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Foreword ,, 

With t h e  passage of t h e  o r i g i n a l  Atomic Energy A c t  of 1946 
by t h e  79th Congress of t h e  United S ta t e s ,  t h e  Divis ion of Biology 
and Medicine w a s  e s t a b l i s h e d  as  one of t h e  seven o r i g i n a l  d i v i s i o n s  
of t h e  U. S. Atomic Energy Commission. By t h i s  Congressional A c t  
(Publ ic  Law 585) t h e  Commission was empowered t o  conduct research  
i n  accordance w i t h  t h e  following: 

"Section 3 ( a )  a u t h o r i z e s  and d i r e c t s  t h e  Commission 
t o  conduct research  and development a c t i v i t i e s  r e l a t i n g  
t o ,  among o t h e r s ,  " ( 3 )  u t i l i z a t i o n  of f i s s i o n a b l e  and 
r a d i o a c t i v e  m a t e r i a l s  f o r  medical, b i o l o g i c a l ,  h e a l t h  
o r  m i l i t a r y  purposes;" ... and " ( 5 )  t h e  p r o t e c t i o n  of 
h e a l t h  during research  and production a c t i v i t i e s . "  

Because cancer may be both caused and t r e a t e d  by r a d i a t i o n ,  
t h e  Atomic Energy.Commission has i n t e r p r e t e d  Sect ion 3 ( a ) ,  
r e f e r r e d  t o  above, as containing a c.lear mandate, and imposing a 
d e f i n i t e  o b l i g a t i o n  on t h e  Commission,.. t o  undertake cancer  
research ,  e x p l o i t i n g  t h e s e  s p e c i a l  p r o p e r t i e s  of atomic energy 
f o r  t h i s  purpose. Furthermore, t h e  Independent Off ice  Appropri- 
a t i o n  A c t  of 1948 s t i p u l a t e d  t h a t  " there  s h a l l  be  a v a i l a b l e  t o  
t h e  Commission f o r  cancer research  work such sums as  t h e  Commission 
b e l i e v e s  can be e f f i c i e n t l y  used without d u p l i c a t i n g  t h e  cancer 
research  of o the r  publ ic  and p r i v a t e  agencies." I n  February of 
1948 t h e  Commission approved t h e  establ ishment  of a cancer 
research  program w i t h i n  t h e  Division of Biology and Medicine. 

The problems of cancer e t io logy  a r e  as h ighly  complex as 
i t s  t rea tment ,  and r a d i a t i o n  i s  but a s i n g l e  f a c e t  of a systematic  
approach which involves  every d i s c i p l i n e  of modern medical science.  
Thus, our p a r t i c u l a r  sphere of a c t i v i t y  i n  oncological  research  i s  
a circumscribed one embodying s t u d i e s  i n t o ' t h e  causes  and prevent ion 
of cancer  as an occupat ional  hazard i n  atomic energy opera t ions  and, 
i n  a d d i t i o n ,  t h e  development, with t h e  t o o l s  of atomic energy, of 
new approaches t o  t h e  s tudy and treatment of cancer.  

The major por t ion  of cancer research  supported by t h e  Atomic 
Energy Commission i s  conducted i n  seven major i n s t a l l a t i o n s ,  f i v e  
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of which a r e  a s soc ia t ed  wi th  n a t i o n a l  l a b o r a t o r i e s  or  s p e c i a l  AEC 
p r o j e c t s .  ' I n  a d d i t i o n  t o  these  major f a c i l i t i e s ,  modest r e sea rch  
programs are  supported a t  seve ra l  u n i v e r s i t i e s ,  medical schools ,  
and h o s p i t a l s  throughout t h e  United S ta t e s .  

t Charles L. Dunham, M. D. 
Direct  o r  
Divis ion of Biology & Medicine 
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ARGONNE CANCER RESEARCH HOSPITAL 

. 
In 1948 the-Atomic Energy Gommission approved the  establ ishment  

of a cancer research  h o s p i t a l  wi th  appropr i a t e  labora tory  f a c i l i t i e s  
a t  t h e  Universi ty  of Chicago. It w a s  intended t h a t  t h i s  h o s p i t a l  be 
adminis tered by t h e  MedicaLSchool and C l in i c s  of t h e  Universi ty  of 
Chicago and t h a t  i t s  f a c i l i t i e s  be a v a i l a b l e  t o  q u a l i f i e d  i n v e s t i -  
ga to r s  of t h e  Argonne National Laboratory and of i n s t i t u t i o n s  a s so -  
c i a t e d  wi th  i t .  A f t e r  nea r ly  th ree  and a ha l f  years  of bu i ld ing ,  
wi th  an expendi ture  of approximately t h r e e  mi l l i on  d o l l a r s ,  t h e  
Argonne Cancer Research Hospi ta l  w a s  o f f i c i a l l y  opened on January 1, 
1953, and t h e  c l i n i c a l . a n d  laboratory experimental  program got  under 
way, t he  fol lowing spr ing .  I t s  purpose and program are d i r e c t e d  
toward the  e x p l o i t a t i o n  of high energy r a d i a t i o n  sources  f o r  t h e  
t reatment  of malignancies;  u t i l i z a t i o n  of r ad io i so topes  i n  t h e  
d iagnos is  and therapy of d i sease  s t a t e s ;  and bas i c  r e sea rch  i n  
oncology and hematology; as w e l l  a s  t o  t he  e luc ida t ion  of c e r t a i n  
b io log ic  e f f e c t s  of i on iz ing  r a d i a t i o n s .  

The phys ica l  f a c i l i t i e s  comprise 58 p a t i e n t  beds a v a i l a b l e  f o r  
c l i n i c a l  r e sea rch ,  radiochemical l a b o r a t o r i e s ,  animal q u a r t e r s ,  and 
th ree  sources  of high energy r ad ia t ions .  These l a t te r  a r e  a 50-Mev 
l i n e a r  e l e c t r o n  acc ' e l e ra to r ,  a 2-Mev Van de Graaff a c c e l e r a t o r ,  and 
a 2800-curie Co60 u n i t  designed f o r  r o t a t i o n a l  therapy.  These high 
energy sources  a r e  a v a i l a b l e  f o r  b io logica l -  experimentation as  w e l l  
a s  phys ica l  r e sea rch ,  i n  a d d i t i o n  t o  t h e  therapy of tumors i n  
p a t i e n t s .  

The s c i e n t i f i c  program of t he  Argonne Cancer Research Hospi ta l  
i s  c o r r e l a t e d  i n  genera l  wi th  the  broad s c i e n t i f i c  program of t h e  
Universi ty  of Chicago's Divis ion of Bio logica l  Sciences and t h e  
Universi ty  C l i n i c s ,  of which i t  i s  a p a r t .  I n  a d d i t i o n ,  c l o s e  
l i a i s o n  i s  maintained wi th  the  s c i e n t i f i c  program of t h e  Argonne 
National Laboratory. The opera t iona l  plan of t h i s  research  h o s p i t a l  
provides f o r  t h e  p a r t i c i p a t i o n  i n  i t s  f a c i l i t i e s  and program by t h e  
members of the  s t a f f s  of t h e  Argonne Nat ional  Laboratory and those  
u n i v e r s i t i e s  p a r t i c i p a t i n g  i n  t h e  Cooperating Universi ty  Program 
of t h e  Argonne Nat ional  Laboratory. 

The r e sea rch  e f f o r t s  of t h i s  group a r e  r a t h e r  broad and,  f o r  
t he  most p a r t ,  i n t e r r e l a t e d .  For t h i s  d i scuss ion  i t  might be w e l l  
t o  review t h e  t o t a l  program under the  following headings: 

5 
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High Energy Radiation Sources 
f o r  Therapy and Bio logica l  Studies  

Cer ta in  t y p t s  of cancer can be  removed s u r g i c a l l y ,  whereas 
o ther  types f o r  one reason or  another  cannot b e  so t r e a t e d ;  hence, 
o ther  means of r idd ing  the  body o f  cancer c e l l s  m u s t  be r e s o r t e d  t o .  
For many years  man has known t h a t  high energy r a d i a t i o n s  w i l l  
d e s t r o y - t h e  l i v i n g  c e l l ,  and t h i s  has  formed t h e  b a s i s  f o r  dev i s ing  
s u i t a b l e  sources  of high energy p a r t i c l e s  f o r  tumor des t ruc t ion .  
In  e s t a b l i s h i n g  a pro tocol  f o r  p a t i e n t  t rea tment ,  i t  i s  extremely 
important t h a t  normal, heal thy t i s s u e  be subjec ted  t o  minimum 
r a d i a t i o n ,  a t  t he  same time focusing the  maximum energy of t h e  
high energy beam on the  tumor mass. 
both t h e  C060 and l i n e a r  a c c e l e r a t o r  devices  were developed. 

With these  po in t s  i n  mind, 

There has  been cons iderable  a c t i v i t y  i n  t h i s  a r ea  from t h e  
very beginning of t h i s  program. 
have been t r e a t e d  with the  two mi l l ion  v o l t  Van de Graaff and the  
coba l t  u n i t .  Pa t i en t  t reatment  wi th  the  l i n e a r  a c c e l e r a t o r  d id  
not  begin u n t i l  mid-June of 1959; consequently,  t h e  number so  
t r e a t e d  t o  d a t e  i s  small. A t o t a l  of approximately 1,200 p a t i e n t s  
have been t r e a t e d  or  r e t r e a t e d  wi th  t h e  supervol tage equipment a t  
t h i s  h o s p i t a l .  Although t h e  o v e r a l l  use of high energy sources i n  
t h e  t reatment  of malignancies has not  been as  encouraging a s  had 
been hoped, the  i n v e s t i g a t o r s  have found c e r t a i n  advantages i n  t h e  
u s e  of each device,  p a r t i c u l a r l y  wi th  r e spec t  t o  p a t i e n t  comfort 
both during and immediately following t reatment .  

A l a r g e  number of cancer p a t i e n t s  

P r i o r  t o  and p a r a l l e l i n g  p a t i e n t  t reatment  wi th  these  high 
energy sources ,  r a t h e r  ex tens ive  r a d i h i p l o g i c a l  experiments wi th  
animals have been c a r r i e d  ou t .  Such s t u d i e s  are  necessary t o  
determine dosimetry f o r  t h e  treatment of tumors i n  man. I n  add i -  
t i o n ,  comparative s t u d i e s  of t h e  RBE of x-rays,  gamma r a y s ,  and 
e l ec t rons  c u r r e n t l y  i n  u s e  i n  the  h o s p i t a l  have been and cont inue  
t o  be pursued i n  an  at tempt  t o  gain a b e t t e r  understanding of t h e i r  
b i o l o g i c a l  a c t i o n s .  
as more experience is gained i n  p a t i e n t  t rea tment ,  as w e l l  as i n  
a d d i t i o n a l  animal s tud ie s .  

Refinement of the  va lues  obtained w i l l  cont inue 

The fol lowing high energy r a d i a t i o n  sources  a r e  c u r r e n t l y  i n  
use  a t  t h e  Argonne Cancer Research Hospi ta l :  

Van de Graaff Generator.  This device i s  capable  of producing 
charged p a r t i c l e s  i n  t h e  two mi l l i on  e l ec t ron  v o l t  range. 
It i s  a s tandard high energy therapy device which has  been 
a v a i l a b l e  f o r  many years  t o  t h e  medical profess ion . ,  A l a r g e  
number of cancer p a t i e n t s  i n  t h i s  h o s p i t a l  have rece ived  and 
cont inue t o  r ece ive  t reatment  from t h i s  source.  

I 
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Cobalt -60 Teletherapy U n i t .  
designed s p e c i f i c a l l y  f o r  revolu t ion  therapy has been i n  
use a t  t h e  Argonne Cancer Research Hospi ta l  s ince  e a r l y  1954. 
This u n i t  was designed t o  ob ta in  t h e  b e s t  c h a r a c t e r i s t i c s  
which could be achieved a t  t h a t  time without  regard t o  
s p e c i f i c a t i o n s  a r b i t r a r i l y  l a i d  down by o the r s .  One of i t s  
unique f ea tu res  i s  t h e  u s e  of uranium r a t h e r  than o the r  
ma te r i a l s  f o r  t he  s h i e l d .  The r e s u l t  i s  a l a rge  reduct ion  
i n  weight o f s t h e  s h i e l d  and consequent decrease i n  the  s i z e  
ahd complexity of t he  device.  

A k i l o c u r i e  Co60 therapy u n i t  

‘The u n i t  c o n s i s t s  of a s i n g l e  source which can revolve  con- 
t inuous ly  i n  a v e r t i c a l  plane about a ho r i zon ta l  a x i s ,  as 
shown i n  the  photograph. A col l imated beam of r a d i a t i o n  i s  
d i r e c t e d  a t  t h e  a x i s  of revolu t ion .  The p a t i e n t  i s  placed 
i n  a recumbent pos i t i on  on the  a x i s  of t h e  machine and may 
be t r e a t e d  by f u l l  r o t a t i o n a l ,  s e c t o r i a l ,  o r  s t a t i o n a r y  
f i e l d s  . 
This u n i t  has been i n  continuous use s ince  1954, with 
approximately 800 p a t i e n t s  r ece iv ing  t rea tment .  In  November 
1957, t h e  cobal t  source was replaced with one of 2,800 
c u r i e s ,  having a s p e c i f i c  a c t i v i t y  of 240 c u r i e s  per  gram. 
This higher  i n t e n s i t y  source has r e s u l t e d  i n  a decrease i n  
p a t i e n t  treatment time. 

Linear Accelerator .  
s t r u c t e d  by t h e  p h y s i c i s t s  on t h e  s t a f f ,  wi th  the  a s s i s t a n c e  
and cooperat ion of s c i e n t i s t s  a t  Stanford Universi ty  who 
had success fu l ly  designed an electron.  l i n e a r  a c c e l e r a t o r .  
The u n i t  constructed a t  t he  Argonne Cancer Research Hospi ta l  .- ;- 
r e p r e s e n t s  a modif icat ion of th.e o r i g i n a l  u n i t ,  t he  opera t ing  
p r i n c i p l e  of which i s  based on two important f a c t s .  
an electromagnet ic  wave, producedwhen a radio-frequency 
pu l se  i s  d i r ec t ed  i n t o  a hollow metal tube,  can be made t o  
t r a v e l  through t h e  i n s i d e  of t h e  tube p a r a l l e l  t o  i t s  a x i s  
i n  such a way t h a t  i t s  v e l o c i t y  i s  equal  t o  t h a t  of e l e c t r o n s  
i n j e c t e d  i n t o  the  tube.  
t i o n  of e l e c t r o n s  which are i n j e c t e d  w i l l  remain i n  t h e  
hollow tube and w i l l  be  acce le ra t ed  t o  t h e  des i r ed  energy. 

This p a r t i c u l a r  a c c e l e r a t o r  w a s  con- 

. 
F i r s t ,  

Secondly, a s u f f i c i e n t l y  hi,gh f r a c -  

A t  t h e  Argonne Cancer Research Hospi ta l  a beam scanning 
device was developed which made poss ib l e  a new approach 
t o  e l e c t r o n  therapy. This device,  more.properly c a l l e d  a 
magnetic d e f l e c t i n g  and scanning u n i t ,  i s  capable  of 
d i r e c t i n g  a high energy e l ec t ron  beam of small c ross  
s e c t i o n  t o  scan over any a r b i t r a r y  f i e l d  s i z e  and shape. 
This u n i t  i s  capable  of accept ing e l ec t rons  from 5 t o  50 
mi l l i on  e l ec t ron  v o l t s  with a beam diameter of one c e n t i - ’  
meter o r  l e s s .  The scanning device includes th ree  
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electromagnets which b r ing  about a l i n e a r  displacement 
of t h e  h o r i z o n t a l  beam and u l t ima te ly  d e f l e c t  i t  through 
90°, as shown i n  the  schematic drawing, Figure 1. The 
fol lowing advantages a r e  obtained by us ing  t h i s  adap ta t ion  
t o  t h e  l i n e a r  a c c e l e r a t o r :  

, 

(1) The depth of pene t r a t ion  wi th in  a s i n g l e  f i e l d  
can be va r i ed  by varying the  energy of t h e  
e l e c t r o n s  i n  the course of scanning t o  g ive  any 
des i r ed  changes; 

r a p i d  f i e l d  s i z e  s e l e c t a b i l i t y  inc luding  c i r c l e s ,  
r e c t a n g l e s ,  as w e l l  as i r r e g u l a r  shapes,  i s  pos- 
s i b l e ;  

(2) 

(3)  s i n g l e  f i e l d ,  mul t i -por t ,  and r evo lu t ion  therapy 
can be used; and 

( 4 )  t h e  p a t i e n t  i s  immobilized i n  a recumbent pos i t i on .  

This combination of a l i n e a r  a c c e l e r a t o r  and beam d e f l e c t i o n  
and scanning u n i t  promises t o  t a k e  f u l l  advantage of t h e  
unique depth dose p r o p e r t i e s  of high energy e l ec t rons .  It 
f u r t h e r  provides  f u l l  f l e x i b i l i t y  of beam d i r e c t i o n  i n  
t r e a t i n g  a recumbent p a t i e n t ,  easy con t ro l  i n  s e l e c t i o n  of 
f i e l d  s i z e  and shape, conventional s i n g l e  p o r t a l  a s  w e l l  
as r evo lu t ion  therapy,  and p ro tec t ion  of t h e  p a t i e n t  from 
s t r a y  r a d i a t i o n .  

I n  t r e a t i n g  d i f f e r e n t  types of cancer wi th  t h i s  l i n e a r  
a c c e l e r a t o r ,  t h e  f i n i t e  pene t r a t ion  of t h e  e l ec t ron  beam- 
was used t o  spare  the  b r a i n  o r  some o ther  c r i t i c a l  organ. 
Experience t o  d a t e  has c l e a r l y  demonstrated a marked 
inc rease  i n  a b i l i t y  t o  l o c a l i z e  the  r a d i a t i o n  i n  t h e  
tumor i t s e l f .  Cl inical  r e s u l t s  have been encouraging 
and sk in  damage has  been less than expected, even less,  
i t  appears ,  than can be explained on t he  b a s i s  of phys ica l  
dose t o  t h e  sk in .  

Though experience wi th  t h e  l i n e a r  a c c e l e r a t o r  has so  f a r  
been l i m i t e d ,  i t  does appear t o  o f f e r  many advantages i n  
t r e a t i n g  d i f f i c u l t  cases .  

It i s  r e a l i z e d  by many physicians t h a t  t h e  u s e  of r a d i a t i o n  
a lone  i s  no t  t h e  answer t o  t h e  successfu l  t reatment  of c e r t a i n  
tumors. Accordingly,  an in t ens ive  e f f o r t  i s  being made t o  f i n d  a 
means of p o t e n t i a t i n g  t h e  e f f e c t  of r a d i a t i o n  on the  tumor whi le  
a t  t h e  same time minimizing the o v e r a l l  e f f e c t  on t h e  p a t i e n t .  
The compound, t r i i odo thyron ine  (T-3), among o t h e r s ,  has  been 

L 
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Cobalt 60 r e v o l u t i o n  therapy u n i t  showing source s h i e l d ,  
t reatment  c o t ,  and a u x i l i a r y  c o n t r o l  panel .  
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ELECTRON I T A M  FROM 
LlNLAR KCELLRATOR -- 
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Figure 1 

This schematic drawing of t..e d e f l e c t i n g  anL scanning u n i t  shows 
t h e  arrangement of t h e  t r i p l e  magnet system, counterweight,  r o t a t i n g  
s h i e l d ,  treatment c o t ,  and p a t i e n t .  The e l e c t r o n  beam i s  contained 
wi th in  a vacuum chamber which i s  n o t  shown i n  t h i s  drawing. The 
i n s e t  on t h e  r i g h t  s i d e  i l l u s t r a t e s  scanning over a s i n g l e  p o r t a l  
f i e l d .  
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d '  s 
given some cons idera t ion .  The 6se  of 1 - t r i i odo thyron ine  i n  
conjunct ion wi th  r a d i a t i o n  i n  the  con t ro l  and ablAtion of var-  
ious tumors has  been found t o  be e f f e c t i v e  b d t h ' l n  c l i g i c a l  
p a t i e n t s  and i n  experimental  animals,  a l though some t o x i c i t y  
has been n'oted i n  p a t i e n t s  subjected t o  prolonged t reatment .  
In  an  a t tempt  t o  discover  a %thod of e l imina t ing  t h e  d e l e t e -  
r i o u s  e f f e c t s  of prolonged; continuous u s e  of t h e  drug,  i t  w a s  
adminis tered a l t e r n a t i v e l y  W t h  x k a y s  a t  va r ious  i n t e r v a l s  t o  
t r e a t  va r ious  animal tumors, and r e s u l t s  suggest  that t h e r e  i s  
a very d e f i n i t e  r e l a t i o n s h i p  between times of admin i s t r a t ion  
of t he  drug and x - i r r a d i a t i o n .  

Favorable r e su l t s  have a l s o  been obta ined  us ing  co lch ic ine ;  
o ther  drugs are c u r r e n t l y  under i n v e s t i g a t i o n .  

Radioisotopes i n  Diagnosis and Therapy 

Sometimes tumor d iagnos is  and p r e c i s e  l o c a l i z a t i o n  of 
cancerous l e s ions  pose a d i f f i c u l t  problem f o r  t h e  physician.  
This group cont inues  t o  explore  t h e  va r ious  r ad io i so topes  i n  
search  of an  improved technique with r e spec t  t o  t h i s  problem. 

Octo- iodofluorescin (OIF) labe led  w i t h  iodine-131 has  been 
s tudied  as an  agent  f o r  b ra in  tumor l o c a l i z a t i o n .  The labe led  
OIF i s  considered by t h i s  group t o  be supe r io r  t o  o the r  agen t s  
because of i t s  g r e a t e r  pe r s i s t ence  i n  tumor t i s s u e ,  thus  a f f o r d -  
i ng  a longer  per iod  of t i m e  'for hormal t i s s u e s  t o  e l imina te  t h e  
dye. Over 100 p a t i e n t s  a t  t h e  Universi ty  of Chicago C l i n i c s  
have been scanned us ing  OIF. 
a high e f f i c i e n c y  scanning device which w i l l  be  ope ra t iona l  by 
December, 1960. 

The e l e c t r o n i c s  group i s  deiefoping 

Prel iminary i n v e s t i g a t i o n  ind ica t e s  t h a t  phthalocyanine,  
when labe led  wi th  a r ad ioac t ive  metal (mercury-197 or 203) and 
i n j e c t e d  i n t o  experimental  animals,  may prove a use fu l  d iag-  
n o s t i c  t o o l  i n  r evea l ing  s p e c i f i c  s i tes  of tumor l o c a l i z a t i o n .  
The u s e  of s o f t  x-ray emitters i n  t h i s  connection may w e l l  
improve t h e  r e s o l u t i o n  i n  l i v e r  scanning. 

C l i n i c a l  and experimental  work cont inues  wi th  t h e  va r ious  
s o f t  x-ray emi t t i ng  i so topes  which have been found t o  be w e l l  
s u i t e d  as a means of d e l i v e r i n g  i n t e r s t i t i a l  r a d i a t i o n  f o r  t h e  
t reatment  of malignancies.  Among them, palladium-103 has  been 
used without  immediate harmful e f f e c t s  t o  treat several p a t i e n t s  
with advanced tumors; yttr ium-90 i s  s t i l l  being used wi th  success  
t o  des t roy  t h e  hypophysis of p a t i e n t s  who have m e t a s t a t i c  c a r c i -  
noma of t h e  b r e a s t .  
u s e  wi th  d i f f e r e n t  i s o t o p i c  sources i n  l i v e r  and b r a i n  scanning. 

Various organic  c a r r i e r s  a r e  being t e s t e d  f o r  * 

C '  
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Fundamental Studies  i n  Oncology 

The +jar e f f o r t  of t h i s  s c i e n t i f i c  group i n  the  area of . 

b a s i c  cancer s t u d i e s  i s  d i r e c t e d  toward' problems a s soc ia t ed  wi th  
immunity. 
as  we l l  a s - t h e  tumor i t s e l f  by immunological means has  in t r igued  

an  approach r e q u i r e  t h a t  emphasis be placed f i r s t  on e luc ida t ing  
mechanisms a t  a very fundamental l e v e l .  

The p o s s i b i l i t y  of e f f e c t i v e l y  t r e a t i n g  tumor metastases 

. many i n v e s t i g a t o r s .  However, t he  d i f f i c u l t i e s  inherent  i n  such 

The use of r ad io i so topes ,  f luorescence microscope, and 
immuno-electrophoresis i n  s tudying the  l o c a l i z a t i o n  of an t ibod ie s  
and a l s o  i n  t r a c i n g  v i r u s  p a r t i c l e s  i n t o  tumor c e l l s  cont inues.  
In  a d d i t i o n ,  rad io iso topes  are  used a s  t r a c e r s  t o  study t h e  o r i g i n  
and f a t e  of t h e  antibody-forming c e l l s .  Studies  a l s o  a r e  cont inuing  
on the  changes produced by x-rays on the  immune response i n  an imals ,  
and the  e f f e c t s  produced by these  changes on tumor s e n s i t i v i t y  and 
t h e  t i s s u e  t r ansp lan ta t ion  mechanism. 

Much of t he  biochemical e f f o r t  has been d i r e c t e d  toward funda- 
mental s t u d i e s  involving r ibosenucle ic  ac id .  It i s  hoped t h a t  a 
be t te r  understanding of r ibosenucle ic  a c i d  syn thes i s  may lead  t o  
an  i n s i g h t  i n t o  the  t ransmission of genet ic  information t o  o the r  
cytoplasmic p a r t i c l e s  which w i l l  i n  t u rn  con t r ibu te  t o  our under- 
s tanding  of normal and cancerous c e l l s .  * 

I n  a d d i t i o n  t o  t h e  work on r ibosenucle ic  a c i d ,  cons iderable  
e f f o r t  has been d i r ec t ed  over t h e  pas t  t h ree  years  toward s t u d i e s  
of a substance known as "ery thropoie t in ."  This hormone-like 
material has been shown t o  s t i m u l a t e  red  blood c e l l  product ion,  
and t h e  main ob jec t ive  of t h i s  research  has been t o  i s o l a t e  and 
c h a r a c t e r i z e  t h i s  substance wi th  t h e  hope t h a t  it might prove 
use fu l  i n  a l - l ev ia t ing  c e r t a i n  blood d i s c r a s i a s  t h a t  a r e  sometimes 
a s soc ia t ed  wi th  c e r t a i n  cancerous condi t ions .  

Bio logica l  E f fec t s  of Radiation 

The e f f e c t s  of i on iz ing  r a d i a t i o n  on t h e  sk in  has been of 
apprec iab le  concern t o  c l i n i c i a n s  i n  r e l a t i o n  t o  p a t i e n t  therapy.  
A number of s t u d i e s  have been c a r r i e d  o u t - t o  determine the  e f f e c t s  
of long-term, low i n t e n s i t y ,  t o t a l  body r a d i a t i o n  on t h e  sk in  of 
experimental  animals.  In  a d d i t i o n ,  the e f f e c t s  of va r ious  types 
of r a d i a t i o n  on t h e  metabolism of t h e  sk in  of dogs have been 
followed wi th  i n t e r e s t .  
glands of t h e  human sk in  t o  small doses of r a d i a t i o n  has a l s o  been 
s tudied  by t h i s  group. 

The q u a n t i t a t i v e  response of t h e  e c c r i n e  

All o f . t h e s e  s t u d i e s  take  cognizance of 
t h e  poss ib l e  carcinogenic  p r o p e r t i e s  of r a d i a t i o n .  - .  
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In  cooperat ion wi th  members of t he  s t a f f  of t h e  Argonne 
Nat ional  Laboratory, c l i n i c a l  s t u d i e s  of t he  radium p a t i e n t s  
cont inue  i n  an h f f o r t  t o  determine the  long range e f f e c t s  of 
i n t e r n a l  emi t t e r s .  Radiographic s k e l e t a l  a n a l y s i s  has now been 
completed on 181 former radium d i a l  p a i n t e r s  from the  O t t a w a ,  
I l l i n o i s  a r e a ,  and determinat ion of the, radium body burden of 
t hese  ind iv idua l s  has been accomplished. 

Of e spec ia l  i n t e r e s t  i s  the  inc reas ing  frequency of occur- 
rence of epidermoid carcinomata a r i s i n g  i n  t n e  mastoid a i r  c e l l s  
of p a t i e n t s  car ry ing  a body burden of radium. Two new cases  of 
epidermoid carcinoma have been seen and proven a t  surgery i n  t h e  
p a s t  year and a t h i r d  suspected on radiographic  grounds. This 
b r ings  the  t o t a l  t o  s i x  under cognizance of t h i s  group. 

Special  techniques have been devised f o r  study of t h e  
in t ima te  vascu la tu re  of bone i n  an a t t e m p t  t o  e l u c i d a t e  the  
mechanism of bone des t ruc t ion  i n  radium-bearing humans. Histo-  
l og ic  study of t h e  bone and epi thel ium of the  mastoid process  
w i l l  cont inue i n  order  t o  understand b e t t e r  the mechanism of 
carc inogenes is  i n  t h i s  s p e c i f i c  s i t e  i n  radium p a t i e n t s .  

Me tab  o 1 i c  S t udi  e s  

The Argonne Cancer Research Hospi ta l ,  with i t s  58 research  
bed capac i ty ,  o f f e r s  a unique opportuni ty  f o r  a team of medical 
s c i e n t i s t s  t o  car ry  out ex tens ive  s t u d i e s  on cancer p a t i e n t s ,  as 
w e l l  as p a t i e n t s  wi th  abnormal i t ies  of carbohydrate or l i p i d  
metabolism. 
p a t t e r n  of excre t ion  of carbon-14 labe led  carbon d ioxide  follow- 
ing  t h e  admin i s t r a t ion  of metabol ica l ly  important substances 
labe led  wi th  carbon-14 i n  human s u b j e c t s ,  as  we l l  as  i n  expe r i -  
mental animals.  These substances inc lude  b icarbonate ,  formate,  
acetate,  glucose,  and r ibose .  

M j o r  emphasis has been placed on s tudying t h e  

Studies  on experimental  animals involve the  determinat ion 
of normal p a t t e r n s  and t h e  e f f e c t  of whole body r a d i a t i o n  i n j u r y  
on such pa t t e rns .  

A s  p a t i e n t s  wi th  appropr i a t e  d i seases  ( ca rc ino id ,  gout ,  
e s s e n t i a l  hyperlipemia,  ad rena l  carcinoma, e t c . )  are loca ted ,  
they a r e  admitted t o  the  metabolic u n i t  f a r  p i l o t  s t u d i e s  of 
va r ious  a s p e c t s  of metabolism us ing  carbon-14 and t r i t i u m -  
labe led  ma te r i a l s .  P a r t i c u l a r  a t t e n t i o n  i s  devoted t o  t h e  meta- 
b o l i c  i n t e r a c t i o n s  of the  p r i r d p a l  pools--carbon d ioxide ,  u r e a ,  
a c e t a t e ,  and t h e  l i k e .  r 
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. 
Two programs on the  study of experimental  cancer are  under way, 

one involv ing  t h e  study of t he  e f f e c t  of a developing cancer on 
' metabolism of carbon-14 labe led  in te rmedia tes .  To d a t e ,  a l t e r a t i o n s  

i n  metabdism of glucose and a c e t a t e  have been demonstrated i n  mice 
with s o l i d  Ehr l ich  cancer .  The second program i s  an inves t iga t ion  
of t h e  hormonal in f luence  of t he  b iosyn thes i s  and turnover  of pro- . 

. dependent t ransmissable  mammary cancer.  
, t e i n s  and nuc le i c  a c i d  i n  normal mice and i n  mice wi th  a hormone- 

* * * * *  

The Argonne Cancer Research Hospi ta l  r e p r e s e n t s  t he  Atomic 
Energy Commission's g r e a t e s t  e f f o r t  i n  t h e  area of cancer  research .  
I t s  i n t e g r a t i o n  wi th  the  Universi ty  Medical School and a s soc ia t ed  
C l in i c s  makes p o s s i b l e  a s i z a b l e  i n f l u x  of p a t i e n t s .  
t he  medical s t a f f  i s  a b l e  t o  s e l e c t  p a t i e n t s  most  s u i t a b l e  f o r  
study and i n t e n s i f y  t h e i r  e f f o r t s  f o r  t h e  s o l u t i o n  of s p e c i f i c  
problems. 
nearby Commission f a c i l i t i e s  a t  the  Argonne Nat ional  Laboratory. 
This mutually c o l l a b o r a t i v e  atmosphere has  been a tremendous asset 
t o  t h e  medical s t a f f  i n  ca r ry ing  out i t s  r e sea rch  r e s p o n s i b i l i t i e s .  

In  t h i s  way, 

The Hospi ta l  a l s o  enjoys a c l o s e  r e l a t i o n s h i p  wi th  

. .  
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ARGONNE NATIONAL LABORATORY 

Divis ion of Bio logica l  and  Medical Research 

Cancer research  i s  in t ima te ly  r e l a t e d  t o  many problems i n  
rad iobio logy ,  and i t  can be s a i d  t h a t  important observat ions on 
cancer production a r e  made i n  the  va r ious  t o x i c i t y  programs. 
These a r e  complemented i n  the  cancer research  program by s e v e r a l  
l i n e s  of i n v e s t i g a t i o n  d i r e c t e d  more s p e c i f i c a l l y  t o  fundamental 
d i f f e r e n c e s  between normal and neop las t i c  s ta tes .  Studies  are 
made of carcinogenesis  by r a d i a t i o n  and o ther  agen t s ,  growth 
c h a r a c t e r i s t i c s  of tumors, and physiologic  and immunologic 
r e l a t i o n s h i p s  between tumor and hos t .  Applicat ions of r a d i a t i o n s  
and o the r  agents  t o  t h e  modif icat ion of tumor growth r ep resen t  an 
important p a r t  of t he  research .  

Carcinogenesis 

S tudies  of carcinogenesis  inc lude  d e t a i l e d  h i s t o l o g i c a l  
examination of pre-neoplas t ic  changes i n  t i s s u e s  of i r r a d i a t e d  
animals.  These observat ions a l s o  provide information concerning 
t h e  l a t e n t  per iod f o r  induct ion  of tumors as a consequence of 
va r ious  p a t t e r n s  of e x t e r n a l  and i n t e r n a l  r a d i a t i o n .  

Mechanisms of carc inogenes is  are  being inves t iga t ed  i n  
biochemical and cy to log ica l  s t u d i e s  of l i v e r  during prolonged 
admin i s t r a t ion  of t he  hepa t i c  carcinogen 2-acetylaminofluorene 
( A A F ) .  Others have shown t h a t  admin i s t r a t ion  of t he  carcinogen 
need not  be continued u n t i l  tumors a re  gross ly  v i s i b l e .  Tumor 
incidence w i l l  be high i f  adminis t ra t ion  i s  continued through a 
r e l a t i v e l y  s h o r t  c r i t i c a l  per iod;  i f  t he  carcinogen i s  withdrawn 
be fo re  t h i s  c r i t i c a l  per iod ,  very few animals develop tumors. 
The present  resu l t s  show t h a t  during continuous admin i s t r a t ion  
of t h e  carcinogen, r a p i d  c e l l  d iv i s ion  begins  suddenly i n  t h e  
l iver a t  a t i m e  which corresponds t o  the  c r i t i c a l  per iod j u s t  
mentioned. Apparently,  "successful" malignant c e l l s  are n o t  
produced u n t i l  a phys io logica l  th reshold  i s  reached which resu l t s  
i n  a c t i v e  c e l l  d i v i s i o n  i n  t h e  l i v e r .  The time of onset of r a p i d  
c e l l  d i v i s i o n  depends on t h e  age ( l i v e r  s i z e )  when carcinogen 
admin i s t r a t ion  begins .  Present  experiments w i l l  determine 
whether onse t  of c e l l  d i v i s i o n  i n  these  l i v e r s  i s  a f f e c t e d  by 
t h e  carcinogen l i v e r  i n  t h e  d i e t .  When the  t iming of t h e  onse t  
of c e l l  d i v i s i o n  can be con t ro l l ed ,  i t s  r e l a t i o n s h i p  t o  t h e  

-carc inogenic  process can be determined more p rec i se ly .  In  addi -  
t i o n  t o  t h e  unusual degree of c e l l  d i v i s i o n  i n  these  l i v e r s ,  
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t h e r e  i s  a syn thes i s  of p ro te in  and r ibosenuc le i c  a c i d  (RNA) a t  a . steady r a t e ,  which appears t o  be independent of age.  Synthesis  of 
p ro te in  and RNA cont inues a t  a constant  r a t e f o r  many weeks, during 
which t i m e  l i v e r  weight may-increase th ree fo ld .  The r e l a t i o n s h i p  
of t h i s  abnormal synthes is  t o  the  "threshold" e f f e c t  descr ibed 
above and t o  the  carcinogenic  process i s ' b e i n g  inves t iga t ed .  

Experiments t o  examine some impl ica t ions  of t he  somatic 
. I  mutaction hypothesis  a r e  i n  progress .  Under comparable condi t ions  ., 

of carcinogen dosage and of s p e c i f i c  mutation r a t e ,  t h e  po in t -  
mutatiqn concept i m p l i e s  that exposure of a l a r g e  number of c e l l  
(a  l a r g e  animal) t o  a carcinogen should produce more mutations 
and,  t h e r e f o r e ,  more tumors than exposure of fewer similar c e l l s  
(a small animal) .  This i s  being inves t iga t ed  by the  admin i s t r a t  
of plutonium or methylcholanthrene t o  mice, ra ts ,  and r a b b i t s  
( r a t i o  of body weights ,  1:8:80). 

. 

on 

In  another  experiment on carc inogenes is ,  i t  w a s  found t h a t  
l a t e  e f f e c t s  of X- i r rad ia t ion  i n  mice were no t  a d d i t i v e  with 
methylcholanthrene appl ied  some months a f t e r  i r r a d i a t i o n ;  i n  fac t ,  
fewer tumors were produced i n  the  i r r a d i a t e d ,  methylcholanthrene- 
pa in ted  animals .  Moreover, the l a t e  e f f e c t s  of t h e  i r r a d i a t i o n  
were not  comparable t o  a simple increase  i n  age.  

Prel iminary r e s u l t s  of s t i l l  o ther  experiments suggest t h a t  
admin i s t r a t ion  of growth hormone increases  t h e  incidence of bone 
tumors a f t e r  gamma i r r a d i a t i o n  and t h a t  thyroxine shortens t h e  
l a t e n t  per iod .  

The r o l e  of sun l igh t  ( u l t r a v i o l e t  i r r a d i a t i o n )  i n  the  
production of sk in  tumors i n  man i s  ind ica t ed  by t h e  resul ts  of 
a s tudy of incidence of sk in  tumors i n  s e v e r a l  American c i t i e s ;  
t h e  incidence rate doubles f o r  about each 265 m i l e s  f a r t h e r  south.  

Chronic consumption of a r sen ic  i s  known t o  produce sk in  
tumors i n  humans; a t tempts  are being made t o  produce comparable 
sk in  tumors i n  mice by chronic admin i s t r a t ion  of a r sen ic  i n  the  
dr inking  water . 

Growth Character i s  t i c  s of Tumors 

P rope r t i e s  of tumors are being s tudied  us ing  a sub l ine  of 
t he  M G I M  f ibrosarcoma, adapted t o  t h e  a s c i t i c  form, i n  which t h e  ' 

i nd iv idua l  c e l l s  grow sepa ra t e ly  i n  f l u i d  t h a t  accumulates i n  t h e  
p e r i t o n e a l  cav i ty  of t h e  hos t .  It has been shown t h a t  t h e  s o l i d  
form con ta ins  almost one- th i rd  more calcium than t h e  a s c i t i c  foFm. 
This f ind ing  i s  of i n t e r e s t  because calcium i s  bel ieved t o  play a 

.*- 
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r o l e  i n  the  cohesion of c e l l s  i n  normal t i s s u e s .  Various l i n e s  
of evidence i n d i c a t e  t h a t  c e l l  p r o l i f e r a t i o n  i n  some a s c i t e s  
tumors may be c a r r i e d  on by only a f r a c t i o n  of t h e  t o t a l  c e l l  
populat ion.  This complicates i n t e r p r e t a t i o n  of estimates of 
t he  i n t e r m i t o t i c  t ime; the  incorporat ion of t r i t i a t e d  thymidine 
i n t o  t h e  ind iv idua l  c e l l s  ofsan a s c i t e s  tumor c e l l  populat ion 
i s  being s tud ied  by autoradiography i n  order  t o  determine the  
f r a c t i o n  of m i t o t i c a l l y  a c t i v e  c e l l s .  ' 

E a r l i e r  r e s u l t s  i n  another  a s c i t e s  tumor study pointed t o  
an inc rease  i n  tumor c e l l  s i z e  a few days a f t e r  i n j e c t i o n  of 
mouse a s c i t e s  i n t o  a r a t .  Although the  c e l l s  grow l a r g e r ,  t he re  
i s  no inc rease  i n  t h e  quant i ty  of DNA per  c e l l .  When previously 
i r r a d i a t e d  mouse tumor c e l l s  a r e  introduced i n t o  a normal mouse, 
t he  c e l l s  become l a r g e r  than normal and t h e r e  i s  some increase  
i n  DNA. The b a s i s  for' the  increase  i n  c e l l  s i z e  appears  t o  be 
somewhat d i f f e r e n t  i n  the  two cases .  

Tumor -Hos t Re la t ions h i p s  

Present  e f f o r t s  i n  tumor therapy inc lude  study of var ious  
a s p e c t s  of neutron capture  therapy, as  w e l l  a s  explora tory  
i n v e s t i g a t i o n  of o the r  p o t e n t i a l l y  use fu l  f a c t o r s .  Reference 
has  a l r eady  been made t o  hormonal in f luences  i n  carc inogenes is .  
I n  neutron cap tu re  therapy,. d e s t r u c t i v e  i r r a d i a t i o n  of a tumor 
i s  accomplished by neutron a c t i v a t i o n  of a s t a b l e  nuc l ide  
s e l e c t i v e l y  concentrated i n  tumor t i s s u e .  For any reasonable  
expec ta t ion  of success, i t  i s  necessary t h a t  t h e  s e l e c t e d  
nuc l ide  be combined very  f i rmly with an organic  compound t h a t  
w i l l  be concent ra ted  i n  t h e  c e l l s  o r  stroma of t he  tumor. Con- 
d i t i o n s  must  be  chosen so  t h a t  only t h e  adminis tered nuc l ide  
w i l l  have an apprec i ab le  c ros s  sec t ion  for neutron capture .  
Experiments i n  seve ra l  l abo ra to r i e s  have centered  mainly on 
e f f o r t s  t o  u t i l i z e  a c t i v a t i o n  of l i thium-6 o r  boron-10 by 
thermal neutrons t o  t ake  advantage of t he  d e s t r u c t i v e  alpha 
decay which fol lows.  This approach has  had l imi t ed  success  
because i t  has  not  been poss ib l e  t o  prepare  s u f f i c i e n t l y  s t a b l e  
combinations of t hese  nuc l ides  with organic  compounds. Theoret- 
i c a l  s t u d i e s  i n d i c a t e  t h a t  app l i ca t ion  of resonance r a t h e r  than 
thermal neutrons w i l l  increase  the  number of u se fu l  nuc l ides  
and permit t h e  u s e  of nuclear  f i s s i o n  r a t h e r  than a lpha  decay. 
This may provide a g r e a t  increase  i n  d e s t r u c t i v e  e f f e c t  and may 
f a c i l i t a t e  monitoring during the  course of . t rea t inent  by measure- 
ment of t h e  gamma rays  produced during t h e  nuc lear  f i s s i o n .  
Organic compounds conta in ing  some of these  nuc l ides  i n  extremely 
s t a b l e  combinations have been prepared. 
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I n  another  s tudy ,  i nha la t ion  of oxygen during i r r a d i a t i o n  
increased t h e  i n i t i a l  regress ion  of wel l  implanted s o l i d a s c i t e s  
tumors. However, t h i s  procedure a lone  o r  i n  combination wi th  
c e r t a i n  an t ime tabo l i t e s ,  e .g . ,  2-deoxy-d-glucose o r  cyanide,  d id  
not  s i g n i f i c a n t l y  inc rease  t h e  number of non-palpable tumors 
observed s i x  weeks a f t e r  i r r a d i a t i o n  over t h a t  obtained wi th  
r a d i a t i o n  i n  a i r .  Other work i s  concerned with t h e  poss ib l e  
a p p l i c a t i o n  of f a r - r ed  i r r a d i a t i o n .  It i s  known t h a t  chromosome 
damage sin i r r a d i a t e d  p lan t  t i s sues  i s  increased considerably i f  

l iminary r e s u l t s  suggest t h a t  t h i s  occurs a l s o  i n  animal t issues .  
Chromosome abnormal i t ies  i n  Krebs a s c i t e s  tumor c e l l s  were 
increased when i r r a d i a t i o n  w a s  blanketed or followed immediately 
by exposure of t he  c e l l s  t o  f a r - r ed  r a d i a t i o n .  

.. t h e  t i s s u e s  a r e  subsequently,exposed t o  f a r - r ed  r a d i a t i o n .  Pre- 

+ 

During ensuing yea r s ,  s t u d i e s  of t he  l a t e n t  per iod  i n  induc- 
t i o n  of tumors by bone-seeking radioelements w i l l  be extended. 
Detai led biochemical and c y t o l o g i c a l  s t u d i e s  w i l l  be  continued on 
the  response of l i v e r  and t h e  "threshold" e f f e c t  i n  chemical 
carcinogenesis  by AAF. Fur ther  i nves t iga t ion  w i l l  be  made of t h e  
r o l e  of hormones i n  carc inogenes is  by ion iz ing  r a d i a t i o n .  Studies  
of t he  somatic mutation hypothesis  w i l l  be expanded t o  inc lude  
o ther  forms of r a d i a t i o n  and o ther  animal spec ies .  The poss i -  
b i l i t y  t h a t  tumors are produced by i n d i r e c t  r a t h e r  than d i r e c t  
a c t i o n  of ion iz ing  r a d i a t i o n  w i l l  be examined by t r ansp lan t ing  
normal t i s s u e  i n t o  an  i r r a d i a t e d  f i e l d .  

Comparative s t u d i e s  of t h e  s o l i d  and a s c i t i c  forms of tumors 
w i l l  be continued, p a r t i c u l a r l y  i n  terms of f a c t o r s  that may 
in f luence  t h e  cohesiveness of t he  c e l l s .  An understanding of 
t hese  f a c t o r s  may have r ami f i ca t ions  t o  processes c o n t r o l l i n g  
metastasis. Other i nves t iga t ions  w i l l  consider  t h e  mechanisms 
underlying t h e  immune response of heterologous a s c i t e s  tumor 
c e l l s .  Experiments on neutron capture  therapy w i l l  be cont inued,  
and o ther  a p p l i c a t i o n s  of neutron capture  a c t i v a t i o n  w i l l  be  
explored. Neutron a c t i v a t i o n  w i l l  be evaluated as a p o s s i b l e  
method f o r  determining a r s e n i c  d i s t r i b u t i o n  i n  t i s s u e s  of animals 
r ece iv ing  a r s e n i c  f o r  extended per iods of time. Study of t h e  
p o t e n t i a t i n g  e f f e c t  of f a r - r ed  i r r a d i a t i o n  on x-ray induced 
chromosome damage w i l l  be extended t o  t i s s u e  c u l t u r e  of Chinese 
hamster organs,  which a r e  more favorable  f o r  determinat ion of 
chromosome abe r ra t ions .  
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BROOKHAVEN NATIONAI: LABORATORY 

Medica 1 Department 

.. 

The Brookhaven National Laboratory i s  operated by t h e  
’ Associated Up ive r s i t i e s ,  Inc.  under con t r ac t  wi th  t h e  U. S. 

Atomic Energy Commission. This Laboratory i s  a n a t i o n a l  research  
cen te r  f o r  fundamental and appl ied  research  i n  t h e  nuc lear  
sc iences  and r e l a t e d  sub jec t s  and i s  an i n t e g r a l  p a r t  of t he  
A E C ’ s  nationwide program. I t s  major ob jec t ives  are: 

(1) To seek new knowledge i n  the  nuc lear  sciences 
and o ther  r e l a t e d  f i e l d s ;  

( 2 )  To encourage appropr ia te  u s e  of i t s  f a c i l i t i e s  
by q u a l i f i e d  s c i e n t i s t s  of u n i v e r s i t i e s  and o the r  
l a b o r a t o r i e s  and i n d u s t r i a l  research  groups; 

(3 )  To ass i s t  the  Atomic Energy Commission i n  t h e  
so lu t ion  of s p e c i f i c  problems; 

( 4 )  To a i d  i n  t h e  t r a i n i n g  of s c i e n t i s t s  and 
engineers  i n  nuc lear  sc ience  and techn8logy. 

The biomedical program a t  Brookhaven was supported i n i t i a - - y  
i n  f i s c a l  year  1949, and t h e  following year  t h e  f i r s t  funds were 
made a v a i l a b l e  f o r  research  i n  the  cancer  f i e l d .  Since t h e  
incept ion  of t h i s  medical program i n  f i s c a l  year  1949 t h e r e  has  
been cons iderable  i n t e n s i f i c a t i o n  of a c t i v i t y  and expansion of 
t he  program. The completion of the  new medical cen te r  i n  
December 1958 marked a high poin t  of cons t ruc t ion  a c t i v i t y  and 
makes poss ib l e  the  a t ta inment  of a s t a b l e  and w e l l  i n t e g r a t e d  
medical program. 

This modern, w e l l  equipped, Medical Research Center,  b u i l t  
a t  a c o s t  of 6.5 mi l l i on  d o l l a r s ,  includes twelve ind iv idua l  
p a t i e n t  rooms i n  four  i d e n t i c a l  c i r c u l a r  nurs ing  u n i t s .  This 
arrangement provides  a fo r ty -e igh t  bed h o s p i t a l  wi th  a c e n t r a l  
area (see photograph) f o r  a n c i l l a r y  se rv ices  housing occupat ional  
therapy and day rooms, c e n t r a l  supply,  emergency opera t ing  room, 
x-ray,  pharmacy, medical photography, and h o s p i t a l  d i v i s i o n  
of f  i c e s .  

The labora tory  s e c t o r  of the  bu i ld ing  i s  shown i n  t h e  photq- 
graph and conta ins  modern, completely o u t f i t t e d  l a b o r a t o r i e s  f o r  
s c i e n t i f i c  research.  
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The research  program of the  Medical Department concerns i t s e l f  
wi th  t h e  b i o l o g i c a l  e f f e c t s  of r a d i a t i o n  and, i n  p a r t i c u l a r ,  wi th  
p a r t i c l e  r a d i a t i o n  of very shor t  range. Although the  program i s  
not  pr imar i ly  t h a t  of research  on cancer ,  i t s  problems are  in t ima te ly  
r e l a t e d  t o  the  problems of cancer.  This i s  n e c e s s a r i l y  so s i n c e  t h e  
use of r a d i o a c t i v e  i so topes  o f f e r s  a most promising p o s s i b i l i t y  f o r  
t h e  t reatment  of cancerous condi t ions  as  ye t  beyond ordinary medical 
therapy. Furthermore, i n  a t tempts  t o  u t i l i z e  r ad io i so topes  i n  t h i s  
fash ion ,  p r e c i s e  t e s t i n g  of capac i ty  t o  con t ro l  t he  movement of t he  
r ad ioac t ive  i so tope  wi th in  the  body i s  c a r r i e d  out .  This knowledge 
i s  of t he  utmost importance i n  t h e  u t i l i z a t i o n  of r ad ioac t ive  %SO- 

topes f o r  genera l  d iagnos t ic  procedures.  F i n a l l y ,  s ince  cancer may 
be provoked by r a d i a t i o n  exposure, i t  becomes no t  only of i n t e r e s t  
bu t  of g rea t  moment t o  the  use r s  of r a d i a t i o n  and r ad ioac t ive  i s o -  
topes t o  l e a r n  under what condi t ions  and t o  what degree these  types 
of t i s s u e  experiences may lead t o  malignancies.  

-. ~ 
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The Medical Research Reactor 

A nuclear  r e a c t o r  s p e c i f i c a l l y  designed f o r  a program of 
i n v e s t i g a t i o n  in medical problems has been b u i l t  i n t o  t h e  Medical 
Research Center a s  an i n t e g r a l  p a r t .  
t h e  photograph, loca ted  a t  t h e  rear of t h e  Center.  
i s  based l a r g e l y  on t h e  planning of i t s  r a d i a t i o n  sh ie ld ing  and 
t h e  p a r t i c u l a r  way i n  which the  research  conveniences are provided. 
Addit ional  advantages accrue  simply because of i t s  phys ica l  l oca t ion  
contiguous wi th  the  medical l a b o r a t o r i e s  and t h e  research  h o s p i t a l  
of t h e  Department, and because con t ro l  of schedul ing and opera t ion  
a re  d i r e c t e d  exc lus ive ly  toward t h e  medical research  program. 

The r e a c t o r  can be seen i n  
I t s  uniqueness 

The design s p e c i f i c a t i o n s  f o r  t h e  Brookhaven Medical Research 
Reactor (MRR) c a l l e d  f o r  a c a p a b i l i t y  of continuous opera t ion  a t  a 
pare r  l e v e l  of one megawatt. 
average of 140 grams of uranium, and t h e  r e a c t o r  i s  c r i t i c a l  when 
1 7  of them are  i n  use.  The moderator i s  pure,  n a t u r a l  w a t e r ,  and 
t h e  core  i s  cooled by c i r c u l a t i n g  t h e  moderator water through a 
hea t  exchanger. 
r e f l e c t o r  i n  t h e  shape of a cube and f i t t e d  around t h e  core  tank 
as t i g h t l y  as poss ib l e  t o  a thickness  of about t h r e e  f e e t .  
f i l t e r i n g ,  t h e  cool ing  a i r  i s  exhausted vp a 150-foot s t ack .  
opera t ing  a t  one megawatt, t he  MRR has a core  f l u x  of f a s t  and 
thermal neutrons of t h e  order  of loL3 n/cm2/sec. 

The f u e l  elements each conta in  an 

Outside of the  core  i s  an  a i r -cooled  g raph i t e  

A f t e r  
When 

Shu t t e r s  have been b u i l t  i n t o  the  neutron a p e r t u r e s  lead ing  t o  . 
t he  experimental  i r r a d i a t i o n  rooms. 
i b l e  beam-directing and neutron-moderating arrangements i n  a 
hydrau l i ca l ly  operated device weighing some 20 . tons  wFth an e f f e c t i v e  
opening i n t e r v a l  of about t h r e e  seconds. 

The, s h u t t e r s  incorporate’  f l e x -  

%o i r r a d i a t i o n  rooms are 

. -  . .  
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provided to sustain a standardized thep-ipy p ro  
.accomoda t e development of p r  oc edur e improveme 
animal studies, Since these rooms are enclosed within sh ie ld in  
wails and a i so  are @quipped w i t h  weutr~w aCtiVation t u b e s  ~ E W -  

i ng  d i r e c t % y . t o  the reactor core, they a l s o  y be employed to 
investigate dia o d e  and therapeutic p o s s i b i l i t i e s  of radio- 
active isotopes f very short hal f  life. Preparation f o r  either 
of these purposes thus can b e  carried out without interference 
from other  reactor activities and under hospital conditions. 

Neutron capture therapy i s  an experimental radiatiom t r e n t -  
ment whish uses 
diseased tissue. It is based on l s c a l i z i n  w some fashion not 
a s  yet understood, a ear et atom, in this n on -r a d i oa e t iQe 
boron-16, wi th in  and thr ughoblt t he  tissue rked f o r  destruc- 
t i o n  by the  treatment and thew passing a stream of slow neutrons 

energetic heavy particles created inside the 

through that region. "he meutrons tri er disintegration of the 
bO8-Qn-%0 a t O f I 2 S  a%Keady .h t h e  t i S S U E ? S .  For b e s t  e f fec ts ,  the 

et element is so chosen that the  decay of the excited isotope 
media te  and results in ener etde h e a v  particles as indicated 

in the fsrmu%a: 

c - 
*(%e boron-11 is in an excgte in termed ia t e s tat e 
formed by neutron capture whi h i m e d i a t e l y  decays 

particle 1 
to lithium with the release of an en 

Further9 %he distance travele by the heavy par t ic les  for best 
effects should be of the orde of a cell radius assuming a 
spherical c e l l .  Thus the entire encr y o f  the reaction w i l l  be 
released and abs d within an average c e l l  vo%ume. Experi- 
ments with mice est that, f o r  equal amounts of boron, sodium 
pentaborate woul less toxic than sodfum tetraborate,  and 

%J t h e  pentaborate has been used in a l l  of the 
series of patients. 

l a t e s t  

Further studies are proceedin El the distribution of both 
borax and l and neoplastic tissues in 
m i c e  as a function of time. y . t k i a  means it is hoped t o  deter- 
mine the interrelationships of neutron exposure and boron atoyaatc 
distribution f o r  sure destruction of viable  neoplastic c e l l s  
while minr+.iwin level of discrimin ion between norm1 
and neop%is t i e  s s ,  O f  the boron co ounds used,  it 

sodium pentaborate in ris 



Pundamenta 1 Research 

me development of tritiated thymi ine 8 s u i t a b l e  label 
which can be demonstrated by proper radiographic techniques has had 
imedia te  app l i ca t ion ,  part%cuPar%y to the study of the genesis of 
the var ious  cells of the  b16 0 It Baas always been of importance 
to determine in leukemia whc er o r  not an increased rate of syn- 
thes i s  or decreased rate of removal wasthe pri 
increase i n  cells in the peripheral blood, 
problem ob ta ins  with polycythemia vera, 
i t  w a s  found that the iabe%i of neoplastic 
patients w i t h  m u % t i p % e  or chronic %ympkatdc leukemia was 
rare ana t h a t  leukemic s i n  blood of ehrmie  lymphatic leukemia 
would not incorporate  t 
m a r r o w  and peripheral b 

e%ogenous leukemia. rrow of p a t i e n t s  with infeetious mono- 
wbncleosis shmed intens mitive stem ceZls, and 
an increased number sf uclear cells were present 
in the peripheral bhosd, 

potential value sf these differences in es t ab l i sh in  
therapy, and/or p ro  nssis are for further and con t i  

To 
U t i 1  

was extensive in t he  
t h  acute and chronic 

0% these distinct dif- 
beEenceS in the  d i f f e r  ssrders studied and the  

atiow. 

ith the  demonstration t h a t  8 IIh doses of t r i t i a t e d  thymidine 
to 
in 
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Z~ another which has been t ~ a  considerable  
esncerned with multiple 
variety of other m l i  diseases, a detailed investigation 0% . 

%obul ins  and physiological studies on the ra B of .  disappearance 
f these proteins l abe led  with rad iqac t ive  io iwe (113%) have 

e l o m  b u t  which also has ine luded  a 

e physico-chemical nature of crystalline albumin and of ga 

been carried out. Certafn differeri6es have been observed in 
patients w i t h  multiple m=yelom9 the”signif%canse sf which is 
s t i l l  under study. 

Previous work both here  and elsewhere demonstrating that a 
significant single expo~ure to sublethal whole body radiation of 
the  young Sgrague-Daw% female r a t  is followed by the r e l a t i v e l y  

dose between 23 and x-rays, measured at 

does n o t  increase. g p r  following exposure 
to 486 f reduces but does not eliminate neoplas ia  af t he  breast. 
Intact m % e s  respond to the  same degree as ovariectomized f e m % e s ,  
whereas castrate mbes give a sponse intermediate between that 

%es  or castrate fe lies and intact females. It would 
that the mximum i uc t ion  sf breast neoplasia follow- 

ry neoplasms has been confirmed and 
of breast neoplasia rises l iwear%y with 

11 months after exposure. Ab 400 r the response 

i ng  irradiation s f  these animals was affected by the level and 
type of gg-kadal hormones. 

fibromata fibr6adenomta and fibrssarcomta e Mixed t ypes  of 

that neither th pituitary nor the ovary need be irradiated 
induction of breast neoplasm. R e s u l t s  on e f f ec t s  following 
selective irradiation of the breast are not yet  complete. 

or abscopal theory of induction sf neoplas ia  a r e  not  necessarily 
mutually eXClusfve, 

Four distinct h i s t o l o  
breast tbgW0ZS have been ObSeTXed .= i3.dE!TkOCi3.Pt2ino 

breast tumors a r e  seen also. Shielding experiments Rave sh 

Facts 
est that a single h i t  8 0 m a t i . C  mutation theory and an indirect 
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ts os radiati 
t i o n ,  and the  beneficial app l i ca t ions  sf atomic 

' h b s r a t o r y  and the Dmner Pavilion sf Cowel Hospital, p l u s  the 
rn u t i l l z e s  the campus facilities of Doneaer 

alpha part it2 %e 184" cyclotron m the  Rill. 
beam sf the cyC10trgSn that is utilized in t 

uftary in patients w i t h  certain mli  ansies. In addition, a 
1% amount of space has been prov2ded 

It is t h e  900- 
i r rad ia t ion  of the 

t the  Livermare labora- 
t o r y  for biologic s t u d i e s  involving reactors. 

The unique combination of faci%Ftfes, personne%, and 
established research pro  boratoryss Biology- 
Medicine Division has attracted advanced students 
part of the worLd. 
feiiowe are in resiaesace. me t r a i n i n  
by t h e  h b o r a t o r y ,  i n  cooperation With the university,  stands 
out as a valuable cowt r ibu t i en  to the a ~ ~ a n c e ~ ~ ~ t  of worldwide 
knowledge in bioP0 

'%%ais year nearly thirty f 

and medicine B 

Although there is an extensive research pass 
medical area supported-currently, t h e  camcer pro ram in t h i s  
k b o r a t o r y  is limited for the most  p a r t  to basic cons$deratfdns. 

m e  current 3.nvest-i a t i sn  of the u5e 0 

tisles in t he  study and ontrcal of certain 
mediated dise es through selective i r rad ia  f the pituitary 

ant and @ndscrine- 

n e  unique properties of the Ai h energy par t ic%e beams SP 
t h e  184St cyclo t ron  enable t h e  loca l i za t ion  o f  h r  e doses in the 
pituitary gland. ~ ~ p o ~ ~ y s e ~ t ~ ~ i ~ i ~ ~ ~  a5 well as 
doses of irradiation, can be iven. C l i n i c a l  f indings are closely 
corroborated by gross and histologic evidence of p i t u i t a r y  destrue- 
t i on .  Satisfactory evfdence s f  arrest or remissions i n  metastatic 
carcinom is obsemed &n eby 48 per cent of the patients, 

Q 

e effect of pituftary ow patients with acrsmegaaly 
_I^_ d diabetes me%li.tus sh and will be  cont inued.  Alpha 

e particle i r radiatfon is pr  comparable in i t s  effectiveness 
<--- 

r 

t o  pro tsn  irradiation in ablation of the pituitary. 

me undFr%yin metabolic factors, particularly thsse re la t ing  
8: to endocrine CQ%ltPB% and funs t ion ,  will be investigated, and it is 
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Noo of P a t i e n t s  Irradiated- 

ncer of t he  breast 
Diabetes mellitus with re t inopathy 

lignawt exsphthalmus 

sgermiwo 
ncer of the prostate 

Caaser Of the adrewals 

Chroeric Iymphaticrs Pcenkemia 
Acute leukemia 

,. 

118 
23 
12 

2 
1 
1 
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, 
Selection of patients for irradiation w a s  $one af te r .  

c a r e f u l  c l i n i c a l  aZd, laboratory iwvesti a t i o n . "  A l l  were in a 
progressive s t a t 2  o f  disease and were n 

pat ier i ts  with diabetes mel%itus had pro  
in some instances nephropathy, They we 
diabetics W i t h  the disease difficult to contral. These with 

. 

responsive to t h e  usual conventional form 

re a%% symptomt ic ,  and five of them had associated 
ority Of these had received one or more courses 
0-kv x-ray therapy. 

I 

me early schedule of irradiation was based on experience 

gland wa5 not kn as necessary to investigate its 

gained from extensive anima% studies. Since the effect of high 
particles in 8U t h e  function of the humw p i t u -  

effects by startia r sa t ive%y with low dosa e s ,  mese were 
gradually adjusted towards an o p t i  1 level  as h i s t o  
patient response and sequelae indicated, and, .f cou 
significant modifications were m d e  in techniques, 

atiewts are i r radia  e t i m e s  weekly f o r  t w o  
hest total amount, ad,  has been given to 
dvawced metastatic 

less. me patients w i t h  diabetes 
t a p  24,QQO rad, an those with 86% 
doses were eaIsu3b tad to the  cent 
hypophyseal dose Bnte rated wer the isodose surfaces being 
between 5 5  and $5 per cent of the-geak dose at 
gland. 

the center of the 

nges  i n  pituitary function were measured before and after 
ion by determination of the urinary excretion Bf pituitary 

the  24-hour excretion 

gonadotropins and by effects 
the thyroid, adr 

of urinary e s t r o  ant indices of the 
e f fec t s  of p i t u i  

on the t 



, #  

enty-four patients of th 
rradiated with h i  
f these are l P V F B  

the longest now 
i r p a d i a t i o n , .  -Ten of these are  in an excelle 
n e  largest and m o s t  
of0 patients' receivin h ighes t  amounts of irradiation, i.e., 
24,'ooo td 38,800 rad. 6 

i r t e e n  patients with  acr 
. alpha particxes 9,200 %.ad. msse 

f4ciaI response w a s  obtained in the  group 

' 

a l y  were exposed t o  

receiving the  lower 
viously received one or more courses of sonventbona% 200-kv x- 
irradiation, 
disease a d iabe te s  ernewt with i n s u l i n  no longer 
required i n s u l i n  followin * In a l l  Of these patients, 
subjective symptoms of headache, loss of potency, and ease of 
fatigability were present and were d i f f f c u  t t o  @vabuate.  All but 
one patient claimed rked r e l i e f  fo%%owin irradiation. There was 
a fa%l in serum phosphorus in a l l  patients receiving over 5,000 rad. 

w t s  of irradiation were anes who had pre- 

Two of the group who had associated w i t h  their 

Diabetes Mellitus. Twenty-three patients with diabetes mel- 
litus received algha-partic%e i r r a d i a t i o n  in a dose range of 1%,008 
to 24,000 rad. 
in some instance enty-one patients are currently 

fo%lowed, but it is stil 
t a ~ y  i r r ad ia t ion  W i u  per 

of their  ocular dleease  proces 

marked diabetic retinopathy, and 

will be required an this group of patients. 

ternally delivered particulate radiation fro 
t ron  o f f e r s  t h e  only %$on- a$ means for imhfbit 

metabolic and morpholo 8 similar t o  those 
iwg surgica% hypophyse 8 usefu%nees i n  t h e  investigation 
and palliative control of malignant and endocrine diseases mediated 
through the pituiea9.y potentiates the  p o s s i b i l i t y  of more ef fect ive  

t he  funetiom of the  p i t u i  d can thus be used 

approaches to these amd other ser ious  disease problems confront ing 
modern medicine 
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OAK RIDGE INSTITUTE 

'Medical Division 

, 
me .Medical' Division was formlbly 6 

and the reSeaKch prQ ram initiated short  
arourdd the nuclear  f c i 1 it Pe s ava F l a b  %e 
$ t r u s t i o n  0% a %-bed hospi ta l ,  includi 

rounded program. 

th ree  specific areas: p r e c l i n i c a l  research, cl in%ca% research, 
and t r a i n i n g ,  t h e  hatter beiw integrated with in  the  other t w o  

' mental as well as c l i n i c a l  research, has poss ib l e  a we%% 

me research pro ram of the Medical D i v i s f s l w  emphasizes 

areas. 

Pree%iniea% Research 

the or ig ina l  %ew Earn; t h e  l a t t e r  Wll i i l i t h t e d  
some eight years a certain rape eart radioisotopes 
selected far their poteant'&l medical  usefu%ness D 

metabolism studies evolved a few years tsr when the need arose 
to define the toxic and metabolic effe B Of carrier, which had - 

ic l e s ion3  first observed about three 
of study in rare metals metabolism, l e d  

to a third phase of the prec l in icab  pro r a m ,  namely, 
the biochemical level. Current e f f o r t s  in the preclinical program 
are devoted lar eby COWZZrd bioCh@d.CXl t3ppKOaCheS ill effort t O  

characterize numerous inflbuencin factors and the  mechanism of 
acute fatty infiltration that 8 C  urs in the  liver foll 
VenBuS injection of any one 0% the various rare earths in the 
6 er iusn group 0 

e rare metals 

3 QK" inf luencin f ac to r  on internal HadiQPsotopic 

s t u d i e s  at 

r i n g  the early phases of the  %ew isOtopessf program, 
emphasis was almost exc%usively placed on radioisotopes for 

ternal therapy, bath at the eliwieaf and preckiniea% levels. 
e experiaewta% approach was limited f o r  the most p a r t  to 

d P 8 tr i b u t  B on u s in racer and aantorad 
re recently cf%or have been direete 
es  in an effort t ain more s p e c i f i c  

t h e  potential haZardS in t h e  USC Sf %SC3$C8peSe SStW of the WLOKe 

recent accorwp%ishmea$s under t h i s  pa r t  of the program ake: 
development and applicaticin sf a 8 

the 
1 l inear  scanner for 

47 
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t h e  rapid screenin of var ious  internal emitters, inc luding  
more recent measur ments of ca1ciurn-47; 
t r i b u t i o n  of a Flew eol 'boidal preparation of a well k n m  radio-' 
is m o p e  (yttrium- elatin:phosphate) ; anda thirdly, the application- 

s b i l l k a t i o w  and dis- 
, 

Of pager e%ectrophoresis and of h@modia%ysis to r a d i a t i o n  effects  
. and internal contamination. 

qlis group, i n  the p a s t ,  had done a considerable amount of 
work with gallium-59 and 72 and subsequent ly  with gold-198 and 

research program in t h e  rare earths, p r i m r i l y  because of i n i t i a l  
i n t e re s t s  in their application fo r  medical therapy. '%%re rare ear th  
group of element-s'sffers a wide khoice o f  radioiso~opes that have 
desirab.'%e charactepisti~s~ and are pfabctical to produce. 
research ,staff has continued to focus a t t e n t i o n  81% the rare earth 
elements and has extended %tu ies to yttrium, lutecium, and holmium 
in an effort to learn their c araeteristis behavior in experimental 

mated, the chemicaP na tu re  os the preparation, the rou te  of adrnin- 
istration, and the  quantity of carrier have been of major importance. 
P o t e n t i a l  medical use focused greater attention on t h e  e f f ec t ive  
carriers which u l t i m t e ~ y  lea  to of a cornon carrier 
whish will con t ro l  mobilization o f  any sf the characteristic rare 
earth rad io iso topes .  

other  C O l % O i d s ,  Out of which developed an extensive prgcliniCa1 

The 

animals w i t h  the u l t i m a t e  ob jec t ive  bwags  being t h e i r  u s e  in 
patients Of the various influmein fac tors  t h a t  have been eva1- 

Considerable a t t e n t i o n  has been focused on metabslis studies 
of the rare? ear ths ,  insleadin t h e  effect  on c e r t a i n  enzymes, 
indicating an apparent  iwver e relationship of fatty infiltration 
and choline oxidase in the  liver of cerium-created rats. This 
acute f a t t y  i n f i l t r a t i o n  that occurred %o%lowin the a dmin i s tra t i on 
sf c e r i u m  was the f i r s t  obserw ion r e l a t i n g  ra e earth elements to 
specific metabolic reactkan. prompted the 
launch an i n t ens iv  b iochemica 1 8 

O f  the rare earth are earths ( t h  
group) cause t h i s  nee, and it pccurs 

Py i n  certain species w i t h  the female the more suscegt ib%e,o 
re recently the  mechanism of t h i s  metabolic disturbance has been 

t he  mjor experimewta% objec t ive .  Synthesis, axida t ion ,  and mobfl- 

pattern. Tracer studies of specific Brastions and constituents 
lipid are now be in  undertaken 0 si iflbcant con t r ibu t ions  to the  
program derive fr 
life scientists who a f f i l i a t e  as temporary research participants. 

i z a t i s n  of fat are a l l  considered to have a part i n  the r e s u l t i n  

e 0 1 %ab ora t is* s i o n i  %. un iver s it ies through 
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." Since the ince$tFsw s f  the OHBINS medical 
een a continuing interest in both the develop- 

. 

of equipment for using and detecting the 
radioisotopes O f  medical value. 
earlier a;eomplishmewts of t h i s  group was" t h e  d.??velsprnent and 

mese pioneer  

m e  of rhe  mare significant and 

of the f i r s t  cobal t  and cesium teletherapy umits inriludin 
,the adopt ion  *of  the standard source container. 
studies im teletherapy Bed to further E- finemmts and U l t i r a t @  

widespread use s f  
ihroughbut'the country and used %or the  treatment of patients on 

such devises  now foun 

a routine basis. 

With the increasing use of 'iodiwe-%P$ i n  medical prZLctice, 

the clinician was f a l $ i w p  
accurate scanning sf the  tkqyro take measuremmt became a 

p undertook a thyroid uptake caEibratPsn 
barium and cesium) which simulated 

the properties of iodine-13% was prep red and placed in twenty 
m n i k i n s  that were ons t rus t ed  to resemble the head and neck of 
a humn patient. 

This s tudy  
ese manikins were distributed ow a rotational 

ng c$Pnics t h l P O U  hou t  t he  u n i t e d  States. 
had a far-reaching e%fcst  om the techniques employed by the var- 

between laboratories 0 

i ous  groups and ca%led atte%ltiO%n to t h e  REirked VariatiOnS obtafned 

At t en t ion  was then focused on Fmprovin 
scanning techniquess which ultimately l ed  ts more accurate 
delineation of the d i s t r i b u t i o n  of ga 
in several or ans. mch of the fnves 
tmproveaaaene of #"rea scann 
proper interpretation of r 
a research group %rom the 

radisisstopes 

rp, improved focus in  
prQCeSs, and s the r  
Cl in ica l  ssfntiscan 

sp@"imens studied by assay and autoradiographic  
techniques.  

m e  newly b u i l t  linear scanner ha 
ny c l i n i c a l  problems. It ah 8 patterns sf distribution 

of the total dose of a radioisotope at various bwtervals following 
administration y i e l d i n  a ""profileDE o f  the concentration of 

titative results are  obtained, 
KadiOaCtiVitp alot3 axis of the whole bsdg. semiquan-. 

By studying the same p a t i e n t  w i t h  both ar  
techniques, and eventually w i t h  a whole body counter ,  

physicians w i l l  be able  to loca%%ze and measure isotopes from 
outside the body with a before avaiia~ie. I 

2 .  

I.. .' ' 
6' . 
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Clinical Reseafch 

iginallby it was intended that the  
- *  

me m o s t  recent distin uishing feature Of t h i s  p ro  
been expansisn in t h e  work n the effects of r ad ia t ion  
me staff has carried out a number sf studies of t o t a l  body 

aeu%cemie patients and others. Reco tentialities in 
whole body i r r a d b t i  as a tool in tadin patients 
the ORINS group des% 
a total body frr 

uniformly to the whole body of an adult pa t i en t ,  

irradiatbow followed by attempts at bone marrow rafts in acute 

sonstsuction of 
is a d d i t i o n  to the medical 

cesium sources located in posi-  
of 300 r per hour delivered 

ta are being eollected on 

graft problem on patients who have recei 

the he 
radiation. Research efforts 

cal. studies which a 

B r r a d b ~ t i o n .  
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i v e r s i t y  of ca1iforwia SChSQ1 sf Medicine 

bq ra t s ry  was established iw I949 to 
' inve$tigate improving the r ad ia t ion  treatmm%: of 

, cancer, with'speeial reference: to the usefubness  o f  a 70- 
synchrotron as  a s o u r c e q f  x-rays and electrons. 



.. 
69 In the  selection of candidates for treatment with this > > *  . 

previously untried ener of 70 million v o l t s ,  patients have been 
utilized whose cancers were sf such a type or at such a stage of 

* I  h that the chance 0% surviviw f.ve years waul$ have been 
In addition, than 58 pes cent  with any s t a  dagd therapy. 

were to take aavanta e of the unique physical . .  
characteristics of t h e  radiation from r o t r o n  - - fo r  examp le * 

. patients whose lesisws had to be t rea te  
obese patients i n  whom the r ad ia t ion  must 
reat depths before the region is reached 
on is desired; pat ien ts  with Besims in 

-:p1iees where eith r bone or air is i w t e r p  sed betwxm the surface 

Patients having canee were first treated w i t h  70-Mev x-rays 

R several cen t i -  

ang the tumor ( e .  0 %ung, pharynx) 0 

from the  synchrotron d u r i n  st~gr, 1956. up to the end of ~ e e e w m - ,  
1 9 5 9 ,  129 patients had bee treated, most of whom had advanced 
disease, and the mortality, as expected, has been high. me 54 
l i v i n g  patients are being followed at f requent  interva$s. me aim 
is to follow every patient throu h his e n t i r e  re iniwg life. 
study the record8 shows that in some patients e cancer did 
not disappear even in the most heavily treated r 
be stated that there is no spee%ca% anti-cancer a 
x-rays, mere are, hmever, definite advawta 
that will be mentioned. 

A 

v x-rays in the t.r 
absorption of ener 

are s i t u a t i o n s  in which this advantage can 

(1) It is easier to deliver any des i r ed  dose to a 
deep-seated lesion. 

(2)  n e  95 per  cent dose %eve$ f o r  78-Mev x-rays 
' extends 8 centimeters, from t h e  6 -  to 14- 

centimeter depth. 

(3)  

( k e )  mew i,t is necessary to avoid c e r t a i n  surface 

Stout patients can be treated as adequately as 
thin ones. 

areas such as previously i r ra  dated skin, it is 
easy to treat through wide QP'thfGk parts of the 
body where the skin had not been previously 
i r radiated,  

Simple one- or two-fieid technfqaaes can be used ( 5 )  
On 9 5  peK cent sf the patients, 

F 

d 

F 
F 
t 



a one-field teehnique. 

me uniformity of the irradiation of a given volume of 
tissue deep in t h e  body makes t h i s  quality s f  r a d i a t i o n  s f  spec ia l  
advantage in the  treatment of extensive disease in the pe lv i s  and 
chest. 

machine: 

Patients with the following types of cancer are therefore 
considered ts be the ones that can p r o f i t  most by the use of this 

r .  

(2)  Cancer of the  u t e r i n e  corpus, pre-  8% psst- 

( 3 )  Irnvasive cancer of the  b ladder ;  

operative ; 

(5) Advanced cancer of the paranasal sinuses. 

6%- 
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ewerated by t he  synchrotron did not  have 8 uniform 
points sf a f i e l d  of u s e f u l  s i z e .  This situation 

was rectified, however, by the introduetion sf s p e c i a l % y  shaped 

porated which f o r c i b l y  maintains prope r  alignment of t h e  shaped 
abssrbers. An elestro-mechanical sys tem was desi wed and iweor- 

abSoKbeP With the  X-ray beam. 

me experimental work oE the Biology seetian has centered  
on a number of problems that are associated w&th the  practice of 

Some of these s t u d i e s  bear directly ow the  practice or theory of 
the x-ray treatment of cancer, and, in addition, retrospective B 

statistical studies have been made of cancer cases in the Gewqral 
istry Sf the Medica% Cf!2nteKo. other studies, to be Elen- . _  

t i m e d  b r i e f l y ,  r e l a t e  to the hazards o f  -ray exposure. *L 

. .  radiology and that lend, themselves to laboratory experimentation. 

58 
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obtained from this study indicate that there is 
ence i n  the  mode of ac t ion  of the various 
e beams. From t h i s ,  it f05blows that the 

action of such beams in the patient will= be a l i k e  when similar 
doses, distributed within the p a t i e n t  in the same ways are 
adl-ilinistered. 

Several conc%usi y b e  $raw-& * f ro?  S O  the  r e s u l t s  of t h i s  . - *  
O .  . .  

(E) An important factor limiting the accuracy of most 
determinations is the physical measurement of the absorbed dose. 
For a variety of reasons, t h i s  has been poorly done im the past. 

(2) For the clinieal spectrum comprising 1 to 90 

(relative tQ approximately 200-kvp x-rays, 
a m - r a y s ,  the values of t he  c l u s t e r  i n  the range 0.80- 

ib, 0.5-1.5 fILyn CUI. 

me value of the E is n o t  espec ia l ly  sensitive to 
deal endpoint use f o r  its determination, at least on 

the basis of recent studies. 

ress, 
rs, deal with the n a t u r e  of the survival curve 

which it is expected will continue 

of the cervix af ter  su 
& r e s u l t  i nd ica t ed  by 

availabbe f o r  cancer of the breast is that radial 
does plot have a measurable life-sh 

, that reported for ani  
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CRernbea-L Protection and ?keatmewt. 
. .  " .  . .  

a In t h i s  kind of ir ivesti  a t i o n ,  one is seeking agents that can 

. ,  wards. More recent work has indicated the r o l e  6Bf certain physio- 
logical f ac to r s  in deterrninin the  action of cysteine, and has 
demonstrated this a be a c t i v e  under anerobic camdi t ims .  
current studies wit l s  inc lude  a test s f  the influence of 
continuous estro 

' modify radiation effects, either at the time sf exposure or after- 

t e  Effects. 

In cs l%abora t ion  with the cancer Research I n s t i t u t e  at t h i s  
Medical center,  the late e f fec t s  sf whole and partial body exposure 
tQ x-rays i n  s 1% laboratory a n i  s are under study. Such late 
effects i nc lud  a change in eane c e=r incidence ra te  of t he  

special interest to this program is the factar af age at the time 
of exposure. 

/ 
4 
; exposed animals e facet of th eneral  problem that is sf 

I' ' 
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. -  s THE ~~~~~~~~ OF ~~~~~~~~~ 

.Caweer research in th@ Atomic Ener y Projec t  %abQratOries 
at tkC univers i ty  of Rochester has been san- fed  W J t  Ofl a 9.ather 

a study conce 
therapeutic a. 
to date has beer% conducte at a very fundamental level, it is 

. modest sea$@: e group here has been interested p r  
with tissue spec i f ic  an t ibod ie  

s in the treatment sf cancer. 

hoped that sufficient pro ress can and will $62 made d u r i n g  the 
ke poss ib%e pro $8268 toward the  treatmmt: of 

Humw cancer is not susceptible to cure by any known t r ea t -  
surgery, radiation, or chemotherapy once distinct metastatic 

spread has occurred from the  region where t h e  neoplastic growth 
e usefulness of r ad ia t ion  therapy of cancer would 

ubstantiafly extended if a technique were to become available 
a radioactive i so tope  FntravenousPy in such a form 

that  it w43u%d l o c a l i z e  preferentially in a mlf 
selectively radiate it wherever in the body the  eoplasm might be. 

ment, 

.. 

A program of iwvestigatian in t h i s  laboratory of the possibility 
antibodies w i t h  a preferential t deney f r x  local-  

eer tissue, and the possible use s f  such antibodies, 
a radioactive isotope f o r  l o c a l i z i n g  tke raped t i s  

a d i s a c t i v i t y  in ancer, has been under way since 
part of t h i s  pro r a m ,  an extensive s t u d y  sf methods 

w i t h  ioaiwe-131 (113%) 
ant ibgadies w ndencies f o r  l o c a l i z i n g  preferen- 

localization characteristics of antibodies made t o  several trans- 
plantable r a t  and mouse tumors. %%% particular, antibodies to the 
transplantabbe r a t  

a w s  Of experimental a n i m l s  was 
sf the  imunolo i c a i  ana in 

rphy-Sturm Iymphosarcom Webe intensively 
e d ,  and it turned out to be possible to iTbi3k.e and l abe l  
antibodies that after.  i n t r a  @ncm8 iwg@ctisn p would 

i o a c t i v i t y  i n  these tunmrs 
tissue O f  these tumor-bearing rats.  



related to, fibrin. Apparently the invading neoplastic growth 
produces some stimu%us, perhaps an Pnfla 
blood vessel injury2 that  leads to the conversion of circu 

fibrin injected i n t o  ani 
l oca l i zes  With hi he$@ tumors and remains bound 

blood fibrinogen to fibrin and its deposition in the tumor. 
perimentally it has be found that 113l-1abe1ed amtibody to 

ssye types of tumors a lso  

there f o r  pe r iods  Of several days,  

In collaboration with the Medical ivfsfow, studies have been 
carried a u t  on the localization i n  span aneous tumors  of dogs of 

25 per cent  of the injected dogs ( 5  to 1 1 tumor bispsy  or 
Fntravenous%y injected I%3%-labeIed antibody t 

removal three days after intravenous in j ec t ion  sf II3l-babeled 
antibody showed 213% concentrat ions in the ran e of 8-14 per cent 

dog f i b r i n .  
about  

sf t h e  in fec t ed  dose i n  amounts sf $Urn$BQB' t i s s u  equal t o  1 per Cent 

These studies are expected to continue on a rather broad 
basis aimed at achieving i o log ica l  techniques useful in the 
treatment of disseminated n cancer. It i s  a l e s  anticipated 
t h a t  studies w i l l  extend t perimental therapy of other rodent 
tUPW03PS3 as well as  i n  spontaneous tumors occurrfn in dogs. me 
total research e f f o r t ,  it gses without saying,  is to 60 
extend these experiments With the hope Bf one day m k i n  
therapeutic t r i a l s  i n  humw cancer patients. 
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The Atomic Energy Commission's concern and responsibility 
in this area has prompted support  of pro rams directed 
potential carciwo 6 a i C  a c t i v i t y  of t2eE-m 

comissiogl is alerted to the possibility sf a. the 
es in the  thyroid f s l l o w  
t e r m  studies .are being p 
erthyroid pat.. 

p a t i e n t s  w i t h  cardiac d i f f % c u l t $ e s .  
cancer has appeared in any 0% these patients 88 studied, the 
follow-up will be continued i n d e f i n i t e l y  s 

radiation sarciasgenesis, an es  represent 
f research supported comission e 

r y  has been prepared by the investigator respswsib%e 

the 

With the rather widespread use of iodine-%3% in c l i n i c  

as vel% as euthyroid 
h %BQ iiicidence of 

mere continues to be m 

f o r  the  research being pursued. 
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C0ntrakstor :* Albert Einstein Medical Center 

E 

contract No. " AT(%8-%)%927 - 

About 5 days a f t e r  a sin %e dose of 3,000 rep beta radiation 
epidermis shows an increase in its acid-ssIub%e cow- 

a decrease in me 
accompanied by imereases in nuclease activity ( 
Future experiments are  designed to confirm t he  observation that 
these increases are due to so%ubiP iza t i sn  or release 0% the 

i r r a d i a t i o n .  By chromato raphie am%LLysis, 
attempt will b de to determine whether l o w  molecullar weight 
derivatives of leic ac ids  accumulate in irr d i a t e d  epidermis e 
A determination sf the activities s f  several a $itiona'%. hydro'Bases 

cPd and alkaline phosphatases and p ~ ~ s ~ ~ o ~ ~ ~ s t e ~ ~ s ~ ~  

tie activities. B" recent observation of aolarge 

after i r r ad ia t low will, is suspected, demonstrate 
owship between the sbsem bisshemicaf shank= and 

a w i m l e ,  t w o  yeass a f t e r  irradi- 
ation, has encouraged us to inc lude  more a n i  1s in a 1sPag-term 
p r o j  ec t e 
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device has been constructed f o r  this project. It 
a~ i~on taa l  plane and i s  sf sufficient size to produce 

scams over a large por t ion  of the bodye sCx.*rter M Y  be 
f o r  both pos i t ron  detectfon.and f o r  focus 
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of radiofsotopks ai the clinical Level. 

Contractor : 

Contract No. : 

Tttfe 

_. Investigator : 

me ~ ~ v ~ % ~ ~ ~ ~ ~ ~  0% new SQUrces of radiation by the 
ission has permitted the expPoitaatfsn of 

therapy techniques whfch were formerly impractical. 

d .  
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I Contractor : e a l t h  Research, $we., Woswe%l Park t 

me prime objective is to determine whether anti-tumor 

the tumor. For thi 9 a d s u b l e  Babeled c o n t r o l  technique usFwg 
radioactive labels has been developed. we plan to ingest awti- 
tumor serum labeled with one radioisotope and con t ro l  serum 

me preparatims are injected simu%ta- 
nesusly and any preferential uptake in the tumsr of the anti- 
tumor preparation indicates the preferential uptake of anti-tumor 
aatfbodies 1 sdfate research is concerned with means f o r  prs -  

s u i t a b l y  purified tumor Iocaalixing antibodies s 

ant%body prepared a ainst a humn tumor actually local izes  in 

labeled W i t h  another. 

s 

r i n g  transplanted an chemically induced tumors 
are being used f o r  the preliminary invest% 
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Investigators : P'. J. Hodges $.'H* I B. and Isadore 
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e major new project planned is a study of t he  growth ra te  
of a%% the different types o f  hemic c e l l s  in our %on term cultures 

incorporation in D of such t r i t i a t e d  c e l l s  grow- 

and die) by cornparis i pa i ca t iow rate 
with t h e  ac tua l  number of new ce l l s  present 
indices with the aceto-carmine stain can be obt  
mterial D 

combinimg the quantitative determination of t r i t i a t e  

cells (capable 
i ch  differentiate 

in CUltUP 

E f f o r t s  will be made t o  c l m e  the  
cells which are n i n  mixed c u l t u r e s ,  

ifferent types of hemic 

water, n i t r o  %n9 and e lee t r s ly tes  of hu 
leukocytes wfP% be statfstbealby analyzed and repor ted .  

We will contPnue the studies on the life s n of leukocytes 
and erythrocytes, alkal ine p s%iferative 6818- 
orders, and %he various abno 
e oaguaaat im oceurr in 

arative seudies O f  the ac t ion  of phosphorus-32 
amd chemotherapeutic agents fn the leukemias and lymphoms w%%% be 
continued, 

4 



with adequate precis%on. 
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treatment 0 
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Ih ivers i ty  of Texas, M. B. derson Hospital 
and mmor I n s t i t u t e  

* -  

ob io 1 og ica l Iwve s t iga  t f an5 
y o  and Electrons a s  Compared 

y e  and 200 Kvp x- 

a t ion  is concerned with t he  
re %at ive b io l o g  i ea 1 e f f ec t iv 

x-rays ana c o b a ~ t - m  ga 

ice LDSOB and Pa 

ays compared with 280 Kvp x-rays. 
periments have been d e uniform radiation dose 

throughout the test med e has included yeast 
peraments are in progress on 

e i n i t i a t e d  on LI3y-J i n  
chicken eggs; it i s  anticipated that these experiments will be 
completed in the proposed period. 

Dosimetry is presently based on alibrated Psafzation 
ers and cmftrmed w i t h  chemical osimeter determiwatims, 

between this calordmeter a the  chemical d o s i m  

uptake in rats and a 

L 
8, 

Further studies on an absorbed se calorimeter and 

e are planned. 
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- Contractor : ton miversity 

Contract Ho- : AT(ll-%]7 
- 0. 

a -  

diosensitivity sf Tissues Lgld en Tension 
.p 

T i t l e  

I .PwiE+igatsr : .- 
. I  

e *  

It is proposed to eont-me the Fnvestiga ion undertaken in 
an attempt ts determine oxy en tensions in m E P  ant neoplasms 

broting an oxygen-15 genesat 
p i l o t  experiments. me prsp  d phase of t h i s  investiga- 
tion sha1% consist in using -15 i m  determining the 

attempt will b e  made ts correlate the results O f  the study with 
the radiation sewsiti.vity of the tk%rnQ%S used. 

adkoaetive oxy 
been complete 

en-15 tensions i n  m a l i  sms, when the tu 
e c t  is exposed to vari p%@SSUfeS Sf OXY 

8 
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Investigator : Be e. Brgauwgart 

treatment in v%trs .  

It is prspssea to investigate the effect of u%trassund 
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Contractor : 

Contract No., f 

T $ t % e  
. a  

i v e r s i t y  0% Colorado d i s a l  Center-' 
P 

?AT ( '%a - 1) 39 4 

tudy of the  co iwed Action sf Certain 
emical Inhibitors of s m  with x- 
dia t iow and Other Ie 

t 

This laboratory has been u s i n g  radiation protective agents 
i n  t i s s u e  c u l t u r e  as a method of ckaractesizin 
c e l l u l a r  replication l e s ion  caused by i r rad ia t  
v i t r o )  studies and experiments with a 
to c l a r i f y  associated prsblems. usin 
wiques, 2 - a m b w e e t h y l k s o t h f ~ r ~ ~ ~ ~  br 
of its derivatives have been shorn t s  behave d i f f e r e n t l y  than in 
the i n t a c t  awiml. A%banrniw bound guanidine ethyl disulphide (GED) 
m y  be of value as a48 lm acting radiat protective.  By the  use 

involves d i s u l  ages.. me ef fe  
- *  of S35-labeleB 8 been found t 

the rib'owuclease 
radiated c e l l s  s been studied, 

e ef fec t  of sadfat ion and o CePtaiKI paPQteCt fVe  agents OKl 
osin adewssinet~iphosphata~~ has been studied. me results 

uggest that AETOs ability to separate the  p ro te in  from nucleic 
acid m y  be as important a fac or in its protective act ion as i t s  
a b i l i t y  to protec t  sm%phydry% 

Work i s  still in progress on a sensi t ive assay of all 
sulphydryl sompments per  cell. t i o n  will be of 
value in analbyzing the con t r ibu t f  

graphic changes and the behavior sf  rats given asive doses of 
X-frradiati~n. Related problems are to b e  studied, Work is to 
begin on a survey s f  30 compounds f o r  r a d i  t i m  pratection, and 

ge and protection, 
tween brain serotonin levels, electroencephalo- 

Some correlation taas been 

I 

I several restor experiments are  plaanne using tissue culture 
i a%. studies are concerned w i t h  obta 
I 

i 
%OBI$ Ca%-a$@%ob%S Eland WCXl-CaIICE2rOUS Us 

cellulose chro  raphy s 
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t year a search f o r  an anti en pecul ia r  
ED tumor has been continued 

which conta~ns a l i p i d ,  protein and poss ib~g.  some carbohydrate. 

does not mi rate at a pB of 4.2 o r  8.4 in 

sera, This Planti B i l i t y  to 'stimu- 
late antibody f o r  tiom in rabbits 
in mise (QH). 

to t he  

attempts., a fraction of homogenized sq!id tumor has been obtained 

"%his fraction rises to the surface in a suerase suspending s o l u t i o n  
e It 

field, It blocks  the er of antitumor 
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