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P i ru i t i i r \ -  i r r a d i i t i o n  of p a t i e n t s  u i t h  a d v a n c e d  m e t a s t a t i c  m a m m a r y  
c a r c i n o m a ,  p i t u i r a r y  : u m o r s ,  a n d  e n d o c r i n e - c o n t r o l l e d  d i s e a s e s  h a s  con t inued .  
B Y  A p r i l  1 0 3 0  ! O J  p z t i e n t s  h a v e  r e c e i v e d  p i t u i t a r y  i r r a d i a t i o n ,  a n d  27 of t h e s e  
!lave b e e n  i r r a d i a t e d  ?xrit-,g the past  six m o n t h s  
: ions t h a t  h a v e  beer. y a d e  ir. i r r a d i a t i o n  technjqu.es  dt i r ing t h e  p a s t  six m o n t h s  

r e :  ( a )  the  s i z e  oi !:?e a p e r t c r e  s h a p i n g  t h e  b e a m  h a s  b e e n  i n L r e a s e d  i n  
c j z e  s o  :hat a I a r E a r  i . ~ i I ~ t ~ e  of i r r a d i a t i o n  is  dc.1ivert.d t o  t h e  p i t u i t a r y  
e DIqnd; (b) pituita:)- i r r z c i i t i o n  h a s  S e e n  done oli all t : e lve  p l a n e s  a t  
e a i h  of t n e  sis i r r z l i ~ : i s n  s e s s i o n s  in a n  eifart  tu#  d i s t r i b u t e  t h e  i r r a d i a t i o n  
e q u a l l y  ir: t i r e  i1 .4  s s a c e  1 0  a l l  plznes  t r e a t e d  '3nd c c j  t h e  ti->? i n t e r v a l  
o v e r  w h i c h  .the i r r ze i z t i az  d o s a g e  i s  f r a c t i o n a t e d  h a s  b e e n  s h o r t e n e d  t o  
11 d a y s  

Th:- p r i n c i p a l  m o d i i i c a -  . '  

IC \*:ev; a i  !hl:* r:)iarges m a d e  i t  is d e s i r a b l e  t o  r e v i e w  t h e  r e s u l t s  of 
th, c l i n i c a l  a n d  n-~t :zbo! ic  s t u d i e s  of a l l  p a t i e n t s  s o  as  t o  e v a l u a t e  t h e  
e f f e c t i v e n e s s  oi  pit;::tiiry i r r a d i a t i o n  a t  t h e  h i g h e r  d o s e  l e v e l s  

Thc l a r g e s t  gr?.-;p of p a t i e n t s  i r r a d i a t e d  w e r e  t h o s e  wi th  m a m m a r y  
c a r c i n o m a  A l l  of :iirse .had p r o g r e s s i v e  m e t a s t a t i c  d i s e a s e  
i n s t a n c e s  w e r e  ir. a n  zd*:'ance'd s t a g e ,  p r e v i o u s l y  having been s u b j e c t e d  to  
a l l  c o n v e n t i o n a l  i o i w s  of t h e r a p y  a n d  i n  s o m e  i n s t a n c e s ,  b i l a t e r a l  
a d r e n a l e c t o m i e s  Of the  t o t a l  n u m b e r  of p a t i e n t s  r e c e i v i n g  p i t u i t a r y  
i r r a d i a t i o n  u i t h  h i g h - e n e r g y  p a r t i c l e s o f r o m  t h e ' l 8 4 - i n c h  c y c l o t r o n  at the 
L a w r e n c e  R a d i a t i o n  L a b o r a t o r y  of t h e  U n i v e r s i t y  of C a l i f g r n i a ,  t h e  t y p e  
a n d  d i s t r i b u t i o n  of c a s e s  i s  l i s t e d  be low 
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St. c ~ c * . ~ ~ ~  .j: : ,z t icnts  i o r  i r r a d * . l t i o n  n a s  done z!ter c a r e f u :  c i i n i c a i  
-Al l  pa t i en t s  \ v e r t  in  a p r o g r e s s i \ . e  s t a t e  of 

Ti;e pa t i en t s  with d i a b e t e s  me!:itus had p r o g r e s s i v e  

br ,d i&bc,rztzrt: ir.\.e+tig;:?ic.r, 
d i s e s s e  and v:erc :;s lo:ser * -ons ide red  r e s p o n s i v e  t o  the u s u a l  conven t iona l .  
f o rms  OF t r c i . t r c r :  
r e t inopa rhy  ar;d :n S D T T C  i n s t a n c e s  nephropa thy  
d i a b e t i c s  dif i icci t  t o  c z n t r a !  
two of thr-r;: I-,ke biibetes a s s x i a t e d  with t h e i r  a c r o m e g a l y .  
of tesc- had recei-:-d 3nc o r  m a r e  c o u r s e s  of conven t iona i  2 0 0 - k v  x - r a y  
t h e r a p y  

T h e y  w e r e  t y p i c a i  l o n g - t e r m  
T h e  a c r o m e g a l i c s  w e r e  ali s y m p t o m a t i c  a n d  

T h e  m a j o r i t y  

T h e  e z r  I.? F (-!zed.: :e oi i r r a d i t i m  \\'as b a s e d  On p r i o r  e x p e r i e n c e -  g a i n e d  
f r o m  a n i m a l  stcciie? 
t h e  functiDn sf t i i e  :?:;r,ar. p::uirary gland was not ~ W I I  i t  w a s  n t c e s s a r y  to  
i n v e s t i g a t e  1:s C : ~ ~ V C K S  5 y  st;r!ing conse.rvat ive1y wi th  i o w  d o s a g e s .  T h e s e  
w e r e  gradual : ; :  i r c : e i s e d  t o w a r d s  a n  op? ima l  lei.el a? h i s t o l o g i c a l  s t u d i e s ,  
p a t i e n t  r e s p o r , s c .  2r.k seq;ie!ae i n d i c a t e d .  On !he p r e s e n t  s c h e d a i r  t he  
pa t ien ' s  rece:*:c $,:t::tkr-: i r r s d i a t i o n  on t h r e e  t i m e s  week ly  f o r  2 w e e k s .  
T h e  h ighes t  to tz !  c=P.:~.L:.: g ? i ' e n  has  b e e n  3 0 , 0 0 0  r a d  f o r  t he  p a t i e n t s  wi th  
a d v a n c t d  me:&sta!;c c z . r n - ; r * (  c a r c i n o m a .  At a d o s e  r a n g e  of 2 6 , 0 9 0  t o  
30. 000 r a d  it i s  b e  Iic--:et rhzt c o m p l e t e  r a d i a t i o n  h y p o p h y s e c t o m y  c a n  be 
ob ta ined '  T h e  pkr1er.ts *.l.*;t3 d z b e t e s  m e l l i t u s  r e c e i v e d  up t o  21, 000 r a d  
a n d  t h o s e  u.ith acror-c:;r,I.: - .  ii? t 3 . 7 ,  2QO T h e s e  d o s e s  w e r e  .ca l su l .a ted  t o  
t h e  c e n t e r  of t>,e ~::z::zr:: :?.e a v e r a g e  hypophysea i  d o s e  i n t e g r a t e d  o v e r  
t hc  i s o d o s e  s u r i i c e 5  sc:~ .g  o r r u e e n  >ZJ;C and 75 '9 of t h e  p e a k  d o s e  a t  t h e  
ce: i?er  oi  t he  giezrl  

Since  the  e f f ec t  of h :gh -ene rgy  p a r t i c l e s  i n  s u p p r e s s i n g  . 
. 

. 

. . . .  . - - n  

C h a n g e s  ii: ?li'::>kr:\. icr ,c t ion w e r e  mea ,cu red  b e f 3 r e  a n d  a i t e r  
i r r a d i a t i c n  by  k e ~ ~ ~ ~ : f ! - . ~ i : o 1 :  o! t he  u r i n a r y  e x c r e t i o n  oi p i t u i t a r y  :gonado t rop ins  
and  b y  e f f e c t s  ~n i ? . e . : ; : , r : ~ :  ? n e  o r g a n s ,  n a m e l y  the  t h y r o i d .  a d r e n a l s ,  and  
o v a r i e s  T h e  I-:'... ..- L . . . i .  :: ~ a k e  of t he  t h y r o i d  g l a n d ,  t he  p r o t e i n - b o u n d  iodine, 
the 24-k40dr  uricky;: s~ . : . r s ie  e s c r e t i o n  
e x c r e t i o r ,  w e r e  C G : : S : C . : . ~ C ~  a s  i m p o r t a n t  i nd ic i a  o f ' t h e  e f f e c t s  oi p i t u i t a r y  
i r r a d i a t i o n  on t h e  tz.:g:-; s,;d o r g a n s  

and  the  24 -hour  u r i n a r y  e s t r o g e n  
. .  

Lz?;ora :a r \  ;r,d c ii;:ca! e v i d e n c e  of d e c r e a s e 6  p i t w t a r y  arid r a r g e t -  
e r id -o rgan  f u r r t i c ~ :  :zl:o\\.ed s d o s e - t i m e  r e l a t i c n s h i p  
d e c l i n e  i n  t h e  h 0 r x o r . e  e x t  r e t i o n  of the  above  e n d o c r i n e  o r g a n s  o c c u r r e d  
s o o n e r  \vith t h t  h i g h e r  a m o u n t s  of i r r a d i a l i o n .  -Jn add i t ion ,  when  t h e  
to!al a m n u n t  of r r r a c i a t i 3 n  w a s  f r a c t i o n a t e d  o v e r  a s h o r t e r  t i m e  t h e  
bio!opic&l e i fec t i \ . cce .ce  was f u r ? h e r  enhanced  as  ev idenced  by a s t i l l  
e a r l i e r  d:cl inc.  Thc a e g r c e  of h is to logica!  d e s t r u c t i o n  on n e c r o p s y  
e x a m i n a t i o n  a l s o  s;,C\r.~.d-that.bot.h the t o t a !  a m o u n t  of irradiation a n d  t h e  
p e r i o d  o \ c r  w h i c h  i t  w a s  g iven  w e r e  e s s e n t i a l  i n  d e t e r m i n i n g  t h e  b i o l o g i c a l  
e f f e c t i v e n e s s  of ? h v  d o s e  given 

The o n s e t  of a 

. 

Thc endctcr ine a s s e s s i n c n i s  done  on t h e r e  p a t i e n t s  a i t e r  high d o s e s  of 
i r r a d i a t i ~ n  i n d i c a t e  a pronounced  d t c r e a r c  in  p i t u i t a r y  and e n d - o r g a n  func t ion .  
T h e y  a r e  of !urtl;cr i n t r r e s t  i n  d e t e r m i n i n g  t h r  t i m e  of onsvet of t h l s  d e c r e a s e  
fol1o\vin< i r r a d i , i t i t ) n  a n a  thc o r d e r  in which  def!qi t ive f a l l s  i n . t h c  v a r i o u s  
mc asIircwt..nr E w e r e  R o t  cd e 

. 
LI\\ r c n L  
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The e a r  l i e s :  c h a n g e s  ob,cer\.etl w e r e  t h e  d e c r e a s e  of t he  1,itl.ijtarv 
gonado t rop ins  escrercc i  in t h e  u r i n e  T h i s  change  ' occ l i r r ed  in  ; r l I  p a t i e n t s  
who r e c e i v e d  the  h i g h e r  d o s a g e s  of a l p h a - p a r t i c l e  i r r a d i a t i o n  e.:cept t h o s e  
whose  in i t i a l  gonadotrDpin e x c r e t i o n  w a s  in the  e x t r e m e l y  low r a n g e .  T h i s  
d e c r e a s e  w a s  e \ ider . t  in  t he  m a j o r i f ) .  of p a t i e n t s  a s  e a r l y  a s  the  first w e e k  
fol lowing the  con:plet ion of i r r a d i a t i o n .  and  s e e m e d  t o  b e  the  m o s t  s e n s i t i v e  
of a l l  i n d i c a t i o n s ,  as it o c c u r r e d  e v e n  i n  t h o s e  p a t i e n t s  r e c e i v i n g  low d o s e s  
of i r r a d i a t i o c  

. .  - 

In d e t e r m i n i n g  a d r e n o c o r t i c a l  func t ion  m e a s u r e m e n t s  of t h e  1 7 -  
k e t o s t e r o i d s  a z d - - r r : o r e  r e c e n t l y - - o f  t h e  20,21  - k t t o l s  have  b e e n  of ' -va lue .  
T h e  1 7 - k e t o s t e r u i i s  i n  m o r e  t h a n  half t he  h igh -dose  g r o u p  ha\-e shown a 
m a r k e d  Crop  b y  the  end of t he  i i r s t  mon th  
805 of t h i s  p a t i r c t  _~ro:.p have  shown a n  a v e r a g e  d e c r e a s e  of 40R in  t h e  
u r i n a r y  e s c r e t i o r ,  oi IT-ke tos t e r .o ids .  

T h r r e  w a s  I:J dr-i:n:tive f a l l  of t he  i o d i n e l 3 1  up take  of t he  t h y r o i d  

By t he  end  of t he  s e c o n d  m o n t h  

g land  a t  t he  end  of :?.t. f i r s !  \ veek  in t he  s a m e  h igh -dose  g r o u p  r e c e i v i n g  
i r r a d i a t i o r !  ~ v i t h  21;)::~ p i r t i c  Ics .  bu! by  the  end of 2 m o n t h s  t w o - t h i r d s  showed  
a n  a v e r a g e  fall of 4 0  . T h i s  shm-ec i  a c l o s e  c o r m s p o n d e n c e  t o  r e s u l t s  
ob ta ined  in  t h e  s i i : ~ t  dssc. rar.ge xvitk p r o t o n  p a r t x l e s .  
i od ine  sI-,owed i c ~ R c ~ T ; ! ~ R :  d e c r e . a s e .  

T h e  p ro te in -bound  

T o t a l  e s : r a g r r s  zlici t i - . ( .  e c t r0 r . c .  e s t r a d i o l ,  and ea ' t r i o l  f r a c t i o n s  w e r e  
d r - ?e rmi r i ca  on a l i  ? ~ : : e z ! s  b \  t he  r e \ . i s e d  me thod  of 'f3row.n (Ed inborough)  
S e r i a l  de t e rmin ; t jo r . s .  i ; m . e \ . e r ,  a r c  a v a i l a b l e  on ocly a r e l a t i v e l y  s m a l l  

On a l l  
e ight  of t h e s e  pa:ier.:s the tots1 e s t r o g e n s  a v e r a g e d  a 60% f a l l  f r o m  p r e -  
i r r a d i a t i c n  l e v e l s  *~: tk: : - ;  iiie f i r s t  3 t o  4 m o n t h s .  A n  equ iva len t  f a l l  w a s  
found i n  e s t r o n e ,  c s : r i d i ~ '  and e s t r i o l  l e v e l s  

.' n u m b e r  of t he  pz!lc-z..rs r e c e i v i n g  high d o s a g e s  of a lpha  p a r t i c l e s  

C ! in i c a 1 Mana  g e m e  nt 

S i r d i e  t h e r c  :\ L S  r , D r b i d i t y  as a r e s u l t  of p i t u i t a r y  i r r a d i a t i o n .  those 
p a t i e n t s  who \vere  a:::bclatory could  b e  t r e a t e d  on a n  outpa t ien t  basis a n d  d id  
not r e q u i r e  hosp i t i ! i za t ion  
i n t e r v a l s  of 4 t o  6 i v e e k s  in o r d e r  t o  e u a l u a t e  r e s p o n s e  t o  i r r a d i a t i o n  as 
m a n i f e s t e d  b y  a d e c r e a s e  in p i t u i t a r y  func t ion ,  a n d  t o  follow the c l i n i c a l  
c o u r s e  of t h e i r  d i s e a s e  

. 
F o l l o w - u p  s t u d i e s  w e r e  done on a l l  p a t i e n t s  a t  

M a m m a r y  C a r c i n o m i  

p a t i e n t s  It \ v a s  c o m m e n c e d  when the  m e a s u r e m e n t  of u r i n a r y  s t e r o i d s  a n d  
iod ine  uptake  d e c l i n e d  t o  low l e v e l s ,  
i r r a d i a t i o n ,  e a r l y  s i g n s  of ad renocc r r t i ca l  i n su f f i c i ency  w e r e  o b s e r v e d  as 
manifeste-rl b y  a n o r e s i a ,  f a t i g a b i l i t y ,  n a u s e a ,  v o m i t i n g ,  and i n  s o m e  c a s e s  
b y  fall ir. blood p r e s s u r e  and  b y  I o w - g r a d e  f e v e r  
i n su f f i c i cncy  w.erc we l l  c o r r e l a t e d  with a fall i n  t he  l e v e l s  of t he  17- 
k e t o s t e r o i d s  and t h e  2 0 ,  LI - k e t o l s  At high dose l e v e l s  t h e  s i g n s  of 

R e p l a c e m e n t  t h e r a p y  did not c o n s t i t u t e  a p r o b l e m  G-ith t h i s  g r o u p  of 

On hypophysec tomiz ing  d o s e s  of 

T h e s e  i i g n s  of a d r e n o c o r t i c a l  
f l  

d 

L a w r  enc  : 



a d r e n o c  J r t i c L !  i r . su i f i c i enc \ .  \yere ai ? los t  predictab!e in  t h e i r  0,:sftt at t!ie 
e n d  of 3 t z  i ..veek; f o i l o u ~ i n p  i r r a d i k t i o n ,  
r e s p o n d e d  irnrred:ate l y  6 0  c o r t i c o i d  r e p l a c e m e n t  ~ l i ~ . , : ~ : ~ p \  \vith d ! s a p p e a r a n c e  
of t h e i r  s i g n s  of a d r e n o c o r t i c h l  i n s u * f i c i e n c y  
w a s  r e f l e c t e d  in  d e c r e a s e d  1 1 3 1  up take ,  with.  a s o m e w h a t  less  m a r k e d  f a l l  
i n  t h e  le-:el of t h e  p r o t e i n - h o u n d  iod ine .  T h e  only c o m p l i c a t i o n s  fol lowing 
i r r a d i a t i o n  \vere e n c o u n t e r e d  in  t h o s e  r e c e i v i n g  t h e  h i g h e r  d o s e s  of 
i r . r ad ia t ion .  Most  of t h e s e  d e v e l o p e d  a m i l d  t r a n s i t o r y  d i a b e t e s  i n s i p i d u s  
se i . - e rz l  w e e k s  a f t e r  i r r a d i a t i o n .  
i n  e x c e s s  of 5 l i t e r s ,  s a t i s f a c t o r y  c o n t r o l  w a s  a c h i e v e d  w i t h  the  u s e  of . 

p i t r e s s i n  t a n n a t e  in o i l .  
d i p l o p i a ,  and  in t \ v 3  i n s t a n c e s  p t o s i s  of one e y e l i d .  
g r a d u a l l y  d i s a p p e s r e d  o v e r  a p e r i o d  of s e v e r a l  m o n t h s  

T h e  pa ti en!^ in  t h i s  ihtepor) .  

D:minished t h y r o i d  funct ion 

:n t h o s e  f e w  cases  wi th  dai!y u r i n e  v o l u m e s  

h l any  in . ' th i s  g r o u p  a!so de.veloped a t r a n s i t o r y  
T h e s e  e y e  s i g n s  

# D e c r e a s e  ir. pi:ci;ary a n d  t a r g e t - e n d - o r g a n  func t ion  could not a l w a y s  
b e  c o r r e l a t e d  x i t h  i r r :prot*ement  in  t h o s e  p a t i e n t s  with a d v a n c e d  m e t a s t a t i c  
m a m m a r y  c a r c i c a m a .  S o y e  showed a r r e s t  o r  r e m i s s i o n s ,  w h i l e  i n  o t h e r s  
t h e  m e t a s t a t i c  d i s e a s e  cont inued  t o  p r o g r e s s  d e s p i t e  s imi!ar  e v i d e n c e  of 
d e p r e s s i o n  of pitc:!tary a c t i v i t y .  Ob jec t ive  e v i d e n c e  of a r r e s l  o r  r e m i s s i o n s  
v'zis. o b t i i n e c  i n  b3:h o s s e o u s  a n d  s o i t - t i s s u e  m e t a s t a s e s  e x c e p t  i n  t h o s e  w i t h  
m a r k e d  l i ve r  o r  b r z i n  ic \ -zs ioc.  Twenty-n ine  p a t i e n t s  of t h e  g r o u p  of 82 
wi th  m e t a s t a t i c  carcinorr.c-. i r r a c i a t i e d  with h i g h - e n e r g y  p a r t i c l e $  a r e  now 
l i \ . i ng .  
t h e  longest  n w v  beir.p 1 : .ez-= . - 7oc : i r r ad ia t ion  
e s c e l l e n t  s t a t e  of r e r : s  s:fi-. , 

\vas obtained ir. :be g r ~ z ?  of 32zients r e c e i v i n g  the  h ighes t  a m o u n t s  of 
i r r a d i a t i o n ,  v:hich rzsgt:i f r sn :  26,  000 t o  30, 000 r a d  

A c r  o m e c j  l v  

Ten  of t h e s e  a r t ?  lii.;t?g f o r  m o r e  t h a n  1 y e a r  fol lowing i r t a d i a t i o n ,  
E igh t  of t h e s e  a r e  i n  a n  

. .  The  Largest and :vast b e n e f i c i a l  r c s p o n s e  

-- 
Se*.-en p a t i e n t 3  v:i:k i c r : ,megaly  r e c e i v e d  i r r a d i a t i o n  t o  t h e  p i t u i t a r y  

\.vith a lpha  p a r t i c l e s  ::-. c c ~ s ~ g e s  r a n g i n g  f r o m  4: 000 t o  7 ,  200 r a d  
r e c e i v i n g  t h e  lo:~.c r ciy:,-:r.ts oi  i r r a d i a t i o n  were t h o s e  who had p r e v i o u s l y  
r e c e i v e d  arre cr mor-.; c3:yses of convent ional  200-kv x - r a y  
g r o u p  W - ~ G  h a d .  a . ; s r ~ c i a i e d  u.ith t h e i r  d i s e a s e ,  a dir.betes n e c e s s i t a t i n g  
m a n a g e m e n t  u-ith iss;:Iic'-'no l o n g e r  r equ i r ed . in su l i i :  following i r r a d i a t i o n .  
In a l l  t h e s e  pat ien:s  snb j ; c t ive  s y m p t i o r n s  of headache., loss of po teney .  
and e a s e  of fatgabili:).  w e r e  p r e s e n t  and  w e r e  diff icul t  t o  e v a l u t a t e  A l l  
but one pa t i en t  c l a i r r e d  m a r k e d  r e l i e f  fo l lowing  . i r r a d i a t i o n .  There w a s  
a f a l l  in s e r u m  p h o s p h o r u s  in  a l l  p a t i e n t s  r e c e i v i n g  7 , 2 0 0  r a d  

. .  T h o s e  

'Two of t h e  

D i a b e t e s  hle  l l i t u s  

in t h e  d o s e  r a n g e  18, 000 t o  2 4 ,  000 r a d .  T h e s e  p a t i e n t s  had m a r k e d  d i a b e t i c  
r et 1 n o p a t h y and i n s o m  e i n s t a n c e s ne p h'r o pa t h y 
i n  insulir; d o s a g e  were  n e c e s s i t a t e d  i n  s o m e  p a t i e n t s  fol lowing a l p h a - p a r t i c l e  
i r r a d i a t i o n  in t h e  18- 2 2 .  0 0 0 - r a d  d o s e  r a n g e ,  no de f in i t e  p a t t e r n  of 
d e c r e a s e d  i n s u l i n  r e q u i r e m e n t s  cod ld  b e  a s c e r t a i n c d .  
ho lyeve r .  o c k u r r e d  in t h o s e  p a t i e n t s  r e c e i v i n g  the h i g h e r  &Osages.  One 
p a t i e n t  u.h70 recei-:ed the h iphe r  d o s e  of 24. 000 
b e c a m t .  h!:pers'cnsitative to  i n s u l i n  a n d  b y  t h c  end  of thtr fifth wcek p o s t i r r a d i a t i  
n o  l o n e c r  r e q u i r e d  a n y  incLulin. 
d o s e  D y e ?  a s h o r t e r  p e r i o d  of t jme.  ]lad a r a p i d .  onscr ol a d r e n o c o r t i c a l  

L s w r  en ,  

E igh t  p a t i e n t s  with d i a b e t e s  m e l l i t u s  r e c e i v e d  a l p h a - p a r t i c l e  i r r a d i a t i o n  

W 11 i 1 ~ .  d ow nw a r d a d j u s t  me nt s 
. ' 

M a r k e d  c h a n g e ,  

m r a d  I)VCI an ] $ - d a y  p e r i o d ,  
, 

T w o  p a t i e n t s  who rc>cr:ivc-cl t)c same h igh  

. .  
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. P o s t - m o r t e r r ,  e x a m i n a t i o n  have b e e n  m a d e  of 53 of t h e  60 d e c e a s e d  
p a t i e n t s  
dependiilg on the d o s e  of i r r a d i a t i o n .  t h e  t i m e  ove r  \vhich i t  w a s  g i v e n ,  a n d  
t h e  length of sGr\:va! 
s e e n .  
i n j u r y  t c  t he  su r r i i und inp  s t r u c t u r e s  a n d  c r a n i a :  n e r v e s  b e c a m e  more marked, 
and n e c r o s i s  Df  a p p r o s i m a ? c l y  ?O-c  of t h e  c e l l u l a r  e l e m e n t s  of t h e  p i t u i t a r y  
w z s  see r ,  a s  e a r i y  B E  the i i f th  d a y  fol lowing the  c o m p l e t i o n  of i r r a d i a t i o n  
On a,ii p a t i e n t s  
d e g r e e  of acstruiri2c V:&S p r o g r e s s i v e  with t h e  length of sur-:i-,.a! s o  t h a t  on 
some of Lhose sti~.*,.i-:ing f o r  m a n y  mc,nths n e c r o s i s  of 0.5 t o . 9 8 - 9  of t h e  
e n t i r e  gland was sbscr;.cd 
pit  ui t a r  y r e e e n c r at i or, 

V a r y i n g  d e g r e e s  of d e s t r u c t i o n  of t h e  p i t u i t a r y  gland w e r e  s e e n .  

On d o s a g e s  of m o r e  than  2 0 , 0 0 0  r a d  c e l l u l a r  n e c r o s i s -  
With s t i l l  h i g h e r  d o s e s  d a m a g e  to t h e  p i t u i t a r y  \vit!iour eviden'ce of 

~ * : e r .  t h o s e  r e c e i s i n g  . l , e s s r r  a m o u n t s  of i r r a d i a t i o n .  t h e  

In no c a s e  was t h e r e  h i s t o l o g i c a l  e \ - idence  of 

D i r e c t  injLi,-:.  i o  rht. c e l l s  of t h e  p i t u i t a r y  as  \\*ell a s  vasc\ : lar  damage 
within t k , ~  gland \\'as o tsc r \ : ec  
h i s t o l o g i c a l l y .  *.V&S i0 l ir .C ir; rhe b r a i n  o r  s u r r o u n d i n g  c r a n i a l  n c r v e  

!KO d e t e c t a b l e  i n j u r y  e i t h e r  g r o s s l y  o r  

Hii:h-energ! p r o t o p s  and  alphh p a r t i c l e s  f r o m  the  1 8 4 - i n c h  c y c l o t r o n  
at. t-he LzL\prence Rz6iz!i3r4 L a b o r a t o r y  of the  U n i v e r s i t y  af C a l i f o r n i a  h a v e  
h e n  u s e d  fo r  pi:uitary i r r a d i z t i o n  
b e e n  i r r a d i a t e d  
a n d  p r o m i i i n g  eifc;c:-c h:zi-e b e e n  sh0m.n on p a t i e n t s  with t h i s  a n d  v a r i o u s  
p i t u i t a r y  and hormona!!y  d e p e n d e n t  d i s e a s e s  
3 0 . 0 0 0  r a d  hasee b e e n  d a , l ~ v e r e d  t o  the c e n t e r  of t h e  p i t u i t a r y .  
hypophysec tomiz i l \g  d s se .  l e v e l .  d e c r e a s e d  p i t u i t a r y  funct ion and m a r k e d  
g r o s s  a n d  m i c r u s c q ? i c  d a m a g e  t o  the  p i t u i t a r y  have b e e n ' d e m o n s t r a t e d .  
D c % c r e a s e  in pituitcsry f u n c t i o n  a n d  t h e  c o n s e q u e n t  e f f e c t s  on t h e  t a r g e t  
end o r g a n s  w e r e  m a n i f e s t e d  in  d e p r e s s l o n  of t h e  thyroid i o d i n e ' 3 1  uptake  
a n d  d e c r e a s e  in 2 4 - h o u r  p i t u i t a r y  g o n a d o t r o p i n s .  u r i n a r v  s t e r o i d s .  and  
e s t r o g e n  e x c r e t i o n  
h y p o p i t u i t a r i s m .  

I : . '  

One h u n d r e d  and  t h r e e  p a t i e n t s  h a v e  
h;ast  oi t h e s e  p a t i e n t s  had m e t a s t a t i c  mammary  c a r c i n o m a ,  

P e a k  d o s e s  of 14.000 t o  
At t h e  h i g h e r  

T h e s e  c o r r e l a t e d  w e l l  w l th  c l i n i c a l  d v i d e n c e  of 

Law r e n  c r. 


