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Fact  Sheet on 

Theory of t h e  Induction of Bone Cancer  by AJphn Rlciiation 

A three-stage model of the inr'uction of osteosarcoma by alpha 
particles f i ts  a l l  t h e  data for radium in  man and in  the Salt Lake dogs  over 
the entire dose-time-response surface.  Tine theory is based 1Jpon what  is 
known ar,d what is l ikely t o  be verificd regarding the  mechanisms affect ing 
endosteal cells. (The abs t rac t  of a paper submitted to Radiation Researck 
is on the reverse  s ide . )  
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We will  try t o  fit a l l  existing osteosarcoma data for alpha 
radiation in  man, dog ,  and m o u s e .  
a s  we believe it will, and i f  a number of t he  many predictior!s from t h e  
theory are ver i f ied,  then it could b e  used  to predict  the rislc to man of the  
induction of bone c snce r  by alpha radiation for any Combination of dlsses 
a d  dose retes  a t  any  l eve l  from any alpha emit ter  such a s  thorium, cranium, 
plutonium, or the  other  transuranic e lements .  

If the  theory continues t o  f i t  a s  wel l  P 
This new approach to  theproblem of the  toxicity of internal 

emitters i s ,  we  be l ieve ,  a breakthrough, because  i t  shows that  syn thes i s  
of the animal and human data  within a logical ,  mechanistic framework is 

6 possible ,  
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We a r e  now working t o  extend t h e  theory to the molecular level in  
order to bring i n  the  e f f ec t  of LET. 
theory of cell kil l ing and a new subce l l - Ja r  theory oE the  induction of bone 
cancer .  One of the  early resul ts  of these  new theories is that  it is difficult  
to keep  a two-initiation model from going l inear  a i  a l l  doses  below the  
piateau unless  t he  target  cells lie f la t tened aga ins t  t h e  bone surfacz.  
probability of hi t t ing two targets  within the cell nucleus with one alpha 
particle predaminates over  the two-hit-two-particle mode a t  a l l  endos tea l  
dosss less than about 150 rads in a spherical ly  shaped nucleus.  This 
transit ion d o s e ,  which wa ca l l  eta ( q  ) ,  is over  twice a s  high a s  tha t  
piedicted by  t h e  Kellerer-Rossi nodel  because  the 13ttsr ignores the 
probability of kill ing a cell by the same alpha particle that  yields a n  
init iation. On t h e  other  hand, a cell f la t tened against  bone scdace-where 
w e  thin!< the target  cells actual ly  1ie-v:ill probably give a n  eta  va lue  of 
some 50 rads for bone surface sources  and perhaps 2 0  rad; for  bofle volume 
sources ,  
response curves which a re  sonewhs: inorif l inear  thaz  the volume s e e k e r s ,  
Ra-226 and Ra-228, i n  t he  ObservaSIs range of doses Bdoiv t i ;  p la teau .  
At stili loywsr doses, 311 a!p:?a respDr.s? curves  are probably l inear .  

If successfu l ,  we should have a new 
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Surface Soilrces l ike Ra-224 and Pu-239 should tharefore g ive  dose  

Prepam! by J. H .  Marshall 



J. H .  Marshall and P .  G .  Groer. THEORY OF THE INDUCTION OF BOXE CLVCER 
BY ALPHA EGDIATION. Submitted to  Radiation Research. 

A theory of the induction of o s t eosa rco ra  by al?ha par t ic les  f i c s  data  
for radium in  man and dog over the  en t i re  dose-time-response surface.  The 
theory postulates  tha t  an  endosteal  cell near  bone surface is transformed by 
three events .  Two init iation events ,  each  with a probability of 4 >: 10-8/rad 
a r e  produced i n  a s ing le  cell by two alpha par t ic les .  A promotion event  then  
occurs  a t  a ra te  of 10-2/yr, not re la ted to  radiation, but proportional to the  rate  
of bone remodeling. In competi'ri32 with these  events  i.s the  !d!ling of any 
endostehl cell by  a n  alpha particle with a probability of 1 0 - 2 / ~ d .  Killed 
endosteal  cells a re  assumsd to be replaced by stern ce l l s  a t  a r a t e  of lO-l/day. 
Postulated tumor growth takes  3-6 yr .  
probability per rad per cell of each  ini t ia t ion appears  to  be  -10 times larger  in  
dog than in man. 

These va lues  for man a r e  prelirninary. The 

A new method of three-dimensional ana lys i s  provides a compact way to 
report more fully the  data  for internal emitters and eliminates competing r isks  
from comparisons between theory and experiment. The theory provides an  
explanation for la tent  period, for the  protraction effect for 224Ra in m a n ,  for 
the narrow time-distribution of tumors in  dog, for the wide time-distrihution of 
tumors in  man, for the plateau in  cumulative incidence a t  17-31% observed so 
far  for 226Ra-228Ra i n  man, for the  much higher plateau in  dog (92%), and for 
the  s t eep  decrease  of turnor ra te  with decreasing dose  below the plateau.  
Tumor rate  P is shown t o  be  a function of endosteal  dose  D, and a t  less than  
1 rad/day to be independent of endos tea l  dose  rate  F .  A t  low doses, P is 
propor5onal t o  n2. At  high d o s e s ,  P plateaus and becomes independant of D. 
The onset of the plateau is governed by the mean le thal  dose  to endos tsa l  cells 

The theory provides a number of firm predictions.  (1) The mean time of 
tumor appearance will  s top increasing with decreasing intake of radioactivity a t  
about 2/3 the life span .  (2) Growth hormone will  produce a ca lcu lab le  increase  
in  tumor rate in  dogs injected with 224Ra. (3) In the human 224Ra c a s e s ,  tumor 
ra te  will be found to dec rease  exponentially with a ra te  of rouqhly l%,/year. 
(4) A nuclide of intermediate half-life l i k e  22*Ra will  be  found to induce more 
tunors  than 226Ra for  the 53,118 endosteal  dose .  
induction of tumors will  be  suppressed by about the factor (1 + O.lF)-l, where 
F is in rads/day. 
doses over 1000 rads will  develop os teosarcomas ,  because  their  normal life 
expectancy averages about  1 2  years  and their  expectec! tumor m t e s  average 
O.ij%/year. That tumor rate a t  lower d o s e s  in man is Setter represented by  D2 
th2n by D will be tes ted  further i n  a l a t e r  paper.  

(5) A t  high dose rate; the 

(6) Only 7 %  of the  living 226Ra-229Ra c a s e s  with ske le ta l  

Key 'v';ords : Cancsi- Alpha Radiation Bone Thaory 


