l l a b o r a t i o n  among 
c e n t e x 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 tudy.  HoKever, t h i s  
would n e c e s s i t a t e  mutualagreement on some s t a n d a r d i z e d  dos imet ry  and 
t r e a t m e n t  techniques.  I n i t i a l  s e l e c t i o n  should be confined t o  t h o s e  
c a n c e r s  which have a h i g h  inc idence  o f  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- or y - i r r a d i a t i o n ,  presumably due t o  t h e  presence 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 s u t r s  i n  t h e  v i c i n i t y  which l i m i t s  t h e  tumor dose.  D i s t a n t  m e t -  
a s t a s e s  should not  be 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  of 
s u r v i v a l  d a t e ,  Cancers which can be e r a d i c a t e d  e f f i c i e n t l y  by x- or 
y-ray t h e r a p y  would n o t  be s u i t a b l e  for e t h i c a l  reasons .  On t h e  o t h e r  
hand, t h e  prognos is  of some c a n c e r  t y p e s ( s )  t o  be t e s t e d  w i t h  newer  
m o d a l i t i e s  or rad io therapy  should 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-term e f f e c t s  on normal t issues.  F i n a l l y ,  
t h e  f e a s i b i l i t y  of combined t h e r a p y  should be cons idered .  Perhaps 
high-LET r a d i a t i o n  g iven  o n l y  a s  t h e  i n i t i a l  and/or &a1 increments  
i s  adequate  t o  achieve  opt imal  r e s u l t s .  

: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 ,  

- confront  r a d i o t h e r a p i s t s  involved i n  f a s t  neutron therapy.  These 
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Some may question a priority whether the probably benefit will 
out-veiah the expense involved in such a study and the continued 
devotion of so many personnels over a long time, 
iation remains a major tool in the conquest of cancer, we feel strongly 
that any possible salvage of human lives deserves all the effort that 
we have and shall put in. 

but, as lonq as rad- 

We hope that this communication will help you get a clearer per- 
spective of our views. 
write to US again. 

If we can be of any further assistance, please 

-1 ..f 
Sincere1 

J hn H. Lawrence, 

g l a u d e  Y. Chong, M . D .  
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