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Mr. Chairman, Madame Hevesy, members, and gues t s :  

It i s  a g r e a t  honor t o  be p r e s e n t  a t  t h i s  I n t e r n a t i o n a l  Meeting, 

and a s p e c i a l  p l e a s u r e  t o  be h e r e  i n  t h e  c i t y  of Athens and t h e  

n a t i v e  coun t ry  of my d i s t i n g u i s h e d  and long-time f r i e n d ,  your l a t e  

P r e s i d e n t ,  P r o f e s s o r  B a s i l  Malamos. I was shocked t o  hear  of h i s  

pas s ing  j u s t  b e f o r e  l e a v i n g  C a l i f o r n i a ,  and I have so many p leasan t  

memories of v i s i t s  w i th  him a t  meet ings,  i n  my own Labora tory ,  and i n  

Athens. 

f e s s o r  and Mrs. Malamos i n  t h e i r  home i n  Athens. 

honor t o  be i n v i t e d  t o  g i v e  t h e  Von Hevesy Memorial Lec tu re ,  espec- 

i a l l y  s i n c e  he  w a s  an o l d  f r i e n d  whom I re spec ted  so much. My coun- 

J u s t  l a s t  October I s p e n t  a l o v e l y  Sunday a f t e rnoon  w i t h  P r o  

I t  i s  a l s o  a g r e a t  

try i s  l a r q a l y  t h e  p roduc t  of t r a n s p l a n t e d  c i t i z e n s  from o t h e r  coun- 

tr ies.  All Qf u s  a r e  much indebted  t o  Greece which l e d  and l a i d  the 

foundat ion  ;for freedom and democracy. 

g r e a t l y  from c o n f r e r e s  from o t h e r  c o u n t r i e s  who accomplished so much 

i n  t h e  f i e l d  of a tomic  energy. The names a r e  too  numerous t o  mention 

a l l ,  b u t  a few whom I knew o r  know a r e :  Bohr, Fermi,  Hevesy, the 

C u r i e - J o l i o t s  , Hahn , &he , cockrof t , Ol iphan t ,  G e n t n e r  , T e l l e r ,  Wig- 

A l s o ,  my coun t ry  has  bene f i t ed  

n e r ,  and many o t h e r s .  

P r o f e s s o r  Hevesy v i s i t e d  and worked i n  ou r  Labora tory  and gave 

US seminars  many times. I n  1947 he autographed my copy of h i s  book 

w i t h  Paneth.  During one summer he spen t  n e a r l y  t h r e e  months with u s ,  

and it was s t i m u l a t i n g  t o  a l l  of u s  t o  absorb  h i s  knowledge, humor, 

and excitement. All of u s  knew h i s  f i f s t  use of t h e  r a d i o a c t i v e  t r ac -  

er t echn ique  i n  1913 us ing  Radium D i n  s o l u b i l i t y  s t u d i e s  i n  chemis- 

c - t r y  (l), and i n  1923 i n  p l a n t  t r a c e r  s t u d i e s  ( 2 ) .  This  was long be- 

A= fore t h e  d i s c o v e r y  of a r t i f i c i a l  r a d i o a c t i v i t y ,  and t h e  subsequent 

* p r o d u c t i o n  of r a d i o i s o t o p e s  i n  l a r g e  q u a n t i t i e s  by c y c l o t r o n s ,  and 
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l a t e r  b y  r e a c t o r s .  P r o f e s s o r  Hevesy's f i r s t  experiments  wi th  a r t i -  

f i c i a l  r a d i o a c t i v i t y  i n  b io logy  were c a r r i e d  o u t  w i t h  i s o t o p e s  produced 

from a radium-beryll ium source ,  b u t  t h e  amounts of r a d i o a c t i v e  mate- 

rial a v a i l a b l e  t o  him w e r e  v e r y  small .  N e v e r t h e l e s s ,  by means of a 

s i n g l e  mouse or r a t  s t u d y ,  h e  would achieve  a remarkable understand- 

i n g  of  previously-unknown b i o l o g i c a l  and biochemical  processes .  

I r e c a l l  an i n t e r e s t i n g  exper ience  i n  1935 when t h e  young physi- 

c i s t s  around t h e  39-inch c y c l o t r o n  i n  Berkeley had n o t i c e d  t h a t  a f t e r  

t h e  c y c l o t r o n  had been o p e r a t i n g  and was turned  o f f ,  t h e  Geiger 

counters  would c o n t i n u e  t o  c l i c k .  Soon i n  t h e  p u b l i c  p r e s s ,  an an- 

nouncement was made t h a t  J o l i o t  and Cur ie  had d iscovered  a r t i f i c i a l  

r a d i o a c t i v i t y .  I n  Berkeley it was immediately r e a l i z e d  t h a t  t h i s  de- 

layed  Geiger c o u n t e r  c l i c k i n g  meant t h a t  a r t i f i c i a l  r a d i o a c t i v i t y  had 

b e e n  induced. Immediately l a r g e  amounts of many r a d i o a c t i v e  elements 

were produ4ed i n  t h e  c y c l o t r o n ,  i n c l u d i n g  P-32 and Na-23, and a l s o  

many new ones such a s  1-131, C - 1 1 ,  C-14, and many o t h e r s .  Quant i -  

I 

' t i e s  of r a d i o a c t i v e  i s o t o p e s  were made a v a i l a b l e  t o  i n v e s t i g a t o r s  who 

wanted them, i n c l u d i n g  P r o f e s s o r  Hevesy. 

I n  t h e  1930 '3 ,  r a d i o i s o t o p e s  were s t i l l  so prec ious  t h a t  it i s  

i n t e r e s t i n g  t o  quote  from a l e t t e r  Professor  Hevesy wrote  t o  my 

b r o t h e r ,  E r n e s t  Lawrence, i n  January 1938: 

"That was a nice Chris tmas p r e s e n t  you s e n t  m e .  Accept my 
most h e a r t i e s t  thanks.  A t r a c e  of phosphorus pene t ra ted  
t h e  envelope -- it was o n l y  a trace, b u t  t h i s  induced u s  
t o  d issoJve  your le t ter  and t o  recover  t h e  t r a c e  of  phos- 
phorus it conta ined .  The p r e p a r a t i o n  is  very a c t i v e  and 
e n t i r e l y  s u f f i c i e n t  f o r  a l l  i n v e s t i g a t i o n s  w e  i n t e n d  t o  
c a r r y  o u t  about  milk formation.  When h i s t o r i a n s  d e s c r i b e  , 

your l i f e  h i s t o r y ,  I hope t h e y  won' t  omit t h i s  i n c i d e n t  
showing how p r e c i o u s  your le t ters  were." 

On one of  P r o f e s s o r  Hevesy's l a s t  v i s i t s  t o  o u r  Laboratory,  my 

long-time c o l l e a g u e  and a good f r i e n d  of P r o f e s s o r  Hevesy, Professor  
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Hardin Jones,  a r r anged  a v ideo  t a p e  r eco rd ing  by P r o f e s s o r  Hevesy f o r  

o u r  s t u d e n t s  and s t a f f .  Here i s  a s h o r t  s e c t i o n  of t h i s  t a p e  t o  show 

you now, n o t  o n l y  f o r  t h e  benef i t  of t h o s e  o f  you who never knew him, 

b u t  a l s o  f o r  t h e  enjoyment of t h o s e  of u s  who d i d  know him. (NOTE: 

It was n o t  p o s s i b l e  t o  p r e s e n t  the  t a p e  because  t h e  v ideo  equipment 

was n o t  a v a i l a b l e .  However, i n  t h i s  s h o r t  e x c e r p t  P ro fes so r  Hevesy 

t a l k e d  abou t  h i s  work wi th  Paneth i n  t h e  f i r s t  p r e p a r a t i o n  of Radium 

"D", and t h e  problems involved  i n  working w i t h  ve ry  t i n y  amounts of 

ve ry  s h o r t - l i v e d  e lements .  He t hen  r e l a t e d  an anecdote  about  

who had  c a r r i e d  a tube of radium c h l o r i d e  i n  h i s  w a i s t c o a t  from 

London t o  Paris ,  and on a r r i v i n g  home had noted an erythema on h i s  

arm.' The obse rva t ion  of t h e  e f f e c t s  of radium on tissue l e d  t o  i t s  

u s e  i n  t r e a t i n g  u t e r i n e  c a n c e r ,  and t h e  e x c e r p t  concludes  wi th  Pro- 

feesor Hevcsyls q u o t a t i o n  of Madame C u r i e  t h a t ,  "noth ing  gave me 
I 

g r e a t e r  p l e a s u r e  i n  connec t ion  wi th  t h e  d i s c o v e r y  of radium than med- 

i ca l  a p p l i c a t i o n  -- r e l i e v i n g  s u f f e r i n g  . I t )  

I cou ld  go on t a l k i n g  of P r o f e s s o r  Hevesy's work! I n  s h o r t ,  he 

c r e a t e d  t h e  t r a c e r  concep t ,  e s t a b l i s h e d  t h e  c l a s s i c a l  p r i n c i p l e s  of, 

i t s  u s e ,  and then made t h e  p ionee r ing  a p p l i c a t i o n s  of t h e  techniques  

-- f i rs t  vi$& n a t u r a l  r a d i o i s o t o p e s ,  secondly  wi th  s t a b l e  i s o t o p e s ,  

and f i n a l l y  w i t h  a r t i f i c i a l  r a d i o i s o t o p e s .  

Now, b r i e f l y  I want t o  discuss  a f e w  examples of ou r  e a r l y  and 

l a t e r  work w i t h  r a d i o a c t i v e  i s o t o p e s ,  and some of the  new-penet ra t ing  

p a r t i c u l a t e  r a d i a t i o n s .  

i n  t h e  d i r e c t i o n  of medical r e s e a r c h ,  d i a g n o s i s ,  and the rapy ,  using 

My work h a s  always been, and con t inues  t o  be 
, '  

r a d i o a c t i v e  t r a c e r s  t o  e l u c i d a t e  mgtabol ic  p rocesses  i n  normal and 

abnormal s ta tes  i n  an imals  and man. I n  t h e  time a v a i l a b l e  t o  me I 

.can o n l y  b r i e f l y  go  over  some of t h e s e  p a s t  and current  s t u d i e s .  
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Some o f  t h e  i s o t o p e s  I have worked w i t h  i n  such i n v e s t i g a t i o n s  a r e  

phosphorus-32, i ron-59,  hydrogen-3, carbon-11, a rgon ,  krypton,  xenon, 

n i t r o g e n ,  neon, carbon-14, and many o t h e r s .  Always, however, I was 

c o n s t a n t l y  looking  for a p p l i c a t i o n s  of i s o t o p i c  r e s e a r c h  which pointed 

t o  possible t h e r a p e u t i c  a p p l i c a t i o n s .  So, even though my c h i e f  work 

h a s  been i n  r e s e a r c h  and d i a g n o s i s  ( b a s i c  and a p p l i e d  research  cannot 

always be d i s t i n g u i s h e d  from one a n o t h e r ) ,  I was always looking f o r  

t h e r a p e u t i c  a p p l i c a t i o n s  and t h e  r e l i e f  of human s u f f e r i n g .  Such an 

a t i t u d e  or such a viewpoint  i s  v e r y  common among i n v e s t i g a t o r s ,  wheth- 

er t h e y  be  p h y s i c i a n s , ’ p h y s i c i s t s  (such a s  P r o f e s s o r  Hevesy),  chem- 

i s ts ,  or o t h e r s .  However, my enthus iasm h a s  always been i n  b a s i c  

r e s e a r c h  t o  learn more a b o u t  metabol ic  p r o c e s s e s ,  and t h a t  is  the  h i s -  

t o r y  of thm work i n  t h e  Donner Labora tory ,  and a l s o  t h e  Lawrence Berk- 

e l e y  Laborafory.  Bas ic  r e s e a r c h  must always be emphasized, always 

l o o k i n g ,  too,  f o r  knowledge ga ined  which would be u s e f u l  i n  diagnosis  

and t r e a t m e n t .  

I “I I 

I remember i n  t h e  m i d - t h i r t i e s  when I began a t t e n d i n g  radioloq-  

i c a l  meet ings,  how impressed and concerned I was i n  meeting scien- 

tists and r a d i o l o g i s t s  who had ev idence  of r a d i a t i o n  damage, such a s  

t h e  loss of f i n g e r s  o r  a hand from over-exposure t o  radium and x rays.  

Therefore ,  i n  our e a r l y  i s o t o p i c  s t u d i e s  i n  1935, w e  f e l t  it very i m -  

p o r t a n t  t h a t  workers  around c y c l o t r o n s  n o t  be damaged) such a s  many of 

t h e  e a r l y  p i o n e e r  users of radium and roengten r a y s ,  and became con- 

cerned . .u i th  t h e  unknown b i o l o g i c a l  e f f e c t s  of f a s t  neut rons  which 

w e r e  i r r a d i a t i n g  workers  around t h e  c y c l o t r o n s .  Paul  Aebersold and 

I teamed up 

r a d i a t i o n .  

F i g u r e  

t o  c a r r y  o u t  s t u d i e s  on t h e  unknown e f f e c t s  of neutron 

1 i s  a Wilson Cloud Chamber photograph of neutron and 
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gamma r a d i a t i o n s  coming from t h e  39-inch c y c l o t r o n .  I t  r e v e a l s  t h e  

s t r i k i n g  d i f f e r e n c e s  i n  t h e  dense i o n i z a t i o n  t r a c k s  produced by pro- 

t o n s  (induced by neut ron  bombardment) and t h e  f i n e  t r a c k s  i n  the  back- 

ground which r e p r e s e n t  t h e  e l e c t r o n  i o n i z a t i o n  from t h e  a s s o c i a t e d  

gamma r a y s .  Nothing was known about  t h e  b i o l o g i c a l  e f f e c t s  of n e u  - 
kons. W e  i n i t i a t e d  experiments  i n  which mice,  r a t s ,  and t u m o r s  i n  

mice were exposed t o  neut rons .  The b i o l o g i c a l  e f f e c t s  of neutrons 

were compared , to  t h o s e  r e s u l t i n g  from equal  doses  of roentgen rays 

( 3 , 4 ) .  A small  chamber c o n t a i n i n g  a s i n g l e  r a t  o r  mouse was placed 

near t h e  Beryl l ium t a r g e t  which was be ing  bombarded w i t h  deuterons 

( c a l l e d  deutons  i n  t h o s e  d a y s ) .  The i o n i z a t i o n  was measured with a 

V i c t o r e e n  condenser r-meter. A system was devised  t o  provide a i r  t o  

t h e  an imals  d u r i n g  exposure.  Crawling back between t h e  Dees of the  

magnet, a f fe r  h a v i n g  exposed t h e  r a t  f o r  a few minutes ,  w e  found t o  

our s u r p r i s e  t h a t  t h e  f i r s t  i r r a d i a t e d  r a t  had e x p i r e d .  W e  d i d  not 

k n o w  t h e  c a u s e ,  b u t  had t o  assume it was from neut ron  r a d i a t i o n .  

However, one o f  t h e  a i r  h o s e s  had become d isconnec ted .  A l l  of u s  

were concerned and impressed about  t h e  l e t h a l  e f f e c t s  of neutron rays 

from s m a l l  doses .  The p h y s i c i s t s  from t h e r e  on w e r e  extremely care-  

f u l  a b o u t  such exposure.  S h i e l d i n g  was increased .  Only l a t e r  d i d  

Aebersold and I d i s c o v e r  t h a t  t h e  r a t  had d i e d  of s u f f o c a t i o n  and not 

of r a d i a t i o n  exposure! W e  d i d  n o t  a d v e r t i s e  t h e  mishap. The i n c i -  

d e n t  l e d  t o  a. cont inuous  r e s p e c t  f o r  neut ron  r a d i a t i o n  exposure,  and 

probably  accounted f o r  t h e  good record  *e have had i n  Berkeley i n  . 

a v o i d i n g  r a d i a t i o n  damage, i n c l u d i n g  no c a t a r a c t s  from neutron expo- 

0 
0 
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sure. 

The resul ts  of t h e s e  s t u d i e s  demonstrated t h a t  on normal mice 

sand on n e o p l a s t i c  ce l l s ,  t h e  r e l a t i v e  b i o l o g i c a l  e f f e c t  (=E) f o r  
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n e u t r o n s  compared t o  x r a y s ,  was h igh  i n  a l l  c a s e s .  

se t  t h e  so -ca l l ed  s a f e  a l lowab le  exposure t o  one- ten th  t h a t  permi t ted  

for Roentgen-ray workers ;  t h i s  was u s e f u l  i n  s e t t i n g  up t h e  s t anda rds  

of r a d i a t i o n  s a f e t y  d u r i n g  r e a c t o r  development du r ing  world war 11, 

and i n  r a d i a t i o n  p r o t e c t i o n  programs e v e r  since. 

W e  immediately 

One o t h e r  i n t e r e s t i n g  f i n d i n g  came from t h i s  e a r l y  work. The 

RBE f o r  normal n i c e  w a s  f o u r ,  and f o r  tumor t issue it was f i v e  ( 5 ) .  

A t  t h a t  t i m e  w e  d i d  n o t  know of t h e  so -ca l l ed  oxygen enhancement 

r a t i o ;  t h a t  i s  t h e  enhancement of t h e  b i o l o g i c a l  e f f ec t  of roentgen 

r a y s  o r  gamma r a y s  when ce l l s  were exposed i n  an atmosphere of oxy- 

gen a s  compared t o  exposure  i n  a i r  o r  n i t r o g e n .  The n e o p l a s t i c  c e l l s  

(carcinoma of the b r e a s t  i n  mice) were exposed i n  v i t r o  and t h e r e a f t e r  

t r a n s p l a n t e d ,  SO t h e s e  ce l l s  were r e l a t i v e l y  hypoxic.  I n  any even t ,  

t h e s e  e a r l y  : s t u d i e s  sugges ted  g r e a t e r  s e n s i t i v i t y  of n e o p l a s t i c  c e l l s  

t o  neut ron  r a d i a t i o n  and l e d  u s  t o  e n l i s t  t h e  i n t e r e s t  of D r .  Robert 

S tone  i n  a t r i a l  of neu t ron  r a y s  i n  t h e  the rapy  of p a t i e n t s  wi th  ad- 

vanced i n c u r a b l e  cance r  (6,7) . 
Our  f i r s t  r a d i o i s o t o p e  work was wi th  P-32 ( 8 , 9 , 1 0 ) ,  Na-23 (ll), 

and 1-131 ( 1 2 ) ,  b u t  w e  soon extended t h e s e  s t u d i e s  t o  many o t h e r  e l e -  

ments such a s  C - 1 1  ( 1 3 ) ,  C-14 (141, Fe-49 (151, t r i t i a t e d  water  (161, 

and many o t h e r  i s o t o p e s  which were be ing  newly produced by the  cyc- 

l o t r o n s .  I have s e l e c t e d  a few examples of some o f  t h i s  work. I t  

i s  n e c e s s a r y  t o  skim ove r  much of i t ,  b u t  I w i l l  make some po in t s  

about  each i n v e s t i g a t i o n .  I have always been f o r t u n a t e  i n  working 
W 

0 
0 c l o s e l y  w i t h  p h y s i c i s t s ,  eng inee r s ;  c h e m i s t s ,  mathemat ic ians ,  and 

c p h y s i c i a n s ,  o f t e n  i n d i v i d u a l l y ,  and o f t e n  a s  a member of a team. I t  7 

--1 
-F 
J is n o t  p o s s i b l e  t o  mention a l l  of t h e s e  c o l l e a g u e s ,  many of whom I 

. s t i l l  work wi th .  They i n c l u d e  many g r a d u a t e  s t u d e n t s ,  pos t -doc tora l  
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f e l l o w s ,  and o t h e r s  now d i s t r i b u t e d  throughout t h e  world.  Examples 

a r e  Paul Aebersold,  Joseph Hamilton, Hardin J o n e s ,  Corne l iu s  Tobias,  

Hal Anger, Rex Huff,  Na than ie l  B e r l i n ,  H.S. Winchel l ,  Donald Van 

Dyke, Joseph  Garc i a ,  Claude Chong, Thomas Budinger,  Will iam s i r i  

(who wro te  one of t h e  e a r l y  r e f e r e n c e  books on i s o t o p e s  i n  b io logy  

and medicine ( 1 7 ) )  , James McRae, and many o t h e r s .  I n  a d d i t i o n ,  of 

c o u r s e ,  a r e  many o t h e r  co l l eagues :  E r n e s t  Lawrence, Edwin McMillan, 

Wi l l iam Libby, Mar t in  Kamen (a young chemis t  who was generous i n  

h e l p i n g  m e ) .  

F i r s t ,  a few remarks on blood volume. We a l l  remember t h e  f i r s t  

s t u d y  of t h e  blood volume i n  r a b b i t s  by P r o f e s s o r  Hevosy using P-32- 

l a b e l e d  r ed  cel ls  (18). I s o t o p e s  now a r e  wide ly  used throughout t h e  

world f o r  the measurement of blood volume, which i s  so important i n  

t h e  d i a g n o s i s  and the rapy  of so many c o n d i t i o n s .  I n  one p i ece  of work, 

f o r  example, w e  c l a r i f i e d  t h e  blood volume s i t u a t i o n  i n  a group of 

p a t i e n t s  w i t h  v a r i o u s  forms of polycythemia ( 1 9 ) ,  and i n  o t h e r  condi- 

t i o n s  (20,21). B u t ,  t i m e  pe rmi t s  m e  t o  mention on ly  a few of t h e  

s t u d i e s  i n  polycythemia. 

I 

I 

When p a t i e n t s  a r e  referred w i t h  polycythemia , our  d i a g n o s t i c  

work-up i n c l u d e s  s t u d i e s  of t h e  blood volume and of t h e  a r t e r i a l  oxy- 

gen s a t u r a t i o n ,  i n  a d d i t i o n  t o  t h e  r o u t i n e  c l i n i c a l  work-up ( 2 2 ) .  An 

i n t e r e s t i n g  p o i n t  is t h a t  i n  t h e  l a t e  t h i r t i e s ,  I was ve ry  susp ic ious  

of t h e  d i a g n o s i s  of polycythemia i n  many patien-ts r e f e r r e d  t o  us 

w i t h  h i g h  red c e l l  coun t s .  

some p a t i e n t s  had h igh  h e m a t o c r i t s ,  t h e i r  plasma volumes were low. 

About one o u t  of f o u r  p a t i e n t s  r e f e 2 r e d  t o  u s  today  wi th  polycythemia 

has  t h i s  p i c t u r e .  

(23). 

W 

0 

J 
E 

c 

Blood volume s t u d i e s  showed t h a t  although - 

W e  named t h i s  syndrome t h e  polycythemia of s t r e s s  

It i s  n o t  r e a l l y  a d i s e a s e ,  and such p a t i e n t s  should no t  be 
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t r e a t e d  w i t h  r a d i o a c t i v e  phosphorus. Often t h e s e  p a t i e n t s  have very 

i n t e r e s t i n g  h i s t o r i e s  from t h e  s t a n d p o i n t  of mental o r  phys i ca l  

stress, and when t h e s e  a r e  removed, t h e y  show improvement by a r e t u r n  

t o  normal blood volume v a l u e s .  

F igu re  2 i l l u s t r a t e s  t h e  importance of red c e l l  volume i n  t h e  

d i a g n o s i s  of polycythemia.  The blood volume i n  "cc of RBC pe r  k i l o  

body,weight"  i s  p l o t t e d  a s  a f u n c t i o n  of t h e  h e m a t o c r i t ,  w i t h  t h e  

normal v a l u e s  i n d i c a t e d  by an e l i p s e  i n  t h e  lower l e f t  c o r n e r .  Unfor- 

t u n a t e l y  one cannot  r e l y  s o l e l y  on t h e  h e m a t o c r i t  o r  on t h e  red blood 

ce l l  count  i n  t h e  d i a g n o s i s  of any k ind  of polycythemia -- one is 

o f t e n  s u r p r i s e d  when one measures t h e  red c e l l  volume and t h e  plasma 

volume. Rare w e  see t h e  s c a t t e r  of p o i n t s  and no te  t h a t  some p a t i e n t s  

w i t h  a h igh  h e m a t o c r i t  a l s o  have  a low plasma volume and a c t u a l l y  a 

normal red ce l l  m z s s  (polycythemia of s t r e s s ) * ,  and v i c e  ve r sa .  This 

i s  a l s o  t r u e  of peop le  and an imals  who go from low a l t i t u d e  t o  high 

a l t i t u d e  -- t hey  i n i t i a l l y  deve lop  a polycythemia of s t r e s s ,  bu t  l a t e r ,  

of c o u r s e ,  a r e a l  polycythemia.  However, i n  polycythemia v e r a ,  t he re  

is a r e a l  excess  of r ed  c e l l  mass 

plasma volume, b u t  a normal oxygen s a t u r a t i o n .  I n  secondary polycy- 

themia ,  t h e  r ed  c e l l  mass i s  i n c r e a s e d ,  b u t  t h e r e  i s  a decreased  oxy- 

gen s a t u r a t i o n  ( 2 4 , 2 5 ) .  I n  t h e  polycythemia of h i g h  a l t i t u d e ,  which 

deve lops  a f t e r  l ong  s t a y s  a t  a l t i t u d e  or i n  t h e  i n h a b i t a n t s  of high 

and a normal,decreased,or increased 

w 
0 
0 a l t i t u d e  a r e a s ,  t h e  r ed  c e l l  mass, of c o u r s e ,  i s  inc reased  propor- 
-c 

t i o n a t e l y  b t h e  a l t i t u d e  (26). W e  also observed t h i s  i n  animals l i v -  
4= I .  

i n g  i n  t h e  low p r e s s u r e  chamber, s i m u l a t i n g  h igh  a l t i t u d e  ( 2 7 ) .  

I ron-59 ,  a s  you a l l  know, i s  ah ex t remely  v a l u a b l e  i s o t o p e  i n  

* W e  described t h e  syndrome s h o r t l y  t h e r e a f t e r  (23). 
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r e s e a r c h  and d i a g n o s i s .  Although w e  had a v a i l a b l e  iron-55 made i n  

t h e  c y c l o t r o n ,  it was o u r  f e e l i n g  t h a t  i n  view of t h e  s c a r c i t y  of 

t h i s  m a t e r i a l ,  it was impor tan t  t h a t  i r o n  i s o t o p e s  be made a v a i l a b l e  

immediately t o  t h o s e  a l r e a d y  working on t h e  metabolism of i r o n .  

t h e s e  was D r .  George Whipple a t  t h e  U n i v e r s i t y  of Roches te r ,  and w e  

sh ipped  t h e s e  i s o t o p e s  t o  him v e r y  e a r l y .  

him were D r .  Paul  Hahn an3 l a t e r  D r .  Joseph Ross and o t h e r s .  On our  

own campus was D r .  David Greenbe'rg who d i d  promising work w i t h  radio-  

a c t i v e  i r o n  w i t h  t h e  a s s i s t a n c e  of my f r i e n d  and h i s  graduate  s t u d e n t ,  

Among 

Among younger workers with 

now P r o f e s s o r  Mario Austoni  of Padua. 

Our f i rs t  work w i t h  i r o n  was i n  1947 w i t h  Fe-59 i n  animal and 

c l i n i c a l  s t u d i e s  (IS). F i g u r e  3 shows, a s  f a r  a s  I know, t h e  f i r s t  

c l i n i c a l  k i n e t i c  s t u d y  e v e r  c a r r i e d  o u t  w i t h  a r a d i o a c t i v e  isotope.* 

The p lasma 'd isappearance  r a t e  of i ron i n  f i v e  normal s u b j e c t s  is com- 

pared  w i t h  t h e  r a t e s  i n  f i v e  p a t i e n t s  w i t h  polycythemia v e r a .  By t h e  

d e t e r m i n a t i o n  of t h i s  r a t e ,  and t h e  e i g h t - t o - t e n  day appearance of 

t h e  l a b e l e d  i r o n  i n  new r e d  ce l l s ,  it was p o s s i b l e  t o  c a l c u l a t e  t h e  

r a t e  of  red ce l l  product ion  and d e s t r u c t i o n  i n  normal and abnormal 

s t a t e s .  Rex Huff ,  ore of my p o s t - d o c t o r a l  f e l l o w s ,  was t h e  l e a d e r  i n  

t h i s  work. H e  was one of t h e  most a b l e ,  imagin-ative,  and t a l e n t e d  

among t h e  many young i n v e s t i g a t o r s  and p h y s i c i a n s  who have worked wi th  

m e  o v e r  t h e  p e r i o d  ,of y e a r s .  

Not many y e a r s ' a g o  w h i l e  I was a t t e n d i n g  a meeting a t  t h e  Atomic 

Energy Center  i n  Hanford,  Washington, I found P r o f e s s o r  Hevesy t h e r e ,  

and he t o l d  m e  of h i s  i n t e r e s t i n g  s t u d i e s  of i r o n  metabolism i n  f i s h  

* U n t i l  i ron-59 became a v a i l a b l e ,  w e  d i d  n o t  want t o  u s e  t h e  long- 
l i v e d  i s o t o p e  of i r o n  i n  humans, because of  i t s  slow r a t e  of excre- 
' t i o n ,  ahd t h e  long  h a l f - l i f e  of iron-55. 
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( 2 8 ) .  There seemed t o  be no subject  he d i d  n o t  touch ,  and t h i s  re- 

minds m e  of h i s  work on t h e  r a d i o s e n s i t i v i t y  of hemoglobin formaticn 

( 2 9 ) .  T h i s  i n  t u r n  reminds m e  o f  t h e  work i n  r a d i a t i o n  and red c e l l  

formation by my c o l l e a g u e s  Huff and Hennessey, both pos t -doc tora l  f e l -  

lows working w i t h  m e .  Many of you w i l l  remember t h e i r  p ioneer ing  

work on t h e  r a d i o s e n s i t i v i t y  of r e d  ce l l  product ion  ( 3 0 ) .  

Then t h e r e  %as our work i n  South America i n  t h e  1 9 5 0 ' s  on t h r e e  

e x p e d i t i o n s  t o  t h e  h i g h  Andes (26,31,32)  where a c c l i m i t i z a t i o n  from 

s e a  l e v e l  t o  a l t i t u d e s  of 18,000 f e e t !  and t h e  r e v e r s e ,  were s t u d i e d ,  

us ing  i ron-59 and t r i t i a t e d  water  a s  w e l l  a s  t h e  usua l  s tandard  tech- 

n iques .  W e  found t h a t  long  b e f o r e  t h e r e  were c e l l u l a r  changes detec- 

t a b l e  i n  the bone marrow, t h e r e  were remarkable changes i n  plasma 

i r o n  turnovor  and i r o n  k i n e t i c s . *  W e  worked and l i v e d  a t  a l t i t u d e s  

from 1 5 , O O ~  ko 20,000 f e e t ,  s tudying  i r o n  metabolism and body water 

i n  subjects l i v i n g  a t  t h e s e  v e r y  h igh  a l t i t u d e s .  T r i t i a t e d  water  was 

used for t h e  d e t e r m i n a t i o n  of body water  and lean  body mass ( 3 4 ) .  I n  

o u r  s t u d y ,  a f t e r  measuring t h e i r  i r o n  t u r n o v e r ,  w e  took s u b j e c t s  from 

sea l e v e l  t o  t h e  l a b o r a t o r y  of D r .  Albert0 Hurtado a t  15,000 f e e t  a s  

f a s t  as p o s s i b l e .  There t h e  i r o n  t u r n o v e r s  were repea ted  w i t h i n  a 

few h o u r s  a f t e r  l e a v i n g  sea  l e v e l .  F i g u r e  4a shows t h e  r a p i d  res- 

ponse t o  t h e  change i n  oxygen t e n s i o n  i n  t h e  atmosphere.  The bone 

marrow punctures  b e f o r e  goinq up and coming back showed no d e t e c t a b l e  

changes.  when 

one r e v e r s e d  t h i s  s t u d y ,  moving people  from h i g h  a l t i t u d e  t o  sea l e v e l  

( see  F i g u r e  4b) , t h e  iron t u r n o v e r  ' returned r a p i d l y  t o  normal. La ter  

it was demonstrated t h a t  t h e s e  changes were r e l a t e d  t o  e r y t h r o p o i e t i n  

However, t h e  change i n  i r o n  metabolism was very  r a p i d .  

(35,36) . 
.*Another of my longf t ime c o l l e a g u e s ,  D r .  Thom-as Hayes, has  been and 
contvlues a p i o n e e r  i n  s t u d i e s  w i t h  t h e  e l e c t r o n  microscope and the 
scannin  e l e c t r o n  microscope ( 3 3 ) .  A l l  of u s  have been c o n s t a n t l y  
aware 09 t h e  importance of r e l a t i n g  ce l l s  or organ f u n c t i o n  t o  rnorpholog:? 



-11- * 

E a r l y  i n  my work w i t h  c o l l e a g u e s  Hardin Jones  and Cornel ius  

Tobias ,  t h e  r a d i o a c t i v e  g a s e s  a rgon ,  krypton ,  neon, and xenon were 

used i n  g a s  exchange s t u d i e s  (371, and a l s o  carbon-11-labeled carbon 

monoxide (13). I n  t h e  c a s e  of  th.e l a t t e r ,  t h i s  was t h e  f i r s t  human 

use o f  a p o s i t r o n  e m i t t i n g  i s o t o p e .  The f i r s t  u s e  of a r a d i o i s o t o p e  

of carbon i n  b i o l o g y  was b y  Dr. Samuel Rubin, a p ioneer  i n  t h e  s t u d y  

of p h o t o s y n t h e s i s  (38) .  when w e  f i r s t  used carbon-11, our  concern 

was w i t h  t h e  b a s i c  q u e s t i o n  of l i m i t i n g  f a c t o r s  i n  gas exchange, and 

a lso t h e  p o s s i b l e  convers ion  of CO t o  C02 by t h e  human body. 

e r t  gas s t u d i e s  showed t h a t  t h e i r  r a t e  of exchange i n  t i s sue  was a 

f u n c t i o n  of  c i r c u l a t i o n ,  and n o t  of d i f f u s i o n  r a t e s .  The pioneer  i n  

t h i s .  work was my long-time c o l l e a g u e ,  P r o f e s s o r  Hardin Jones ,  As- 

s i s t a n t . D i r e c t 0 r  of t h e  Donner Labora tory .  

The in-  

O u r  first s t u d i e s  w i t h  C - 1 1  were c a r r i e d  o u t  i n  t h e  mid-1940's 

(13).  W e  wanted t o  f i n d  o u t  i f  t h e  human body could  o x i d i z e  CO t o  

COz. 

made by  bombarding n e u t r o n s  on boron i n  t h e  s i x t y - i n c h  c y c l o t r o n ) .  

T h e r e a f t e r  t h e  o u t p u t  of  r a d i o a c t i v e  c02 i n  t h e  e x p i r e d  a i r  was meas- 

ured. Because of t h e  twenty-one minute h a l f - l i f e  of t h e  carbon-11, 

t h i s  work had t o  be c a r r i e d  o u t  i n  a v e r y  s h o r t  per iod  of t i m e .  The 

amounts of CO burned and CO l o s t  were p r a c t i c a l l y  z e r o  i n  a l l  of t h e  

exper iments .  S i n c e  t h e n  B e r l i n  and co-workers, i n  s t u d i e s  u t i l i z i n g  

t h e  long- l ived  i s o t o p e  carbon-14, have shown t h a t  o x i d i z a t i o n  of CO 

I n  t h i s  s t u d y  r a d i o a c t i v e  CO was i n h a l e d  ( l a b e l e d  w i t h  c-11 

W 

0 

i 
~n t o  C02 c a n n o t  be o c c u r r i n g  i n  s i g & f i c a n t  amounts because Dhe pro- 
N 

d u c t i o n  r a t e  of CO i n  t h e  body i s  w4thin t h r e e  p e r c e n t  of  b i l i r u b i n  

t u r n o v e r  (39). 

F i g u r e  5 i l l u s t r a t e s  a r a d i o a c t i v e  xenon s t u d y ,  it be ing  a ra th-  

er c r u d e . r a d i o a u t o g f a p h  I made of a s e c t i o n  of  r a t  t h a t  had been 
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b r e a t h i n g  r a d i o a c t i v e  xenon. On t h e  l e f t  one can see a b lack  d o t ,  

i n d i c a t i n g  h l g h  uptake due t o  f a t  i n  t h e  s p i n a l  cord.  

l a t e d  t o  do t h i s  work by my c o l l e a g u e  Hardin J o n e s ,  who while  breath-  

i n g  e i g h t y  p e r c e n t  xenon and twenty p e r c e n t  oxygen, had become drowsy. 

The s o l u b i l i t i e s  of  v a r i o u s  i n e r t  g a s e s  i n  f a t  and water  were a l s o  

measured, us ing  a c o u n t e r  t h a t  "looked" a t  t h e  f a t  phase and t h e  

w a t e r  phase,  by Loomis e t  a 1  ( 4 0 ) .  Xenon had a very h igh  fa t - to-  

w a t e r  s o l u b i l i t y  r a t i o .  With t h e  a i d  of t h e  e n g i n e e r i n g  s k i l l  of 

C o r n e l i u s  Tobias ,  w e  then  set  up a s m a l l  u n i t  i n t o  which w e  could 

p l a c e  mice and a d m i n i s t e r  xenon t o  them (80% xenon and 2PA oxygen).  

Xenon was found t o  be a n a r c o t i c .  S ince  t h a t  t i m e  i t  h a s  been used 

a s  an a n e s t h e t i c  i n  s u r g e r y  on humans (41 ,42) .  However, xenon is 

too c o s t l y  t o  be p r a c t i c a l .  Radon, because of i t s  even h igher  f a t -  

to-water  s o l u b i l i t y  r a t i o ,  would be an even bet ter  a n e s t h e t i c ,  b u t  

it a g a i n  is h o t  p r a c t i c a l  because of t h e  h igh  r a d i a t i o n  dosage. 

I was s t i m u -  

I 

I must n o t  f o r g e t  t o  mention t h e  work of my long-time col league 

Hal Anger,  who c o n t i n u e s  a c t i v e l y  i n  t h e  Labora tory ,  and who has  

spoken before your  S o c i e t y .  I w i l l  now show some s l i d e s  on s t u d i e s  

us ing  h i s  camera and h i s  tomographic scanner  ( 4 3 ) .  Bone scanning 

r e c e n t l y  seems t o  have been improved s i t h  t h e  use of one of t h e  new 

technet ium-labeled compounds, "?c-EHDP (diphosphonate)  , which g ives  

g r e a t  d e t a i l  i n  tomographic bone scans .  T h i s  work was c a r r i e d  out  by 

my c o l l e a g u e  D r .  James McRae (44) .  I n  one p a t i e n t  who had crush  f rac-  

tures of  L3 and L5, i n c r e a s e d  uptakes  a t  t h e s e  s i tes  were apparent  a t  

t h e  f i v e - i n c h  l e v e l  on t h e  p o s t e r i o r  tomoscan and a t  t h e  s ix- inch 

l e v e l  on t h e  a n t e r i o r  tomoscan. ThB ribs and apophyseal  j o i n t s  were 

a l s o  u n u s u a l l y  w e l l  seen  a t  v a r i o u s  tomographic l e v e l s .  .. 

My c o l l e a g u e , V m  Dyke, h a s  used iron-52 t o  s t u d y  marrow d i s t r i -  
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b u t i o n  and f luor ine-18  t o  s t u d y  hemato logica l  and o t h e r  d i s o r d e r s  (45). 

F i g u r e  6 i s  an iron-52 p i c t u r e  of a p a t i e n t  w i t h  t y p i c a l  polycythemia 

vera  whom I had been s e e i n g  y e a r l y  f o r  twenty- three y e a r s ;  a marked 

e x t e n s i o n  o f  t h e  marrow i s  observed w i t h  n e a r l y  complete absence of 

r e d  c e l l  product ion  i n  t h e  long bones,  a l l  o f  t h e  red  cel ls  produced 

i n  t h e  s p l e e n .  T h i s  scan was done i n  1968, and i n  1970 t h e  p a t i e n t  

cont inued  t o  do w e l l ,  even though she  had a moderately en larged  spleen 

and a l l  of h e r  red cel ls  were be ing  made i n  h e r  sp leen .  

F i g u r e  7 ,  an iron-52 scan of a n o t h e r  p a t i e n t  w i t h  polycythemia 

v e r a ,  shows a h o t  s p o t  down i n  t h e  lower p a r t  of t h e  femur. W e  

thought  h e  might have an e r y t h r o i d  c e l l  tumor, and a needle  biopsy 

of t h e  l e s i o n  r e v e a l e d  t h a t  t h e r e  were about  loo”/, nuclea ted  red ce l l s  

i n  t h e  ,specimen. The a r e a  was subsequent ly  t r e a t e d  w i t h  r a d i a t i o n  

(dose about 11,500 r ) :  t h e  polycythemia was n o t  c u r e d ,  b u t  h e  cont in-  

u e s  t o  do w e l l .  
l 

Time i s  p a s s i n g  and I m u s t  c l o s e  on a s u b j e c t  a l l  of u s  a r e  

i n t e r e s t e d  i n  -- t h e  r e l i e f  of human s u f f e r i n g ,  i . e .  therapy .  Tracer 

or metabol ic  r e s e a r c h  h a s  always been my c h i e f  i n t e r e s t ,  b u t  I have 

always looked f o r  t h e r a p e u t i c  uses of t h e  f i n d i n g s  of t h i s  research .  

F i r s t  I would l ike  t o  mention t h e  work w i t h  radiophosphorus and rad- 

i o i o d i n e  ( 4 6 ) .  F i g u r e  8 is  one of t h e  f i r s t  r a d i o i o d i n e  uptake stud- 

ies ,  by  Hamilton, i n  1936. The r a d i o i o d i n e ,  p repared  by  bombarding 

t e l l u r i u m  w i t h  d e u t k r o n s  from t h e  t h i r t y - n i n e  i n c h  c y c l o t r o n  c o n s i s t e d  

mainly of  iodine-131, b u t  a l s o  conta ined  smal l  amounts of iodine-126. 

A f t e r  o r a l  a d m i n i s t r a t i o n ,  t h e  r a d i o a c t i v i t y  i n  t h e  t h y r o i d  gland uas  

counted  by  a Geiger  c o u n t e r  tube p l i c e d  d i r e c t l y  over  t h e  t h y r o i d  i n  

t h i s  l i t t l e  p a t i e n t  w i t h  myxedema, i n  t h i s  p ioneer ing  photograeh. 



-14- 

It is  i n t e r e s t i n g  t h a t  u n t i l  t h e  s c i n t i l l a t i o n  counter  came 

almg i n  t h e  195O's ,  p e r m i t t i n g  one t o  u s e  a few microcur ies  of 1-131, 

ins tead  of 100 m i c r o c u r i e s ,  w e  w o u l d  n o t  s t u d y  normal human beings 

w i t h  r a d i o i s o t o p e s  of i o d i n e  because of t h e  e x c e s s i v e  r a d i a t i o n  dos- 

age t o  t h e  gland.  Dr. S. C.  Curran o f t h e  U n i v e r s i t y  of Glasgow, who 

had i n t r o d u c e d  t h e  f i r s t  s imple  form of t h e  modern s c i n t i l l a t i o n  

c o u n t e r  i n  1944 (471, was working i n  our Laboratory dur ing  t h i s  per- 

i o d  and s t i m u l a t e d  among u s  much i n t e r e s t  i n  t h i s  f i e l d .  The w e l l -  

t y p e  s c i n t i l l a t i o n  c o u n t e r ,  developed by my c o l l e a g u e  Hal Anger, was 

used f o r  t h e  f i r s t  t i m e  i n  o u r  Laboratory i n  1950 f o r  i n  v i t r o  

c o u n t i n g  of  blood samples o r  o t h e r  m a t e r i a l  ( 4 8 ) .  

l a t i o n  c o u n t e r  head was a l s o  used f o r  t h e  f i r s t  t i m e  f o r  i n  vivo 

c o u n t i n g  c l i n i c a l l y ,  it b e i n g  p o s s i b l e  t o  p o s i t i o n  t h e  counter  head 

An e a r l y  s c i n t i l -  

o v e r  v a r i o u q a r e a s  o f  t h e  body t o  detect  r a d i o a c t i v i t y  i n  an organ 

( 4 8 ) .  I ron-59 was t h e  f i r s t  i s o t o p e  used i n  t h i s  work l e d  by my 

a s s o c i a t e  Rex Huff ( 1 5 ) .  The f i r s t  ins t rument  designed f o r  i so tope  

scanning  was t h e  d o t  s c a n n e r ,  which employed a s i n g l e  s c i n t i l l a t i o n  

c o u n t e r  and was developed i n  1950, independent ly ,  by Cassen a t  the 

U n i v e r s i t y  of  C a l i f o r n i a  a t  Los Angeles ( 4 9 ) ,  and Mayneord e t  a 1  a t  

t h e  Royal Cancer H o s p i t a l  i n  London (50) .  S h o r t l y  t h e r e a f t e r ,  i n  

1952, t h e  f i r s t  m u l t i p l e  s c i n t i l l a t i o n  c o u n t e r ,  whole-body i n  vivo 

scanner  was developed b y  Anger a t  Donner Labora tory  (51) .  During t h e  

p a s t  twenty  y e a r s ,  v e r y  s o p h i s t i c a t e d  i s o t o p e  cameras and scanners  
0 

-E 

4 
cci have been developed,  i n c l u d i n g  t h e  tomographic scanner  a l r e a d y  men- 
cn 

t i o n e d  ( 4 3 ) ,  and t h e s e  i n s t r u m e n t s  p l a y  an impor tan t  r o l e  i n  medical 

d i a g n o s t i c  s t u d i e s  today.  I 

F i g u r e  9 shows t h e  f a l l  i n  b a s a l  metabol ic  r a t e  i n  s t u d i e s  of 

t h e  f irsf  t h r e e  p a t i e n t s  t o  be t r e a t e d  w i t h  r a d i o a c t i v e  i o d i n e  by 
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Joseph Hamilton, 

our  p a t i e n t s  w i t h  m u l t i p l e  me tas t a ses  from t h y r o i d  cance r .  H e  was 

t r e a t e d  s u c c e s s f u l l y  w i t h  iodine-131. H e  d i e d  € i f t e e n  y e a r s  a f t e r  

t r e a t m e n t  a t  t h e  age  of  e i g h t y - t h r e e  y e a r s ,  of normal ag ing .  The 

uptake  i n  t h e  m e t a s t a t i c  l e s i o n s  was 200 t imas  t h a t  i n  any o t h e r  t i s -  

s u e ,  and h e  was cu red  of h i s  m e t a s t a t i c  t h y r o i d  c a n c e r .  

F i g u r e  10 is  an e a r l y  whole-body scan of one of 

We have been us ing  P-32 t o  t r e a t  p a t i e n t s  w i th  c h r c n i c  l euksx ia  

and polycythainia ve ra  s i n c e  1939 (52), based 39 our  e a r l i e r  ex?er i -  

rnents i n  n o r n a l  ani inals  and leukemic a n i p a l s  us ing  P - 3 2  ( 1 0 ) .  It i s  

i n  t h i s  work w e  found t h a t  leukemic t i s sues  and bono marro:.; had hiqh 

uptake  of  P-32, and F i g u r e  11 i s  an exanple  of t h e  c l i n i c a l  coa r se  

of one of our e a r l y  p a t i e n t s  t r e a t e d  t h i r t y  y e a r s  ago. V:e t r e a t e d  

him w i t h  P-32 p e r i o d i c a l l y  over  a number of y e a r s .  Th i s  f i g u r e  sun- 

mar izes  t h c : c o u r s e  from 1933 t o  1963; t e n  more y e a r s  of obse rva t i cn  

have  bsen  added and h e  c o n t i n u e s  w e l l .  T h i r t y  y e a r s  a f t e r  h i s  first 

t r e a t m e n t  w i t h  P-32 h e  had a normal red c e l l  c o u n t ,  h e n a t c c r l t ,  and 

p l a t e l e t  c o u n t ,  and he  was asymptomatic. These v a l u e s  con t inue  i n  

t h e  normal r a n g e ,  and  h e  c o n t i n u e s  t o  be asynptomat ic  a t  t h e  a g e  of 

seventy-n ine .  

F i g u r e  1 2  shows t h e  s u r v i v a l  cu rve  f o r  our l a r g e  se r ies  of pa- 

t i e n t s  w i t h  polycythemia v e r a ,  and i s  compared t o  a matched popula- 

t i o n  of the  same age  and sex. For t h i s  group of  p a t i e n t s  w i t h  poly- 

W 

0 
c c - I 
CT cythemia v e r a  who were t r e a t e d  w i t h  P-32, t h e  median s u r v i v a l  was 
cn 

abou t  f o u r t e e n  and 'one-ha l f  y e a r s ,  , t w i c e  t h a t  p r e v i o u s l y  r epor t ed .  

A t  p r e s e n t  t h e r e  h a s  been demonstrated no o t h e r  way of  t r e a t i n g  t h i s  

d i s e a s e  which b r i n g s  t h e  s u r v i v a l  up t o  t h a t  f o r  t h e  matched popula- 

* '  

t i o n .  The s u r v i v a l  for p a t i e n t s  t r e a t e d  w i t h  P-32 i s  about  t he  sane > 
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FIGURE CAPTIONS 

. F i g u r e  1. Photograph o f  i o n i z a t i o n  t r a c k s  produced by neutrons 
and g a m a  r a y s  i n  a Wilson Cloud Chamber f i l l e d  w i t h  hydrogen 
( t aken  w i t h  t h e  c loud  chamber a t  a d i s t a n c e  of  20  f e e t  from 
t h e  Beryllium t a r g e t  of t h e  c y c l o t r o n ) ,  
t r a c k s  represent r e c o i l  p ro tons  which a r e  t h e  r e s u l t  of  t h e  
c o l l i s i o n s  of  neu t rons  w i t h  hydrogen n u c l e i .  
i n  t h e  background r e p r e s e n t  t h e  i o n i z a t i o n  produced by  gamma 
r a y s ,  t h e  r e s u l t  of secondary  e l e c t r o n  emiss ion .  

The very  dense long 

The f i n e r  lines 

Figure  2 .  T o t a l  r e d  c e l l  volume p l o t t e d  a s  a f u n c t i o n  o f  hemato- 
c r i t  w i t h  t h e  normal a r e a  i n d i c a t e d  by an  e l l i p s e  i n  t h e  lower 
l e f t  c o r n e r  o f  t h e  graph .  
red  c e l l  mass f o r  a g i v e n  hematoc r i t  and emphasizes t h e  impor- 
t a n c e  of r ed  c e l l  volume i n  e s t a b l i s h i n g  t h e  d i a g n o s i s  o f  
polycythemia.  

T h i s  shows t h e  g r e a t  v a r i a t i o n  i n  

F igu re  3. Plasma i r o n  d i sappea rance  curves  a f t e r  i n j e c t i o n  of  

i ron-%.  Note t h e  more r a p i d  i r o n  t u r n o v e r  r a t e s  of t h e  f i v e  
p a t i e n t s  w i t h  polycythemia vera  ( r i g h t )  compared t o  t h e  f i v e  
normal men ( l e f t ) .  
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F i g u r e  4.  Plasma i ron-59 c l e a r a n c e  ra t ' es  i n  a group of medical  
s t u d e n t s  w i t h  s e a - l e v e l  h a b i t a t  (4A) and a group o f  miners 
a c c l i m a t i z e d  t o  14,900 f e e t  (4B). Compare t h e  dashed l i n e s  
w i t h  t h e  s o l i d  l i n e s :  no te  t h e  r ap id  inc rease  i n  c l ea rance  
r a t e  a f t e r  a s c e n t  t o  14,900 fee t  i n  4A, and t h e  decrease  i n  
r a t e  a f t e r  descen t  t o  s e a  l e v e l  i n  4B. 

F i g u r e  5. Rad ioac t ive  xenon s t u d y  -- a r a t h e r  c rude  rad ioautograph  
of a c r o s s  s e c t i o n  of a r a t ,  t h a t  had beeh b r e a t h i n g  r ad ioac t ive  
Xenon. Note uptake of xenon i n  s p i n a l  co rd  (b lack  d o t ,  c e n t e r  

: l e f t ) :  i n  m e s e n t e r i c  f a t  ( c e n t e r )  ; and t r a p p i n g  of xenon i n .  h a i r  
(upper. l e f t ) ,  t h i s  o c c u r r i n g  because t h e  r a t  was q u i c k l y  frozen:! 

s o l i d  by be ing  dropped i n t o  l i q u i d  hydrogen. 
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Figure  6.  Iron-52 scan  of  a p a t i e n t  w i t h  t y p i c a l  polycythemia vera  
taken  i n  1968, twenty y e a r s  a f t e r  d i a g n o s i s  and f i r s t  t rea tment  
of t h i s  d i s o r d e r .  Note t h e  marked ex tens ion  of  t h e  marrow, wi th  
n e a r l y  complete  absence  of r e d - c e l l  p roduct ion  i n  t h e  long bones 
and a l l  of t h e  r e d  c e l l s  be ing  produced i n  t h e  sp l een .  

F i g u r e  7 .  I r o n  scan  o f  p a t i e n t  w i t h  polycythemia vera  which revea led  
a h o t  spot i n  t h e  lower p a r t  o f  t h e  femur. 
t u m o r  was suspec ted ,  and a need le  t i o p s y  of  t h e  tumor revea led  
t h e  presence  of about  1OW0 nuc lea t ed  red ce l l s .  

An e r y t h r o i d  c e l l  

F igu re  8. One o f  t h e  f i r s t  r a d i o i o d i n e  uptake s t u d i e s  i n  p rogres s .  
A f t e r  o r a l  a d m i n i s t r a t i o n ,  t h e  r a d i o a c t i v i t y  i n  t h e  th ryo id  
g land  was counted  by a Geiger  coun te r  tube p laced  d i r e c t l y  over  
t h e  t h y o r i d .  

F i g u r e  9. Fall i n  b a s a l  me tabo l i c  r a t e  of t h e  f i r s t  t h r e e  p a t i e n t s  
D r .  Joseph Hamilton t r e a t e d  f o r  hyper thyro id ism w i t h  iodine-131. 

F i g u r e  10.  A n  e a r l y  whole-body scan  of a Wient wi th  mul t ip l e  metas- 
t a ses i f ro rn  t h r y o i d  cance r  who was t r e a t e d  s u c c e s s f u l l y  with 
1-131. He d i e d  f i f t e e n  y e a r s  a f t e r  t r ea tmen t  a t  t h e  age of 
e i g h t y - t h r e e ,  b u t  n o t  of cance r .  

* F i g u r e  11. C l i n i c a l  course of p a t i e n t  w i t h  polycythemia treated 
f i rs t  i n  1943, showing t h e  twenty-year i n t e r v a l  u n t i l  1963. Ten  
a d d i t i o n a l  y e a r s  of  obse rva t ion  have now been added; he has  re- 
q u i r e d  no f i r t h e r  t r e a t m e n t ,  h i s  blood v a l u e s  remain i n  t h e  
normal range ,  and h e  c o n t i n u e s  t o  be asymptomatic a t  t h e  age of 

seventy-n ine  y e a r s .  

F i g u r e  12.  S u r v i v a l  c u r v e  fo r  o u r  series of 270 p a t i e n t s  wi th  poly- 
cythemia ve ra  compared w i t h  t h e  cu rve  f o r  an age-and-sex matched 
popu la t ion .  
t r e a t e d  k i t h  P-32 i s  14.8 y e a r s .  

The median s u r v i v a l  f o r  t h e s e  p a t i e n t s  who were 

F i g u r e  13. Schematic  r e p r e s e n t a t i o n  i n  a t i s s u e - l i k e  m a t e r i a l  of t h e  
dose  d i s t r i b u t i o n  produced by s e v e r a l  t ypes  and e n e r g i e s  of rad- 
i a t i o n .  Note t h e  g r e a t e r  dep th  dose  w i t h  less  s c a t t e r i n g  i n  
t h e  c a s e  of  t h e  high-energy heavy p a r t i c l e s .  



F i g u r e  14. Change i n  plasma growth hormone l e v e l  i n  159 p a t i e n t s  w i t h  

acromegaly w n o  have  been re -eva lua ted  one o r  more years  a f t e r  
complet ion of h e a v y - p a r t i c l e  p i t u i t a r y  i r r a d i a t i o n .  
mone d e t e r m i n a t i o n s  by radioimmunoassay were made both p r i o r  t o  
and from one t o  e i g h t  y e a r s  a f t e r  therapy  i n  144 p a t i e n t s  (note  
open-dot l i n e ) ,  t h e  N ' s  a t  t h e  t o p e  of t h e  graph i n d i c a t i n g  t h e  
nuinber of i n d i v i d u a l s  used i n  c a l c u l a t i n g  t h e  median f o r  each 
t i m e  i n t e r v a l .  F i f t e e n  p a t i e n t s  d i d  n o t  have pre- t reatment  growth 

Growth nor- 

. hormone d e t e r m i n a t i o n s  by t n i s  metnod ( t r e a t e d  p r i o r  t o  October 
1 9 6 1 ) ,  b u t  t h e i r  growth-hornone l e v e l s  determined f o u r  t o  twelve 
y e a r s  a f t e r  t r e a t m e n t  (note  s o l i d - d o t  l i n e )  a r e  c o n s i s t e n t  with 
t h o s e  of t h e  remaining group. 

F i g u r e  15 .  Photographs of a p a t i e n t  wi th  acromeqaly taken i n  1960 

. t i n u e s  i n  s a t i s f a c t o r y  r e m i s s i o n ,  i t  now be ing  t h i r t e e n  years  
b e f o r e  t r e a t m e n t  ( l e f t )  and f i v e  y e a r s  l a t e r  ( r i g h t ) .  H e  con- 

s ince  h e a v y - p a r t i c l e  therapy .  

F i g u r e  16 .  S u r v i v a l  c u r v e s  c a l c u l a t e d  i n  December 1369, December 
1971, akd August 1973,  compared t o  t h e  expected s u r v i v a l  f o r  

age-and-sex matched g e n e r a l  popula t ion  ( d o t t e d  l i n e )  and diabe-  
t i c  popula t ion  (dashed l i n e ) .  A s  t h e  follow-up per iod  i n c r e a s e s ,  
t h e  median s u r v i v a l  i n c r e a s e s  (from t e n  y e a r s  i n  1969 t o  t h i r -  
t e e n  y e a r s  i n  1 9 7 3 ) ,  and i t  approaches t h e  c u r v e  f o r  t h e  d iabe  - 
tic p o p u l a t i o n .  

F i g u r e  17 .  Adrenal  s c i n t i p h o t o s  made on  t h e  s i x t h  day a f t e r  admin- 
i s t r a t i o n  of 1311-19-iodocholesterol. 
normal adrenal.  g lands :  t h e  lower view i s  of a d r e n a l  g lands  i n  a 
p a t i e n t  w i t h  b i l a t e r a l  a d r e n a l  h y p e r p l a s i a  (Cushinq 's  d i s e a s e ) .  

F i g u r e  18. Photographs of a p a t i e n t  w i t h  Cushing ' s  d i s e a s e  taken i n  
0 1966 b e f o r e  t r e a t m e n t  ( l e f t )  and t h r e e  y e a r s  l a t e r . ( r i g h t ) .  The 
2 p a t i e n t  c o n t i n u e s  i n  s a t i s f a c t o r y  r e m i s s i o n ,  it now being  seven 
2 y e a r s  since h e a v y - p a r t i c l e  therapy .  

The upper view i s  of 

0 

c c 

-0 

Table  1. T h i s  t a b l e  summarizes the.272 p a t i e n t s  w i t h  p i t u i t a r y  
tumors treated w i t h  heavy p a r t i c l e s .  
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a s  t h a t  f o r  t r e a t e d  d i a b e t i c  p a t i e n t s  o r  p a t i e n t s  t r e a t e d  f o r  per- 

n i c i o u s  anemia 

abou t  t h e  poss  

summa r i zed ou r  

u n l i k e l i n e s s  of 

t h e  Polycythem 

(5334). For many y e a r s  t h e r e  h a s  been concern 

b le  induc t ion  of leukemia by P-32, and i n  1969 tie 

t h i r t y  y e a r s  of expe r i ence  which i n d i c a t e d  t h e  

such an e f f e c t  ( 5 3 ) .  I have r e c e n t l y  l ea rned  t h a t  

a Vera Study Group (PVSG), under t h e  Di rec t ion  of 

D r .  Louis  Wasserman, h a s  e leven  c a s e s  of polycythemia vera  t r e a t e d  

o n l y  u i t h  .phlebotomy who have developed a c u t e  leukemia.  I n  addi- 

t i o n ,  t h e y  have twenty-one c a s e s  of a c u t e  leukemia t h a t  have devel-  

oped i n  chemotherapy-treated cases. I n  t h e  PVSG c a s e s  per  s e  ( a  

t o t a l  of about  350 c a s e s  randomized) they  have t w o  c a s e s  of a c u t e  

leukemi8 t h a t  have developed s i n c e  t h e  p r o j e c t  g o t  underway i n  

1966, and bo th  p a t i e n t s  had been t r e a t e d  wi th  Leukeran.* T h u s ,  i t  

seems probable t h a t  i n  t h o s e  p a t i e n t s  w i t h  polycythenia  vera who 

deve lop  a c u t e  leukemia,  it i s  a phase i n  t h e  n a t u r a l  cour se  of the  

c o n d i t i o n  i n  t h i s  group.  

D r .  Hamilton and I r e p o r t e d  t h e  t r ea tmen t  of polycythemia v e r a  

and of  t h y r o i d  d i s e a s e  a t  t h e  American S o c k y  

* Informat ion  from t h e  Riycythemia Vera Study Group, November 1 0 7 3 ,  
t o  be pub l i shed  by Wasserman, B e r l i n ,  and Kaplan. 
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of C l i n i c a l  I n v e s t i g a t i o n  meeting i n  A t l a n t i c  C i t y  i n  1942 ( 5 5 ) .  O u r  

paper  was fol lowed by  a paper  by  Dr. Hertz  on h i s  t rea tment  of hyper- 

t h y r o i d i s m  w i t h  radiaicdine (56) . 
F i n a l l y ,  a b r i e f  d i s c u s s i o n  of work which h a s  taken much of m y  

t i m e  d u r i n g  t h e  p a s t  twenty y e a r s  -- t h e  u s e  of high-energy, heavy 

p a r t i c l e s  i n  t h e r a p y  i n  a s s o c i a t i o n  p a r t i c u l a r l y  w i t h  my long-time 

c o l l e a g u e  C o r n e l i u s  Tobias .  It i s  a r e t u r n  t o  my f i r s t  work on radi-  

a t i o n  p r o t e c t i o n  c a r r i e d  o u t  i n  1935 on t h e  b i o l o g i c a l  e f f e c t s  of 

n e u t r o n  r a y s ,  which produced dense  i o n i z a t i o n  and t h e  g r e a t e r  W E  

(3 ,4 )  

F i g u r e  1 3  i l l u s t r a t e s  t h e  depth-dose d i s t r i b u t i o n  of s e v e r a l  

t y p e s  of r a d i a t i o n  i n  a t i s s u e - l i k e  "phantom". The h e a v i e r ,  h igher  

e n e r g y , p a r t i e l e s  a r e  seen t o  have g r e a t e r  depth  dose w i t h  less  s c a t -  

t e r ,  and a l s o  t h e r e  i s  t h e  Bragg peak e f f e c t  ( t h e  very  l a r g e  dose 

produced a t  t h e  end o f  t h e i r  t r a c k  i n  t i s s u e )  ( 5 7 ) .  

During t h e  p a s t  f i f t e e n  y e a r s  w e  have t r e a t e d  208 p a t i e n t s  with 

acromegaly (581, u s i n g  t h e  p l a t e a u  method f o r  most, t h e  Bragg peak 

i n  f i v e  c a s e s  where tumors w e r e  v e r y  l a r g e ,  and a combination of t h e  

p l a t e a u  and t h e  Bragg peak i n  t h r e e  c a s e s .  T h e p a t i e n t  l i e s  on a 

t r e a t m e n t  t a b l e  w i t h  d i a g n o s t i c  x-ray u n i t s  l o c a t e d  AP and l a t e r a l l y ,  

I 
I 

and w i t h  t h e  a i d  of c r o s s  h a i r s  one can a c c u r a t e l y  p l a c e  t h e  beam 

o over t h e  sel la  t u r c i c a .  The head i s  then  h e l d  f i r m l y  i n  p l a c e  by 
0 

c 
c 

A I means of a p l a s t i c  mask f i t t e d  t o  each p a t i e n t  i n d i v i d u a l l y ,  t h u s  in-  
cn 

s u r i n g  a c c u r a t e  beam placement  throughout  t h e  procedure.  During 

t r e a t m e n t  t h e r e  i s  c o n t i n u o u s  r o t a t i o n  of t h e  head and body, r e s u l t -  

i n g  i n  a cone of r a d i a t i o n  c e n t e r i n 3  on t h e  s e l l a  t u r c i c a .  

F i g u r e  14 shows t h e  changes i n  radioimmunoassay growth-hormone 

l e v e l s  f o l l o w i n g  h e a v y - p a r t i c l e  t h e r a p y  i n  p a t i e n t s  w i t h  acromegaly 
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( 5 9 ) .  Accompanying t h e  P a l l  i n  growth hormone t h e r e  i s  dramatic i m -  

provement i n  t h e  s i g n s  and symptoms of t h i s  d i s o r d e r .  S i g n i f i c a n t  

me tabo l i c  improvement is  u s u a l l y  seen when t h e  growth-hormone l e v e l  

h a s  dropped t o  10 wg/ml o r  l e s s ,  a l e v e l  a t t a i n e d  by f i f t y  percent  

o f  t h e  p a t i e n t s  w i t h i n  one y e a r ;  growth-hormone v a l u e s  were eventua l -  

l y  w i t h i n  normal l i m i t s  (4 5 mpg/ml) i n  n i n e t y - f i v e  pe rcen t  of t he  

p a t i e n t s .  

Photographs of a phys i c i an  whom we t r e a t e d  i n  1960 a r e  shown i n  

F i g u r e  15. H e  h a s  had a s a t i s f a c t o r y  response  t o  therapy:  h i s  growth- 

hormone l e v e l  i s  normal and h i s  d i s e a s e  i s  now i n a c t i v e .  Replacement 

t h e r a p y  was s t a r t e d  w i t h  t h y r o i d  i n  1965, wi th  t e s t o s t e r o n e  i n  1969, 

and w i t h  c o r t i s o n e  i n  1971. He c o n t i n u e s  w e l l  and a c t i v e  i n  t he  

p r a c t i c e  of medicine,  it now be ing  t h i r t e e n  y e a r s  since therapy.  

Although some degree  of h y p o p o i t u i t a r i s m  h a s  occurred i n  about 

o n e - t h i r d ’  of t h e  p a t i e n t s  a s  a r e s u l t  of ach iev ing  adequate c o n t r o l  

o f  t h e i r  d i s e a s e ,  t h i s  deve lops  s lowly  i n  most p a t i e n t s .  Cor t i sone  

rep lacement  t h e r a p y  has been r e q u i r e d  i n  a, t h i r d  of t h e s e  p a t i e n t s ,  

w i t h  such  t h e r a p y  be ing  i n i t i a t e d  u s u a l l y  between two and fou r  years  

a f t e r  comple t ion  of h e a v y - p a r t i c l e  t h e r a p y  ( r ange ,  one t o  t w e l v e  

y e a r s ) .  It i s  r easonab le  t o  expec t  t h a t  a long  wi th  t h e  improvement 

observed  i n  t h e  me tabo l i c  p i c t u r e ,  t h e r e  w i l l  a l s o  be an ex tens ion  

of comfor t ab le  and c h r o n o l o g i c a l  l i f e  i n  t h e s e  p a t i e n t s  t o  normal o r  

n e a r l y  normal f o r  t h e i r  age group,  and f o r  a group of people wi th  

s i m i l a r  i n c i d e n c e  of v a s c u l a r  d i s e a s e  or o t h e r  independent d i s e a s e  

p r o c e s s e s .  It i s  of i n t e r e s t  t o  n o t e  t h a t  twenty- three  of t h e s e  pa- 

t i e n t s  were r e f e r r e d  t o  u s  and t r e a t e d  by u s  a f t e r  f a i l u r e  of s a t i s -  

f a c t o r y  resul ts  a f t e r  procedures  such a s  t r a n s f r o n t a l  hypophysectomy, 

t r a n s s p h e n o i d a l  hypophysectomy, or cryohypophysectomy. Also,  many 
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o f  t h e  p a t i e n t s . w e r e  r e f e r r e d  t o  u s  f o r  t r ea tmen t  because they were 

poor s u r g i c a l  r i s k s .  So, a s  a group, t hey  were n o t  a f avorab le  one 

f o r  t h e  achievement of a normal l i f e  expectancy. 

by  u s ,  t h e i r  acromegaly was on t h e  average  of e i g h t  y e a r s  d u r a t i o n .  

Only f o u r t e e n  of t h e  208 p a t i e n t s  t r e a t e d  du r ing  t h e  p a s t  f i f t e e n  

y e a r s  have  d i ed .  

t h i s  be ing  t h e  mast f r e q u e n t l y  observed cause  of d e a t h ,  and w e  a r e  

w a i t i n g  f o r  t h e  conf i rma t ion  of c a r d i o v a s c u l a r  causes  a s  t h e  cause  

of d e a t h  i n  a s i x t h  p a t i e n t .  The remaining e i g h t  d i e d  of vary ing  

causes .  One  took h i s  own l i f e  Seven months a f t e r  t r ea tmen t  be fo re  

Al so ,  when t r e a t e d  

F ive  p a t i e n t s  d i e d  of c a r d i o v a s c u l a r  compl i ca t ions ,  

t h e  maximum e f f e c t  of t he rapy  was achieved .  One died of an acciden- 

t a l  OVe,rd06* of b a r b i t u a t e s  f i v e  y e a r s  a f t e r  t r ea tmen t .  

f o u r  y e a r s  a p t e r  treat ment  from a c u t e  myelogenous leukemia. Another 

d i e d  f o u r  y e a r s  a f t e r  t r e a t m e n t  from sys temic  toxemia,  t h e  organism 

b e i n g  i d e n t i f i e d  a s  h i s top la sma  capsulotum. One d i e d  t w o  months a f t e r  

t r e a t m e n t  from compl i ca t ions  of a b l eed ing  u l c e r .  One d i ed  eleven 

y e a r s  a f t e r  completion of t he rapy  from a meningioma ( t h e  tumor was 

l y i n g  s u p e r f i c i a l l y  and could  have been s u r g i c a l l y  removed, b u t  t he  

p a t i e n t  and h i s  w i f e  r e f u s e d  t r e a t m e n t ) .  The meningioma was i n  an 

a r e a  o f  t h e  b r a i n  e s t ima ted  t o  have r ece ived  300 r a d s ,  and it seems 

o u n l i k e l y  t h a t  a c a u s e - e f f e c t  r e l a t i o n s h i p  between the rapy  and tumor 

-F was p r e s e n t .  One d i e d  from an a c u t e  v a s c u l a r  c o l l a p s e  du r ing  s u r -  

One died 

, '  

W 

0 

-J 

U g e ~ y  (a sp ino tha lamic  cordotomy was be ing  performed t o  re l ieve i n t r a c -  

t a b l e  p a i n  r e s u l t i n g  from an o s t e o g e n i c  sarcoma a r i s i n g  from the  

lower lumbar v e r t e b r a e ) .  Another d i e d  twelve  hour s  a f t e r  a t r a n s -  

f r o n t a l  craniotomy. Th i s  p a t i e n t  had undergone one t r a n s f r o n t a l  

c ran io tomy wi th  o p t t c  chiasm decompression and removal of a c y s t i c  

' tumor  seven months p r i o r  t o  h e a v y - p a r t i c l e  i r r a d i a t i o n  (administered 
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because  growth-hormone l e v e l s  remained i n  t h e  p re su rge ry  range of 14 

t o  18 mkg/ml). The growth-hormone l e v e l  s t i l l  d i d  n o t  f a l l  s a t i s f a c -  

t o r i l y ,  and when w e  l a s t  saw t h e  p a t i e n t  i n  March 1971 ( 3  yea r s  a f t e r  

t r e a t m e n t ) ,  it was e l e v a t e d  t o  40 mug/rnl. 

i n  J u n e  1971 t h e  p a t i e n t  had complained of v i s u a l  l o s s  and t h a t  sub- 

sequen t  s t u d i e s  had r e v e a l e d  a l e f t  temporal f i e l d  defect and pneurno- 

encephalographic  ev idence  of recurrent s u p r a s e l l a r  ex tens ion  of t he  

p i t u i t a r y  tumor. The second t r a n s f r o n t a l  c ran io tomy,  t h e r e f o r e ,  was 

W e  l a t e r  learned t h a t  e a r l y  

performed i n  June  1971, and t h e  p a t i e n t  d i e d  t w e l v e  hours  postopera- 

t i v e l y  from a l a c e r a t e d  c a r o t i d  a r t e r y .  

F i g u r e  16 compares s u r v i v a l  f o r  our s e r i e s  of p a t i e n t s ,  and it 

i s  no ted  t h a t  as t h e  follow-up pe r iod  i n c r e a s e s ,  t h e  median s u r v i v a l  

inCreaSbS (from t e n  y e a r s  i n  December 1969 t o  t h i r t e e n  yea r s  i n  J u l y  

1 9 7 3 ) ,  and approaches  t h a t  f o r  a t r e a t e d  d i a b e t i c  popu la t ion .  The 

c u r v e  f o r  t h e  expec ted  s u r v i v a l  i n  an age-and-sex matched U.S. popu- 

l a t i o n  i s  a l s o  shown. These r e s u l t s  show t h a t  good c o n t r o l  of acro- 

megaly can be achieved  by t h i s  s a f e  method (even i n  t h i s  group of 

h i g h - r i s k  p a t i e n t s )  w i t h  a low inc idence  of s i d e  e f f e c t s .  

W e  have  a l s o  t r e a t e d  twenty-nine p a t i e n t s  w i th  Cushing ' s  d i s e a s e ,  

u s ing  h e a v y - p a r t i c l e  p i t u i t a r y  t h e r a p y  t o  c o n t r o l  a d r e n a l  hypersecre-  

w t i o n  (60) .  Fol lowing  t r e a t m e n t  t h e r e  i s  u s u a l l y  a r e v e r s a l  of ab- 
0 
o normal me tabo l i c  s i g n s  and a f a l l  t o  normal of s t e r o i d  e x c r e t i o n  

-I w i t h  d i sappea rance  o f  exagge ra t ed  s t e r o i d  response  t o  metyrapone. 
- . c 

0- 

Adrenal  scans us ing  

v a l u a b l e  d i a g n o s t i c  t o o l  i n  Cushing ' s  d i s e a s e ,  and a l l  of t h i s  work 

was made p o s s i b l e  by a v a i l a b i l i t y  o f  t h e  f i r s t  l a b e l e d  c h o l e s t e r o l  

(provided  by Counse l l ,  B e i e r w a l t e s ,  and a s s o c i a t e s  ( 6 1 ) ) .  The t o p  

'3lX-19-iodinated c h o l e s t e r o l  have provided a - 
, ,  

.view i n  F i g u r e  17 is of normal a d r e n a l  g lands :  t h e  lower i s  of 
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t h o s e  i n  a P a t i e n t  w i th  Cush ing ' s  d i s e a s e  ( b i l a t e r a l  ad rena l  hyper- 

p l a s i a ) .  

d i s e a s e  r u l e  o u t  a d r e n a l  adenoma, carcinoma, o r  tumor elsewhere se- 

a t i n g  ACTH, w e  now r o u t i n e l y  do a d r e n a l  s cans  t o  be s u r e  w e  a r e  dea l -  

Even though me tabo l i c  s t u d i e s  on p a t i e n t s  w i th  Cushing's 

i ng  w i t h  b i l a t e r a l  h y p e r p l a s t i c  a d r e n a l  g l ands .  

Photographs of a p a t i e n t  w i t h  Cush ing ' s  d i s e a s e  who had a s a t -  

i s f a c t o r y  r e sponse  t o  h e a v y - p a r t i c l e  t he rapy  a r e  shown i n  F igure  18. 

H e  had  undergone a s u b t o t a l  adrenalectomy i n  1958, and then when 

symptoms of Gushing' s d i s e a s e  con t inued ,  had undergone e x c i s i o n  of 

t h e  a d r e n a l  r emnan t . i n  1964. C o r t i s o n e  replacement was i n i t i a t e d ,  

b u t  d i s c o n t i n u e d  a f t e r  a s h o r t  pe r iod .  

Cush ing ' s  d i s e a s e  r e c u r r e d ,  and t h e  p a t i e n t  was r e f e r r e d  t o  US. 

I n  December 1965, symptoms Of 

We 

t r e a t e d  him.in January 1966 (11,000 r ads / l2  d a y s ) .  Subsequently 

h i s  SYmPtOmS d i s a p p e a r e d ,  and t h e  l a b o r a t o r y  va lues  r e v e r t e d  t o  nor- 

m a l .  The p i c tu re  on t h e  l e f t  was taken  b e f o r e  t r e a t m e n t ,  and t h e  one 

on t h e  r i g h t ,  t h r e e  y e a r s  a f t e r  t r ea tmen t .  H e  remains i n  f u l l  re- 

mi s s ion ,  it now b e i n g  seven and one-half  yea r s  since the rapy  ( c o r t i -  

sone rep lacement  was s t a r t e d  i n  1969).  

Of ' t h e  twenty  p a t i e n t s  f o r  whom w e  have follow-up informat ion  

one y e a r  or more a f t e r  t r e a t m e n t ,  p a r t i a l  o r  complete remiss ions  oc- 

c u r r e d  i n  a l l  b u t  one c a s e .  

c a t e d  t h a t  a h i g h e r  pe rcen tage  of l a s t i n g  r e su l t s  were observed i n  

F u r t h e r  a n a l y s i s  of t h e s e  p a t i e n t s  i n d i -  
W 
Q 

c - 
-I t h e  g roup  of p a t i e n t s  t r e a t e d  w i t h  h i g h e r  doses .  Among t h e  seven 

1% p a t i e n t s  who were t r e a t e d  i n  t h e  lower-Zose range  (6,000 t o  10,000 
G- 

r a d 4 1 1  d a y s ) ,  remi 'ss ions were obsekved i n  s i x .  The o t h e r  p a t i e n t ,  

who had p r e v i o u s l y  undergone u n i l a t i r a l  adrenalectomy, d i d  not  re- 

t u r n  f o r  follow-up e v a l u a t i o n ,  b u t  s t u d i e s  e l sewhere  demonstrated 

f a i l u r e  t o  respond. Without c o n s u l t a t i o n  wi th  u s ,  he  subsequent ly  
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had t o t a l  adrenplectomy t h e r e ,  n ine  months a f t e r  t r ea tmen t  by u s  ( i f  

a l onge r  w a i t i n g  pe r iod  had been al lowed,  t h i s  might no t  have been 

n e c e s s a r y ) .  

r e l a p s e d  and underwent t o t a l  adrena lec tomies  a t  seven months and 

Two p a t i e n t s  had on ly  t r a n s i e n t  remiss ions  and l a t e r  

0 t h i r t y - e i g h t  months r e s p e c t i v e l y .  

who had been i n  c l i n i c a l  remission f o r  6 .5  y e a r s ,  d i e d  f r o m a c u t e  

One p a t i e n t  i n  t h i s  group 

pneumonia a-nd i n t e r n a l  hydrocephalus  (she had s u f f e r e d  seve re  meningo- 

e n c e p h a l i t i s  a t  t h e  age of e leven  y e a r s  wi th  r e s u l t a n t  b l indness  and 

mental  r e t a r d a t i o n ,  and had p o s t e n c e p h a l i t i c  ch ron ic  b r a i n  syndrome 

i n  a d d i t i o n  t o  t h e  p i t u i t a r y  adenoma). 

All t h i r t e e n  p a t i e n t s  who were t r e a t e d  i n  t h e  h i g h e r  dose range * 

(11,000 t o  15.,000 r a d s / l l  days)  have had p a r t i a l  o r  complete remis- 

s i o n s ,  And only t w o  subsequent ly  r e l apsed .  One of t h e s e  two had a 

p a r t i a l  remibsion w i t h i n  three months, b u t  when she  cont inued  with 

o n l y  p a r t i a l  remiss ion  seven months a f t e r  h e a v y - p a r t i c l e  therapy she 

was s t a r t e d  on E l i p t i n  (aminoglutethimide)  . Although she then showed 

appa ren t  improvement i n  some r e s p e c t s ,  much of h e r  symptomatology 

remained; seven months l a t e r  ( fou r t een  months a f t e r  heavy-pa r t i c l e  

I 

t h e r a p y ) ,  t h e  plasma s t e r o i d  l e v e l  was aga in  e l e v a t e d  and it was de- 

cided t h a t  t o t a l  adrenalectomy should be c a r r i e d  o u t .  Th i s  was done 

i n  June 1972 ,,?nd the pathology r e p o r t  revea led  b i l a t e r a l  adrena l  

h y p e r p l a s i a  r a t h e r  than  nodular  change i n  t h e  a d r e n a l s .  The o t h e r  

p a t i e n t  -died 'eleven months a f t e r  t r ea tmen t ,  presumably from a 

c a r d i o v a s c u l a r  o r  ce reb rovascu la r  a c c i d e n t  (no au topsy  performed).  . 
This  f i f ty - four -year" 'o1d  woman had a f i f t e e n - y e a r  h i s t o r y  of adu l t -  

o n s e t  d i a b e t e s  ( c o n t r o l l e d  w i t h  twenty u n i t s  of i n s u l i n )  and a ten-  

yea r  h i s t o r y  of hyper tens ion  wi th  r e p o r t e d l y  t h r e e  p rev ious  myocardial 

i n f a r c t i o n s  (no t  documented). E ight  months a f t e r  heavy-pa r t i c l e  

t h e r a p y  s h e  was i n  p a r t i a l  remiss ion .  C l i n i c a l l y  she  had improved 

. . .  
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l o n g e r  r e q u i r e d  i n s u l i n ,  and h e r  hype r t ens ion  had set t led a t  a re- 

q e c t a b l e  l e v e l  w i t h o u t  t he rapy .  However, wh i l e  h o s p i t a l i z e d  a t  anoth- 

er medical center f o r  r e -eva lua t ion  of h e r  p i t u i t a r y  ad rena l  s t a t u s ,  

s h e  s u f f e r e d  a c e r e b r o v a s c u l a r  a c c i d e n t  ( t h e  tests i n d i c a t e d  she was 

s t i l l  i n  a h y p e r c o r t i c o i d  s t a t e ,  b u t  because  of t h e  stress from t h e  

CVA t h e s e  results could  n o t  be adequa te ly  i n t e r p r e t e d ) .  

month a f t e r  d i s c h a r g e  she  became markedly h y p e r t e n s i v e ,  and a f t e r  

s e v e r a l  weeks of p o o r l y  c o n t r o l l e d  hype r t ens ion  she  w e n t  i n t o  co tqes-  

About one 

t i v e  h e a r t  f a i l u r e  and r equ i r ed  d i g i t a l i z a t i o n  and t r ea tmen t  with 

d i u r e t i c s  t o  which she responded (we were t o l d  t h a t  d u r i n g  t h i s  peri- 

od h e r  d i a b e t e s  remained w e l l  c o n t r o l l e d ) .  S e v e r a l  weeks l a t e r  

(11 month8 after h e a v y - p a r t i c l e  t h e r a p y ) ,  t h e  p a t i e n t  d i ed  suddenly 

a t  home-, presumably from a c a r d i o v a s c u l a r  a c c i d e n t .  

The r a s b n s e  r a t e  i n  t h e s e  twenty p a t i e n t s  f o r  whom we have one 

o r  more y e a r s  of follow-up in fo rma t ion ,  appea r s  t o  be s i g n i f i c a n t l y  

b e t t e r  t han  t h a t  ob ta ined  i n  p a t i e n t s  t r e a t e d  wi th  convent iona l  rad- 

a t i o n  ( a  r e c e n t  paper  r e p o r t e d  twenty pe rcen t  of t h e  p a t i e n t s  ctired 

w i t h  such r a d i a t i o n  t h e r a p y  (62). I n  a d d i t i o n ,  t h i s  form of t r e a t -  

ment i s  a d i r e c t  approach t o  t h e  p a t h o l o g i c a l  s e c r e t i o n  of ACTH,and h a s  

t h e  a d d i t i o n a l  advantage  of p r e v e n t i n g  t h e  subsequent  development of 

p i t u i t a r y  tumors i n  t h e  r a r e  p a t i e n t  who may have t o  have adrena lec-  
W 

0 
F tomy l a t e r .  None of t h e  p a t i e n t s  w i th  Cushing ' s  d i s e a s e  whom we have 
2 
0- t r e a t e d  i n i t i a l l y  w i t h  heavy p a r t i c l e s  t o  t h e  p i t u i t a r y  developed 

p igmenta t ion  or evidence  of p i t u i t a r y  tumor fo l lowing  the rapy .  
c 

E i g h t  o t h e r  p a t i e n t s  had p r e v i o u s l y  been t r e a t e d  elsewhere f o r  

Cush ing ' s  d i s e a s e  by b j . l a t e r a 1  ad re i a l ec tomy and t h e n ,  a f t e r  devel-  

op ing  Ne l son ' s  syndrome, w e r e  r e f e r r e d  t o  u s  f o r  h e a v y - p a r t i c l e  

treatment t o  t h e  p i t b i t a r y  gland.  S i x  of t h e  e i g h t  p a t i e n t s  had en- 
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l a r g e d  s e l l a s ,  t h e s e  h a v i n g  developed fo l lowing  b i l a t e r a l  adrenalec-  

tomy elsewhere.  One of t h e s e  s i x  underwent removal of a s u p r a s e l l a r  

e x t e n s i o n  b e f o r e  h e a v y - p a r t i c l e  t r e a t m e n t ,  and a n o t h e r  ( n o t  included 

i n  t h i s  t a b l e )  undenient  s u r g i c a l  hypophysectomy and was then  r e f -  

e r r e d  f o r  p o s t - o p e r a t i v e  h e a v y - p a r t i c l e  t r e a t m e n t .  W e  have observed 

s t a b i l i z a t i o n  o r  d e c r e a s e  i n  pigmentat ion i n  a l l  t h e s e  p a t i e n t s ,  and 

a f a l l  i n  s e r u m  ACTH. 

One p a t i e n t  w i t h  N e l s o n ' s  syndrome had an i n v a s i v e  p i t u i t a r y  

t u m o r  and d i e d  f o u r  y e a r s  a f t e r  t reatmentlfol lorr ; ing d i f f i c u l t  sura-  

e r y  t o  r e l i e v e  a l a r g e  s u p r a s e l l a r  ex tens ion .  T h i s  p a t i e n t  had shokcn 

d r a m a t i c  loss of p igmenta t ion  fo l lowing  therapy .  H e r  plasma ACTH 

l e v e l s  w e r e  markedly e l e v a t e d  p r i o r  t o  t r e a t m e n t  ( b i o a s s a y  ACTH 

determimation was 100 mu/100 m l )  ; subsequent  ACTH determina t ions  

were by raqioimmunoassay method, and t h e  plasma l e v e l  of 1 ,000 pq/ml 

a t  seven months fo l lowing  t r e a t m e n t  had f a l l e n  t o  600 pg/ml a t  t w e n t y  

months. However, t h e  ACTH l e v e l  aga in  i n c r e a s e d ,  and it %as  markedly 

I 

' e l e v a t e d  ( g r e a t e r  t h a n  2,500 pg/ml) j u s t  p r i o r  t o  h e r  t r a n s f r o n t a l  

c r a n i a l  surgery .  Postmortem examinat ion revea led  a malignant p i t u i -  

t a r y  adenoma which had ex tended  s u p e r i o r l y  t o  involve  t h e  o p t i c  

chiasm, l e f t  o p t i c  nerve  a n d  t r a c t ,  and i n f e r i o r  p o r t i o n  of t h e  i n -  

t e r n a l  capsule .  The i n t r a s e l l a r  p o r t i o n  of t h e  p i t u i t a r y  adenoma 

showed r a d i a t i o n  f i b r o s i s ,  b u t  t h e r e  were a r e a s  of wel l -preserved 

tumor t i s s u e  invading  bone l a t e r a l l y .  

of t h e  chromophobe tumors which a r e  o f t e n  a s s o c i a t e d  w i t h  p a t i e n t s  

w i t h  Cushing ' s  d i s e b s e  t r e a t e d  w i t h  b i l a t e r a l  adrenalectomy (except  

for pleomorphism of some of t h e  c e l l s ) ,  and no d i s t a n t  metastases  

were found. T h i s  c a s e  p o i n t s  o u t  t h e  tendency t o  invas iveness  and 

malignancy of  t h e s e  t u m o r s ,  and emphasizes t h e  need f o r  aggress ive  

The tumor had t h e  appearance 

r 
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management of t h e s e  p a t i e n t s  (62 -65 ) .  It  a l s o  s u p p o r t s  our  previous 

statement t h a t  i n  p a t i e n t s  w i t h  Cushing ' s  d i s e a s e  (when ecoptic-PCTH- 

producing t u m o r s  and a d r e n a l  adenomas o r  a d r e n a l  carcinomas can be 

r u l e d  o u t ) ,  t h e  i n i t i a l  t h e r a p y  should be d i r e c t e d  t o  t h e  p i t u i t a r y  

and not t o  t h e  a d r e n a l s .  C u r r e n t l y  t h e  e x p e r t s  fee l  t h a t  Cushing 's  

d i s e a s e  i s  u s u a l l y  due t o  h y p e r a c t i v i t y  of t h e  hypotha lamic-p i tu i ta ry-  

a d r e n a l  a x i s ,  and a t  p r e s e n t  t h e  p i t u i t a r y  should be t h e  t a r g e t  f o r  

i t s  t r e a t m e n t ;  When a s u f f i c i e n t  r a d i a t i o n  dose i s  d e l i v e r e d  t o  t h e  

p i t u i t a r y ,  then  a much h i g h e r  percentage  of p a t i e n t s  wi th  Cushing 's  

d i s e a s e  w i l l  respond t o  p i t u i t a r y  therapy .  I n  summary, because of 

t h e  demonstrated e f f i c a c y ,  t h e  c a p a b i l i t y  of a d m i n i s t e r i n g  h igher  

doses  w i t h  heavy p a r t i c l e s ,  and t h e  role of p i t u i t a r y  i r r a d i a t i o n  i n  

t h e  p r e v e n t i o n  of l a t e r  development of post-adrenalectomy hyperpig- 

menta t ion ,  heavy p a r t i c l e s  a r e  an e f f e c t i v e  t r e a t m e n t  f o r  Cushing ' s  

d i s e a s e .  

Table  1 summarizes our e x p e r i e n c e s  w i t h  heavy p a r t i c l e s  i n  

t r e a t i n g  p a t i e n t s  w i t h  p i t u i t a r y  d i s o r d e r s .  S ince  1958 w e  have 

t r e a t e d  272 such p a t i e n t s :  n i n e t y - f i v e  of them have now been followed 

from f i v e  t o  f i f t e e n  y e a r s ,  and ninety-seven p e r c e n t  of t h i s  group 

a r e  s t i l l  l i v i n g  and doing w e l l .  
0 
0 
F 
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These s t u d i e s  o f  heavy p a r t i c l e s  c o n t i n u e  i n  o u r  Laboratory.  

Because of t h e  v a l u a b l e  p r o p e r t i e s  of heavy p a r t i c l e s  i n  t h e r a p y ,  

o t h e r  i m p o r t a n t  a p p l i c a t i o n s  of t h i s  f o r n  of energy  must be f u r t h e r  

i n v e s t i g a t e d .  

mal ignant  tumors might be improved i f  it were p o s s i b l e  t o  adminis te r  

J 

0- 

W e  b e l i e v e  t h a t  t h e  $rar tment  of c e r t a i n  t y p e s  of 

an adequate  dose  of dense ly- ioniz ing  r a d i a t i o n  t o  t h e  t u m o r .  

many y e a r s  s t u d i e s  of t h e  e f f e c t s  of extremely dense i o n i z a t i o n  on 

For 

'normal and n e o p l a s t i c  c e l l s ,  f i r s t  w i t h  n e u t r o n s  ( 4 , 5 ) ,  then with 
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charged p a r t i c l e s  (66), and most r e c e n t l y  w i t h  p e n e t r a t i n g  beams of 

such atoms a s  a rgon ,  neon, oxygen, and carbon (67,68) have been car-  

r i e d  o u t .  

KeV/micron, t h e  oxygen e f f e c t  n e a r l y  d i s a p p e a r s .  

Tobias  e t  a 1  a r e  now c a r r y i n g  o u t  r a d i o b i o l o g i c a l  s tud ie s  using a 

v e r y  h i g h  energy  carbon,  oxygen, or n i t r o g e n  beam (250 MeV per  n u c -  

l e o n )  from t h e  Bevatron (67,68,70). C u r r e n t l y  p l a n s  a r e  underway so 

t h a t  t h e  Bevatron can be used i n  conjunct ion  w i t h  t h e  Super-HILAC, 

t h e  l a t t e r  a c t i n g  a s  an i n j e c t o r  of heavy p a r t i c l e s  a t  low energy 

f o r  a c c e l e r a t i o n  i n  ' t h e  Bevatron t o  e n e r g i e s  g r e a t e r  than 400 MeV 

p e r  nucleon. T h i s  combinat ion,  c a l l e d  t h e  Bevalac,  w i l l  make o t h e r  

h e a v i e r ,  h i g h e r  energy  p a r t i c l e s  such a s  neon (400 MeV per  nucleon) 

a v a i l a b l e  for r a d i o b i o l o g i c a l  s t u d i e s  and t h e r a p e u t i c  uses i n  c e r t a i n  

c a s e s  of iAcurable  cancer .  

have exposed themselves  and o t h e r  s u b j e c t s  t o  low doses  of heavy 

, p a r t i c l e s  i n t o  t h e i r  r e t i n a e  and have exper ienced  l i g h t  f l a s h e s  ( 6 9 ) .  

Such f l a s h e s  have a l s o  been exper ienced  by t h e  a s t r o n a u t s  themselves 

i n  s p a c e ,  presumably due  t o  h e a v y - p a r t i c l e  i r r a d i a t i o n  i n  cosmic r,ays. 

The h e a v y - p a r t i c l e  exposure t o  a s t r o n a u t s  on r e a l l y  long-term missions 

i n  space  could be a s e r i o u s  h e a l t h  hazard ,  and t h e r e  i s  need f o r  much 

more s t u d y  of t h e  b i o l o g i c a l  e f f e c t s  o f  v a r i o u s  heavy p a r t i c l e s  i n  

A s  t h e  s o - c a l l e d  LET* goes up t o  t h e  range of 60 t o  100 

My a s s o c i a t e s  

I n  t h i s  Labora tory ,  Budinger and Tobias 

W 
0 r e l a t i o n  t o  space  t r a v e l .  
c - - There i s . a -  r e d u c t i o n  of oxygen dependence when high-energy heavy 

-I p a r t i c l e s  a r e  used ,  and if it w e r e  p o s s i b l e  t o  d e l i v e r  dense ion iza- '  
U 

t i o n  w i t h  an LET of around 50 t o  100 KeV per  micron t o  deeply- lying 

tumors ,  t h e  oxygen e f f e c t  w o u l d  be markedly decreased .  I t  i s  known 

t h a t  some n e o p l a s t i c  cells  a r e  anoxic  o r  hypoxic ,  and such p a r t i c l e s  

* I n d i c a t e s  t h e  d e n s i t y  of i o n i z a t i o n  p e r  u n i t  pa th  i n  t i s sue .  
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c o u l d  be p a r t i c u l a r l y  advantageous i n  t r e a t i n g  t h e s e  n e o p l a s t i c  c e l l s  

because  of t h e  impor tan t  c h a r a c t e r i s t i c s  of dense ly- ioniz ing  rad ia-  

t i o n  e f f e c t s  on t i s sue .  A l s o ,  t h e  f i n i t e  range of t h e  p a r t i c u l a t e  

beams c o u l d  be of s p e c i a l  value i n  t h e  t r e a t m e n t  of p a t i e n t s  with 

c i rcumscr ibed  tumors t h a t  l i e  c l o s e l y  a d j a c e n t  t o  s e n s i t i v e  s t r u c t u r e s  

such a s  t h e  s p i n a l  c o r d ,  i n t e s t i n e s ,  and so f o r t h .  F i n a l l y ,  t h e r e  a r e  

o t h e r  q u a l i t i e s  such a s  l a c k  of recovery  of c e l l  grotith a f t e r  very 

dense  i o n i z a t i o n  a s  compared t o  low-LET i o n i z a t i o n .  

Groups using c y c l o t r o n s  a t  Harvard U n i v e r s i t y  (71), t h e  Univers i ty  

of Uppsala ( 7 2 ) ,  t h e  J o i n t  I n s t i t u t e  f o r  Nuclear  Research i n  Dubna, 

and t h e  I n s t i t u t e  of T h e o r e t i c a l  and Experimental  Physics  i n  Moscow 

(73,74), and i n  Leningrad,  a r e  now a l s o  us ing  heavy p a r t i c l e s  i n  t h e r -  

apy. However, today t h e r e  a r e  a c c e l e r a t o r s  i n  many c e n t e r s  through- 

o u t  t h e  world which a r e  c a p a b l e  of  producing pro tons  and alpha par- 

t i c l e s  w i t h  s u f f i c i e n t  energy t o  be used t h e r a p e u t i c a l l y .  Hopefully,  

more groups w i l l  i n i t i a t e  such programs. 

I 

I n  c o n c l u s i o n ,  r e t u r n i n g  t o  t h e  f u t u r e  u s e  of i s o t o p e s ,  I want 

t o  mention some recent work of my c o l l e a g u e  Thomas Budinger and 

a s s o c i a t e s :  t h e  s u c c e s s f u l  imaging of r a d i o n u c l i d e s  i n  animals  using 

a l i q u i d  xenon mult i -wired chamber opera ted  i n  t h e  p r o p o r t i o n a l  mode. 

D r .  Budinger ,  who i s  w i t h  us h e r e  a t  t h i s  meet ing,  and Luis  Alvarez 

and a s s o c i a t e s  a t  Berkeley ( 7 5 ) ,  have been a b l e  t o  image t h y r o i d s  of 

W 

0 

2 
0- 250 gram rats ,  a s  w e l l  a s  l i v e r  and kidneys us ing  a p a r a l l e l  h o l e  
cc 

collimator.  

g r e a t s r  t h a n  t h e  Naf s c i n t i l l a t i o n  camera,  b u t  a r e s o l u t i o n  t h r e e  o r  

f o u r  times f i n e r .  

This new imaging d e v i c e  h a s  an e f f i c i e n c y  s l i g h t l y  

I n s t r u m e n t a t i o n , h a s  moved ahead of metabolic knowledge. 

f o r  example, more s e l e c t i v e l y  l o c a l i z i n g  compounds, e s p e c i a l l y  f o r  

W e  need, 
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use  i n  t h e  e a r l y  d i a g n o s i s  of c a n c e r ,  and many o t h e r  pa thologica l  

s t a t e s .  T r a c e r  r e s e a r c h  i n  b i o l o g y ,  a n i m a l s ,  and man, and a l e r t n e s s  

t o  t h e r a p e u t i c  u s e s ,  a r e  c e r t a i n  t o  l e a d  t o  e x c i t i n g  new methods i n  

t h e  d i a g n o s i s  and t r e a t m e n t  of t h e  many unsolved problems i n  medicine.  
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