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FROM : 

SUBJECT : EXTRAPOLATION FROM ANIMAL DATA 

S. H. Cohn, Ph.D. S I / -  

YOU emphasized the danger of extrapolating from animal data to 
man in discussing radiosensitity following 
Monday. 

Fleidner's seminar 

You may not have seen this recent article by A. Stewart which 
bears on the subject. It seems to me that in the neutron-irradiation 
vs mammary tumor problem , we'may be, once again, extrapolating from 
a highly radiosensitive species to a far less radiosensitive species 
(man) f o r  this biological end point. 
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symmetry of r as a reason  f o r  no t  
regard ing  of in format ion  about 

expect  t h e  cases 
t o  o t h e r  

cancer$.  
/ 

/ 

RADIOSENSITIVITY AND CANCER SENSITIVITY 

We need only consult official s ta t i s t ics  of m o r t a l i t y  t o  d i scove r  
that  the r i sk  of a c h i l d  dying from leukaemia i s  t h r e e  t i m e s  as g r e a t  
a s  the  r i s k  of dying from a c e r e b r a l  tumor and f i v e  t i m e s  as g r e a t  as  
t h e  r i s k  of dying from a kidney tumor; and need only  c o n s u l t  the  
Oxford Survey t o  d i scove r  t h a t  the  o b s t e t r i c  radiography hazard  is 
g r e a t e r  f o r  leukaemia than f o r  c e r e b r a l  tumors o r  kidney tumors. 
There is, i n  fact, such c l o s e  correspondence between t h e  r a d i o s e n s i t i v i t y  
of  f e t a l  t i s s u e s  (as judged by t h e  Oxford Survey) and t h e i r  n a t u r a l  
cancer  s e n s i t i v i t y ,  and such  l a c k  of correspondence between t h e  rad io-  
s e n s i t i v i t y  of  a d u l t  t i s s u e s  (as judged by t h e  I C R P )  and t h e i r  n a t u r a l  . 
cancer  s e n s i t i v i t y  ( t a b l e  10) t h a t  w e  are fo rced  t o . t h e  conclus ion  
t h a t  t h e r e  are v e r y  few causes  of  childhood cancers (and v e r y  many 
causes of a d u l t  cancers) which do n o t  f a l l  i n t o  t h e  ca tegory  of random 

a Cancer r a t i n g s  R a d i o s e n s i t i v i t y  r a t i n g s  
Cancer si tes 

Adults  Chi ldren  . Adults .  Chi ldren  I 

(ICRP) . (Oxford Survey) I 

D iges t ive  1 6 5 6 
Res p i ra t  o r y  2 8 4 a 
Geni to -ur inary  3 3 7 3 

. Breast , 4  9 6 9 
Skin 5 7 9 7 
Lymphoma 6 4 3 .  4 
Leukaemia 7 1 1 '  1 
Neurologica l  8 2 10 2 
S ke l e  t a1 9 5 8 5 
Thyroid 10 10 2 10 

a Cancer N o t i f i c a t i o n s  England and Wales (1962-65). R e g i s t r a r  
Genera l ' s  S t a t i s t i c a l  Review; Supplement on Cancers. 

I I I h 1 1 1  



I 

1 ', . . t 67 
t 
I - 

mutat ions,  o r  t h e  nuc lea r  a c c i d e n t s  which are an i n e v i t a b l e  consequence 
of whole-body exposure t o  r a d i a t i o n  and a p o s s i b l e  cause of a mutant ! 

1 I cel l  spec ie s .  
I 
I 

For mutant c e l l s  t o  produce a tumor they must have a h igh  growth 
p o t e n t i a l  and be i n  a p o s i t i o n  t o  express t h i s  c h a r a c t e r i s t i c ,  which 
i m p l i e s  s u r v i v a l  of t he  c e l l  species as w e l l  a s  s u r v i v a l  o f  the h o s t .  
So when t h e o r i z i n g  about t h e  causes  of c a n c e r s ,  two p o s s i b i l i t i e s  must 
be considered; e i t h e r  tumor formation demands a n . i n i t i a t o r  fallowed 
by a promotor, i n  which case t h e  longe r  t h e  i n t e r G a l  between t h e  two 

a "premalignant" t issue (Multi-hit  t h e o r y ) ,  or t h e  process demands an 

a b r i e f  per iod b e f o r e  i t  became d i f f i c u l t  f o r  even a powerful i n h i b i t o r  
t o  d e s t r o y  a l l  t h e  mutant cel ls  (S ing le -h i t  t heo ry ) .  

f 
i 

I 
L 

even t s  t h e  g r e a t e r  t h e  chance of g r a f t i n g  malignant p r o p e r t i e s  on t o  

i n i t i a t o r  followed by an  i n h i b i t o r ,  i n  which case  t h e r e  might b e  only 

i 
I 
1 

i 
I 
1 The f i r s t  theory i s  c l e a r l y  impossible  t o  r e c o n c i l e  with c o n s t a n t  
I i n t e r v a l s  between the i n i t i a t i n g  even t  and t h e  tumor d e t e c t i o n  ( s e e  

t a b l e s  7 and 8) and we have been t o l d  t h a t  no s i n g l e - h i t  t heo ry  can 
account  f o r  t h e  s t e e p  age-dependence o f  cance r  m o r t a l i t y  (22) ( f i g .  
1 2 ) .  I f ,  however, tumor formation i s  a p a t h o l o g i c a l  p rocess  which 
is e a s i l y  nipped i n  the bud by a h e a l t h y  t i s sue ,  and is on ly  a recog- 
n i m b l e  p rocess  a f t e r  i t  h a s  become i r r e v e r s i b l e ,  t h e r e  would be no 
substance i n  t he  second o b j e c t i o n .  

i 
i 
1 
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1 
I 
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The f a c t  t h a t  malignant cel ls  can be p r e s e n t  i n  i n c r e a s i n g  
numbers without  caus ing  symptoms is only m i l d l y  s u r p r i s i n g  when one 
c o n s i d e r s  t h e  n a t u r a l  h i s t o r y  of t u b e r c u l o s i s  and s y p h i l i s :  how o f t e n  
t h e  primary and secondary s t a g e s  of t h e s e  d i s e a s e s  are missed; how 
long are t h e  i n t e r v a l s  between t h e  primary and t e r t i a r y  s t a g e s ;  and 
how ub iqu i tous  are t h e  pathogens by t h e  t i m e  t hey  d e c l a r e  themselves. 
And t h e  age dependence of cance r  m o r t a l i t y  should occasion no s u r p r i s e ,  
s i n c e  i t  is only an expres s ion  of a n a t u r a l  l a w  i l l u s t r a t e d  i n  f i g .  12 

c .  

1 
t I . &d made memorable by Shakespeare: 

"Na t iv i ty ,  once i n  t h e  main of l i g h t ,  
C r a w l s  t o  m a t u r i t y ,  wherewith be ing  crowned, 
Crooked e c l i p s e s  ' g a i n s t  h i s  g l o r y  f i g h t ,  
And Time t h a t  gave do th  now h i s  g i f t  confound. 
T i m e  doth t r a n s f i x  t h e  f l o u r i s h  set on youth,  
And de lves  t h e  p a r a l l e l s  i n  beau ty ' s  brow; 
Feeds on the r a r i t i e s  of n a t u r e ' s  t r u t h ,  
And no th ing  s t a n d s  b u t  f o r  h i s  s c y t h e  t o  mow." 

I 


