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SYNOPSIS

The e x p e r i m e n t a l  e v i d e n c e  f o r  an immune r e s p o n s e  t o  

c a n c e r  h a s  been  r e v i e w e d , a n d  t h e  e f f e c t s  o f  c y t o t o x i c  

c h em o th e ra py  shown t o  a f f e c t  n e a r l y  a l l  o f  i t s  a s p e c t s .  

Aug m en ta t i on  o f  t h e  immune r e s p o n s e  ( immunotherapy)  has  

been  d i s c u s s e d  i n  t h e  c o n t e x t  o f  s e v e r a l  i m p o r t a n t  

a g e n t s .  I t  i s  a rgued  t h a t  i n  advanced  c a n c e r s  t h e  tumour  

bu r den  i s  t o o  g r e a t  f o r  s i g n i f i c a n t  b e n e f i t  from immu­

n o t h e r a p y .  However i n  p a t i e n t s  w i t h  'm in im a l  r e s i d u a l  

d i s e a s e '  t h e r e  i s  l i t t l e  e v id e n c e  f o r  im p a i rm e n t  o f  im­

mune r e s p o n s e s .  When such p a t i e n t s  r e c e i v e  a d j u v a n t  c h e ­

m o th e r ap y  t h e  number o f  r e s i d u a l  c a n c e r  c e l l s  i s  f u r t h e r
i

r e d u c e d ,  b u t  t h è  p a t i e n t ' s  immuno log i ca l  a b i l i t y  t o  com­

p l e t e  t h e i r  e l i m i n a t i o n  i s  s e r i u o s l y  i m p a i r e d  by t h e  t r e ­

a t m e n t .  T h i s  s i t u a t i o n  may be a mos t  s u i t a b l e  o p p o r t u n i ­

t y  t o  a c h i e v e  b e n e f i t  from immuno the rapy , and t h i s  s t u d y  

c o n c e r n s  a t t e m p t s  t o  i d e n t i f y  means o f  a c h i e v i n g  t h i s .

The work i s  c o n c e n t r a t e d  on one m a j o r  arm ,of  t h e  im­

mune r e s p o n s e ,  b o t h  i n  normal  r a t s  and some i n  whom b r e ­

a s t  c a n c e r s  were  i n d u c e d .  T l ym ph o c y t e  f u n c t i o n  was 

measured  i n  r a t s  by an i n  v i v o  (DTH r e s p o n s e )  and an i n  

v i t r o  (PHA b l a s t o g e n e s i s )  method.  C l e a r  d e p r e s s i o n  was 

s een  f o l l o w i n g  one i n j e c t i o n  o f  c y c l o p h o sp h a m i d e  o r  5 

f l u o r o u r a c i l  (5FU) i n  bo th  normal  and tumour  b e a r i n g  a n i ­

m a l s ,  and t h i s  l a s t e d  f o r  a t  l e a s t  one month /PHA).  The 

rebound o v e r s h o o t  phenomenon was o b s e r v e d  i n  b o t h  g r o u p s  

f o l l o w i n g  5FU b u t  n o t  c y c l o p h o s p h a m i d e .
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L eva mi so l e  d i d  n o t  improve  t h e  d e p r e s s i o n  o f  i n  

v i t r o  T c e l l  f u n c t i o n  p roduced  by c y c l o p h o s p h a m i d e , b u t  

a l l e v i a t e d  t h a t  f o l l o w i n g  5FU i f  a d m i n i s t e r d  a f t e r  a 

d e l a y  o f  3 d a y s .  T h i s  e f f e c t  was somewhat  m a r g i n a l  b u t  

s e en  c o n s i s t e n t l y  i n  b o t h  normal  and tumour  b e a r i n g  a n i ­

m a l s .  The c o m b i n a t i o n  o f  g l u c a n  w i t h  e i t h e r  c y t o t o x i c  

a g e n t  s i g n i f i c a n t l y  wor sened  i n  v i t r o  T c e l l  f u n c t i o n ,  

even i f  t h e  t i m i n g  o f  e ach  d rug  was v a r i e d .  T h i s  o b s e r ­

v a t i o n  i s  i n t e r p r e t e d  a s  a d i r e c t l y  d e p r e s s i v e  e f f e c t  o f  

g l u c a n  on T c e l l  f u n c t i o n ,  r e v e a l e d  o n l y  i n  c o n j u n c t i o n  

w i t h  c y t o t o x i c  t h e r a p y .  A s i m i l a r  e f f e c t  was a l s o  s e en  

f o l l o w i n g  C parvum , b u t  n o t  t h i a b e n d a z o l e .

The use  o f  a', s m a l l  p r i m in g  dose  o f  e i t h e r  c h e m o th e r ­

a p e u t i c  a g e n t  d i d * n o t  a l l e v i a t e  t h e  immunosupp re s s ive  e f ­

f e c t  o f  a s u b s e q u e n t l y  a d m i n i s t e r e d  l a r g e  d o s e .  Wide 

v a r i a t i o n  o f  t h e  p r i m i ng  d e l a y  f o r  c y c l op hos pha mi de  d i d  

n o t  a l t e r  t h i s  c o n c l u s i o n .  S i m i l a r l y  no b e n e f i t  was g a ­

i ned  e i t h e r  from t h e  r e g u l a r  a d m i n i s t r a t i o n  o f  

c i m e t i d i n e , o r  t h e  t i m i n g  o f  c y t o t o x i c  i n j e c t i o n ^  t o  op­

po s in g  e x t r e m e s  o f  d i u r n a l  r h y t h m s .  The d i f f i c u l t i e s  e n ­

c o u n t e r e d  i n  t h i s  f i e l d  o f  r e s e a r c h  and q u e s t i o n s  f o r  f u ­

t u r e  s t u d y  a r e  d i s c u s s e d .
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INTRODUCTION

- Human s u f f e r i n g  from c a n c e r  i s  n o t  new.Nor a r e  t h e  

e f f o r t s  o f  d o c t o r s  t o  s t u d y  and t r e a t  i t s  v i c t i m s .  With 

few e x e p t i o n s , s u r g i c a l  t r e a t m e n t  s t i l l  o f f e r s  t h e  b e s t  

chance  o f  c u r e .  In t h e  E g y p t i a n  m id d l e  p e r i o d  (ca  1600 

BC) m e d i c a l  t e x t s  were  w r i t t e n  d e s c r i b i n g  c a n c e r o u s  

g ro w th s  ^nd  o p e r a t i o n s  f o r  a few o f  them.  As e a r l y  a s  

1600 AD G u i l h e l m u s  F a b r i c i u s  H i l d a n u s  p u b l i s h e d  a d e t a ­

i l e d  d e s c r i p t i o n  o f  t h e  t e c h n i q u e  o f  t o t a l  mas t e c tom y  i n ­

c l u d i n g  a x i l l a r y  d i s s e c t i o n  f o r  nodes  ( H i l l  1979) . 

I n e v i t a b l y  t h e  main  d e v e l o p m e n t  o f  o p e r a t i o n  f o r  mos t  t u ­

mours came w i t h  t h e  a d v e n t  o f  g e n e r a l  a n a e s t h e s i a  ( f i r s t  

ma jo r  o p e r a t i o n  18 46 ) .  There  h a s  been  l i t t l e  f u n d a m e n ta l  

change  i n  t h e  s u r g i c a l  a p p ro a c h  t o  c a n c e r  s i n c e  t h e  t u r n  

o f  t h e  c e n t u r y .  S u b s e q u e n t  c l i n i c a l  r e s e a r c h  h a s  l a r g e l y  

d i r e c t e d  a t t e n t i o n  t o w a r d s  o t h e r  methods  o f  t r e a t m e n t  , i n  

an a t t e m p t  t o - a u g m e n t  t h e  l i m i t e d  s u c c e s s  o f  s u r g e r y .

R a d i o t h e r a p y  was t h e  f i r s t  ho p e .  A l though  Xrays  and 

r a d i o a c t i v i t y  were  o n l y  d i s c o v e r e d  be tween 1895 and 

1 8 9 8 , t h e  f i r s t  r e p o r t  o f  t h e i r  use  i n  b a s a l  c e l l  c a r c i n o ­

ma was o n l y  one  y e a r  l a t e r .  I n i t i a l  r e s u l t s  w i t h  s k i n  

t umours  s t i m u l a t e d  an e n t h u s i a s t i c  and c r u d e  a p p l i c a t i o n  

t o  a wide v a r i e t y  o f  c a n c e r s .  Poor  r e s u l t s  i n  mos t  o f  

t h e s e  n e a r l y  l e d  t o  t h e  method be in g  abandoned a l t o g e t h ­

e r .  From 1919 o n w a r d s , i m a g i n a t i v e  r e s e a r c h  by  Regaud i n  

P a r i s  l ed  t o  f r a c t i o n a t i o n  o f  d o s e s  and c o n s e q u e n t l y  

s a f e r  and more i m p r e s s i v e  c l i n i c a l  r e s u l t s  (Kapl an  1 9 7 9 ) .
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Sin c e  t h e n  a s t e a d y  improvement  i n  equ ipmen t  and a p p l i c a ­

t i o n  h a s  l e d  t o  an enormous r o l e  i n  modern t r e a t m e n t  -  

c u r a t i v e  a s  w e l l  a s  p a l l i a t i v e .  As an a d j u n c t  t o  s u r g e r y  

i t  h a s  e s t a b l i s h e d  a s m a l l  bu t  s i g n i f i c a n t  r o l e .

In t h e  e a r l y  1950*s  t h e  e f f i c a c y  o f  a n t i b i o t i c s  i n  

i n f e c t i o u s  d i s e a s e s  l e d  t o  e x t r a v a g a n t  hopes  f o r  s i m i l a r  

r e s u l t s  w i t h  d r u g s  and c a n c e r .  A l tho ug h  t h e  u se  o f  a r ­

s e n i c  i n  c h r o n i c  m y e l o i d  l euka emi a  had been d e s c r i b e d  i n  

1 8 6 5 , a more s y m b o l i c  b e g i n n i n g  was made i n  t h e  l a t e  

1 9 3 0 ' s  w i t h  s e v e r a l  r a t h e r  weakly  e f f e c t i v e  a g e n t s -  c o l ­

c h i c i n e , u r e t h a n e  and benze ne  (Zubrod 197 9 ) .  I t  i s  i n t e r ­

e s t i n g  t h a t  n e a r l y  a l l  t h e  f i r s t  wave o f  more p o w e r f u l  

d r u g s  were d e v l o ^ e d  a s  b y - p r o d u c t s  o f  o t h e r  f i e l d s  o f  r e ­

s e a r c h .  They were  r e c o g n i s e d  a s  p o t e n t i a l l y  u s e f u l  a n t i ­

c a n c e r  a g e n t s  p r i m a r i l y  t h r o u g h  t h e  a v a i l a b i l i t y  o f  t r a n ­

s p l a n t a b l e  an ima l  - tumour  m o d e l s .  For  example  n i t r o g e n  

mus t a rd  was d e v e l o p e d  f o r  c hem ica l  w a r f a r e  and was t h e  

f i r s t  p o w e r f u l  a g e n t  p u t  t o  c l i n i c a l  u s e .  I t s  immed ia te  

d e r i v a t i v e s  were  b u s u l p h a n  c h l o r a m b u c i l  and c y c l o p h o s ­

phamide .  These  d r u g s  were d e v e l o p e d  on t h e o r e t i c a l  

g r oun ds  o f  tumour  m e t a b o l i s m  which were  l a t e r  found t o  be 

c o m p l e t e l y  i n a p p r o p r i a t e .  However 5 F l u o r o u r a c i l  was one 

o f  two d r u g s  ( t h e  o t h e r  6 - m e r c a p t o p u r i n e )  d e v e l o p e d  i n ­

d u c t i v e  r e a s o n i n g  -  a f t e r  a d i f f e r e n c e  was n o t e d  i n  t h e  

m e t ab o l i sm  o f  u r a c i l  by r a t  hepatoma compared t o  normal  

l i v e r .  I t s  c l i n i c a l  a c t i v i t y  was c on f i r m ed  one y e a r  

l a t e r  i n  1 9 5 8 . S i n c e  t h e n  t h e  s o p h i s t i c a t i o n  o f  t r e a t m e n t  

r eg imes  and t h e i r  a p p l i c a t i o n  have  i n c r e a s e d  i n  p a r r a l -
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l e i .

Cure  o f  r a p i d l y  growing-  t u mo ur s  such  a s  some lympho­

mas and l e u k a e m i a s  ha s  now become q u i t e  p o s s i b l e  w i t h  

c h e m o t h e r a p y  a l o n e .  R e s u l t s  w i t h  s o l i d  t umours  have  n o t  

been  so e n c o u r a g i n g  even when u sed  a s  an a d j u n c t  t o  s u r ­

g e r y . N e p h r o b l a s t o m a  o f f e r s  an uncommonly good example 

t h a t  can  be a c h i e v e d  from t h e  c o m b i n a t i o n  o f  methods  

aimed a t  tumour  e r a d i c a t i o n .

The f i r s t  neph rec tomy  was p e r f o rm e d  by Kocher  i n  

1878 and t h e  f i r s t  r e p o r t e d  s u r g i c a l  c u r e  was by I s r a e l  

i n  1894.  By 1920 neph rec tomy  was w i d e l y  used t o  t r e a t  

t h i s  c o n d i t i o n  and p o s t o p e r a t i v e  r a d i o t h e r a p y  was added 

a round  1940 (Wolff  1975 ) .  In 1955 t h e  use  o f  a c o u r s e  o f  

a c t i n o m y c i n  D was f i r s t  d e s c r i b e d , and S u b s e q u e n t l y  t h e  

N a t i o n a l  Wilms Tumour S tudy  Group and o t h e r  m u l t i - c e n t r e d  

o r g a n i s a t i o n s  have  i n i t i a t e d  a number  o f  t r i a l s  t o  r e f i n e  

t h e  i n d i c a t i o n  and u se  o f  f u r t h e r  a g e n t s  and combina­

t i o n s .  T h i s  ha s  l e d  t o  t h e  improvemen ts  i n  p r o g n o s i s  i l ­

l u s t r a t e d  o v e r l e a f :
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B e f o r e  1920 0 s u r v i v e d 3 y r s  ( l i k e l y  c u r e d )

A f t e r  1920 20% If (1)

1945 - 18% n (2)

1950- 19% m

1955- 48% n

1960- 55% n

1965- 67% n

1970 - 80% n

1975 - 86% n (3)

(1)=BMJ e d i t o r i a l 1976 (2)=Li  e t a l  1975 . ( 3 )= ad ap t ed

from d ' A n g i o  e t a l  1981
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CANCER AND THE IMMUNE SYSTEM

The c o n c e p t  o f  immuni ty  t o  c a n c e r  was f i r s t  d e s ­

c r i b e d  by Clowes and B a e s t a c k  i n  1905.  Using mouse t u ­

mours t h e y  found r e s i s t a n c e  t o  t h e  g rowth  o f  t r a n s p l a n t e d  

c a n c e r s  i n  a n i m a l s  t h a t  had p r e v i o u s l y  r e c o v e r e d  s p o n ­

t a n e o u s l y  from a s i m i l a r  t umour .  U n f o r t u n a t e l y  t h e s e  e x ­

p e r i m e n t s  were  p o o r l y  c o n t r o l l e d ,  and d e s i g n e d  b e f o r e  t h e  

s i g n i f i c a n c e  o f  t r a n s p l a n t a t i o n  a n t i g e n s  was f u l l y  a p p r e ­

c i a t e d .  However many s u b s e q u e n t  an imal  s t u d i e s  hav e  s u p ­

p o r t e d  t h i s  c o n c e p t , o f  which t h e  e x p e r i m e n t s  o f  K l e i n  e t  

a l  (1960)  a r e  a c l a s s i c  example .  Sarcomas were  i ndu ced

i n  mice  by m e t h y l c h o l a n t h r e n e  and t r a n s p l a n t e d  be tween
1

i n b r e d  ( i s o l o g o b s )  a n i m a l s .  R e s i s t a n c e  t o  tumour  g ro w t h  

was s e e n  i n  a n i m i l s  immunised by p r i o r  e x p o s u r e  t o  i r r a ­

d i a t e d  t u m o u r , a n d  i n  a u t o c h t h o n o u s  h o s t s  when r e e x p o s e d  

t o  t h e i r  o r i g i n a l  t umour .  R e s i s t a n c e  was shown a s  r e j e c ­

t i o n  o f  tumour  i n n o c u l a  i n  normal  a n i m a l s  , o r  s l o w i n g  o f  

g rowth  when i t  d i d  o c c u r .  T r a n s p l a n t e d  tumour  c o u l d  be 

e s t a b l i s h e d  i n  r e s i s t a n t  a n i m a l s , b u t  t h i s  r e q u i r e d  10 t o  

100 t i m e s  t h e  number o f  c e l l s  needed t o  e s t a b l i s h  g ro w t h  

i n  normal  a n i m a l s .

S i r  M a c f a r l a n e  Bu rn e t  has  p o s t u l a t e d  t h a t  a f u n d a ­

men ta l  p u r p o s e  o f  t h e  h o s t ' s  immune r e s p o n s e s  i s  t o  e l i m ­

i n a t e  d e v e l o p i n g  c e l l  l i n e s  t h a t  a r e  abnormal  and p o t e n ­

t i a l l y  m a l i g n a n t .  An a n i m a l ' s  s u s c e p t i b i l i t y  t o  t umour  

g rowth  and t h e  r a t e  o f  g row th  i s  i n c r e a s e d  by n e o n a t a l  

t h y m e c t o m y , i r r a d i a t i o n  o r  a n t i - l y m p h o c y t i c  s e r u m . In
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f a c t  many c a r c i n o g e n s  a r e  t h e m s e l v e s  i m m uno sup p r e s s iv e  

(He rsh  e t  a l  1 9 7 2 ) .  C o n v e r s e l y , e x p e r i m e n t a l  s t i m u l a t i o n  

o f  immuni ty  by  v a r i o u s  methods  h a s  been  a s s o c i a t e d  w i t h  

s l o wi ng  o f  t umour  g row th  o r  c u r e  ( B a n s a l l  e t  a l  1 9 7 8 ) .  

There  i s  a s t r i k i n g l y  h i g h  r a t e  o f  m a l i g n a n c y  i n  p a t i e n t s  

w i t h  c o n g e n i t a l  immune d e f i c i e n c i e s  (Pe r iman  e t  a l  

1 9 8 0 ) , t h o s e  i n t e n s i v e l y  t r e a t e d  w i t h  r a d i a t i o n  o r  c h e ­

m o t h e ra p y  (R o s s n e r  e t  a l  1979) and l ong  t erm t r a n s p l a n t a ­

t i o n  s u r v i v o r s  t a k i n g  immunosupp re s s ive  d r u g s  ( S t a r z l  

1 9 7 0 ) .  F u r t h e r m o r e  t h e r e  a r e  a few r e p o r t e d  ex ample s  o f  

c a n c e r s  a c q u i r e d  from r e n a l  ho m o g r a f t  r e c i p i e n t s  which 

have  m e t a s t a s i s e d  bu t  r e g r e s s e d  w i t h  removal  o f  t h e  p r i ­

mary and c e s s a t i o n  o f  imm unosupp re s s ive  t r e a t m e n t  (Wi lson  

and Penn 1975) |

I t  h a s  been  y i d e l y  assumed t h a t  t h e  immune sy s t em 

a l s o  p l a y s  a r o l e  i n  t h e  c o n t r o l  and even c u r e  o f  many 

c a n c e r s  t h a t  do d e v e l o p .  I t  i s  now r e a l i s e d  t h a t  s u c h  an 

a c t i o n  may t a k e  p l a c e  n o t  o n l y  by s p e c i f i c  r e s p o n s e s  t o  

tumour a n t i g e n s  b u t  a l s o  n o n - s p e c i f i c  c e l l  k i l l i n g .  

Tumour s p e c i f i c  r e s p o n s e s  a r e  d i r e c t e d  t o w a rd s  tumour  a s ­

s o c i a t e d  a n t i g e n s  (TAAs) which a r e  abnormal  g l y c o p r o t e i n s  

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

A s u b s e t  o f  t h e s e  ( tumour  a s s o c i a t e d  t r a n s p l a n t a t i o n  an ­

t i g e n s  -  TATAs) a r e  r e s p o n s i b l e  f o r  r e a c t i o n s  t o  tumour  

c e l l s  when t r a n s p l a n t e d  t o  o t h e r  e x p e r i m e n t a l  i s o l o g o u s  

h o s t s  (Woodruf f  197 9 ) .

T l y m p h o c y t e s  a r e  t h e  most  w e l l  e s t a b l i s h e d  c e l l  i n ­
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v o l v ed  i n  c e l l  m e d i a t e d  immuni ty  t o  c a n c e r .  Such tumour  

s p e c i f i c  immuni ty  h a s  been  d e m o n s t r a t e d  i n  c e r t a i n  c a n c e r  

p a t i e n t s  by d e l a y e d - t y p e  h y p e r s e n s i t i v i t y  (DTH) r e s p o n s e s  

t o  t h e  i n j e c t i o n  o f  tumour  e x t r a c t s .  R o b e r t s  and Ba­

t h g a t e  (1975) t e s t e d  p a t i e n t s  w i t h  b r e a s t  c a n c e r  f o l l o w ­

ing mas tec tomy  w i t h  a s u b c u t a n e o u s l y  a d m i n i s t e r e d  e x t r a c t  

o f  t h e i r  t u m o u r s , a n d  found p o s i t i v e  r e s p o n s e s  i n  35% o f  

c a s e s .  In v i t r o  e x p o s u r e  t o  t umour  a n t i g e n s  ha s  been  

more w i d e l y  i n v e s t i g a t e d .  T h i s  may c a u s e  t h e  p r o l i f e r a ­

t i o n  o f  l y m ph oc y t e s  which  can  be measu red  by t h e  i n c o r p o ­

r a t i o n  o f  r a d i o - l a b e l l e d  s u b s t a n c e s .  Th i s  e f f e c t  c an  be 

d i f f i c u l t  t o  d e m o n s t r a t e  b u t  i s  s e e n  i n  a p r o p o r t i o n  o f

p a t i e n t s  ( H a r r i s  and S i n k o w i t z  1 9 7 7 ) .
1!.

Resp on se s  may be d e t e c t e d  i n  a g r e a t e r  p r o p o r t i o n  o f  

p a t i e n t s  u s i n g  t e s t s  f o r  l ym ph ok in es  s e c r e t e d  f o l l o w i n g  

e x p o s u r e  t o  tumour  a n t i g e n s .  The a d h e r e n c e  o f  l e u c o c y t e s  

t o  g l a s s  d e c r e a s e s  i n  t h e  p r e s e n c e  o f  a n t i g e n s ,  and t h e  

d e g r e e  o f  t h i s  phenomenon may be measu red  u s i ng  t h e  l e u ­

c o c y t e  a d h e r e n c e  i n h i b i t i o n  t e s t  ( H a l l i d a y  19 79 ) .  

S e v e r a l  g r o u p s  have  r e p o r t e d  t h a t  t h i s  r e s p o n s e  can  be 

measured  i n  a t  l e a s t  65% o f  p a t i e n t s  w i t h  b r e a s t  c a n c e r  

f o l l o w i n g  m as t ec to m y ,  and a p p e a r s  t o  be s p e c i f i c  t o  t h e i r  

i n d i v i d u a l  tumour  e x t r a c t s  ( G r o s s n e r  and Thomson

1 9 7 5 , F u j i s a w a  e t  a l  1 9 7 6 ) .  Lymphokines  i n h i b i t o r y  t o  t h e  

random m i g r a t i o n  o f  l e u k o c y t e s  i n  v i t r o  have  a l s o  demon­

s t r a t e d  such  tumour  s p e c i f i c  r e s p o n s e s  i n  t h e  m a j o r i t y  o f  

p a t i e n t s  w i t h  b r e a s t  o r  c o l o n i c  c a r c in om a  ( Jo ne s

1 9 7 6 , House and Wat t  1 9 7 9 ) .  D i r e c t  l ympho cy t e  c y t o t o x i c i ­
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t y  o f  tumour  c e l l s  i s  a d i f f i c u l t  measu remen t  b u t  ha s  

been  d e m o n s t r a t e d  i n  some c a s e s  (Herberman 1978) .

The i n v o l v e m e n t  -of B c e l l s  i n  t h e  h o s t  r e s p o n s e  t o  

t umour s  h a s  a l s o  been  e s t a b l i s h e d  -  tumour  s p e c i f i c  a n t i ­

b o d i e s  and c i r c u l a t i n g  immune complexes  have  been  demon­

s t r a t e d  by complement  f i x a t i o n  o r  i m m u n od i f fu s i on  ( H a r r i s  

and S i n k o v i c s  1 9 7 7 ,Good 19 7 9 ) .  S p e c i f i c  a n t i b o d y  d e p e n ­

d a n t  c e l l u l a r  c y t o t o x i c i t y  (ADCC) o f  tumour  c e l l s  ha s  

been  m e a s u r e d  i n  s e v e r a l  g r o u p s  o f  c a n c e r  p a t i e n t s .  Th i s  

t e s t  i s  n o t  f u l l y  u n d e r s t o o d  b u t  p r o b a b l y  a l s o  i n v o l v e s  

k i l l e r  l y m p h o c y t e s  and p e r h a p s  mac rophages  i n  c e l l  k i l ­

l i n g  r e q u i r i n g  s p e c i f i c  a n t i b o d y  (Herberman 1 9 78 ) .  P l a i n  

e t  a l  (1982)  t e s t e d  t h e  serum o f  125 b r e a s t  c a n c e r  p a t i ­

e n t s  a g a i n s t  9  ̂ c u l t u r e d  b r e a s t  c a n c e r  c e l l  l i n e s , a n d  

found a c t i v i t y  to'  e ach  i n  up t o  79% o f  c a s e s , a  h i g h e r  

p r o p o r t i o n  t h a n  amongst  normal  c o n t r o l s  o r  p a t i e n t s  w i t h  

o t h e r  c a n c e r s .

N o n - s p e c i f i c  tumour  k i l l i n g  i s  a l s o  t h o u g h t  t o  o c -  

c u r r  and a s c r i b e d  m a i n l y  t o  n a t u r a l  k i l l e r  -/NK) c e l l s  and 

m a c r o p h a g e s .  NK c e l l s  a r e  p r e s e n t  i n  b o t h  normal  and 

c a n c e r  p a t i e n t s  and may be shown t o  l y s e  t umour  c e l l s  i n  

v i t r o .  A number  o f  tumour c e l l  l i n e s  p a r t i c u l a r l y  s u s ­

c e p t i b l e  t o  t h i s  a c t i o n  have  now been  d e v e l o p e d  f o r  a s s a ­

ys  o f  t h i s  f u n c t i o n .  Macrophages  have  a more complex 

r o l e  i n  t umour  immunology.  F ixed  mac rophages  ( t h e  r e t i ­

c u l o e n d o t h e l i a l  sys tem)  p r o b a b l y  p l a y  an i m p o r t a n t  p a r t  

i n  n o n - s p e c i f i c  k i l l i n g  and c l e a r a n c e  o f  d e b r i s  b u t  t h i s
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i s  r e l a t i v e l y  d i f f i c u l t  t o  i n v e s t i g a t e  ( A n t i k a t z i d e s  and 

Saba 1977) . F r e e  mac rophages  (and monocy t es )  may be 

shown t o  have  i n  v i t r o  t u m o u r i c i d a l  p r o p e r t i e s  a n a l a g o u s  

t o  NK c e l l s  (Ne lson  198 1 ) .  F u r t h e r m o r e  t h i s  c an  be i n ­

c r e a s e d  by a n t i g e n  s p e c i f i c  r e a c t i o n s  (which p o s s i b l y  i n ­

v o l v e  l y m p h o k i n e s ) , and i s  t ermed  'A rming '  (Evans and 

A l e x a n d e r  1-972) . R e c e p t o r s  t o  immune complexes  have  been  

i d e n t i f i e d  on t h e  mac rophage  c e l l  s u r f a c e  which may a l s o  

l e a d  t o  t umour  s p e c i f i c  a c t i v i t y  (Rhodes 1 97 5 ) .  In a d d i ­

t i o n  t o  t h e s e  e f f e c t o r  r o l e s  mac rop hag es  p r o b a b l y  p l a y  an 

i m p o r t a n t  e a r l y  r o l e  by i n g e s t i n g  a n t i g e n  and p r e s e n t i n g  

i t  a s  t h e  i n i t i a l  s t i m u l u s  t o  l y mp ho c y t e s  c a p a b l e  o f  

s p e c i f i c  immuno log i ca l  r e s p o n s e s  (C a r r  1 9 7 8 , C l i n e  1 97 8 ) .

C l e a r l y  t h e s e  v a r i o u s  e f f e c t o r  a s p e c t s  o f  t h e  immune 

r e s p o n s e  t o  c a n c e r  must  be c o n s i d e r e d  t o  a c t  as  a 

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

However a t  p r e s e n t  t h e  n o n - s p e c i f i c  k i l l i n g  o f  monocy t e s  

and NK c e l l s  ha s  o n l y  been  c o n v i n c i n g l y  d e m o n s t r a t e d  i n  

v i t r o .  A l t h ou g h  s u b s e q u e n t  s t u d y  may show i t s  r e l e v a n c e  

i n  v i v o ,  t h i s  r e m a in s  t o  be f u l l y  e s t a b l i s h e d .  —Tumour 

s p e c i f i c  r e p o n s e s  imp ly  a more c l e a r l y  p u r p o s e f u l  r o l e  

and t h i s  h a s  been  e s t a b l i s h e d  i n  an ima l  s t u d i e s .  Of 

t h e s e  t h e  - r o l e  o f  T c e l l s  ha s  p r o b a b l y  been  more f i r m l y  

e s t a b l i s h e d  t h a n  t h a t  o f  B c e l l s  i n  b o t h  t r a n s p l a n t a t i o n  

and t umour  immunology, and ha s  t h e r e f o r e  been  s e l e c t e d  as  

t h e  mos t  i m p o r t a n t  a r e a  f o r  t h i s  s t u d y .  S i n c e  t h e  meas ­

u r emen t  o f  tumour  s p e c i f i c  r e s p o n s e s  i s  somewhat  u n p r e d ­

i c t a b l e  and n o t  a lways  a p p r o p r i a t e , many w o r k e r s  have  used
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more g e n e r a l l y  a p p l i c a b l e  me thods  which p ro duce  m e a s u r ­

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

s u b s t a n c e s  which  a r e  u n i v e r s a l l y  r e c o g n i s e d  t o  be  s t r o n g  

- S t i m u l i  (m i to gen s )  have  become one o f  t h e  mos t  e s t a ­

b l i s h e d  and p r e c i s e  i n  v i t r o  me thods  (Ling and Kay 1 9 7 5 ) .  

The d e l a y e d - t y p e  h y p e r s e n s i t i v i t y  r e s p o n s e  f o l l o w i n g  t h e  

a p p l i c a t i o n  o f  c e r t a i n  s u b s t a n c e s  t o  t h e  s k i n  i s  one  o f  

t h e  e a r l i e s t  e s t a b l i s h e d  i n  v i v o  t e s t s  a s c r i b e d  t o  T c e l l  

f u n c t i o n  (Turk 1 9 8 0 ) .  T h e r e f o r e  t h e s e  two t e s t s  were  

chosen  f o r  t h i s  s t u d y .

I t  seems a p a r a d o x  t h a t  p a t i e n t s  d i e  from c a n c e r s  

which - t h e y  may be c a p a b l e  o f  i m m u n o l o g i c a l l y  r e j e c t i n g .  

This  i s  v i v i d l y  i l l u s t r a t e d  by t h e  e x p e r i m e n t a l  phenome­

non o f  c o n c o m i t a n t  immuni ty .  An an ima l  may e f f e c t i v e l y  

r e s i s t  c h a l l e n g e  Wi th  tumour  c e l l s  a t  a s i t e  d i s t a n t  from 

t h a t  where  t umour  c o n t i n u e s  t o  grow a p p a r e n t l y  u n r e s t r a ­

i n e d .  A number o f  phenomena have  been  s u g g e s t e d  t o  ex ­

p l a i n  t h i s  p r o b l e m .

F i r s t , i t  h a s  become c l e a r  t h a t  t h e r e  i s  a q u a n t i t a ­

t i v e  l i m i t  t o  t h e  t u m o r i c i d a l  a b i l i t y  o f  t h e  immune s y s ­

tem.  Even when f u l l y  e f f e c t i v e  i t  c a n n o t  c o n t a i n  a l a r g e  

or  w i d e s p r e a d  c a n c e r  t h a t  i s  r a p i d l y  g ro w i n g .  In mos t  

animal  e x p e r i m e n t s , a  tumour  i nnocu lum o f  ov e r  1-10 m i l l i ­

on c e l l s  i s  t o o  l a r g e  t o  be r e j e c t e d  by an immunised h o s t  

(Hersh 197-2). T h i s  c o r r e s p o n d s  t o  a s o l i d  tumour l e s s  

t h an  1 c ub i c  mm in  s i z e .



PAGE 18

Second ,  t h e  immune r e s p o n s e  may be a c t i v a t e d  b u t  

l e s s  e f f e c t i v e  t h a n  u s u a l .  N o n - s p e c i f i c  d e p r e s s i o n  o f  

immune r e s p o n s e s  i s  s e e n  i n  c a n c e r  and s e v e r a l  o t h e r  d i ­

s e a s e  s t a t e s .  T h i s  p rob l em was f i r s t  s t u d i e d  by s k i n  

t e s t i n g  o f  t h e  DTH r e s p o n s e  -  d e s p i t e  t h e  i n c o m p l e t e n e s s  

o f  t h i s  a s  a method o f  a s s e s s m e n t  ( Johnson  e t  a l  

1 9 7 1 ,Roth e t  a l  1 9 7 5 ) .  O t he r  immuno log i ca l  a p p r o a c h e s  

have  s u g g e s t e d  t h a t  t h i s  phenomenon may a l s o  be s e e n  i n  

lymphocyt e  ( H a r r i s  and S i n k o v i c z  1977) monocyte  ( B o e t c h e r  

and Leonard 1974) and NK f u n c t i o n  ( S t e i n h a u e r  1 9 8 2 ) .  

Al though  i t  may be s e e n  i n  e a r l y  c a n c e r  i t  i s  more com­

monly a f e a t u r e  o f  advanced  d i s e a s e  (Cochran e t  a l

1 9 7 6 ) , and l a r g e l y  c a u s e d  by s u b s t a n c e s  s e c r e t e d  by t h e  

tumour (Ne lson  19,80) .

S p e c i f i c  d e p r e s s i o n  o f  t h e  immune r e s p o n s e  t o  t h e  

tumour i t s e l f  i s  a s e p e r a t e  phenomenon,  p r od uce d  by 

b l o c k i n g  f a c t o r s .  These  a r e  tumour  a n t i g e n s , a n t i b o d i e s  

o r  comp lexes  o f  b o t h , a n y  o f  which may i n t e r f e r e  w i t h  t h e  

e f f e c t i v e n e s s  o f  t h e  c e l l u l a r  a t t a c k  on t a r g e t  tumour  

c e l l s .  The i n c i d e n c e  o f  t h e s e  f a c t o r s  v a r i e s  w i t h  d i f ­

f e r e n t  c a n c e r s  and t h e  t y p e  o f  t e s t  used t o  d e t e c t  

t h em ,b u t  t h e y  a r e  -common ( H a r r i s  and S i n k o v i c s  

1977 ,C u r r i e  1 97 7 ) .  They p r o b a b l y  p l a y  an i m p o r t a n t  r o l e  

i n  t h e  e a r l y  s t a g e s  o f  tumour  g ro w th  o r  r e c u r r e n c e , a n d  

t h ey  may c a u s e  l o c a l  e f f e c t s  b e f o r e  becoming s y s t e m i c a l l y  

a c t i v e .  I t  i s  becoming i n c r e a s i n g l y  c l e a r  t h a t  many arms 

o f  t h e  immune r e s p o n s e  a r e  s u b j e c t  t o  b i o f e e d b a c k  i n v o l v ­

ing s u p p r e s s o r  and p e r h a p s  h e l p e r  c e l l s .  These fo rmer
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a r e  r e g u l a t o r y  c e l l s  o f  v a r i o u s  t y p e s  ( l y m p h o c y t e s  and 

mac rophages )  which  may a c t  l o c a l l y  o r  more p r o b a b l y  from 

t h e  thymus s p l e e n  o r  b l oo d  s t r e a m .  T h e i r  immun o l og i ca l  

e f f e c t s  c a n  be n o n - s p e c i f i c  b u t  a r e  more p r o b a b l y  a n t i g e n  

s p e c i f i c  i n  mos t  s i t u a t i o n s  ( T au s s i g  1 9 8 0 , Ting and R o d r i ­

guez  1 9 8 0 ) .  I t  h a s  been  s u g g e s t e d  t h a t  b l o c k i n g  f a c t o r s  

may be shed  by a tumour  t o  r e a c h  such  c e l l s  and s t i m u l a t e  

them t o  s u p p r e s s  immune r e s p o n s e s  t o  i t  (Zimbal a  e t  a l  

1 9 7 7 ) .  A l t e r n a t i v e l y  i t  i s  t h e o r e t i c a l l y  p o s s i b l e  t h a t  

b l o c k i n g  o f  t h e  immune r e s p o n s e  o c c u r r s  by  s a t u r a t i o n  o f  

immune c e l l  s u r f a c e  r e c e p t o r s  w i t h  f r e e  tumour  a n t i g e n s ,  

p r e v e n t i n g  r e c o g n i t i o n  o f  g rowing  tumour  ( K i l p a t r i c k  and 

Fahey 1 98 2 ) .

T h i r d l y , s o m e ^ t u m o u r s  may be more immunogenic t h an  

o t h e r s .  C o n s i d e r a b l e  d i f f e r e n c e s  may be d e m o n s t r a t e d  

even amongs t  c l o s e l y  r e l a t e d  an ima l  t umour s  (Evans 1 9 7 8 ) .  

I n man however  such  d i f f e r e n c e s  a r e  more d i f f i c u l t  t o  

p r o v e .  On o c c a s i o n s  a - tumour  may - d e v e l o p  

' i m m u n o r e s i s t a n c e ' . T h i s  i s  a r e d u c t i o n  o r  m i n o r r c h a n g e  o f  

s u r f a c e  a n t i g e n  e x p r e s s i o n  which l o w e r s  t h e  q u a n t i t a t i v e  

imm un o ge n i c i t y  o f  s u b s e q u e n t l y  p roduced  c e l l s  ( C a s t r o

1977 ) .  T he r e  i s  a l s o  a t h e o r e t i c a l  p o s s i b i l i t y  t h a t  

w h i l s t  p o t e n t i a l l y  immunogen ic , a s m a l l  tumour  may be  i s o ­

l a t e d  i n  some a n a t o m i c a l  way from t h e  normal  immune r e s ­

ponse .

I n  summary i t  i s  e a s i e r  t o  show a v a l u a b l e  r o l e  f o r  

h o s t  immuni ty  t o  c a n c e r  i n  a n i m a l s  t h a n  man.  A v a r i e t y
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o f  me thods  have  been  d i s c u s s e d  which d e m o n s t r a t e  t h e  im­

mune r e s p o n s e  t o  c a n c e r  i n  m a n , b u t  a number o f  f a c t o r s  

have  a l s o  been  i d e n t i f i e d  which  may c o n t r i b u t e  t o  i t s  f a ­

i l u r e .
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DRUGS EFFECTIVE AGAINST CANCER

The l a s t  30 y e a r s  have  s e e n  a g e o m e t r i c a l  g rowth  i n  

t h e  number o f  a n t i c a n c e r  d r u g s  u n d e r g o i n g  c l i n i c a l  t r i a l .  

T ab l e  1 su m m ar i s e s  t h e  main c l a s s e s  o f  a g e n t  and t h e  more 

commonly u sed  o f  e a c h .  D i s c u s s i o n  w i l l  be  r e s t r i c t e d  t o  

t h e  two d r u g s  o f  main  r e l e v a n c e  t o  t h i s  s t u d y .

Cyc lophosphamide  i s  e f f e c t i v e  a g a i n s t  a wide  v a r i e t y  

o f  d i s e a s e s , a n d  p r o b a b l y  t h e  mos t  e x t e n s i v e l y  used a n t i ­

c a n c e r  a g e n t  t o d a y . I t  i s  i n a c t i v e  u n t i l  c o n v e r t e d  by a 

l i v e r  m ic ro soma l  o x i d a s e  sy s tem to

a ld o p h o s p h o r a m i d e , w h i c h  a t t a c h e s  we ak ly  t o  b l oo d  p r o t e i n s
1

(Brock,  and Hohorb t  19 6 7 ) .  T h i s  h a s  some a c t i v i t y , b u t  i n ­

s i d e  t h e  tumour  l e l l  i s  m e t a b o l i s e d  t o  r e l e a s e  a c r o l e i n  

and n o r - n i t r o g e n  m u s t a r d , which  a r e  p r o b a b l y  p r i m a r i l y  

r e s p o n s i b l e  f o r  t h e  b i o l o g i c a l  e f f e c t s .  In  t h e  

l i v e r , a l d e h y d e  o x i d a s e s  c o n v e r t  a l d o p h o s p h o r a m id e  t o  i n ­

a c t i v e  m e t a b o l i t e s  e x c r e t e d  by t h e  k i d n e y s  ( H i l l  - 1 9 7 5 ) .  

L iv e r  c o n v e r s i o n  b e g i n s  m i n u t e s  a f t e r  f IV—o r  IP 

i n j e c t i o n , a n d  t h e  p l asma  h a l f - l i f e  i s  a few h o u r s .
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A l k y l a t i n g  a g e n t s

- b i s ( c h l o r e t h y l ) a m i n e s - c y c l o p h o s p h a m i d e  

c h l o r a m b u c i l , m e l p h a l a n  

- e t h y 1e n e i m i n e  d é r i v a t i v e s - t h i o T E P A  

- a l k y l  s u l p h o n a t e s - b u s u l f a n  

- t r i a z i n e  d e r i v a t - i v e s - d a c a r b a z i n e  

- n i t r o s e u r eas-BCNU,CCNU

- m i s c e l l a n e o u s  a l k y l a t o r  1 i k e - c i s p l a t i n u m

A n t i m e t a b o l i t e s

- f o l a t e  a n t a g o n i s t s - m e t h o t r e x a t e  

B a k e r ' s  a n t i f o l  

- p u r i n e  a n t a g o n i s t s - 6 m e r c a p t o p u r i n e  

' ^ z a t h i a p r  i n e  

- p y r i m i d i n e  a n t a g o n i s t s - 5 f 1 u o r o u r a c i l  

ç y t o s i n e  a r a b i n o s i d e

A n t i b i o t i c s

- a t h r a c y c l i n e s - a d r i a m y c i n

- o t h e r s - b l e o m y c i n , a c t i n o m y c i n D , m i t h r a m y c i n

P l a n t  A l k a l o i d s

- - v i n c r i s t i n e , v i n b l a s t i n e  

Hormones i n c l u d i n g  a d r e n a l  s t e r o i d s  

O t h e r s - p r o c a r b a z i n e , L - a s p a r a g  i n a s e

Tab l e  1.  C l a s s i f i c a t i o n  o f  main  a n t i c a n c e r  d r u g s  

(Dorr  and F r i t z  1980)
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A l k y l a t i o n  o c c u r r s  when t h e  h i g h l y  e l e c t r o p h i l i c  

c a rbon ium ion  forms a c o v a l e n t  bond w i t h  c e l l u l a r  c o n s t i ­

t u e n t s . T h e  mos t  i m p o r t a n t  t a r g e t  bound i s  t h e  number 7 

n i t r o g e n  atom in  g u a n i n e .  T h i s  c a u s e s  d e s t r u c t i o n  o f  t h e  

i m i d a z o l e  r i n g  o f  g u a n i n e  and m i s c o d i n g  i n  bond ing  w i t h  

t h y m i d i n e .  Th i s  l e a d s  t o  abno rma l  c r o s s l i n k i n g  o f  DNA 

s t r a n d s , a n d  even d e s t r u c t i o n  o f  some .The re  a r e  a l s o  l e s s  

i m p o r t a n t  e f f e c t s  on m i t o c h o n d r i a l  RNA and o t h e r  c e l l u l a r  

sy s t e m s

To a l a r g e  e x t e n t  t h e s e  d e s t r u c t i v e  e f f e c t s  o c c u r r  

i n d e p e n d e n t l y  o f  c e l l  d i v i s i o n , i e .  t h e y  a r e  phase  

n o n - s p e c i f i c .  T h e r e f o r e  b o t h  r e s t i n g  and d i v i d i n g  c e l l s  

a r e  a t t a c k e d . Th i s  i s  an a d v a n t a g e  i n  t h e  t r e a t m e n t  o f  

mos t  human and p a r t i c u l a r l y  s o l i d  t u m o u r s , whe re  t h e r e  i s  

a h i g h  p r o p o r t i o n  o f  c e l l s  i n  t h e  r e a s t i n g  (G0) p h a s e .
I

Because  o f  t h e  b road  t a r g e t  a c t i o n  o f  a l k y l a t i n g  

a g e n t s , t h e  c e l l - k i l l  p roduced  i s  r e l a t e d  p r i m a r i l y  t o  t h e  

t o t a l  d o s a g e  employed.  There  i s  l i t t l e  o r  no a d v a n t a g e  

from d i v i d e d  o r  s c h e d u l e d  d o sa g e  s y s t e m s . T h i s  i s  c l e a r l y
r

shown w i t h  mouse L1210 l eu ka em ia  where  maximal  e x t e n s i o n  

o f  l i f e s p a n  a f t e r  i n o c c u l a t i o n  i s  p roduced  by a s i n g l e  

h i g h  d os e  o f  c y c l o p h o s p h a m i d e , r a t h e r  t h a n  any d i v i d e d  r e ­

gime e v e n - o f  g r e a t e r  t o t a l  d ose  ( i n  H i l l  .1975) . As w i t h  

a l l  a l k y l a t i n g  a g e n t s  i t  i s  a d v a n t a g e o u s  t o  u se  t h e  max i ­

mum dose  p o s s i b l e  w i t h i n  t h e  l i m i t  o f  t o x i c i t y  t o  normal  

t i s s u e s . T h e s e  a r e  m a i n l y  h a e m a t o p o i e t i c ,  g a s t r o i n t e s t i n a l  

and g o n a d a l .  Cyc lophoshpamide  i s  e s p e c i a l l y  n o t e d  f o r  

p r od u c i n g  marked d e p r e s s i o n  o f  t h e  immune r e s p o n s e ,  and
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much e a r l y  work was d e v o t e d  t o  t a k i n g  a d v a n t a g e  o f  t h i s  

i n  t r a n s p l a n t a t i o n .
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5 - F l u o r o u r a c i l

For  more t h a n  20 y e a r s - 5 - f l u o r o u r a c i l  (5FU) ha s  ma­

i n t a i n e d  i t s  p o s i t i o n  a s  one o f  t h e  most  i m p o r t a n t  c a n c e r  

c h e m o t h e r a p e u t i c  d r u g s  a v a i l a b l e .  I t  i s  i n a c t i v e  u n t i l  

c o n v e r t e d  i n t r a c e l l u l a r l y  t o  i t s  a c t i v e  form 

5 - f l u o r o d e o x y u r i d i l a t e . T h i s  compe te s  i r r e v e r s i b l y  f o r  t h e  

enzyme t h y m i d y l a t e  s y n t h e t a s e , a n d  b l o c k s  t h e  s y n t h e s i s  o f  

t h y m i d i n e  hence  DNA (and RNA a t  h i g h  c o n c e n t r a t i o n s ) .  

5FU i t s e l f  i s  m a i n l y  c a t a b o l i s e d  i n  t h e  l i v e r  by d i h y ­

d r o u r a c i l  d e h y d r o g e n a s e , b u t  i s  a l s o  e x c r e t e d  i n  t h e  

u r i n e .  I t  i s  r a p i d l y  t a k e n  up i n  t h e  body w i t h  a p l asma  

h a l f - l i f e  o f  10 m i n u t e s  a f t e r  IV i n j e c t i o n .  However 5FU 

and i t s  m e t a b o l i t e s  a r e  found i n  t i s s u e s  f o r  v e r y  l ong  

p e r i o d s ,  which may e x p l a i n  t h e  p r o l o n g ed  e f f e c t  o f  s i n g l e  

d o se s  somet imes  ’ s e e n .  U n l ik e  cy c lo ph o sp ha mi de  i t s  g a s ­

t r o i n t e s t i n a l  a b s o r b t i o n  may be e r r a t i c  ( F r a i l e  e t  a l  

19 80 ) ,  b u t  n o t  s u f f i c i e n t l y  t o  p r e c l u d e  t h i s  a s  a p o s s i ­

b l e  r o u t e  f o r  t r e a t m e n t  ( A n s f i e l d  e t  a l  1 9 7 7 ) .

The a c t i o n  o f  5FU i s  phase  s p e c i f i c  ( o n l y  d i v i d i n g  

c e l l s  a r e  s u s c e p t i b l e )  and t h e n  o n l y  d u r i n g  t h e  s y n t h e t i c  

(S) ph as e  o f  r e p l i c a t i o n . C o n s e q u e n t l y  c e l l  k i l l  p ro du ced  

by i t  i s  n o t  so  c r i t i c a l l y  r e l a t e d  t o t o t a l  d o s e , b u t  i s  

more s e n s i t i v e  t o  t h e  p r o p o r t i o n  o f  c e l l s  i n  t h e  s y n t h e t ­

i c  (S) p h a s e . A l t h o u g h  t h i s  o f t e n  i m p l i e s  a d v a n t a g e  from 

combining i t  w i t h  o t h e r  a g e n t s  i n  a t imed r e g i m e , i t  i s  

a l s o  e s t a b l i s h e d  a s  a u s e f u l  a g e n t  on i t s  own. I t  a p ­

p e a r s  t o  be  more e f f e c t i v e  i n  t h e  t r e a t m e n t  o f  endode rma l



PAGE 2 7

t umours  (eg b r e a s t  and g a s t r o i n t e s t i n a l ) .  The dose  l i m ­

i t i n g  t o x i c  e f f e c t  i s  n e a r l y  a lways

h a e m a t o p o i e t i c , a l t h o u g h  minor  g a s t r o i n t e s t i n a l  d i s t u r ­

ba n ce s  a r e  common.
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The A p p l i c a t i o n  o f  c y t o t o x i c  a g e n t s

In a n i m a l s , i nduced  o r  t r a n s p l a n t e d  t umours  u s u a l l y  

have  v e r y  h i g h  m i t o t i c  i n d i c e s .  C o n s e q u e n t l y  t h e y  a r e  

more s u s c e p t i b l e  t o  c y t o t o x i c  a g e n t s  t h a n  human 

t u m o u r s . R e s p o n s e  r a t e s  v a r y  o f  c o u r s e  (Fa anes  e t  a l  

- 19 79 ) ,  b u t  i t  i s  q u i t e  p o s s i b l e  t o  c ho o se  s i t u a t i o n s  o f  

100% c u r e  (Di Luzio  e t  a l  19 77 ) .  T h i s  i s  v e r y  c o n v e n i e n t  

f o r  t h e  s t u d y  o f  o t h e r  e x p e r i m e n t a l  manoe v re s  ( such  a s  

immunotherapy)  s i n c e  marked d i f f e r e n c e s  i n  r e s p o n s e  may 

t h e n  o c c u r r .

The c o m b i n a t i o n  o f  s e v e r a l  a g e n t s  t o  p r od uc e  a 

h i g h e r  t h e r a p e u t i c  i ndex  ha s  become w i d e s p r e a d  i n  t h e  

l a s t  15 y e a r s . T h i s  ha s  s e v e r a l  t h e o r e t i c a l  a d v a n t a g e s .  

G r e a t e r  e f f e c t  may be g a i n e d  by combin ing  d r u g s  which a r e  

i n d i v i d u a l l y  a c t i v e  a g a i n s t  t h e  t umour  c o n c e r n e d .  They 

a r e  s e l e c t e d  w i t h  d i f f e r e n t  s i t e s  o f  a c t i o n  i n  t h e  c e l l  

c y c l e , s o  t h a t  t h e  a d d i t i v e  g a i n  i s  maximal  and a b r o a d e r  

spe c t r um  o f  tumour  c e l l s  s u s c e p t i b l e .  By c h o o s i n g  a g e n t s  

w i t h  d i f f e r e n t  t o x i c i t i e s  a g r e a t e r  q u a n t i t y  o f  CT may be 

t o l e r a t e d . T h i s  c an  be shown i n  a n i m a l s -  f o r  example  a 

more t h a n  a d d i t i v e  e f f e c t  o f  c y c l o p h o s p h a m i d e  and 5FU i n  

t h r e e  mouse t umour s  -(Mulder e t  a l  1980)  .

In  man, r e s p o n s e s  t o  CT a r e  l e s s  p r on ounced  even 

t hough  c o m b i n a t i o n  r eg imes  have  l a r g e l y  r e p l a c e d  s i n g l e  

a g e n t  u s e .  Cure  may be a c h i e v e d  i n  t h e  h a e m a t o p o i e t i c  

and a few o t h e r  t u mo u r s .  For mos t  o t h e r s  t h a t  a r e  s u i t ­
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a b l e  f o r  t r e a t m e n t  , two d i f f e r e n t  a p p r o a c h e s  have  em­

e r g e d .  In  most  c a s e s  t h e r e  i s  a r e l a t i v e l y  l a r g e  tumour 

bu rden  and c u r e  i s  u n l i k e l y , e v e n  i f  t h e  d e a t h  o f  s e v e r a l  

o r d e r s  o f  c e l l s  ( ' log  k i l l s * )  i s  a c h i e v e d .  T h e r e f o r e  r e ­

g r e s s i o n  o f - t u m o u r  and p a l l i a t i o n  o f  symptoms i s  t h e  o n l y  

r e a l i s t i c  o b j e c t i v e .  In o t h e r  c a s e s  m a j o r  i n i t i a l  r e d u c ­

t i o n  o f  t h e  tumour  b u l k  i s  p o s s i b l e  by s u r g e r y  a n d / o r  r a ­

d i o t h e r a p y .  The re  may t h e n  be a r e a s o n a b l e  hope t h a t  

a f t e r  drug  t r e a t m e n t  t h e  o r d e r  o f  r e m a in i n g  c e l l s  w i l l  be 

sm a l l  enough f o r  t h e  immune sy s t em  t o  d e s t r o y .  Thi s  

' a d j u v a n t *  a p p r o a c h  t o  t h e r a p y  o f f e r s  hope f o r  c u r e .  

S t u d i e s  o f  p a l l i a t i v e  CT may h e l p  i n  t h e  s e l e c t i o n  o f  s u ­

i t a b l e  r e g i m e s , b u t  t h e i r  e f f e c t i v e n e s s  i n  a d j u v a n t  t h e r a ­

py t a k e s  much l o n g e r  t o  a s s e s s .
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THE EFFECT OF TREATMENT MODALITIES ON THE IMMUNE RESPONSE

Three  f a c t o r s  a r e  o f  p a r t i c u l a r  r e l e v a n c e  t o  t h e  

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

S u r g e r y

I t  i s  g e n e r a l l y  a c c e p t e d  t h a t  s u r g e r y  h a s  a d e l e t e r ­

i ous  e f f e c t  on h o s t  immun i ty .  Thi s  i s  p a r t i c u l a r l y  d i -  

s a d v a n t a g o u s  s i n c e  ha em a togenous  m é t a s t a s é s  may t h e o r e t i ­

c a l l y  be s p r e a d  by o p e r a t i v e  m a n i p u l a t i o n ,  and p e r m i t t e d  

t o  seed  b e c a u s e  o f  compromised immunolog i ca l  r e j e c t i o n  o f  

them.  P o s t o p e r a t i v e  d p r e s s i o n  o f  a b s o l u t e  T and B lym­

ph o c y t e  number s  ha s  been  c l e a r l y  d e s c r i b e d  by M i l l e r  e t

a l  ( 1 9 7 6 ) .  T r a n s i e n t  f u n c t i o n a l  i n h i b i t i o n - o f  T c e l l s  

ha s  a l s o  been  d e m o n s t r a t e d  -  a s  a s e s s e d  by DTH r e s p o n s e s  

(Meakins e t  a l  1 9 7 8 ) ,  b l a s t o g e n e s i s  (Pa rk  e t  a l  1971) and 

m i g r a t i o n  i n h i b i t i o n  (Windle  e t  a l  1979,  Cochran  e t  a l

1 9 7 2 ) .  These  e f f e c t s  l a s t  be tween  3 and 30 days  a c c o r d ­

ing t o  i n d i v i d u a l  p a t i e n t s  and t e s t  u s e d .  A p a e s t h e s i c  

a g e n t s  hav e  a l s o  been  shown to  have  a d e l e t e r i o u s  e f f e c t  

on c e l l u l a r  immuni ty  (Bruce  19 72 ) .

A n t i b o d y  d e p e n d a n t  c e l l u l a r  c y t o t o x i c i t y  (K c e l l  a c ­

t i v i t y )  h a s  be en  shown t o  be d e p r e s s e d  by s u r g e r y  i n  some 

p a t i e n t s  (McCredie  e t  a l  1 9 7 9 ) .  More c o m p l i c a t e d  r e s ­

ponses  t o  s u r g e r y  a r e  s e e n  i n  t h e  RES, and i l l u s t r a t e

some o f  t h e  d i f f i c u l t i e s  o f  t h i s  t y p e  o f  i n v e s t i g a t i o n .

P a r t i c u l a t e  t e s t s  o f  f i x e d  RES p h a g o c y t i c  a c t i v i t y  show a
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d e p r e s s i o n  f o l l o w i n g  s u r g e r y ,  which  may be a c c o u n t e d  f o r  

by ch an ge s  b o t h  i n  c i r c u l a t i n g  o p s o n i c  p r o t e i n s  and c e l ­

l u l a r  a c t i v i t y .  However t h i s  i s  o f t e n  fo l l o w ed  by a 

t r a n s i e n t  s t i m u l a t i o n  o f  p h a g o c y t o s i s  (Donovan 1967,  Saba 

and S c o v i l l  1975) . T e s t s  o f  p e r i p h e r a l  b l ood  monocyt e  

f u n c t i o n  and numbers  have  been  d e s c r i b e d  which show i n ­

c r e a s e s  f o l l o w i n g  s u r g e r y ,  a l t h o u g h  t h e s e  may n o t  be  s e en  

i n  p a t i e n t s  un d e rg o i n g  o p e r a t i o n s  f o r  c a n c e r  ( O l a d i m e j i  

e t  a l  1982,  Eve r son  e t  a l  1 9 8 1 ) .

I t  a p p e a r s  t h e r e f o r e  t h a t  w h i l s t  t h e  o v e r a l l  p i c t u r e  

i s  one o f  d e p r e s s e d  immune r e s p o n s e s ,  i n d i v i d u a l  m e a s u r e ­

ments  o f  t h e s e  can  v a r y  w i t h  t h e  t e s t  and t i m i n g  em­

p l o y e d .  I
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R a d i o t h e r a p y

R a d i o t h e r a p y  h a s  been  known t o  be immun osu pp r e s s ive  

s i n c e  t h e  e a r l y  days  o f  t r a n s p l a n t a t i o n  when a t t e m p t s  

were made t o  e x p l o i t  t h i s  e f f e c t  (Makinodan e t  a l  -1965) • 

T and t o  a l e s s e r  e x t e n t  B l y mp h o cy t e s  a r e  e x t r e m e l y  s e n ­

s i t i v e  t o  i o n i s i n g  r a d i a t i o n .  For  example  a p o s t m a s t e c ­

tomy c o u r s e  o f  i r r a d i a t i o n  w i t h  4600 r a d s  ha s  been  shown 

to  p r od u ce  marked r e d u c t i o n  i n  t h e  numbers  o f  c i r c u l a t i n g  

T and B c e l l s  which  may n o t  r e t u r n  t o  p r e t r e a t m e n t  l e v e l s  

f o r  many mon ths  ( P e t r i n i  1 98 1 ) .  These  e f f e c t s  a r e  s een  

even when a l o c a l i s e d  f i e l d  i s  i r r a d i a t e d ,  p r o b a b l y  from 

e x po su r e  o f  c e l l s  i n  t h e  b lo o d  c i r c u l a t i n g  t h r o u g h  t h a t  

a r e a .  Dur ing  a | s i m i l a r  c o u r s e  o f  t r e a t m e n t  Cosimi  e t  a l  

(1973) have  shown a s t r i k i n g  f a l l  o f  T c e l l  f u n c t i o n  as  

measu red  by DTH s k i n  r e s p o n s e s  and i n  v i t r o  b l a s t o g e n ­

e s i s .  Both a n t i b o d y  p r o d u c t i o n  and s u p p r e s s o r  c e l l  a c ­

t i v i t y  show a m o d e r a t e  s e n s i t i v i t y  t o  r a d i a t i o n  (Markoe 

1980 ,He r sh  1 9 8 0 ) .  Macrophage and c y t o t o x i c  l y m p h oc y t e s  -  

NK c e l l s  a p p e a r  t o  be o n l y  s l i g h t l y  a f f e c t e d  by su ch  t r e ­

a t m e n t s  (Blomgren 1 9 8 2 , Markoe 1980 ) .
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Chemothe rapy

The imm unosupp re s s ive  p r o p e r t i e s  o f  c y t o t o x i c  a g e n t s  

were f i r s t  d e s c r i b e d  by Hektoen  and Corpe r  i n  1921.  They 

found t h a t  r a b b i t s  and dogs  exposed  t o  m u s t a r d  g a s  showed 

m ar k e d l y  r edu ced  a n t i b o d y  t i t r e s  i n  r e s p o n s e  t o  c h a l l e n g e  

w i t h  f o r e i g n  r ed  c e l l s .  The DTH r e s p o n s e  t o  v a r i o u s  a l ­

l e r g e n s  was used i n  many e a r l y  s t u d i e s  f o l l o w i n g  t h i s , a n d  

shown t o  be o f t e n  d e p r e s s e d  by t h e s e  a g e n t s .  I t  h a s  sub­

s e q u e n t l y  become c l e a r  t h a t  t h i s  r e a c t i o n  i s  v e r y  s e n s i ­

t i v e  t o  d e t a i l s  o f  t i m i n g , w h i c h  may i n  f a c t  be  m a n i p u l a t ­

ed t o  p ro d uc e  c o m p l e t e l y  o p p o s i t e  e f f e c t s  (Turk 1964) .

Almost  a l l  c y t o t o x i c  d r u g s  have  now been  shown t o  be 

c a p a b l e  o f  d e l e t e r i o u s  e f f e c t s  on t h e  immune sys tem.Owing  

t o  t h e  co m p l ex i t y '  o f  t h e  immune r e s p o n s e  and methods  used 

t o  a s s e s s  i t , t h e r e  i s  c o n s i d e r a b l e  v a r i a t i o n  i n  o b s e r v a ­

t i o n s  f o r  e ach  d r u g .  T ab l e  2 summ ar i s e s  t h e  known e f f e c t  

o f  some i m p o r t a n t  d r u g s  on c e r t a i n  f u nd am e n ta l  immunolog­

i c a l  f u n c t i o n s .  r
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Both T and B c e l l  c o u n t s  i n  p e r i p h e r a l  b l ood  may be
\

c o n s i d e r a b l y  r ed uced  by p u l s e s  o f - c o m b i n a t i o n  CT ( H a r r i s  

e t  a l  1976) . Much i n  v i t r o  work h a s  d e s c r i b e d  d e p r e s s i o n  

o f  l ym pho cy t e  b l a s t o g e n e s i s  t o  b o t h  T and B m i t o g e n s .  

Th i s  h a s  been  shown to  o c c u r r  i n  g r o u p s  o f  p a t i e n t s  w i th  

v a r i o u s  advanced  m a l i g n a n c i e s  r e c e i v i n g  c o m b i n a t i o n s  o f  

c y t o t o x i c  a g e n t s  (eg S e r r o u  and Dubois  1975,  H a r r i s  e t  a l  

1 9 7 3 , Green and B o r e l l a  1 9 7 3 ) .  I t  was n o t  s e en  i n  one 

s t u d y  o f  b r e a s t  c a n c e r  p a t i e n t s  (Webs t er  e t  a l )  , b u t  t h i s  

may have  been  due t o  i m p r e c i s e  t i m i n g  o f  measu re men t s  i n  

r e l a t i o n  t o  t h e r a p y .

S e v e r a l  o b s e r v e r s  have  n o t e d  e f f e c t s  from t h e s e  t r e -  

a t m e n t s  on t h e |  humoral  immune r e s p o n s e .  S a n t o s  e t  a l  

(1964) s t u d i e d  g ro up s  o f  p a t i e n t s  w i t h  advanced  c a n c e r s  

r e c e i v i n g  7 day c o u r s e s  o f  f i v e  d i f f e r e n t  s i n g l e  a g e n t s .  

A l l  d r u g s  s u p p r e s s e d  o r  a b o l i s h e d  t h e  a n t i b o d y  r e s p o n s e  

t o  i m m u n i s a t i o n  w i t h  f o r e i g n  a n t i g e n s .  However no e f f e c t  

was s e e n  on l e v e l s  o f  ABO b l o o d  g rou p  a n t i b o d i e s .

r

I n h i b i t i o n  i s  a l s o  s e en  i n  t h e  MPS. Th i s  was d e s ­

c r i b e d  w i t h  c i r c u l a t i n g  monocy t e s  f o l l o w i n g  6-MP u s i n g  

t h e  s k i n  window t e c h n i q u e  ( P h i l i p s  and Zweiman 1973) . I t  

h a s  a l s o  been  p roduced  by i n  v i t r o  i n c u a b a t i o n  o f  mono­

c y t e s  w i t h  v a r i o u s  c h e m o t h e r a p e u t i c  a g e n t s  ( N o r r i s  e t  a l

1977) . E f f e c t s  on t h e  f i x e d  mac rophage  sy s t em have  been  

s t u d i e d  m a i n l y  i n  a n i m a l s .  D e p r e s s i o n  o f  t h e  c l e a r a n c e  

o f  c o l l o i d a l  c a r b on  ha s  been  shown f o l l o w i n g  t h e  a d m i n i s ­

t r a t i o n  o f  cyc lo ph osp ha mid e  i n  r a t s  (Sha rbaugh  e t  a l
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1969) and n i t r o g e n  m us t a r d  i n  mice  ( Z s c h i e s c h e  1970) . 

P i s a n o  e t  a l  (1972) c o n f i r m e d  t h i s  e f f e c t  w i t h  some 

a g e n t s  b u t  found  none a t  aLl  i f  RES a c t i v i t y  was a s s e s s e d  

by t h e  u p t a k e  o f  an RE t e s t  l i p i d  e m u l s i o n .  The u p t a k e  

o f  r a d i o l a b e l l e d  a g g r e g a t e d  human albumen ha s  been  used  

i n  p a t i e n t s  w i t h  advanced  c a n c e r , a n d  was d e p r e s s e d  f o l ­

lowing c o m b i n a t i o n  ch em o th e ra py  (Margarey  19 72 ) .  A h lg r en  

e t  a l  (1980)  used  t h i s  t e s t  i n  t h e  r a t  and found no e f ­

f e c t  f o l l o w i n g  c y c l op h os ph a m id e  and 5FU. However Z s c h i ­

e s che  e t  a l  (1970) found t h a t  s e v e r a l  c y t o t o x i c  a g e n t s  

p roduced  i n h i b i t i o n  o f  p h a g o c y t o s i s  i n  m ice ,when  measu red  

by u p t a ke  o f  r a d i o l a b e l l e d  b a c t e r i a .  These  r e s u l t s  s u g ­

g e s t  an o v e r a l l  p a t t e r n  o f  d e p r e s s i o n ,  w i t h  c o n s i d e r a b l e  
1

m e t h o d o l o g i c a l !  v a r i a t i o n .

H a r r i s  e t ' a l  (1976) summar ise  e a r l y  e x p e r i m e n t a l  

work showing a ' h i e r a r c h y  o f  r e s i s t a n c e *  t o  c y t o t o x i c  

drug e f f e c t .  Immune r e s p o n s e s  a r e  g e n e r a l l y  l o s t  i n  t h e  

f o l l o w i n g  o r d e r ;

1 -  newly  a c q u i r e d  d e l a y e d  h y p e r s e n s i t i v i t y

2 -  p r i m a r y  humoral  immune r e s p o n s e

3 -  s e c o n d a r y  humoral  immune r e s p o n s e

4 -  e s t a b l i s h e d  d e l a y e d  h y p e r s e n s i t i v i t y



P a g e  37

I n  g e n e r a l , s h o r t  c o u r s e s  o f  a g e n t s  g i v e n  i n  h i g h  do ­

sage  a c t  p r e d o m i n a n t l y  on t h e  c e l l - m e d i a t e d  immune r e s ­

p o n s e .  They may n o t  a f f e c t  o v e r a l l  l e v e l s  o f  immunoglo­

b u l i n s  o r  even t h e  humoral  r e s p o n s e  t o  a n t i g e n .  Thus f o r  

a few d a y s  a f t e r  a p u l s e  o f  t r e a t m e n t  marked d e p r e s s i o n  

o f  T c e l l  f u n c t i o n  can  be s e en  u s i n g  i n  v i t r o  m i t og e n  

r e s p o n s e s  ( S e r r o u  and Dubois  1 97 5 ) .  C o n v e r s e l y , p r o l o n g e d  

a d m i n i s t r a t i o n  o f  l ower  drug d o s e s  i s  more d e l e t e r i o u s  t o  

a n t i b o d y  r e s p o n s e s  t h a n  c e l l - m e d i a t e d  immuni ty  (which may 

n o t  ch an g e  a t  a l l  -  Hersh  e t  a l  1 9 7 3 ) .  Long - te rm m a i n t a -  

i n a n c e  t r e a t m e n t  f o r  c h i l d h o o d  l e u ka em ia  may be a s s o c i a t ­

ed w i t h  l i t t l e  (Sen e t  a l  1 9 7 3 ) — o r  no ( Jo ne s  e t  a l  

1971 , B o r r e l l a  e t  a l  1971) change  o f  T c e l l  f u n c t i o n s .  

However t h e  c h i l d r e n  i n  t h e s e  s t u d i e s  show c l e a r  i m p a i r ­

ment  o f  humora l  i^.esoponses , w i t h  p a r t i c u l a r  s u p p r e s s i o n  

o f  IgG a n t i b o d y  q y n t h e s i s .

The t h i o p u r i n e s  ( a z a t h i a p r i n e  and 6-MP) a r e  t h e  mos t  

p o t e n t  a g e n t s  i n  t h i s  r e s p e c t . C o n s e q u e n t l y  t h e y  have  

found l i t t l e  u se  i n  c a n c e r  t r e a t m e n t , b u t  w i d e s p r e a d  a p ­

p l i c a t i o n  i n  t r a n s p l a n t a t i o n .  When g i v e n  i n  normal  

d o s e s ,  t h e y  a r e  c a p a b l e  o f  s u p r e s s i n g  a n t i b o d y  p r o d u c t i o n  

t o  b o t h  new and r e c a l l  a n t i g e n s ,  a s  w e l l  a s  i n h i b i t i n g  

c e l l - m e d i a t e d  immuni ty  and t h e  m on o nu c l ea r  ph a se  o f  t h e  

i n f l a m m a t o r y  r e s p o n s e  ( H a r r i s  and S i n c o v i c s  1 977 ) .

The immuno sup p r e s s ive  e f f e c t  o f  5FU h a s  n o t  been  

t h o r o u g h l y  s t u d i e d . I n  a n im a l s  somewhat  v a r i a b l e  e f f e c t s  

have  been  r e p o r t e d  ( S t e r z l  1 9 6 1 , M i t c h e l l  and DeCont i
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1 9 7 0 ) . In man however  i t  h a s  been  shown more c l e a r l y  t o  

p r oduce  i m m u n o s u p p r e s s i o n , a l b e i t  i n  o n l y  a few g r o u p s  o f  

p a t i e n t s  w i t h  advanced  d i s e a s e  r e c e i v i n g  f a i r l y  h i g h  

d o s e s .  Nordman e t  a l  (1978) found i n  v i t r o  l ymphocyt e  

r e s p o n s e s  t o  PHA and PPD i n c r e a s i n g l y  d e p r e s s e d  a t  one 

and t h r e e  months  a f t e r  t h e  o n s e t  o f  t h e r a p y . T h e r e  was no 

change  o f  T and B c e l l  p e r c e n t a g e s  and immunoglobul in  

l e v e l s .  M i t c h e l l  and DeCont i  (1970) found a r e d u c t i o n  o f  

b o t h  p r i m a r y  and s e c o n d a r y  humoral  r e s p o n s e s  t o  t e t a n u s  

t o x o i d  and S a l m o n e l l a  a n t i g e n s .  They a l s o  d e s c r i b e  

marked i n h i b i t i o n  o f  DTH b u t  t h e i r  p r o t o c o l  f o r  t h i s  was 

p i n a d e q u a t e  f o r  s a t i s f a c t o r y  i n t e r p r e t a t i o n .

t

The immuno log i ca l  e f f e c t s  o f  cyc lo pho sph ami de  a r e  

c o n s i d e r a b l e  b u t  c o m p l i c a t e d .  Impa i rmen t  o f  T c e l l  f u n c ­

t i o n  can be s e en  uè ing  i n  v i t r o  PHA r e s p o n s e s ,  and t o  a 

l e s s e r  e x t e n t  DTH and s k i n  g r a f t  r e j e c t i o n  ( W i n k l e s t e i n  

e t  a l  1973,  M i l t o n  e t  a l  1 97 5 ) .  P r i m a r y  and s e c o n d a r y  

a n t i b o d y  r e s p o n s e s  a r e  a l s o  i n h i b i t e d  ( H a s k e l l  1977,  B e r -  

enbaum and Brown 1964) . In g e n e r a l  a t  l ower  d o s e s  i t s  

a c t i o n  i s  p r i m a r i l y  on B c e l l s ,  b u t  T c e l l s  a r e  a l s o  a f ­

f e c t e d  a t  h i g h e r  d o s e s  . Under e x p e r i m e n t a l  c o n d i t i o n s  

i t  may be manoevred t o  s e l e c t i v e l y  i n h i b i t  s u p p r e s s o r  

c e l l s  (Po l ak  and Turk 1 9 7 4 ) . I t  i s  n o t  c l e a r  what  r o l e  

t h i s  a c t i o n  p l a y s  i n  m a n , e s p e c i a l l y  i n  t h e  autoimmune d i ­

s e a s e s .  In one s t u d y  o f  p a t i e n t s  t a k i n g  low d o s e s  ( 50-75  

mgs/day)  f o r  r h eu m a to id  a r t h r i t i s  no immuno log ica l  e f ­

f e c t s  were  d e t e c t e d  by i n  v i t r o  b l a s t o g e n e s i s , DTH r e s ­

ponses  and c i r c u l a t i n g  immunog lobu l i n  l e v e l s  ( C u r t i s  e t
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a l  19 73 ) .  N e v e r t h e l e s s , when u sed  i n  d o s e s  f o r  t h e  t r e a t ­

ment  o f  c a n c e r  i t  r em a in s  one  o f  t h e  most  immunosuppre s ­

s i v e  d r u g s  a v a i l a b l e  ( S a n t o s  19 64 ) .

The i m p o r t a n c e  o f  d rug  i n d u ce d  immune d e p r e s s i o n  i s  

more d i f f i c u l t  t o  a s s e s s .  C e r t a i n l y  s u p p r e s s e d  p a t i e n t s  

a r e  more s u s c e p t i b l e  t o  i n f e c t i o n  o f  a l l  t y p e s , i n c l u d i n g  

b a c t e r i a l  and f u n g a l  o r g a n i s m s  r e l a t i v e l y  n o n - p a t h o g e n i c  

t o  normal  p a t i e n t s  (Warnock and R i c h a r d s o n  1 9 8 2 ) .  The 

r e l a t i v e  c o n t r i b u t i o n s  o f  d r u g - i n d u c e d  g r a n u l o p o e n i a  and 

im p a i r e d  a c t i v i t y  i s  d i f f i c u l t  t o  d i s c r i m i n a t e ,  b u t  t h e r e  

seems t o  b e  l i t t l e  d o u b t  t h a t  b o t h  c o n t r i b u t e  t o  a m a j o r  

d e g r e e .  T h i s  c o n s t i t u t e s  a r e a l  p rob l em f o r  a l l  p a t i e n t s  

r e c e i v i n g  c h e m o th e r ap y ,  and i s  t h e  main c a u s e  o f  d e a t h  

amongst  t h o s e  t r e a t e d  f o r  t h e  h a e m a t o l o g i c a l  m a l i g n a n c i e s  

and t r a n s p l a n t a t i o n  r e c i p i e n t s  (Bodey 1975,  He r sh  e t  a l

1973) .

L o s s e s  i n  r e s i s t a n c e  t o  c a n c e r  may be  more i m p o r t a n t  

b u t  a r e  u s u a l l y  ove rshadowed by  t u m o r i c i d a l  e f f e c t s .  Two 

e x p e r i m e n t s  h a v e  b e e n  r e p o r t e d  t h a t  r e l a t e  t o  t h i s  q u e s ­

t i o n .  I n  one  (Habs e t  a l  1 9 8 1 ) , normal  r a t s  r e c e i v i n g  

r e g u l a r  CMF CT a t  s e v e r a l  d i f f e r e n t  d o s e s  d e v e l o p e d  m a l ­

i g n a n t  t um ou r s  s e v e r a l  t i m e s  more o f t e n  t h a n  c o n t r o l s .  

The c a r c i n o g e n i c  e f f e c t  o f  t h i s  t r e a t m e n t  may be  r e l a t e d  

t o  i n e f f e c t i v e  immune s u r v e i l l a n c e .  I n  t h e  s econd  e x p e r ­

iment  t h e  e f f e c t  o f  5FU t r e a t m e n t  on t h e  t r a n s p l a n t a b l e  

mammary a d en o c a r c in o m a  o f  mice  was s t u d i e d  ( S u h r l a n d  e t  

a l  19 72 ) .  Tumour g ro wt h  was r e d u c e d  by  d o s e s  o f  15
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m g / k g , b u t  enhanced  by  t h e  s u b t h e r a p e u t i c  dose  o f  1 mg /kg .  

S u p p r e s s i o n  o f  t h e  hu mora l  a n t i b o d y  r e s p o n s e  t o  b o v i n e  

gammag lobu l in  was p r o d u c e d  by  5FU t o  t h e  same e x t e n t  by  

t h e  low a s  t h e  h i g h  d o s e . T h e r e f o r e  an im p a i rm e n t  o f  t h e  

a n t i b o d y  r e l a t e d  immune r e s p o n s e s  t o  t umour  may h a v e  a c ­

c o u n t e d  f o r  enhancement  o f  i t s  g rowth  a t  low d os a g e  o f  

5FU.

In  c o n c l u s i o n , d e s p i t e  c o n s i d e r a b l e  v a r i a t i o n  i n  pub ­

l i s h e d  s t u d i e s  n e a r l y  a l l  c a n c e r  c h e m o t h e r a p e u t i c  a g e n t s  

ha v e  b e e n  found t o  p r od u ce  immune d e p r e s s i o n .  T h i s  a p ­

p e a r s  t o  o c c u r r  i n  a l l  arms o f  t h e  immune r e s p o n s e  so  f a r  

s t u d i e d .  W h i l s t  t h i s  i s  a c l e a r  d a n g e r  w i t h  r e g a r d  t o  

r e s i s t a n c e  a g a i n s t  i n f e c t i o n ,  i t s  i m p l i c a t i o n s  f o r  t umour  

c o n t r o l  a r e  p o t e n t i a l l y  g r e a t e r  b u t  more d i f f i c u l t  t o  

a s e s s .
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MODIFICATION OF THE IMMUNE RESPONSE

S p e c i f i c  immunotherapy i s  f a i r l y  l a b o r i o u s  i n  most  

f orms and ha s  n o t  p roved  a s  u s e f u l  a s  once  hoped ( C a s t r o

1 9 7 6 ) .  S i n c e  c y t o t o x i c  d r u g s  c a u s e  a n o n - s p e c i f i c  de ­

p r e s s i o n  o f  i m m u n i t y , a t t e n t i o n  w i l l  be r e s t r i c t e d  t o  a 

few i m m u n o t h e r a p e u t i c  a g e n t s  which  have  been  t e s t e d  i n  

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

BCG

T h i s  a t t e n u a t e d  s t r a i n  o f  Mycobac te r i um b o v i s  was 

d e v e l o p e d  i n  1908 by C a lm e t t e  and G u e r r i n , b y  t h e  a d d i t i o n  

o f  b i l e  t o  r o u t i n e  TB c u l t u r e  medium ( t h e n  m a i n t a i n e d  f o r  

13 y e a r s ! ) . I t  Was f i r s t  used  by i n j e c t i o n  i n t o  tumour 

masse s  a l o n e  o r  i n  c o m b i n a t i o n  w i t h  tumour  d e r i v e d  a n t i ­

g e n s .  A number o f  r e p o r t s  d e m o n s t r a t e  some r e s p o n s e  i n  a 

p r o p o r t i o n  o f  p a t i e n t s  ( L a u c iu s  e t  a l  1974) . However 

t h e r e  have  been  no t r i a l s  t o  show t h a t  t h i s  a p p ro a c h  i s  

as  good a s  o r  b e t t e r  t h a n  o t h e r  t r e a t m e n t s ,  suçh  a s  s u r ­

g e r y  ( S p i t l e r  19 8 0 ) .

BCG ha s  been  w i d e l y  used a s  a n o n - s p e c i f i c  s y s t e m i c  

immune s t i m u l a n t  -  a l o n e  o r  i n  c o m b i n a t i o n  w i t h  CT. In 

a n i m a l s  unde r  s u i t a b l e  c o n d i t i o n s , i t  may be shown to  aug­

ment  t h e  e f f e c t  o f  c y t o t o x i c  d r u g s  and p r o l o n g  s u r v i v a l  

( P u r n e l l  e t  a l  1979,  Mathe e t  a l  1 9 7 8 ) .  In humans i t s  

r o l e  i s  n o t  so c l e a r , a n d  t h e r e  a r e  c o n f l i c t i n g  r e p o r t s  

even w i t h  r e g a r d  t o  one d i s e a s e .  C r i t i c a l  d i f f e r e n c e s
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a r e  s a i d  t o  e x i s t  b e tw ee n  p r e p a r a t i o n s , d o s a g e  r eg i m es  and 

r o u t e s  o f  a d m i n i s t r a t i o n  which may e x p l a i n  some c o n t r a d ­

i c t o r y  r e s u l t s . F o r  example  a d i f f e r e n c e  i n  do se  a d m i n i s t ­

e r ed  may a l t e r  a b e n e f i c i a l  e f f e c t  t o  a h a rm fu l  one (Lau­

c i u s  e t  a l  19 7 4 ) .

When used a l o n e  i n  advanced  d i s e a s e , m a r g i n a l  o r  no 

d i f f e r e n c e s  have  been  r e p o r t e d  i n  m ea su r e s  o f  h o s t  immun­

i t y  such  a s  DTH s k i n  r e s p o n s e s ,  l ymphocyt e  m i t o g e n  r e s ­

pon se s  and c i r c u l a t i n g  a n t i b o d y  l e v e l s  ( P a c h e c o - R u p i l  e t  

a l  1980,  O ' C o n n e l l  e t  a l  1 9 7 9 ) .  Hersh  a t  a l  (1981) have  

r e p o r t e d  s i g n i f i c a n t  improvement  i n  monocyt e  f u n c t i o n  

w i t h  p r o l o n g e d  BCG t r e a t m e n t  i n  a mixed g r oup  o f  c a n c e r  

p a t i e n t s .  S e v e r a l  u n c o n t r o l l e d  s e r i e s  have  s u g g e s t e d  

some c l i n i c a l  b e n e f i t  from i t s  use  a l o n e  o r  i n  comb ina ­

t i o n  w i t h  c h e m o t h e r a p y ,  p a r t i c u l a r l y  i n  m a l i g n a n t  me l a n o ­

ma (Gut te rman e t  a l  1-974) , b r e a s t  c a n c e r  (Ho r t ob ag y i  e t  

a l  1979) and c o l o n i c  c a n c e r  ( M a v l i g i t  e t  a l  1 9 7 5 ) .  

However t h e s e  have  n o t  been  so c l e a r l y  co n f i r m ed  by a 

number o f  c o n t r o l l e d  c l i n i c a l  t r i a l s .  No c l e a r  b e n e f i t  

h as  been  r e p o r t e d  i n  t r i a l s  o f  a mixed g roup  o f  c a s e s  o f  

advanced c a n c e r s  ( O 'C o n n e l l  e t  a l  1979) i n  - c o l o r e c t a l  

c an c e r  ( R i c h a r d s  e t  a l  1979) or  i n  b r e a s t  c a n c e r  (Muss e t  

a l  19 81 ) .  More e n c o u r a g i n g  r e s u l t s  have  been  c l a i m e d  i n  

a s m a l l  o f  g r o u p  p a t i e n t s  w i t h  s t a g e  I I I  o v a r i a n  c a n c e r  

i n  c o n j u n c t i o n  w i t h  r e p e a t e d  tumour s p e c i f i c  i m m u n i s a t i o n  

and CT,but  t h e s e  f i n d i n g s  r emain  t o  be f u l l y  e s t a b l i s h e d  

(Hudson e t  a l  1 9 7 6 ) .
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As a d j u v a n t  t h e r a p y  i n  'm i n im a l  r e s i d u a l  d i s e a s e '  

w i t h  o r  w i t h o u t  o t h e r  t r e a t m e n t ,  t h e r e  a r e  o n l y  s l i g h t l y  

more e n c o u r a g i n g  r e s u l t s .  For  example  i n  m a l i g n a n t  m e l a ­

noma a number o f  e a r l y  r e p o r t s  o f  t h e  use  o f  BCG a l o n e  

f o l l o w i n g  p o t e n t i a l l y  c u r a t i v e  s u r g e r y  i n  c o m b i n a t i o n  

w i t h  c h e m o th e r a p y  showed f a v o u r a b l e  r e s u l t s  compared t o  

h i s t o r i c a l  c o n t r o l s  (Gut te rman e t  a l  1974,  Gu t t e rman  e t  

a l  1 9 7 6 ) .  These  have  n o t  been  c l e a r l y  co n f i r m ed  by s e v ­

e r a l  more r e c e n t  and c a r e f u l l y  c o n t r o l l e d  s t u d i e s , a n d  i t  

i s  even  p o s s i b l e  t h a t  t h e  d i s e a s e  i s  a c c e l e r a t e d  i n  a few 

s u b g r o u p s  ( S p i t l e r  1980) . E a r l y  e n t h u s i a s m  a l s o  a r o s e  

from s t u d i e s  o f  i t s  use  i n  a c u t e  m y e l o b l a s t i c  and lym­

p h o b l a s t i c  l eu ka em ia  i n  r e m i s s i o n ,  where  i t  h a s  been  

g i v e n  b o t h  witVi o r  w i t h o u t  CT (Gut t erman  e t  a l  1974) . 

However s u b s e q u e n t  c o n t r o l l e d  t r i a l s  have  o n l y  found such  

e f f e c t s  t o  be m a r g i n a l ,  t houg h  i t  may have  a p l a c e  a s  an 

a l t e r n a t i v e  t o  m a i n t a i n a n c e  ch em o th e ra py  (Vogler  1 9 8 0 ) .  

I n e a r l y  b r e a s t  c a n c e r  b e n e f i c i a l  e f f e c t s  have  been  r e ­

p o r t e d  w i t h  o e s t r o g e n  r e c e p t o r  p o s i t i v e  t umour s  (Hubay e t  

a l  1-980) . f
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L e v a m i so l e

T h i s  s y n t h e t i c  a g e n t  was e s t a b l i s h e d  a s  an 

a n t i - h e l m i n t h i c  t r e a t m e n t  i n  1 9 6 6 , and 5 y e a r s  l a t e r  i t s  

immuno log i ca l  p o t e n t i a l  was f i r s t  d e s c r i b e d  by Renoux and 

Renoux.  A w e a l t h  o f  an ima l  s t u d i e s  have  e s t a b l i s h e d  i t s  

e f f e c t  i n  v i vo ,w he n  g i v e n  i n  a p p r o p r i a t e  d o sa ge  (Sampson 

e t  a l  1 9 7 7 ) .  I t  h a s  no d i r e c t  t u m o r i c i d a l  a c t i o n , a n d  i t s  

immuno log i ca l  b e n e f i t s  a r e  e s s e n t i a l l y  r e s t r i c t e d  t o  t h e  

improvement  o f  d e p r e s s e d  f u n c t i o n s  (Symoens and R o s e n t h a l

1 9 7 7 ) . I t s  main  a c t i o n  a p p e a r s  t o  be on T c e l l s  -  a s  shown 

i n  v i t r o  ( P a d a r a t h s i n g h  e t  a l  1978) and i n  v i v o  (Gr i swo ld  

and Walz 1 9 7 8 ) . I t  a l s o  ha s  a r e s t o r a t i v e  a c t i o n  on c i r c u ­

l a t i n g  macrophage  f u n c t i o n  a s  measured  by s e v e r a l  i n  

v i t r o  t e s t s  (Na thanson e t  a l  1 9 7 8 , F i s h e r  an<3 G e b ha rd t

197 8 ) .  '

In a v a r i e t y  o f  an imal  tumour  mode l s  i t  h a s  been  

shown t o  augment  t h e  b e n e f i t s  o f  a p p r o p r i a t e  CT (Miura e t  

a l  1980,  C h i r i g o s  e t  a l  1 9 7 5 , F i s h e r  and Ge b h a rd t  19 78 ) .  

For e x a m p l e , C h i r i g o s  e t  a l  (1975)  compared t h e  e f f e c t s  o f  

BCNU and l e v a m i s o l e  on t r a n s p l a n t a b l e  mur ine  MCAS-10 l e u ­

kaemia .  T r ea tm en t  w i t h  BCNU l e d  t o  32% s u r v i v a l  ( f rom 

n o n e ) , and t h i s  r o s e  t o  90% when a p p r o p r i a t e l y  combined 

w i t h  l e v a m i s o l e -  which  was i n e f f e c t i v e  a l o n e .  T h i s  was 

i n t e r p r e t e d  a s  an a d d i t i v e  t u m o u r - k i l l  by t h e  l e s s  d e ­

p r e s s e d  h o s t  immune s y s t e m .

In advanced  human c a n c e r s  t h e r e  i s  b roa d  a g re em en t



PAGE 4 5

t h a t  l e v a m i s o l e  improves  i n  v i t r o  T c e l l  f u n c t i o n  (Conesa 

e t  a l  1979/Amery and Gough 1 9 81 ) .  De layed  h y p e r s e n s i t i v ­

i t y  r e s p o n s e s  a r e  improved t o  a l e s s e r  and more v a r i a b l e  

e x t e n t  ( W i l k i n s  e t  a l  1 9 7 7 , H i r s h a u t  e t  a l  1 9 8 0 ) .  

Na th anso n  e t  a l  (1978) found improvement  i n  monocy te  

f u n c t i o n  i n  p a t i e n t s  w i t h  b l a d d e r  c a n c e r  f o l l o w i n g  l evam­

i s o l e .  These  e f f e c t s  have  been  t r a n s l a t e d  i n t o  some b e ­

n e f i t  i n  t h e  m a j o r i t y  o f  c l i n i c a l  s t u d i e s  r e p o r t e d . I n  ad­

vanced  b r e a s t  c a n c e r  s i g n i f i c a n t  improvement  o f  d i s e a s e  

f r e e  i n t e r v a l  and s u r v i v a l  have  been  d e s c r i b e d  when l e ­

v a m i s o l e  i s  -combined w i t h  CT ( S t e p h en s  e t  a l  1978 ,  H o r t o ­

bagyi  e t  a l  1979) o r  r a d i o t h e r a p y  (Ro ja s  e t  a l  1 9 7 6 ) .  No 

b e n e f i t  i n  c o n j u n c t i o n  w i t h  CT was s e e n  i n  two s t u d i e s  o f
i

c o l o r e c t a l  c a n c e r \  (Bancewicz  e t  a l  1 9 8 0 , B e d i k i a n  e t  a l

1 9 78 ) ,  a l t h o u g h  ^ improvement  h a s  been  n o t e d  i n  g a s t r i c  

c a n c e r - (Miuwa a n d ' O r i t a  197 8 ) .  S l i g h t  b e n e f i t  whi ch  i s  

n o t  a lw ays  s t a t i s t i c a l l y  s i g n i f i c a n t  ha s  been  n o t e d  i n  

o t h e r  s t u d i e s  o f  advanced  t umours  o f  . s k in ,  head  and neck 

and b l a d d e r  (Smi th  1978,Amery and Gough 1 9 81 ) .

r

T he r e  i s  a s u r p r i s i n g  p a u c i t y  o f  i n f o r m a t i o n  on t h e  

use  o f  l e v a m i s o l e  a s  a d j u v a n t  t h e r a p y  t o  p o t e n t i a l l y  

c u r ed  c a n c e r s .  Fo l l ow in g  l e v a m i s o l e  t r e a t m e n t  i n  s t a g e  C 

c o l o r e c t a l  c a n c e r  an improvement  i n  s u r v i v a l  was s e e n  3 

y e a r s  a f t e r  s u r g e r y  ( i n  Amery and Gough 1 9 8 1 ) .  M a rg i n a l  

b e n e f i t s  were  s u g g e s t e d  i n  squamous c a n c e r  o f  t h e  head 

and neck  (Wanebo e t  a l  1978) and l e u k a em ia  i n  r e m i s s i o n  

( i n  Amery and Ve rhaegen  1 9 7 8 ) , b u t  none a f t e r  s u r g e r y  f o r  

e a r l y  melanoma ( S p i t t l e r  and S a g e b i e l  1 9 8 0 ) .  In  one
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s t u d y  o f  e a r l y  b r e a s t  c a n c e r  p a t i e n t s  t r e a t e d  by m a s t e c ­

tomy and r a d i o t h e r a p y , t h e  a d m i n i s t r a t i o n  o f  l e v a m i s o l e  

f o r  one y e a r  was a s s o c i a t e d  w i t h  a s i g n i f i c a n t l y  more  

r a p i d  r e c u r r e n c e  r a t e  (Danish  B r e a s t  Group 1 9 8 0 ) .  

However i n  o p e r a b l e  l ung  c a n c e r  a m a r g i n a l  a d v a n t a g e  was 

g a i n e d  by p a t i e n t s  t a k i n g  l e v a m i s o l e  a l o n e  f o r  2 

y e a r s , a n d  t h i s  was c l e a r l y  s i g n i f i c a n t  i f  o n l y  t h o s e  

under  70 kg were c o n s i d e r e d  (Amery 19 78 ) .

The r e s t o r a t i v e  a c t i o n  o f  l e v a m i s o l e  i m p l i e s  t h a t  

o n l y  a weak e f f e c t  may be e x p e c t e d  i f  i t . i s  g i v e n  

a l o n e , s i n c e  mos t  p a t i e n t s  w i t h  e a r l y  c a n c e r  a r e  n o t  s e r i ­

o u s l y  i m m u n o l o g i c a l l y  d e p r e s s e d  (Cochran e t  a l  1976) .
i

However i t  may wep.1 have  a g r e a t e r  r o l e  when g i v e n  t o  

t h e s e  p a t i e n t s  i n  c o n j u n c t i o n  t o  o t h e r  imm unosupp re s s ive  

t r e a t m e n t s  such  ^s  CT and r a d i o t h e r a p y .  R e s u l t s  o f  

f u r t h e r  t r i a l s  may c l a r i f y  t h i s  q u e s t i o n .
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C parvum and Glucan

These  two a g e n t s  a r e  r e p u t e d  t o  a c t  p r i m a r i l y  

t h r o u g h  t h e  m on o nu c l ea r  p h a g o c y t i c  sys tem-(MPS)  and w i l l  

be summar i sed  t o g e t h e r .  C o ry n e b a c t e r i u m  parvum i s  used 

as  a h e a t - k i l l e d  s u s p e n s i o n  o f  b a c t e r i a , a n d  i s  e f f e c t i v e  

when a d m i n i s t e r e d  by a number o f  r o u t e s  ( I s r a e l  and E d e l -  

s t e i n  - 1 9 7 5 ) .  Glucan  i s  a p o l y s a c c h a r i d e  e x t r a c t e d  from 

Saccha romyces  c e r e v i s a e ,  and commonly i n j e c t e d  i n t r a v e ­

n o u s l y  o r  i n t o  a tumour  l o c a l l y  ( P r o c t o r  and Yamamura

1 9 78 ) .  Both p r o d u ce  marked h e p a t o s p l e n o m e g a l y  and i n c r e ­

a sed  p h a g o c y t o s i s  o f  p a r t i c l e s  from t h e  c i r c u l a t i o n  (Cas­

t r o  1974 r DiL uz io  e t  a l  1 9 7 8 ) .  C parvum c a u s e s  some d e ­

p r e s s i o n  o f  T c e l l  f u n c t i o n - b u t  B c e l l  s t i m u l a t i o n  ( S c o t t

1 9 7 4 ) . C o n v e r s e l y  g l u c a n  i s  r e p o r t e d  t o  p r o d uc e  T c e l l

s t i m u l a t i o n  and , no t  t o  a f f e c t  B c e l l s  (Hamuro e t  a l  

1 9 7 8 , Ki tagawa  1 9 7 5 ) .  The MPS e f f e c t s  o f  t h e s e  two a g e n t s  

a r e  c o n s i d e r e d  t o  be p r i m a r i l y  r e s p o n s i b l e  f o r  t h e i r  im­

m u n o l o g i c a l  a c t i o n s .

In a n i m a l s  s i g n i f i c a n t  r e d u c t i o n  o f  tumour  g r o w t h  

r a t e s  and number  o f  m é t a s t a s é s  may be d e m o n s t r a t e d  w i t h

t h e  use  o f  t h e s e  a g e n t s  ( S a d l e r  and C a s t r o  1 9 7 6 ,D i L u z i o

e t  a l  1 9 7 8 , K a r r e r  e t  a l  19 79 ,G a t enb y  1 9 8 0 ) .They  a r e  g e n ­

e r a l l y  mos t  e f f e c t i v e  when a d m i n i s t r a t i o n  b e g i n s  b e f o r e  

o r  sy n c h r o n o u s  t o  a s m a l l  tumour i n oc c u lu m .  For  example  

g l u c a n  h a s  been  shown t o  have  more t h a n  a d d i t i v e  b e n e f i t  

t o  c y c l o p h o sp h a m i d e  -in two animal  t umours  by  D iLuz io  e t  

a l  ( 1 9 7 8 ) .  R a t s  were  i n n o c u l a t e d  w i t h  t r a n s p l a n t a b l e
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a c u t e  mye lo id  l e u ka em ia  c e l l s  and by 11 days  had a l l  

d i e d .  I f  t r e a t e d  w i t h  e i t h e r  c y c l o p h o s p h a m i d e  o r  g l u c a n  

10% o r  40% were  a l i v e  a f t e r  2 w e e k s , b u t  t h i s  r o s e  t o  92% 

i f  b o t h  were  combined .

There  i s  l i t t l e  c o n c l u s i v e  work w i t h  e i t h e r  a g e n t  i n  

man. I n t r a l e s i o n a l  a d m i n i s t r a t i o n  o f  e i t h e r  l e a d s  t o  an 

i n v a s i o n  o f  mac rop hag es  and f r e q u e n t  p a r t i a l  r e g r e s s i o n  

( P r o c t o r  and Yamamura 1 9 7 8 , Go odn ig h t  and Morton 1 98 0 ) .  

I s r a e l  and E d e l s t e i n  c l a i m  (1975) t o  have  used p a r e n t e r a l  

C parvum in  o v e r  600 p a t i e n t s  w i t h o u t  s e r i o u s  

s i d e - e f f e c t s . I t  h a s  been  added t o  c o m b i n a t i o n  CT r e ­

gimes i n  advanced  c a s e s  w i t h  c o n f l i c t i n g  r e s u l t s  (Good­

n i g h t  and Morton \ 1 9 80 ) .  The re  a r e  now f u r t h e r  c o n t r o l l e d  

c l i n i c a l  t r i a l s  i b  p r o g r e s s  which  s h o u l d  h e l p  c l a r i f y  t h e  

u s e f u l n e s s  o f  t h e s e  a g e n t s .

In sum mary , t he  impac t  o f  immunotherapy  on c l i n i c a l  

p r a c t i c e  ha s  been  r e m a r k a b l y  s l i g h t .  Very few m e a s u r e ­

ments  o f  immuni ty  have  been  made d u r i n g  t h e s e  ^ t r e a t m e n t s  

b u t  improvement  h a s  been  n o t e d  i n  some.  P r o p e r  c l i n i c a l  

t r i a l s  have  n e g a t e d  many b e n e f i c i a l  c l a i m s  f o r  BCG, shown 

m a r g i n a l  e f f e c t s  f rom l e v a m i s o l e  and b a r e l y  commenced f o r  

C parvum and g l u c a n .  These  a g e n t s  have  n o t  been  e x t e n ­

s i v e l y  t r i e d  i n  t h e  a d j u v a n t  s e t t i n g , w i t h  t h e  e x c e p t i o n  

o f  l e v a m i s o l e  which  may c o n f e r  s l i g h t  b e n e f i t .
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C o n c l u s i o n s

Immune d e p r e s s i o n  i s  a g e n e r a l  f e a t u r e  o f  mos t  c h e ­

m o t h e r a p e u t i c  r e g i m e s .  C o n s e q u e n t l y  r e s i s t a n c e  i s  r e ­

duced t o  i n f e c t i o u s  d i s e a s e s ,  and t h e o r e t i c a l l y  a l s o  t o  

c a n c e r .  Th i s  ha s  been  co n f i rmed  i n  a few e x p e r i m e n t a l  

s i t u a t i o n s , b u t  i n  p a t i e n t s  i s  g e n e r a l l y  ove r shadowed by 

t h e  t u m o r i c i d a l  b e n e f i t  o f  CT. P o t e n t i a l  may t h e r e f o r e  

e x i s t  f o r  e x t r a  b e n e f i t  by r e s t o r a t i o n  o r  a u g m e n t a t i o n  o f  

t h e  immune r e s p o n s e .  Th i s  i s  a p a r t i c u l a r l y  a p p e a l l i n g  

o b j e c t i v e  s i n c e  t h e  l o g - k i l l  n a t u r e  o f  c y t o t o x i c  d rug  a c ­

t i o n  can  g r e a t l y  r e d u c e  b u t  n o t  e l i m i n a t e  a l l  tumour

c e l l s , a n d  t h e  immune sy s tem migh t  c o m p l e t e  t h i s .
ii

I t  had been hoped t o  b e g i n  t h e  s t u d y  by  examin ing  

t h e  e f f e c t s  o f  ÇT f o r  e a r l y  c a n c e r  on t h e  immune sy s t em 

i n  man u s i n g  - a wide  r a n g i n g  immun o l og i ca l  p r o f i l e .  

C o n s i d e r a b l e  e f f o r t  was s p e n t  e s t a b l i s h i n g  a number  o f  

t e s t s  f o r  t h i s  p u r p o s e .  S t ag e  I I  b r e a s t  c a n c e r  p a t i e n t s  

were ch o se n  f o r  s t u d y  s i n c e  i t  was f e l t  t h e y  were  l i k e l y  

t o  be m i n i m a l l y  o r  n o t  a t  a l l  immunesuppres sed  by t h e i r  

t u m o u r s .  Th i s  would e n a b l e  t h e  e f f e c t s o f  CT t o  be s t u ­

d i e d  mos t  p r e c i s e l y ,  s i n c e  t h e r e  s h o u l d  be min ima l  i n t r u ­

s i o n  from t h e  immuno log ica l  e f f e c t s  o f  w i d e s p r e a d  c a n c e r .  

However t h e  r e l u c t a n c e  o f  l o c a l  r a d i o t h e r a p i s t s  t o  use  

a d j u v a n t  ch em o t h e ra p y  i n  t h e s e  p a t i e n t s ,  and t h e i r  a d h e r ­

ence  t o  a 3 way t r i a l  o f  such  r eg im es  when used  l e d  to  

i n a d e q u a t e  numbers  f o r  t h e  s t u d y .
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An e x p e r i m e n t a l  s t u d y  was u n d e r t a k e n  t o  a s s e s s  t h e  

use  o f  c e r t a i n  im m u n o t h e r a p e u t i c  manoev re s  i n  c o n j u n c t i o n  

w i t h  c h e m o t h e r a p y .  Most  e x p e r i m e n t s  were  c o n d u c t e d  i n  

normal  a n i m a l s  s i n c e  t h e y  mos t  c l o s e l y  r e s e m b l e d  p a t i e n t s  

r e c e i v i n g  a d j u v a n t  c h e m o th e r a p y .  Also  i t  was f e l t  impor ­

t a n t  t o  examine  c o n c l u s i o n s  r ea ch e d  from t h e s e  e x p e r i ­

ment s  i n  tumour  b e a r i n g  a n i m a l s .  I t  may be e x p e c t e d  t h a t  

t h e r e  would be s p e c i f i c  a n t i t u m o u r  immune r e s p o n s e s  a c ­

t i v e  i n  t h e s e  a n i m a l s , a n d  t h a t  t h e r e  may a l s o  be  g e n e r a l  

immune s u p p r e s s i v e  e f f e c t s .  The r a t  was c h o s e n  so t h a t  a 

r e l a t i v e l y  l a r g e  number o f  a n i m a l s  c o u l d  be a v a i l a b l e , y e t  

each  a b l e  t o  l o s e  a s m a l l  q u a n t i t y  o f  b l o o d  r e g u l a r l y  f o r  

immuno log i ca l  s t u d i e s .  T h i s  q u a n t i t y  n e c e s s a r i l y  l i m i t e d  

t h e  number  o f  t e s t s  p o s s i b l e .  I t  h a s  be en  a rg u e d  t h a t  

t h e  T l ymphocy te^  i s  f u nd am e n ta l  t o  t h e  r e s p o n s e  t o  

c a n c e r , a n d  a t t e n t i o n  was c o n c e n t r a t e d  on t h i s  c e l l  u s i n g  

one i n  v i t r o  and one i n  v i v o  t e c h n i q u e  t o  a s e s s  i t s  f u n c ­

t i o n .  Two common a n t i - c a n c e r  d r u g s  w i t h  d i f f e r e n t  modes 

o f  a c t i o n  were  chosen  , and t h e i r  e f f e c t  on t h e  immune 

sy s t em s t u d i e d .  A model  was s e t  up o f  immune d e p r e s s i o n  

p roduced  by t h e s e , a n d  v a r i o u s  a t t e m p t s  made t o  a l l e v i a t e  

t h i s .  Some o f  t h e s e  were  s e l e c t e d  f o r  t e s t i n g  i n  t umour  

b e a r i n g  a n i m a l s .  The i m m u n o t h e r a p e u t i c  m an oe v r e s  s t u d i e d  

v a r y  i n  c l a i m s  f o r  t h e i r  p o t e n t i a l  b e n e f i t ,  and w i l l  be  

i n t r o d u c e d  i n  e ach  s e c t i o n .
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R a t s

Sprague  Dawley r a t s  were  used t h r o u g h o u t . A n i m a l s  

we igh ing  200-250  grams were  found t o  be o f  s u f f i c i e n t  

s i z e  t o  g i v e  b l oo d  r e g u l a r l y  w i t h o u t  d e l e t e r i o u s  c o n s e ­

q u e n c e s .  For  t h e  i n d u c t i o n  o f  b r e a s t  c a n c e r  t h e y  were  

s e l e c t e d  be tween  50 and 55 days  o f  a g e .  Dur ing  t h i s  t ime  

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

c a r c i n o g e n s .  A f t e r  p r e l i m i n a r y  and m e t h o d o l o g i c a l  s t u ­

d i e s , e a c h  e x p e r i m e n t  c o n s i s t e d  o f  g r o u p s  o f  20 a n i m a l s .  

H a l f  o f  t h e s e  - served a s  s i m u l t a n e o u s  c o n t r o l s  f o r  t h e  

o t h e r  h a l f  -  u s u a l l y  b o t h  r e c e i v e d  chemo the rap y  and one

an a d d i t i o n a l  a g e n t  o r  m an oe v re .  In some e x p e r i m e n t s
i

o n l y  t h e  m i t o g e ^  r e s p o n s e  was m o n i t o r e d ,  b u t  i n  t h e  t u ­

mour b e a r i n g  a n i m i l s  and o t h e r  s e l e c t e d  g r o u p s  t h e  DTH 

r e s p o n s e  was a l s o ’m e a s u r e d .

I n d u c t i o n  o f  B r e a s t  Cancer

N - n i t r o s o m e t h y l u r e a  (NMU) was chos en  a s  a c a r c i n o g e n  

f o l l o w i n g  t h e  f a v o u r a b l e  r e p o r t  o f  G u l l i n o  e t  a l  <1975) .  

500 mgs o f  NMU was d i s s o l v e d  i n  1 . 5  mis  d i m e t h y l  formam- 

i d e ,  which was s l o w l y  mixed w i t h  11 mis  o f  p e a n u t  o i l , t o  

g i v e  a do se  o f  20 mgs i n  0 . 5  m i s .  Th i s  was a d m i n i s t e r e d  

t o  t h e  c o n s c i o u s  r a t  by g a v a g e .  Groups  o f  20 r a t s  were  

g i v e n  c a r c i n o g e n  and t h e s e  were  f u l l y  i s o l a t e d  f o r  two 

weeks t o  p r o t e c t  an ima l  a t t e n d a n t s .  Tumours d e v e l o p e d  

be tween  3 and 10 months  l a t e r , w i t h  a medi an  d e l a y  o f  7 

months .  An i l l u s t r a t i o n  i s  g i v e n  a t  t h e  b e g i n n i n g  o f  t h e
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a p pen d i x  o f  a tumour  be in g  removed,  and t h e  h i s t o l o g y  o f  

s e v e r a l  t u m o u r s .

R a t s  were  examined weekly  and t r a n s f e r r e d  t o  d i f f e r ­

e n t  c a g e s  when a tumour  was d e t e c t e d .  Each week t h e y  

were f i r s t  s e n s i t i s e d  t o  o x a z o l o n e ,  t h e n  r andomised  

be tween  two t r e a t m e n t  r eg imes  b e in g  compared .  When an 

a d e q u a t e  t o t a l  had acc um ul a t e d  f o r  one s t u d y ,  s u b s e q u e n t  

a n i m a l s  we re  e n t e r e d  i n t o  t h e  n e x t  co m p a r i s o n  e t c .  

Tumours were  measu red  week ly  unde r  a n a e s t h e s i a ; t h e  g r e a ­

t e s t  l e n g t h  and t h a t  p e r p e n d i c u l a r  t o  i t  were  m u l t i p l i e d  

t o  p r o du ce  a " s i z e * .
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Drugs

Cyc lophosphamide  (WB P h a r m a c e u t i c a l s )  was d i s s o l v e d  

i n  s a l i n e . I t  was u s u a l l y  used  i n  a d os e  o f  8mg/kg o r  

40mg/kg.  5 f l u o r o u r a c i l  (Roche) was used  a s  s u p p l i e d  a t  

a c o n c e n t r a t i o n  o f  50mgs/ml and u sed  a t  60mg/kg e x c e p t  i n  

p r iming  e x p e r i m e n t s .  L eva mi so l e  ( IC I )  was d i l u t e d  i n  s a ­

l i n e  and used  a t  5mgs /kg .  A l l  t h e s e  d r u g s  were  g i v e n  i n -  

t r a p e r i t o n e a l l y  a t  volumes  a round  0 . 3 m l .  Glucan  was a 

k ind g i f t  f rom P r o f  DiLuzio  ( T e n n e s s e e ) . I t  was used  a t  10 

mgs/kg i n t r a v e n o u s l y .  C parvum (BA 3935/A Wel lcome- l a b s  

Beckenham) c o n t a i n e d  7mgs/ml o f  h e a t - k i l l e d  b a c t e r i a  and 

a d o s e - o f  1ml was g i v e n  i n t r a v e n o u s l y  t o  e ach  r a t .  The 

a c t i v i t y  o f  t h e s e  two a g e n t s  was c o n f i r m e d  by one  e x p e r i ­

ment  i n  which pos tmor t ems  showed h e p a t o s p l e n o m e g a l y  o f  a t  

l e a s t  t h r e e f o l d  » i n  each  a n i m a l .  T h i a b e n d a z o l e  (Merke 

Sha rpe  and Dohme l t d  He r t s )  was g i v e n  once  a t  5mgs/kg i n -  

t r a p e r i t o n e a l l y  i n  40% a l c a h o l , a n d  c i m e t i d i n e  (Smi th  

K le in  and French)  i n t r a p e r i t o n e a l l y  t w i c e  d a i l y  f o r  two 

weeks -at  2 m g s / r a t .  P u r i f i e d  p h y t o h a e m a g g l u t L n i n  (PHA -  

Bu r roughs  Wel lcome and Co. Beckenham UK) was u s e d , i n  a 

dose  o f  2 ^gms p e r  w e l l  u n l e s s  o t h e r w i s e  s t a t e d  (making 

10 ^gm PHA/ml d i l u t e d  b l o o d ) . Thymid ine  (The Ra d iochemi ­

c a l  Cent re ,Amer sham UK) was u s e d , t r i t i u m  l a b e l l e d  a t  24 

mCi/mmol s p e c i f i c  a c t i v i t y .  U n l e s s  o t h e r w i s e  s t a t e d  t h e  

dose  used was 0 . 5  ^Ci  o r  0 . 0055  jjgms p e r  w e l l .  Oxazolone  

(4 e th o x y m e t h y l e n e - 2  phe ny l  o x a z o l o n e )  was o b t a i n e d  from 

BDH c h e m i c a l s  and used i n  two d o s e s  a s  d i s c u s s e d  be low .  

NMU was o b t a i n e d  from Sigma c h e m i c a l s  ( S t . L o u i s ) .



PAGE 5 6

MITOGEN RESPONSE

The method used was a m o d i f i c a t i o n  o f  t h e  whole  

b l ood  t e c h n i q u e  d e s c r i b e d  by Han and P a u l e y  (J972)  .

C u l t u r e s  Under e t h e r  a n a e s t h e s i a  0 . 4  mis  o f  b l o od  

was c o l l e c t e d  from t h e  t a i l  v e i n  i n t o  t u b e s  c o n t a i n i n g  50 

u n i t s  o f  h e p a r i n .  Blood was d i l u t e d  by 1 :10  w i t h  t i s s u e  

c u l t u r e  medium.  Gibco c u l t u r e  medium 199 was used  w i t h  

E a r l e ' s  s a l t s  and 2 . 2  gm/1 sodium b i c a r b o n a t e , t o  which 

20 ,000  u n i t s  o f  p e n i c i l l i n  and 20 mgs o f  s t r e p t o m y c i n  was 

added .  Th i s  s u s p e n s i o n  was p i p e t t e d  i n  200 yul a l i q u o t s  

i n t o  a m i c r o c u l t u r e  p l a t e  -  i l l u s t r a t e d  o v e r l e a f . M i t o g e n  

was added t o  12 w e l l s  l e a v i n g  4 c o n t r o l  w e l l s  p e r  r a t .  

These  p l a t e s  we^e i n c u b a t e d  a t  37 C i n  a 5% c a r b o n  d i o x ­

ide  a t m o s p h e r e .  , A f t e r  24 h o u r s  t r i t i u m - l a b e l l e d  t h ym i ­

d i n e  was a d d e d ,  f o l l o w e d  by a f u r t h e r  24 h o u r s  i n c u b a ­

t i o n .  The l a b e l l e d  n u c l e i  were  t h e n  h a r v e s t e d  by a Ska-  

t r o n  A.S .  f i l t e r  h a r v e s t e r , a n d  e ac h  f i l t e r  d i s c  c o u n t e d  

by l i q u i d  s c i n t i g r a p h y  u s i n g  a LKB 81000 b e t a  c o u n t e r .



PAGE 57

lirifrlc ?

Fig 1 M u l t i w e l l  t i s s u e  c u l t u r e  p l a t e  f o r  PHA s t u d i e s
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R e s u l t s  T h i s  p r o c e d u r e  gave  12 s t i m u l a t e d  r e s u l t s  

pe r  r a t  p e r  d a y , a n d  t h e  mean o f  t h e s e  12 was c a l c u l a t e d .  

The r e s u l t s  o f  t h e  f o u r  u n s t i m u l a t e d  w e l l s  was used  t o  

m o n i t o r  s a t i s f a c t o r y  t e c h n i q u e  and t h e  a b s e n c e  o f  i n f e c ­

t i o n .  Only  t h e  s t i m u l a t e d  r e s u l t  was used i n  c a l c u l a ­

t i o n s  r a t h e r  t h a n  a ' s t i m u l a t i o n  i n d e x '  (mean PHA 

w e l l s / m e a n  c o n t r o l  w e l l s )  a s  a d v oc a t e d  by some (Han and 

Pa u l y  1 9 7 1 ) .The former  method i n v o l v e s  o n l y  one o r d e r  o f  

b i o l o g i c a l  e r r o r , t h e  l a t t e r  may m u l t i p l y  two.  

F u r t h e r m o r e  s i n c e  e s s e n t i a l l y  a l l  e x p e r i m e n t s  i n v o l v e d  

s i m u l t a n e o u s  c o n t r o l s  , comp a r i so n  be tween  ' a b s o l u t e '  v a ­

l u e s  was n o t  r e q u i r e d .

1
C a l c u l a t i o n s  For s i m p l i c i t y , r e s u l t s  were  ex­

p r e s s e d  i n  d i s i n t e g r a t i o n s  p e r  m in u t e  (dpm) i n  m e t h o d o l o ­

gy e x p e r i m e n t s .  Fo r  a l l  o t h e r  e x p e r i m e n t s  t h e  l o g ( t e n )  

f u n c t i o n  o f  t h e s e  v a l u e s  were  u s e d , s o  t h a t  t h e  n a t u r a l  

t e n d e n c y  o f  t h i s  d a t a  t o  ' s k ew '  was removed (Dei and Ur-  

bano 1977) . In  o r d e r  t o  m in i m i s e  t h e  e f f e c t s  o f  s c a t t e r  

w i t h i n  g r o u p s  t h e  v a l u e s  f o r  i n d i v i d u a l  r a t s  on, e ach  ex­

p e r i m e n t a l  day  were  compared a s  r a t i o s  t o  c o n t r o l  

( p r e - t r e a t m e n t )  v a l u e s  f o r  i n d i v i d u a l  r a t s  t h u s  p r o d u c i n g  

a ' l o g  r a t i o '  i n dex  o f  c han ge :
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example :  ( r a t  1) Day0 c f  Day3

a b s o l u t e  v a l u e  59352 dpm 10698 dpm

log ged  v a l u e  4 . 77 3  4 .029

log  r a t i o = 4 . 0 2 9 / 4 . 7 7 3  

=0.8441

The t a b l e s  f o r  e ach  e x p e r i m e n t  may be found i n  t h e  

Appe nd ix .  I n d i v i d u a l  r e s u l t s  a r e  g i v e n  a s  measured  ( i n  

-dpm). The means and s t a n d a r d  d e v i a t i o n s  o f  e ach  d a y ' s  

r e s u l t s  a r e  g i v e n  a t  t h e  bo t t om o f  e ach  t a b l e , a s  a r e  

t h o s e  o f  i n d i v i d u a l  log  r a t i o s  c a l c u l a t e d  f o r  each  d a y .  

S t a t i s t i c a l  comp a r i s on  be tween  g r o u p s  o f  r a t s  were  made

u s i n g  t h e  S t u d e n t s  t  t e s t  on l og  r a t i o s  v a l u e s , a n d  i s
1

p r i n t e d  w i t h  -each t a b l e .  A l l  i m p o r t a n t  e x p e r i m e n t s  a r e  

r e p r e s e n t e d  g r a p h i c a l l y  i n  t h e  a p p r o p r i a t e  r e s u l t s  

c h a p t e r .  The t a b l e  c o r r e s p o n d i n g  t o  e ach  g r a p h  i s  i n d i ­

c a t e d  on i t  and a l s o  i n  t h e  t e x t .  I t  i s  i m p o r t a n t  t o  r e ­

a l i s e  t h a t  t h e  s c a l e  o f  each  g r a p h  v a r i e s  so t h a t  t h e i r  

v e r t i c a l  a x e s  a r e  o f  un i fo rm  h e i g h t .  T h i s  i s  done  f o r  

c l a r i t y , a n d  be c a u s e  m ea n in g f u l  c o m p a r i s o n s  o f  a b s o l u t e  

v a l u e s  b e tw e e n  d i f f e r e n t  e x p e r i m e n t s  a r e  b e t t e r  a v o id e d  

c o n s i d e r i n g  t h e  v a r i a t i o n  i n h e r e n t  i n  such  d a t a .
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T e c h n i c a l  S t u d i e s

P l a s t i c  vs  g l a s s  Blood was c o l l e c t e d  from t h e  t a i l  

i n t o  s m a l l  t u b e s , a n d  a measu red  volume s u b s e q u e n t l y  p i ­

p e t t e d  i n t o  med ium.Tab le  l a  shows t h e  mean o f  t h r e e  e x ­

p e r i m e n t s  u s i n g  g l a s s  o r  p l a s t i c  t u b e s  f o r  t h e  o r i g i n a l  

c o l l e c t i o n .  C l e a r l y  i t  was e s s e n t i a l  t o  use  p l a s t i c  f o r  

s a t i s f a c t o r y  r e s u l t s  a t  a l l  d o s e s  o f  PHA.

Time b e f o r e  d i l u t i o n  Blood was l e f t  a t  room t e m p e r a ­

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

l e n g t h s  o f  t ime  b e f o r e  d i l u t i n g  w i t h  c u l t u r e  medium. Fig 

2a shows t h e  d e t e r i o r a t i o n  o f  r e s u l t i n g  c o u n t s  w i t h  t i m e .  

I t  seemed a d v i s a b l e  n o t  t o  w a i t  more t h a n  10 m i n u t e s  b e -
i

f o r e  d i l u t i n g  b l ood  w i t h  medium. Th is  c l e a r l y  c o n t r a s t s  

t o  human b l o o d , w h i c h  can  be l e f t  f o r  a t  l e a s t  a day  p r o ­

v i de d  t h a t  i t  i s  a t  room t e m p e r a t u r e  ( F a r r a n t  e t  a l  

19 80 ) .

Time i n  medium When d e a l i n g  w i t h  l a r g e r  ^umbers  o f  

r a t s  i t  was c o n v e n i e n t  t o  d e l a y  p l a t i n g  ou t  d i l u t e d  b l o o d  

a s  l ong  as  p o s s i b l e , i n  o r d e r  t o  c o l l e c t  t h e  maximum 

number o f  s a m p l e s . F i g  2b shows t h e  e f f e c t  o f  v a r i o u s  d e ­

l a y s  unde r  d i f f e r e n t  s i t u a t i o n s .  De l ay  up t o  2 h o u r s  a p ­

p e a r ed  t o  be u n i m p o r t a n t  i f  t h e  m i x t u r e  was i n c u b a t e d  a t  

37 C d u r i n g  t h a t  t i m e .  However a f t e r  1 hou r  a t  room tem­

p e r a t u r e  t h e  c o n s e q u e n t  c o u n t s  a r e  s i g n i f i c a n t l y  l o we r

( p < 0 . 00 1 ) .
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Whether  t o  c o v e r  p l a t e s  Blood d i l u t e d  i n  medium was 

p i p e t t e d  i n  0 . 2  ml a l i q u o t s  i n t o  i n d i v i d u a l  w e l l s  o f  t h e  

m i c r o t i t r e  p l a t e .  A f t e r  t h e  a d d i t i o n  o f  PHA t h e s e  were  

i n c u b a t e d  and c o v e r ed  l o o s e l y  by  t h e i r  p l a s t i c  l i d s .  

Tab l e  l b  shows t h r e e  e x p e r i m e n t s  where  t h e  same b l o o d  was 

a l s o  d i s t r i b u t e d  i n  p l a t e s  s e a l e d  a d d i t i o n a l l y  w i t h  a 

f i t t e d  p i e c e  o f  wide  c e l o t a p e .  I t  was q u i t e  c l e a r l y  e s ­

s e n t i a l  t o  c o v e r  t h e  p l a t e s  i n  t h i s  way.  Carbon d i o x i d e  

i n  t h e  a tm o s p h e r e  o f  t h e  i n c u b a t o r  shou ld  have  e n s u r e d  

t h e  m a i n t a i n a n c e  o f  a s a t i s f a c t o r y  pH by t h e  medium 

b u f f e r  even when u n c o v e r e d .  I t  i s  p o s s i b l e  t h a t  d e h y d r a ­

t i o n  e x p l a i n e d  t h i s  phenomenon.

Times o f  i n c u b a t i o n  Fig 3a shows t h e  e f f e c t  o f  s e p -  

e r a t e l y  v a r y i n g ’ t h e  i n c u b a t i o n  p e r i o d s  b e f o r e  and a f t e r  

l ab e l l i n g . M a x i m um  c o u n t s  were  o b t a i n e d  a f t e r  24 h o u r s  o f  

b o t h  p e r i o d s .  T h i s  was t h e r e f o r e  ado p t e d  f o r  a l l  e x p e r i ­

m en t s .  I t  i s  a s h o r t e r  p e r i o d  t h a n  f o r  o p t i m a l  human 

r e s p o n s e s  ( s e v e r a l  days)  , and  t h i s  may be e x p l a i n e d  by 

t h e  i n  v i t r o  l i f e  o f  t h e  c u l t u r e d  r a t  l ymphocyt e  b e i n g  

h a l f  o f  t h a t  f o r  man ( F a r r a n t  e t  a l  1980 ) .

Dose r e s p o n s e  T ab l e  3b shows t h e  m i t o g e n i c  e f f e c t  o f  

d i f f e r e n t  d o s e s  o f  PHA. There  was an i n a d e q u a t e  s u p p l y  

o f  b l o od  t o  p e r m i t  t h e  s i m u l t a n e o u s  use  o f  s e v e r a l  PHA 

d o s e s .  T h e r e f o r e  0 . 2  mgs/ml  o f  PHA was c h o se n  a s  t h e  

mos t  e con om ica l  dose  p r o d u c i n g  an a d e q u a t e  r e s p o n s e .  

Th is  i s  e s s e n t i a l l y  s i m i l a r  t o  mos t  o t h e r  s t u d i e s  ( H a l l  

and Gordon 1 9 7 6 ) .
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DELAYED-TYPE HYPERSENSITIVITY

The method used was a m o d i f i c a t i o n  o f  t h a t  d e s c r i b e d  

by Pownal l  e t  a l  ( 1 9 7 9 ) .  For  s e n s i t i s a t i o n , t h e  abdomen 

o f  e ach  r a t  was shaved  unde r  g e n e r a l  a n a e s t h e s i a  and p a ­

i n t e d  w i t h  a 10% s o l u t i o n  o f  o x a z o l o n e  i n  a c e t o n e  and 

e t h a n o l  (3 t o  2 p a r t s  by v o l u m e ) . Care  was t a k e n  t o  p r e ­

v e n t  s e n s i t i s a t i o n  o f  t h e  o b s e r v e r  and g l o v e s  a lways  

worn.  A week l a t e r  t h e  t h i c k n e s s  o f  b o t h  e a r s  was mea s ­

u red  u s i n g  a s p e c i a l  m i c r o m e t e r  i l l u s t r a t e d  o v e r l e a f .  

Th i s  was p r e f e r r e d  t o  a s t a n d a r d  r o t a r y  m ic r o m e t e r  which  

t r a u m a t i s e d  t h e  e a r  by s h e a r , c a u s i n g  a s cab  and c o n s e ­

q u e n t  e r r o r .  Care  was t a k e n  t o  measu re  t h e  same p a r t  o f  

e ach  e a r .  The t h i n n e s t  s i t e  was t h e n  i d e n t i f i e d , a n d  u s u ­

a l l y  p roved  t o  bd t h e  peak  a t  t h e  apex o f  t h e  e a r  o r  

s l i g h t l y  p o s t e r i o r  t o  i t .  Th i s  was a c h i e v e d  by a l l o w i n g  

1 mm o f  e a r  t o  p r o t r u d e  i n s i d e  t h e  m ic r o m e t e r  f a c e s .  

M u l t i p l e  m easu remen t s  were  t h e n  made u n t i l  a c o n s i s t e n t  

r e a d i n g  was a c h i e v e d .
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Ear t h i c k n e s s  be ing  measured w i th  t he  s p r i n g  mic rome te r
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A nima l s  were  c h a l l e n g e d  w i t h  a s o l u t i o n  o f  220

mgs/ml o x a z o l o n e  i n  a c e t o n e  and o l i v e  o i l  (4 and 1 p a r t

by v o l u m e ) . T h i s  p roduced  an even d i s t r i b u t i o n  o f  o xa zo ­

lone  o v e r  t h e  e a r , w i t h  r a p i d  d r y i n g  and no d r i p p i n g .  

Four d r o p s  were  a p p l i e d  t o  one e a r , a n d  f o u r  d r o p s  o f  s o l ­

v e n t  t o  t h e  o t h e r .  24 h o u r s  l a t e r  t h e  t h i c k n e s s  o f  b o t h

e a r s  was measu red  and t h e  i n c r e a s e  a t t r i b u t a b l e  t o  oxa zo ­

lo n e  c a l c u l a t e d .  An example  o f  t h i s  s i m p le  c a l c u l a t i o n  

i s  g i v e n  be low:

R i g h t e a r L e f t e a r

t h i c k n e s s b e f o r e  ox a zo l o n e 470 F 435
II a f t e r  " 485 y 675 p

d i f f e r e n c e 015 f 240 r
i n c r e a s e due t b  ox a z o l o n e 225

T a b u l a t e d  r e s u l t s  a r e  g i v e n  f o r  each  e x p e r i m e n t  i n  

t h e  a p p e n d i x  , w i t h  a l l  measu remen t s  e x p r e s s e d  i n  m i c r o n s .  

S t a t i s t i c a l  c a l c u l a t i o n s  were made between  s i m u l t a n e o u s  

p a i r e d  g r o u p s  w he rev e r  p o s s i b l e . T h e s e  were u s u a l l y  t h e  

same a n i m a l s  p a r t a k i n g  i n  t h e  PHA e x p e r i m e n t s .
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T e c h n i c a l  p o i n t s

C h a l l e n g e  t im i n g  Tab l e  4 shows t h a t  7 days  a r e  

r e q u i r e d  b e f o r e  a f u l l  r e s p o n s e  may be e l i c i t e d .  Longer  

d e l a y s  up t o  15 days  do n o t  c l e a r l y  a f f e c t  t h e  r e s p o n s e  

f u r t h e r .  Th i s  c o n f i r m s  a w e l l  e s t a b l i s h e d  t ime  f o r  t h e  

DTH r e a c t i o n  (Turk 198 0 ) .

C h a l l e n g e  dose  I t  was found t h a t  two d r o p s  o f

c h a l l e n g e  s o l u t i o n  was o f t e n  i n a d e q u a t e  t o  c o ve r  t h e  ex ­

p e r i m e n t a l  a r e a  o f  t h e  e a r . M o r e  t h a n  4 d r o p s  exceeded  i t s  

c a p a c i t y  and l ed  t o  i n f l a m m a t i o n  o f  t h e  a d j a c e n t  s i d e  o f  

t h e  h e a d , o r  d r i p p i n g  and c o n s e q u e n t  e r r o r .  3 and 4 d r o p s  

p roduced  s i m i l a r  r e s p o n s e s  w i t h o u t  u l c e r a t i o n  , t h e r e f o r e  

4 was assumed a s  a s t a n d a r d  c h a l l e n g e .

Measurement  t im i n g  F u l l  r e s p o n s e  was found a t  24

and 48 h o u r s , a n d  r e d u c t i o n  i n  s w e l l i n g  began a f t e r  48 

h o u r s  (Tab l e  5 ) .  24 h o u r s  was c h o s e n  a s  a s a t i s f a c t o r y

t im e  f o r  m e a s u r e m e n t , and t h i s  f i t t e d  c o n v e n i e n t l y  i n t o  

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

D i u r n a l  v a r i a t i o n  There  a r e  marked d i f f e r e n c e s

in  t h e  DTH r e s p o n s e  measu red  a t  v a r i o u s  t i m e s  o f  d a y , a n d  

r e s u l t s  may be changed by up t o  t h r e e f o l d .  T h e r e f o r e  i t  

i s  i m p o r t a n t  t o  use  s i m u l t a n e o u s  c o n t r o l s  whe reve r  p o s s i ­

b l e ,  and t o  t im e  c h a l l e n g e s  n e a r  10 a .m .  when r e s p o n s e s  

a r e  maximal  ( ' a c r o p h a s e ' ) .  I t  i s  n o t  i m p o r t a n t  a t  wha t  

t ime  s e n s i t i s a t i o n  o c c u r r s  (Pownal l  e t  a l  1 97 9 ) .



PAGE 6 8

RESULTS



PAGE 6 9

CONTENTS

E s t a b l i s h m e n t  o f  t h e  model  70

Levamiso l e  78

RES a c t i v e  a g e n t s  88

O th e r  manoev re s  104



PAGE 7 0

CHAPTER 1

ESTABLISHMENT OF THE MODEL



PAGE 71

T a b l e  6 shows t h e  r e s u l t s  -of  PHA s t i m u l a t i o n  ex­

p r e s s e d  a s  d i s i n t e g r a t i o n s  p e r  m in u t e  f o r  10 c o n t r o l  

r a t s .  They r e c e i v e d  0 . 3  mis  s a l i n e  I . P .  and b lood  was 

t a k e n  s e q u e n t i a l l y  o v e r  14 d a y s .  I t  i s  c l e a r  t h a t  a l ­

t hough  v a l u e s  r ema in  r e l a t i v e l y  s i m i l a r  t h e r e  i s  s i g n i f i ­

c a n t  d a i l y  v a r i a t i o n  o v e r  t h e  mon th .  T h e r e f o r e  a l l  su b ­

s e q u e n t  e x p e r i m e n t s  i n c l u d e d  a s i m u l t a n e o u s  c o n t r o l  g r oup  

t o  a l l o w  f o r  t h i s  p o t e n t i a l  e r r o r .

The re  i s  a wide v a r i a t i o n  i n  t h e  dose  o f  c y c l o p h o s ­

phamide  used i n  p u b l i s h e d  an imal  s t u d i e s .  Many have  used 

t u m o u r i c i d a l  d o se s  which a r e  t o x i c  t o  a n i m a l s ,  and i t  was 

f e l t  t h a t  t h e  m a s s i v e  im m un es up p r e s s io n  from such  d o s e s  

m igh t  mask a p o t e n t i a l l y  i n t e r e s t i n g  im m u n o t h e r a p e u t i c  

e f f e c t .  T h e r e f o r e  t h e  e f f e c t  on t h e  PHA r e s p o n s e  o f  s e v ­

e r a l  d o s e s  was d e t e r m i n e d ,  and t h e s e  a r e  shown i n  T a b l e s  

7 and 8 .  From t h e s e  8 mgs/kg was ch o sen  s i n c e  i t  p r o ­

duced c l e a r  d e p r e s s i o n , w h i c h  was n o t  so marked a s  t o  p r e ­

c l u d e  a l l e v i a t i o n  by o t h e r  m a n o e v r e s .  An a l t e r n a t i v e  

dose  o f  40 mgs/kg was a l s o  used  i n  some e x p e r i m e n t s  s i n c e  

t h i s  may be more c o mp a r ab l e  t o  human u s e .  F r e i r e i c h  e t  

a l  (1966) showed t h a t  d rug  d o s e s  a r e  b e s t  compared 

between  s p e c i e s  a s  a f u n c t i o n  o f  s u r f a c e  a r e a .  Repea ted  

human use  i s  recommended a t  30-600  mgs/m p e r  d a y , s o  t h a t  

a medi an  do se  c o r r e s p o n d s  t o  40 mgs/kg i n  t h e  r a t .

There  a r e  l i m i t e d  g u i d e l i n e s  f o r  t h e  use  o f  5FU in  

t h e  r a t .  The recommeded dose  f o r  humans i s  5-15  mg/kg 

p e r  da y ,  which c o r r e s p o n d s  t o  70 mgs/kg i n  t h e  r a t .  In
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an e x p e r i m e n t  w i t h  i n c r e a s i n g  d o s e s  o f  5FU no immunosup­

p r e s s i o n  was o b se r v e d  u n t i l  60 mgs/kg was used  (Tab l e  9 ) .  

T h e r e f o r e  t h i s  was s e l e c t e d  a s  a s u i t a b l e  d o s e  f o r  t h e  

p u r p o s e s  o f  t h i s  s t u d y .

F i g u r e  4 (Tab l e s  6 , 7 , 9 )  shows a co m p a r i s o n  o f  r a t s  

g i v e n  one i n j e c t i o n  o f  t h e s e  two d r u g s  t o  a c o n t r o l  

g ro u p .  For  more a c c u r a t e  c om pa r i s on  r e s u l t s  a r e  ex­

p r e s s e d  a s  t h e  mean o f  i n d i v i d u a l  l og r a t i o s ,  a s  e x p l a ­

i ned  i n  t h e  p r e v i o u s  methods  s e c t i o n .  I t  c an  be s e en  

t h a t  r o u g h t l y  compa rab l e  d e p r e s s i o n  o f  t h e  PHA r e s p o n s e  

was p ro duc ed  by b o t h  d r u g s .  T h i s  was maximal  a t  1-3 

d a y s .

i

Seven day s  a ' f t e r  t h e  i n j e c t i o n  o f  5FU v a l u e s  r e t u r n  

t o  n e a r  c o n t r o l ,  l e v e l s  o r  h i g h e r .  They t h e n  f a l l  back 

t o w a r d s  t h e  i n i t i a l l y  d e p r e s s e d  l e v e l s , f r o m  which t h e y  

r e c o v e r  t o  a v a r i a b l e  d e g r e e .  T h i s  i s  t h e  ' r e b o u n d  o v e r ­

s h o o t '  e f f e c t  which ha s  p r e v i o u s l y  been  d e s c r i b e d  i n  

c a n c e r  p a t i e n t s  f o l l o w i n g  c o m b i n a t i o n  c h em o th e r ap y  ( S e r -  

r ou  and Dubois  1975 ) .  I t  was o c c a s i o n a l l y  s e e n  t o  a 

l e s s e r  and more i n c o n s i s t e n t  d e g r e e  a f t e r  cy c lophospham­

i d e .

From two t o  f o u r  weeks v a l u e s  a r e  a lway s  s i g n i f i ­

c a n t l y  be low p r e - t r e a t m e n t  l e v e l s .  T a b l e s  11 and 12 show 

t h e  r e s u l t s  o f  two e x p e r i m e n t s  where  s m a l l  g ro u p s  o f  a n i ­

mal s  were  b l e d  on no day o t h e r  t h a n  c o n t r o l  and t h e  14 th  

o r  28 th  d a y s .  R e s u l t s  were  d e p r e s s e d  i n  t h e s e  r a t s  t o  a
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d e g re e  s i m i l a r  t o  t h a t  o f  normal  e x p e r i m e n t a l  g r o u p s .  

Thi s  s u g g e s t s  t h a t  t h e  l a t e  d e p r e s s i o n  was n o t  p r i m a r i l y  

due t o  t h e  e f f e c t s  o f  r e p e a t e d  a n a e s t h e s i a  and b l o o d  

l o s s .

T h i s  d e p r e s s i o n  was n o t  c o n s i s t e n t l y  r e l a t e d  t o  

o v e r a l l  ch an ge s  i n  p e r i p h e r a l  w h i t e  b l o o d  c e l l  c o u n t s  

( T ab l e s  13 and 1 4 ) .  T h e r e f o r e  i t  seems p r o b a b l e  t h a t  i t  

p r i m a r i l y  r e p r e s e n t s  an  e f f e c t  o f  t h e  a g e n t s  on lympho­

c y t e  f u n c t i o n .

F i g  5 (T ab l e  1 5 , 2 6 , 3 1 )  shows t h e  e f f e c t  o f  e ach  

a g e n t  when g i v e n  a l o n e  t o  g r o u p s  o f  tumour  b e a r i n g  a n i ­

mal s  compared t o  u n t r e a t e d  t umour  b e a r i n g  c o n t r o l s .  

F o l l ow in g  CT s i m i l a r  p a t t e r n s  a r e  s e en  i n  t h e  PHA r e s ­

ponse  t o  t h o s e  d e s c r i b e d  i n  normal  a n im a l s  ( a b o v e ) .  

Again t h e  r ebound  o v e r s h o o t  i s  o n l y  c l e a r l y  s e e n  a f t e r  

3FU.

Almost  a l l  e x p e r i m e n t s  i n v o l v i n g  t h e  DTH' r e s p o n s e  

conce rned  t h e  u se  o f  c y c l o p h o s p h a m i d e .  T a b l e  16 shows 

t h a t  c y c l op h os ph a m id e  40 mgs /kg  p r o d u c e s  s i g n i f i c a n t  d e ­

p r e s s i o n  o f  t h e  o x a z o l o n e  DTH r e s p o n s e .  However t h e r e  i s  

a wide v a r i a t i o n  o f  r e s p o n s e s ,  so  t h a t  g ro up s  o f  10 a n i ­

mal s  may n o t  n e c e s s a r i l y  be  a d e q u a t e  t o  show d i f f e r e n c e s  

which a r e  s t a t i s t i c a l l y  s i g n i f i c a n t .

Ta b l e  17 shows t h e  p r o g r e s s  o f  tumour  ' s i z e s '  d u r i n g  

t h e  month f o l l o w i n g  t h e r a p y  f o r  e ac h  e x p e r i m e n t a l  g r o u p .
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S i n c e  t h e r e  was c o n s i d e r a b l e  v a r i a t i o n  i n  s i z e s  be tween  

a n i m a l s ,  ch ang es  a r e  a l s o  shown a s  i n d i v i d u a l  p e r c e n t a g e  

change  t o  p r e t r e a t m e n t  v a l u e s  ( t h e  mean o f  2 weeks r e a d ­

i n g s )  . None o f  t h e s e  r e g im en s  s i g n i f i c a n t l y  i n f l u e n c e d  

t h e  s l ow g rowth  o f  t h e s e  t u m o u r s . Al though  c e r t a i n  r a t s  

a p pea red  t o  r espond  t o  CT by tumour  s h r i n k a g e , t h i s  was 

a l s o  ob se rv ed  i n - a  few u n t r e a t e d  a n i m a l s .  Numbers do n o t  

a p p e a r  t o  be a d e q u a t e  t o  comment on t h e  e f f e c t  o f  CT, b u t  

t h i s  was n o t  a p r i m a r y  p u r p o s e  o f  t h e  s t u d y .
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Summary

Immune d e p r e s s i o n  i s  shown i n  t h i s  r a t  model  f o l l o w ­

ing one i n j e c t i o n  o f  e i t h e r  5FU o r  cy c l o p h o sp h a m i d e .  

T h i s  was d e m o n s t r a t e d  i n  b o th  normal  and tumour b e a r i n g  

a n i m a l s .  The i n  v i t r o  t e s t  showed a d e p r e s s i o n  l a s t i n g  

f o r  a t  l e a s t  one month a f t e r  i n j e c t i o n .  The rebound 

o v e r s h o o t  phenomenon was c l e a r l y  s e e n  a f t e r  5FU. N e i t h e r  

o f  t h e s e  ch an ge s  i s  p r i m a r i l y  r e l a t e d  t o  ch an ge s  i n  a b s o ­

l u t e  c e l l  number s .  The i n  v i v o  t e s t  shows im pa i rmen t  o f  

r e s p o n s e  d u r i n g  t h e  f i r s t  24 h o u r s  a f t e r  cyc l oph osp ha mid e  

i n  normal  a n i m a l s .
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When g i v e n  a l o n e  l e v a m i s o l e  had no e f f e c t  on PH A 

r e s p o n s e s  o ve r  one month compared t o  a c o n t r o l  g rou p  r e ­

c e i v i n g  s a l i n e  (T ab l e s  18 and 19 ) •  Th i s  i s  c o n s i s t e n t  

w i t h  i t s  e s s e n t i a l l y  ' r e s t o r a t i v e '  a c t i o n  (Symoens and 

R o s e n t h a l  1977) •  However when i t  was g i v e n  w i t h  5FU o r  

c y c l op ho sph am id e  8 mgs/kg no s i g n i f i c a n t  i n f l u e n c e  was 

s e en  on s u b s e q u e n t  i m m une sup p r e s s i on  (F i g s  6 and 7 , T a b l e s  

20 and 2 1 ) .

In  o t h e r  e x p e r i m e n t s  3 days  was a l l owed  b e f o r e  t h e  

a d m i n i s t r a t i o n  o f  l e v a m i s o l e , i n  o r d e r  t o  s t u d y  i t s  a c t i v ­

i t y  i n  e s t a b l i s h e d  i m m u ne su p p r e s s i on .  F i g s  8 and 9 

(T a b l e s  22 and 23) show no i n f l u e n c e  o f  l e v a m i s o l e  on t h e  

d e p r e s s i o n  produced  by c y c l o p h o sp h a m i d e  8 mgs/kg o r  40 

mgs/kg g i v e n  3 d$ys b e f o r e .  The numbered s t u d y  d a t e s  a r e  

cou n t e d  from t h e  i n j e c t i o n  o f  l e v a m i s o l e .  A r e s t r a i n e d  

b u t  c l e a r  rebound o v e r s h o o t  c an  be s ee n  a t  b o t h  t h e s e  

d o s e s  ( ' d a y  3 '  i s  6 days  a f t e r  c y c l o p h o s p h a m i d e ) .  A more 

c l e a r  b e n e f i t  was s e e n  when l e v a m i s o l e  was g i v e n  3 days  

a f t e r  one i n j e c t i o n  o f  5FU ( f i g  1 0 , Tab l e  2 4 ) .  Count s  

were  c o n s i s t e n t l y  h i g h e r  i n  t h e  g r o u p  r e c e i v i n g  l e v a m i ­

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

t i s t i c a l l y  s i g n i f i c a n t  on day  1. Th i s  e x p e r i m e n t  was r e ­

p e a t e d  and t h e  same r e s u l t s  o b t a i n e d .  Both g r o u p s  o f  r e -  

s u t l s  were  combined t o  p r o v i d e  t h o s e  g i v e n  i n  Tab l e  24.

T h i s  o b s e r v a t i o n  was t e s t e d  u s i n g  t h e  DTH r e s p o n s e .

3 g ro u p s  o f  a n i m a l s  r e c e i v e d  e i t h e r  s a l i n e , 5 F U  o r  5FU 

f o l l o w e d  by l e v a m i s o l e  a f t e r  3 days  when t h e y  were c h a l -
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l enged  w i t h  o x a z o l o n e .  No c l e a r  d i f f e r e n c e s  were  s e e n  i n  

t h e  DTH r e s p o n s e s  f o l l o w i n g  t h i s  be tween  each  g r o u p  

(Table  2 5 ) .

Th i s  p r o t o c o l  was f o l l o w e d  i n  tumour b e a r i n g  a n i m a l s  

and an i d e n t i c a l  p a t t e r n  s e en  (Fig 1 1 , T ab l e  2 6 ) .  The 

g roup  r e c e i v i n g  l e v a m i s o l e  m a i n t a i n e d  c o n s i s t e n t l y  h i g h e r  

r e s p o n s e s  a l t h o u g h  t h e s e  nev e r  r e ach ed  s t a t i s t i c a l  s i g n i ­

f i c a n c e  .
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C o n c l u s i o n s

1) L eva mi so l e  does  n o t  i n f l u e n e  d e p r e s s i o n  o f  PHA 

r e s p o n s e s  when combined w i t h  an i n j e c t i o n  o f  c y c l o p h o s ­

phamide o r  5FU.

2) A s m a l l  b u t  c o n s i s t e n t  improvement  o f  PHA r e s ­

p o n s e s  was s e en  f o l l o w i n g  5 F U , i f  3 days  e l a p s e d  b e f o r e  

t h e  a d m i n i s t r a t i o n  o f  l e v a m i s o l e .  T h i s  phenomenon oc ­

c u r r e d  i n  bo th  normal  and tumour  b e a r i n g  a n i m a l s .  No 

s i m i l a r  e f f e c t  was n o t  s e en  i n  t h e  DTH r e s p o n s e .
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These  a g e n t s  have  been  combined w i t h  c he m oth e r apy  i n  

many an ima l  e x p e r i m e n t s  b e c a u s e  o f  t h e i r  s t i m u l a t i n g  a c ­

t i o n  on t h e  r e t i c u l o - e n d o t h e l i - a l  sy s t e m .  T h e r e f o r e  i t  i s  

i n t e r e s t i n g  to  s e e  from Fig 12 (Tabl e  27) t h a t  t h e  PHA 

r e s p o n s e  f o l l o w i n g  c y c l op ho sp h a m id e  -{B mgs/kg)  i s  marked­

l y  d e p r e s s e d  i n  normal  r a t s  by t h e  a d d i t i o n  -of g l u c a n .  

T h i s  e f f e c t  was a l s o  s e e n  a t  t h e  h i g h e r  dose  o f  40 mgs/kg 

(Fig 13 T a b l e  2 8 ) ,  and w i t h  -5FU (Fig 1 4 , Tab le  29 ) .  

However i t  was n o t  s e en  on da y  3 i n  e i t h e r  cyc lophospham­

id e  g r o u p ,  o r  on day  7 f o l l o w i n g  5FU ( t he  peak o f  t h e  r e ­

bound o v e r s h o o t ) .

The DTH r e s p o n s e  was a s s e s s e d  i n  two g r o u p s  o f  n o r ­

mal r a t s  r e c e i v i n g  40 mgs/kg o f  c y c l o p h o s p h a m i d e .  Ha l f
i

o f  t h e s e  were  a l s o  g i v e n  g l u c a n  IV a t  t h e  same t i m e .  I t  

c an  be s e e n  from. Tab l e  30 t h a t  t h i s  d i d  n o t  i n f l u e n c e  t h e  

‘■'magnitude o f  t h e i r  s u b s e q u e n t  DTH r e s p o n s e s ,  which was 

- s l i g h t l y  g r e a t e r  i n  t h e  g r o u p s  r e c e i v i n g  g l u c a n .

A s i m i l a r  p a t t e r n  was s e e n  i n  tumour b e a r i n g  a n i ­

m a l s .  F i g u r e  15 (Tabl e  31) shows t h a t  t h e  PHA r e s p o n s e  

was d e p r e s s e d  by t h e  a d d i t i o n  o f  g l u c a n  t o  cyc lophospham­

id e  (40 m g s / k g ) . A l though  t h i s  e f f e c t  o n l y  r ea ch e d  s t a ­

t i s t i c a l  s i g n i f i c a n c e  on days  7 and 1 4 , t h e  p a t t e r n  was 

c l e a r  t h r o u g h o u t .  The DTH r e s p o n s e  f o l l o w i n g  c y c l o p h o s ­

phamide (40 mgs/kg)  was n o t  i n f l u e n c e d  by g l u c a n  i n  t h e s e  

a n i m a l s  (Tab l e  3 0 ) .



•  G L U C A N

O SALINE
1.02

0 . 8 7
2814730 DAYS

FIG 12 (TABLE .27) THE EFFECT O F  G L U C A N  (10 mgs/kg) COMPARED TO 
SALINE (CONTROLS) WHEN ADMINISTERED WITH CY CLO (8 mgs/kg)

^  P < 0 . 0 1



•  G L U C A N

O  SA LIN E

1 . 0 4

.0

0 . 6 4

14 283 70
DAYS

FIG 13 (TABLE 28) THE EFFECT OF G L U C A N  (10 mgs/kg)  COMPARED TO 
SALINE (CONTROLS)  WHEN ADMINISTERED WITH C Y C L O  (40 mgs/kg) 

^ P < 0 . 0 1



o  =  SALINE 

a  =  G L U C A N

. 1 5

-0

. 65

2814730 DAYS

FIG 14 (TABLE 29) THE EFFECT O F  G L U C A N  (10 mgs/kg)  COMPARED TO 
SALINE (CONTROLS) WHEN ADMINISTERED WITH 5FU (60 mgs/kg)

^  P < 0 . 0 5



•  G L U C A N

O SALINE

0

0.72
28143 70

DAYS

FIG 15 (TABLE 31) THE EFFECT IN TUMOUR BEARING ANIMALS OF 
G L U C A N  (10 mgs/kg) COMPARED TO SALINE (CONTROLS) WHEN 
ADMINISTERED WITH CY CLO (40 mgs/kg)  ' ^ P < 0 . 0 1
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I n  o r d e r  t o  i n v e s t i g a t e  t h e  r o l e  o f  t i m i n g  on t h i s  

e f f e c t ,  one  g r o u p  o f  r a t s  were  g i v e n  g l u c a n  3 d ay s  b e f o r e  

cyc l o ph o sp ha mi de  (8 mgs/kg)  (Fig 1 6 , T ab l e  3 2 ) .  

S i g n i f i c a n t  s u p p r e s s i o n  o f  t h e  PHA r e s p o n s e  was p r odu ced  

on da ys  3 and 7 , compared t o  c o n t r o l s  r e c e i v i n g  c y c l o p h o s ­

phamide a l o n e .  In  t h i s  e x p e r i m e n t  a d i f f e r e n c e  i n  mean 

c o n t r o l  v a l u e s  (45382 t o  62468) may have  masked a g r e a t e r  

d e p r e s s i v e  e f f e c t  o c c u r r i n g  on days  1 ,14  and 28 .  In a 

second e x p e r i m e n t  t h e  a d m i n i s t r a t i o n  o f  g l u c a n  was d e l a ­

yed u n t i l  3 days  a f t e r  cyc l op hos pha mid e  and some d e p r e s ­

s i o n  was a g a i n  s e e n  (Fig 1 7 , Tab l e  3 3 ) .  T h i s  e x p e r i m e n t  

was combined  w i t h  a t h i r d  g rou p  o f  r a t s  who a l s o  r e c e i v e d  

l e v a m i s o l e  (Tab l e  3 3 c ) . C o n s e q u e n t l y  e ach  su b g r ou p  co n ­

s i s t e d  o f  o n l y  7 a n i m a l s , a n d  t h i s  s m a l l e r  number l e d  t o
\

g r e a t e r  v a r i a t i o n  which  may e x p l a i n  t h e  s u r p r i s i n g  r e s u l t  

on da y  7.  I t , s e e m s  r e a s o n a b l e  t o  c o n c l u d e  t h a t  n e i t h e r  

o f  t h e s e  a l t e r a t i o n s  i n  t h e  t im i n g  o f  g l u c a n  a d m i n i s t r a ­

t i o n  p r e v e n t e d  i t s  n e g a t i v e  e f f e c t s .  The c o m b i n a t i o n  o f  

l e v a m i s o l e  w i t h  g l u c a n  a l s o  f a i l e d  t o  i n f l u e n c e  t h i s  phe ­

nomenon (Tab l e  33c) .



G L U C A N
1 .0 8

SALINE

0 . 8 4

2814730 DAYS

FIG 16 (TABLE 32) THE EFFECT O F  G L U C A N  (10 mgs/kg)  COMPARED TO 
SALINE (CONTROLS)  WHEN ADMINISTERED 3 DAYS BEFORE C Y C LO  
(8 mgs/kg) P < 0 . 0 5



•  G L U C A N

O SALINE

1 . 0 5

.0

0 . 7

2814,3 70 DAYS

FIG 17 (TABLE 33) THE EFFECT OF G L U C A N  (10 mgs/kg) COMPARED TO 
SALINE (CONTROLS) WHEN ADMINISTERED 3 DAYS AFTER CY CLO (8 mgs/kg)  

★  P < 0 . 0 5
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The mechanism o f  t h i s  d e p r e s s i v e  e f f e c t  was s t u d i e d  

i n  one g r ou p  o f  a n im a l s  who r e v e i v e d  g l u c a n  a l o n e .  They 

were  compared t o  a c o n t r o l  g r o u p  r e c e i v i n g  normal  s a l i n e  

(IV) t o  a s c e r t a i n  whe the r  t h e  d e p r e s s i o n  was an a r t e f a c t  

o f  t h e  method .  There  was no s i g n i f i c a n t  d i f f e r e n c e  

be tween s u b s e q u e n t  PHA r e s p o n s e s  from e i t h e r  g ro u p  (Fig  

1 8 , Tab l e  3 4 ) ,  Second ly  w h i t e  b l o o d  c o u n t s  were  f o l l o w e d  

ove r  f o u r  weeks i n  g r o u p s  g i v e n  e i t h e r  cy c lo ph os ph a m id e  

a l o n e  o r  i n  c o m b i n a t i o n  w i t h  g l u c a n  (Tab l e  1 3 ) .  Glucan  

d i d  n o t  i n f l u e n c e  t h e  marrow d e p r e s s i o n  caused  by c y c l o ­

phosph amid e ,  and i n  f a c t  was a s s o c i a t e d  w i t h  m a r g i n a l  

p r o t e c t i o n .  Th i s  s u g g e s t s  t h a t  i t s  e f f e c t  on t h e  PHA 

r e s p o n s e  was n o t  m ed i a t e d  by an a l t e r a t i o n  i n  c i r c u l a t i n g  

l ymphocy t e  number s ,  and i m p l i e s  a f u n c i o n a l  chang e .



•  G L U C A N

O SALINE

1 .0 4

0

0 . 9 4

2814730 DAYS

FIG 18 (TABLE 34) THE EFFECT OF G L U C A N  (10 mgs/kg)  COMPARED TO 
SALINE (CONTROLS)
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For c o m p l e t e n e s s  and c o m p a r i s o n , t h e s e  e x p e r i m e n t s  

were b r i e f l y  r e p e a t e d  w i t h  C parvum.  C o n f i r m a t i o n  o f  t h e  

e s t a b l i s h e d  d e p r e s s i v e  e f f e c t  o f  C parvum a l o n e  i s  s e en  

i n  Fig 19 (Tabl e  3 5 ) .  However when g i v e n  w i t h  c y c l o p h o s ­

phamide 8 mgs/kg i t  p roduced  a d r a m a t i c  d e p r e s s i o n  o f  

s u b s e q u e n t  PHA r e s p o n s e s  (Fig 2 0 , Tab l e  3 6 ) .

A t h i r d  mac rophage  s t i m u l a t i n g  a g e n t  was t e s t e d  

t h i a b e n d a z o l e . T h i s  was g i v e n  3 days  a f t e r  5FU and no e f ­

f e c t  a t  a l l  was s e e n  on t h e  s u b s e q u e n t  PHA r e s p o n s e s  (Fig  

2 1 , Tab le  3 7 ) .



# c PARVUM

O  SALINE

1 . 0 5

0 . 7

2814730

★  ★  ★  ★

FIG 19 (TABLE 35) THE EFFECT O F  C.PARVUM  ALONE (1 ml) COMPARED 
TO SALINE (CONTROLS) ★  P < 0 . 0 1



e  c  PARVUM

o  SA LIN E

15

0

0 . 9

2814730 DAYS

FIG 20 (TABLE 36) THE EFFECT O F  C .  PARVUM (1 ml) COMPARED TO 
SALINE (CONTROLS)  .W HEN ADMINISTERED WITH C Y C L O  (8 mgs/kg)

P< 0.001



#  THIABENDAZOLE 

O SALINE
1 . 1

0

0 . 8 5

14 283 70

FIG 21 (TABLE 37) THE EFFECT O F  THIABENDAZOLE (5 mgs/kg)  
COMPARED TO SALINE (CONTROLS) W HEN ADMINISTERED 3 DAYS 
AFTER 5FU (60 mgs/kg)
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C o n c l u s i o n s

1) Glucan  f u r t h e r  d e p r e s s e s  t h e  i n  v i t r o  T c e l l  

r e s p o n s e , when g i v e n  i n  c o n j u n c t i o n  w i t h  t h e  c h e m o t h e r a ­

p e u t i c  a g e n t s  t e s t e d .  Thi s  o c c u r r s  i n  b o t h  normal  and 

tumour  b e a r i n g  a n i m a l s .  However no e f f e c t  o f  g l u c a n  was 

s e e n  i n  t h e  DTH r e s p o n s e s  o f  e i t h e r  g r o u p .

2) The d e p r e s s i o n  o f  PHA r e s p o n s e s  i s  n o t  p r e v e n t e d  

by a few days  v a r i a t i o n  i n  t h e  t i m i n g  o f  i t s  a d m i n i s t r a ­

t i o n .  I t  i s  n o t  i n f l u e n c e d  by l e v a m i s o l e .

3) T h i s  e f f e c t  i s  a l s o  s e e n  w i t h  C parvum b u t  n o t  

w i t h  t h i a b e n d a z o l e .
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CHAPTER 4

■ OTHER MANOEVRES
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Pr iming

Re cen t  r e p o r t s  have  s u g g e s t e d  t h a t  t h e  h a e m a t o p o i e t ­

i c  and g a s t r o i n t e s t i n a l  e f f e c t s  o f  m a jo r  chem o th e r apy  may 

be r ed u ced  by t h e  p r i o r  a d m i n i s t r a t i o n  o f  a s m a l l  

' p r i m in g *  dose  o f  one c h e m o t h e r a p e u t i c  a g e n t .  Th i s  con ­

c e p t  ha s  so f a r  been  a p p l i e d  o n l y  t o  v e r y  h i g h  dose  ch e ­

m o th e r apy  r eg i m ens  i n  man. There  a r e  few e s t a b l i s h e d  gu­

i d e l i n e s  t o  t h e  c h o i c e  o f  a g e n t s ,  d os a g e  and t i m i n g .  In 

t h e i r  o r i g i n a l  d e s c r i p t i o n  Hedl ey  e t  a l  (1978) used a 

p r im in g  d ose  o f  c yc lo pho sph am id e  7 days  b e f o r e  a l a r g e  

dose  o f  m e l p h a l a n ,  i n  7 p a t i e n t s  w i t h  advanced  m a l i g n a n t  

melanoma.
i

T h e r e f o r e  a s m a l l  dose  o f  cy c lo p ho sp ha m id e  (4 

mgs/kg)  was g i ^ e n  t o  one g r o u p  o f  r a t s  f i v e  days  b e f o r e  

t h e  main  d o s e  o f  40 mgs /kg .  A c o n t r o l  g rou p  o f  a n i m a l s  

r e c e i v e d  f i r s t  an eq u a l  volume o f  s a l i n e ,  t h e n  t h e  same 

dose  o f  c y c l o p h o s p h a m i d e .  Blood was t a k e n  f o r  t e s t i n g  

i m m e d i a t e l y  b e f o r e  e ach  i n j e c t i o n ,  and a t  t h e  u s u a l  i n ­

t e r v a l s  f o l l o w i n g  t h e  main d o s e .  The p r i m i ng  dose  p r o ­

duced no a l l e v i a t i o n  o f  t h e  d e p r e s s i o n  caused  by t h e  main 

do se  o f  c y c l o p h o sp h a m i d e  (Fig 2 2 , Tab l e  3 8 ) .  The DTK r e s ­

ponse  was t e s t e d  from t h e  day  o f  t h e  l a r g e r  d o s e ,  and was 

n o t  a f f e c t e d  by p r i o r  p r i m i ng  (Tab l e  3 9 ) .

A s econ d  e x p e r i m e n t  t e s t e d  t h e  c o n c e p t  u s in g  5FU. 

The p r o t o c o l  was i d e n t i c a l  w i t h  a d ose  o f  15 mgs/kg used 

t o  p r i m e ,  f i v e  days  b e f o r e  a main d ose  o f  60 mgs /kg .  No
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d i f f e r e n c e  was s e e n  i n  s u b s e q u e n t  PHA r e s p o n s e s  be tween  

t h e s e  r a t s  and t h e i r  c o n t r o l s  (Fig 2 3 , Tab l e  4 0 ) .

In  a t h i r d  e x p e r i m e n t  a l t e r a t i o n s  i n  t h e  t im e  d e l a y  

were a s s e s s e d .  Groups  o f  10 an im a l s  r e c e i v e d  a p r i m in g  

dose  o f  c y c l o p h o sp h a m i d e  4 mgs/kg a t  i n t e r v a l s  o f  up t o  

14 days  b e f o r e  t h e  main  dose  o f  40 mgs /kg ,  which t h e y  a l l  

r e c e i v e d  on t h e  same d a y .  T ab l e  41 shows t h e  r e s u l t s  o f  

t h e  PHA r e s p o n s e s  measured  ove r  t h e  s u b s e q u e n t  mon th .  

These can  be compared a s  a b s o l u t e  v a l u e s , o r  a s  r a t i o s  

b o t h  t o  p r e t r e a t m e n t  o r  t o  p r e p r i m i n g  v a l u e s .  Whichever  

method i s  u s e d , n o  b e n e f i t  was found from p r i m in g  a t  any 

o f  t h e  t im e  d e l a y s , w h e n  compared t o  c o n t r o l s .  The o n l y  

s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  be tween  g r o u p s  i s  

d e p r e s s i o n  i n  t h o s e  pr imed a t  f i v e  d a y s , w h i c h  was n o t  

s e en  i n  t h e  f i r s t  e x p e r i m e n t  and may s i m p l y  r e p r e s e n t  

random d a t a  v a r i a t i o n .



1 . 0 5

#  C Y C L O P H O S  PRIME

O SALINE

0

0 . 7

14 283 70

FIG 22 (TABLE 38) THE EFFECT O F  A C Y C LO  (4 mgs/kg)  PRIME COMPARED 
TO SALINE ^CONTROLS) WHEN ADMIN'STERED 5 DAYS BEFORE A SEC O N D  
I N I E C T I O N  OF CYCLO (40 mgs/kg)



o  SALINE PRIME
1 . 0 5 •  5FU PRIME

0.7
14 28730 DAYS

FIG 23 (TABLE 40) THE EFFECT O F  A 5FU (15 mgs/kg) PRIME COMPARED 
TO SALINE (CONTROLS) WHEN ADMINISTERED 5 DAYS BEFORE A 
S E C O N D  I N J E C T IO N  OF 5FU (60 mgs/kg)
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Ci me t id  i ne

R e c e n t  an ima l  e x p e r i m e n t s  w i t h  tumour t r a n s p l a n t a ­

t i o n  hav e  c l a im e d  t h a t  t h e  a d m i n i s t r a t i o n  o f  c i m e t i d i n e  

can l e a d  t o  some r e t a r d a t i o n  o f  tumour g rowth  and m e t a s ­

t a s i s  ( G i f f o r d  e t  a l  1981,  Osband e t  a l  19 8 1 ) .  I t  i s  

p r oposed  t h a t  t h i s  e f f e c t  o c c u r r s  by an imm uno log i ca l  a c ­

t i o n  o f  c i m e t i d i n e .  T h e r e f o r e  t h e  e f f e c t  o f  t h i s  d rug  

was t e s t e d  i n  two g r o u p s  o f  r a t s  f o l l o w i n g  one d o s e  o f  

5FU.Three d ay s  l a t e r  one g r ou p  r e c e i v e d  c i m e t i d i n e  by IP 

i n j e c t i o n  t w i c e  d a i l y  f o r  two weeks .  Thi s  was f e l t  t o  be 

t h e  mos t  r e l i a b l e  r o u t e  o f  a d m i n i s t r a t i o n  w i t h  b e s t  c o n ­

t r o l  o f  d o s a g e .  A d e l a y  was i n c l u d e d  i n  t h e  p r o t o c o l  i n  

c a se  s t i m u l a t i o n  from c i m e t i d i n e  l e d  t o  i n c r e a s e d  t o x i c i ­

t y  from 5FU,and b e c a u s e  such  t im i n g  a p pea red  b e n e f i c i a l  

w i t h  l e v a m i s o l e . i

The a d m i n i s t r a t i o n  o f  c i m e t i d i n e  l e d  t o  no b e n e f i ­

c i a l  e f f e c t  on t h e  s u b s e q u e n t  PHA r e s p o n s e s .  These  were  

i n  f a c t  c o n s i s t e n t l y  l ower  i n  t h a t  g r o u p ,  by a d i f f e r e n c e  

which was n e v e r  s t a t i s t i c a l l y  s i g n i f i c a n t  (Fig  2 4 , T ab l e  

42) .



#  C IM E T ID IN E

O  SAL INE

1.02

0 . 7 8

DAYS

FIG 24 (TABLE 42) THE EFFECT O F  CIMETIDINE (2 mgs da i ly )  COMPARED 
T O  SALINE (CONTROLS) WHEN ADMINISTERED 3 DAYS AFTER 5FU (60 mgs/kg)
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D i u r n a l  Rhythm

Using t r a n s p l a n t a b l e  t umour s  H a l l b e r g  e t  a l  (1980) 

have  s u g g e s t e d  t h a t  m a r k e d ly  h i g h e r  r e s p o n s e  r a t e s  o f  

r a t s  t o  CT may be s e e n  when a d m i n i s t e r e d  i n  e a r l y  d a r k  

phase  o f  t h e i r  d i u r n a l  c y c l e .  Th i s  phenomenon was i n v e s ­

t i g a t e d  i n  an e x p e r i m e n t  f o r  which  two g r o u p s  o f  a n i m a l s  

were  p r e p a r e d  by i d e n t i c a l  and r e g u l a r  d a i l y  l i g h t i n g  

r o u t i n e s  f o r  3 weeks .  C l e a r l y  i t  was e s s e n t i a l  f o r  e ach  

t o  be t e s t e d  a t  t h e  same t ime  o f  t h e i r  days  t o  e l i m i n a t e  

d i f f e r e n c e s  be tween  them due t o  d i u r n a l  v a r i a t i o n ,  and 

f o r  t e s t s  t o  be pe r fo rmed  s i m u l a t n e o u s l y  on each  g ro u p  t o  

e l i m i n a t e  e x p e r i m e n t a l  v a r i a t i o n .  T h e r e f o r e  t h e  a n i m a l s  

were  c o n d i t i o n e d  t o  t h e  same l i g h t  c y c l e s ,  and i n j e c t i o n s
t

o f  cy c lo p ho sp h am id e  40 mgs/kg were  g i v e n  t o  one g r o u p  a t  

10 a .m.  (2 h o u r s  a f t e r  l i g h t  p h a s e ) , a n d  t h e  o t h e r  a t  10 

p .m.  (2 h o u r s  a f t e r  d a rk  p h a s e ) . Measurement s  began  

w i t h  t h e  n e x t  morning  as  day  0.

Fig 25 (Tabl e  43) shows t h a t  no d i f f e r e n c e  was s e en  

i n  t h e  d e p r e s s i o n  o f  PHA r e s p o n s e s  by e i t h e r  g r o u p .  The 

DTH r e s p o n s e  was a l s o  s i m i l a r  i n  b o t h  g r o u p s  (Tabl e  4 4 ) .



o  A . M .  I N J E C T IO N  

e  P . M .

1 . 0 5

0

14 28730 DAYS

FIG 25 (TABLE 43) THE EFFECT O F  O N E  I N J E C T IO N  O F  CYCLO (40 mgs/kg)  
WHEN ADMINISTERED AT O P P O S I N G  PHASES OF THE LIGHT CYCLE
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C o n c l u s i o n s

1) P r im ing  b e f o r e  l a r g e  d o s e s  o f  c y c l o p h o sp h a m i d e  

o r  5FU do es  n o t  a f f o r d  immuno log i ca l  p r o t e c t i o n  a s  a s ­

s e s s e d  by t h e  t e s t s  u s e d .  , No e f f e c t  was s e e n  from v a r i a ­

t i o n  o f  t h e  p r i m in g  i n t e r v a l  f o r  c y c l o p h o s p h a m i d e .

2) R e g u l a r  a d m i n i s t r a t i o n  o f  c i m e t i d i n e  d i d  n o t  

a l l e v i a t e  immune d e p r e s s i o n  f o l l o w i n g  one i n j e c t i o n  o f  

5FU.

3) The t im i n g  o f  a d m i n i s t r a t i o n  o f  c yc l op hos pha m ­

ide  a t  d i f f e r e n t  p h a s e s  o f  a n i m a l s '  d i u r n a l  r hy thms  d i d  

n o t  a f f e c t  s u b s e q u e n t  immune d e p r e s s i o n .
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I n t r o d u c t i o n

T h i s  s t u d y  h a s  c o n f i r m e d  o t h e r  an imal  work showing 

marked immune d e p r e s s i o n  f o l l o w i n g  c a n c e r  ch em o t h e ra p y .  

Th i s  phenomenon ha s  a l s o  been  d e s c r i b e d  i n  man and ha s  

been  d i s c u s s e d .  I t  a p p e a r s  t o  be  an i n e v i t a b l e  c o n s e ­

quence  o f  t h e  s y s t e m i c  u se  o f  such  t r e a t m e n t s ,  and t h i s  

i s  g e n e r a l l y  r e q u i r e d  t o  a t t a c k  t h e  p o t e n t i a l l y  w i d e s p r ­

ead n a t u r e  o f  s p r e a d  i n  most  c a n c e r s .

The re  have  been  s e v e r a l  d i f f e r e n t  a p p r o a c h e s  t o  t h e

use  o f  t h e s e  a g e n t s  which  may n o t  c a u s e  such  immunologi ­

c a l  e f f e c t s  , b u t  none o f  t h e s e  i s  l i k e l y  t o  a f f e c t  t h e  

g e n e r a l  p r ob l em .  The l o c a l  a p p l i c a t i o n  o f  c y t o t o x i c  

a g e n t s  i s  o n l y  s u i t a b l e  f o r  a few tumour s  (such  a s  

b l a d d e r  c a n c e r  and m a l i g n a n t  a s c i t e s ) ,  and i s  r a r e l y  c u ­

r a t i v e .  R e g i o na l  p e r f u s i o n  o f  d r u g s  by a r t e r i a l  i n j e c -  

ti,Qji h a s  g e n e r a l l y  f a i l e d  t o  p ro v e  o f  c l e a r  b e n e f i t

( C l i n e  and H a s k e l l  1980) . An i n t e r e s t i n g  e x c e p t i o n  i s

r e g i o n a l  c y t o t o x i c  p e r f u s i o n  o f  t h e  l i v e r , p r i n c i p a l l y  i n  

c a s e s  o f  c o l o n i c  c a n c e r .  T h i s  ha s  been  shown t o  be c a p a ­

b l e  o f  some s i g n i f i c a n t  l o c a l  a c t i o n  b o t h  i n  t r e a t m e n t  

and p r e v e n t i o n  o f  m é t a s t a s é s  ( T a y l o r  1 9 8 1 , Reed e t  a l  

1 9 81 ) ,  b u t  t h e  somewhat  m a r g i n a l  o v e r a l l  g a i n s  o b t a i n e d  

have  n o t  y e t  l e d  t o  i t s  c l i n i c a l  a c c e p t a n c e .  The e f f e c t  

i s  p r o b a b l y  due t o  h i g h  l o c a l  c y t o t o x i c  

c o n c e n t r a t i o n s , b u t  s y s t e m i c  immune d e p r e s s i o n  may w e l l  be 

min i m i s ed  by t h i s  t e c h n i q u e  and t h e r e f o r e  c o n t r i b u t e .
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F i n a l l y  a v e r y  b r i e f  c o u r s e  o f  s y s t e m i c  CT may . have  

a p l a c e  i n  c e r t a i n  s i t u a t i o n s .  In a r andomised  s e r i e s  o f  

ove r  one  t h o u s a n d  women w i t h  b r e a s t  c a n c e r ,  N i s sen - Me ye r  

e t  a l  (1978) t e s t e d  t h e  e f f e c t  o f  a 5 day  c o u r s e  o f  c y ­

c lo p h os p h am id e  f o l l o w i n g  mas tec tomy .  Th i s  p roduced  a 10%

improvement  i n  r e c u r r e n c e  f r e e  and s u r v i v i n g  p a t i e n t s  

compared t o  u n t r e a t e d  c o n t r o l s .  T h i s  t r e a t m e n t  i s  now 

un d e rg o i n g  f u r t h e r  c l i n i c a l  t r i a l , b u t  a p p e a r s  t o  o f f e r  

c o mp a r ab l e  b e n e f i t  t o  many a g g r e s s i v e  and p r o t r a c t e d  r e ­

g imens  o f  a d j u v a n t  CT f o r  b r e a s t  c a n c e r .  There  a r e  a 

number o f  p o s s i b l e  e x p l a n a t i o n s  f o r  t h i s  b u t  t h e  m i n i m i s ­

ing o f  immunosupp re s s ion  may w e l l  be an i m p o r t a n t  f a c t o r .

In g e n e r a l  t h e r e  seems no dou b t  t h a t  s y s t e m i c  c h e ­

m o t h e r ap y  can  e f f e c t i v e l y  k i l l  s e v e r a l  o r d e r s  o f  c a n c e r  

c e l l s  and b e n e f i t  - t h e  p a t i e n t ,  d e s p i t e  s i m u l t a n e o u s l y  

c a u s i n g  s i g n i f i c a n t  d e p r e s s i o n  o f  t h e  immune s y s t e m .  

F u r t h e r m o r e  s e v e r a l  l a r g e  c l i n i c a l  t r i a l s  have  e s t a ­

b l i s h e d  t h a t  t h e  s u r v i v a l  o f  women w i t h  e a r l y  b r e a s t  

c a n c e r  a f t e r  s i m p l e  mas t ec tomy i s  n o t  i n f l u e n c e d  by a 

p o s t o p e r a t i v e  c o u r s e  o f  r a d i o t h e r a p y  (Cancer  R e s e a r c h  

Campaign working  p a r t y  19 80 ,Ly thgoe  and Pa lmer  1 9 8 2 ) .

However t h i s  mus t  i n v o l v e  majo r  s y s t e m i c  immunosuppres ­

s i o n  from r a d i a t i o n  w i t h o u t  a p p a r r e n t  c l i n i c a l  d e t r i m e n t .  

What r e l e v a n c e  t h e r e f o r e  i s  t h e  immune r e s p o n s e  compared 

t o  o t h e r  t r e a t m e n t s  l i k e  chemothe rapy?  T h i s  q u e s t i o n  h a s  

r e c e n t l y  been  t a k e n  f u r t h e r  and t h e  v a l u e  o f  t h e  immune 

r e s p o n s e  t o  human c a n c e r  unde r  any c i r c u m s t a n c e  ha s  r e ­

c e n t l y  been  q u e s t i o n e d .



PAGE 1 1 8

Such d o u b t s  have  a r i s e n  from two main a r e a s .  F i r s t  

t h e  r e s u l t s  o f  c l i n i c a l  t r i a l s  o f  immunotherapy a r e  r e ­

markably  d i s a p p o i n t i n g , a s  h a s  been  d i s c u s s e d .  

Fu r th e rm or e  even i n  t h e  mos t  s u c c e s s f u l  an imal  mode l s  o f  

immunotherapy a c l e a r  b e n e f i t  c an  be l o s t  by s m a l l  

changes  o f  tumour do sa ge  and p r o t o c o l .  A l t hough  t h e s e  

p rob l ems  m ig h t  r e p r e s e n t  t h e  weaknes s  o f  immuno the rapeu -  

t i c  a g e n t s  i n  c u r r e n t  u s e , t h e y  have  l e d  t o  more fundamen­

t a l  q u e s t i o n  ab ou t  t h e i r  w o r t h .

Se co nd l y  a wide gap  h a s  opened be tween  t h e  i m p l i c a ­

t i o n s  o f  an imal  e x p e r i m e n t s  and t h e  r e a l i t i e s  o f  human 

c a n c e r .  Animal s  o f f e r  a more c o m p l e t e  and s c i e n t i f i c a l l y  

s a t i s f a c t o r y  medium o f  s t u d y ,  and have  t h e r e f o r e  been  t h e  

focus  o f  much r e c e n t  c a n c e r  r e s e a r c h .  Almost  a l l  s uch  

work ha s  i n v o l v e d , t umours  i nduced  w i t h  c h e m i c a l s  o r  v i -  

r u o e s , b u t  t h e s e  a r e  u s u a l l y  h i g h l y  immunogenic compared 

t o  s p o n t a n e o u s l y  a r i s i n g  t umour s  which  a r e  g e n e r a l l y  n o t  

(Kle in  1 98 0 ) .  C o n s e q u e n t l y  i t  i s  n o t  c l e a r  how a r t i f i ­

c i a l  a r e  modern d e v e l o p m e n t s  i n  t h e  u n d e r s t a n d i n g  o f  

c a n c e r  immunology,mos t  o f  which a r e  b a se d  on such  m o d e l s .

Th is  q u e s t i o n  i s  f u r t h e r  c o m p l i c a t e d  by a few s t u ­

d i e s  which s u g g e s t  t h a t  d e m o n s t r a b l e  immune r e s p o n s e s  do 

n o t  n e c e s s a r i l y  c o n f e r  b e n e f i t .  V a l i d  p r o t e c t i o n  can be 

s een  a g a i n s t  many i n duced  an imal  t u m o u r s ,  b u t  some grow 

a p p a r e n t l y  unimpeded (K l e i n  1 9 8 0 ) .  F u r t h e r m o r e . a  few e x ­

amples o f  f a c i l i t a t i o n  o f  tumour  g ro w t h  by a n t i t u m o u r  im­

muni ty  have  been  men t ioned  (Prehn  1 9 7 8 ) .  C o n v e r s e l y  i t
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may be a rg ue d  t h a t  i f  immuno log ica l  s u r v e i l l a n c e  

o c c u r s , a n y  c a n c e r  which becomes e s t a b l i s h e d  may r e p r e s e n t  

a r e l a t i v e l y  non- immunogeni c  v a r i e t y  which  h a s  e s c a p e d .  

F o r t u n a t e l y  t h e r e  i s  no c o n f i r m a t i o n  o f  t h e s e  c o n c e p t s  i n  

man. F u r t h e r m o r e  e v i d e n c e  ha s  a l r e a d y  been  o u t l i n e d  

which shows t h a t  a number o f  s p e c i f i c  imm uno log i ca l  r e s ­

p o ns e s  t o  c a n c e r  a r e  d e m o n s t r a b l e  i n  man.  T h e r e f o r e  i t  

seems r e a s o n a b l e  t o  c o n c l u d e  t h a t  t h e r e  i s  a p o t e n t i a l l y  

v a l u a b l e  immune r e s p o n s e  t o  c a n c e r  i n  m a n , b u t  t h a t  i t s  

v a l u e  r e m a in s  t o  be c l e a r l y  proved  and may . v a r y  be tween  

i n d i v i d u a l s .

What c an  be s a i d  f o r  immunotherapy i f  tumour  immu­

n o l o g y  i t s e l f  i s  r e g a r d e d  a s  u n p r e d i c t a b l e  and o f  u n p ro ­

ven b e n e f i t .  C e r t a i n l y  c l e a r  c l i n i c a l  b e n e f i t s  from im­

muno the rap y  would e s t a b l i s h  i t s  v a l u e  beyond d o u b t .  Most  

a t t e m p t s  a t  immunotherapy  have  been  n o t  been  tumour  s p e c ­

i f i c  b u t  a imed a t  t h e  g e n e r a l  r e s t o r a t i o n  o f  i n a d e q u a c i e s  

i n  t h e  immune r e s p o n s e .  Three  c o n t r a s t i n g  v i ews  f o r  t h e  

p l a c e  o f  such  t h e r a p y  have  been  p r o p o s e d .

F i r s t , t h a t  su ch  an a p p r oa ch  sh ou ld  be mos t  a p p l i c a ­

b l e  t o  p a t i e n t s  w i t h  advanced  d i s e a s e  s i n c e  t h e y  a r e  mos t  

l i k e l y  t o  be  i m m u n o l o g i c a l l y  d e p r e s s e d .  However i t  i s  

p r o b a b l y  u n r e a l i s t i c  t o  e x p e c t  a s i g n i f i c a n t  imp ac t  f rom 

t h e  immune sy s t em on such  a l a r g e  tumour  b u r d e n .  

F u r t h e r m o r e  s p r e a d  o f  such  d i s e a s e  may imp ly  t h e  d e v e l o p ­

ment  o f  c e r t a i n  means by which t h e  c a n c e r  ha s  e s c a p e d  

normal  imm uno lo g i c a l  r e a c t i o n s .
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C o n s e q u e n t l y  t h e  second  v iew i s  t h a t  immunotherapy 

sh ou ld  be aimed a t  p a t i e n t s  w i t h  a manageab le  number o f  

m a l i g n a n t  c e l l s , s u c h  a s  a f t e r  p o t e n t i a l l y  c u r a t i v e  s u r ­

g e r y  ( 'm i n i m a l  r e s i d u a l  d i s e a s e ' ) .  However such immuno­

l o g i c a l  p r o f i l e s  a s  a r e  c u r r e n t l y  a v a i l a b l e  do n o t  s u g ­

g e s t  t h a t  t h e s e  p a t i e n t s  a r e  f a i l i n g  i m m u n o l o g i c a l l y .  I f  

t h e i r  immune r e s p o n s e  i s  compromised a t  a more d e t a i l e d  

l e v e l  by mechani sms  such  a s  b l o c k i n g  f a c t o r s  o r  a l t e r e d  

s u p p r e s s o r  c e l l  a c t i v i t y , i t  may p r o v e  more a p p r o p r i a t e  t o  

i d e n t i f y  and t a c k l e  t h e s e  i n d i v i d u a l l y .

Thi rd , immune  s t i m u l a t i o n  may be mos t  e f f e c t i v e  when 

t h e r e  i s  a s m a l l  number o f  r e s i d u a l  tumour  c e l l s  b u t  t h e  

h o s t ' s  immune r e s p o n s e s  a r e  d e p r e s s e d  by t r e a t m e n t .  T h i s  

s i t u a t i o n  w i l l  o n l y  a p p l y  w i t h  'Minimum R e s i d u a l  D i s e a s e '  

when r e l a t i v e l y  normal  a n t i - t u m o u r  r e s p o n s e s  may be d e ­

p r e s s e d  by s u r g e r y  o r  a d j u v a n t  t h e r a p y .  Ad juvan t  c h e ­

mothe rapy  may o f f e r  t h e  mos t  s u i t a b l e  t r e a t m e n t  t o  demon­

s t r a t e  p o t e n t i a l ,  s i n c e  i t s  e f f e c t  i s  t o  r edu ce  t h e  

number o f  r e s i d u a l  c a n c e r  c e l l s  by s e v e r a l  o r d e r s  and 

a l s o  t o  d e p r e s s  t h e  immune r e s p o n s e  m a r k e d ly .

S in c e  t h e r e  a r e  now many d o u b t s  abo u t  t h e  v a l u e  o f  

immunotherapy i t  i s  i m p o r t a n t  t o  t e s t  i t s  wor th  where  

t h e r e  i s  mos t  ch an c e  f o r  g a i n .  I t  i s  a l s o  e s e n t i a l  t o  

be g in  by d e v e l o p i n g  su ch  t h e r a p y  t h r o u g h  an imal  m od e l s  

f o l l ow ed  by human s t u d y  t o  m eas u r e  i t s  immunolog ica l  b e ­

n e f i t .  Th i s  ha s  a l l  t o o  f r e q u e n t l y  been  o m i t t e d  i n  many 

c l i n i c a l  t r i a l s  which have  shown no b e n e f i t  from r e g i m e s
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which were  n e v e r  c l e a r l y  e s t a b l i s h e d  t o  be immunothera -  

p e u t i c .  For t h e s e  r e a s o n s  t h i s  s t u d y  was u n d e r t a k e n .

I t  may be c o n s i d e r e d  s i m p l i s t i c  t o  have  s t u d i e d  T 

c e l l  f u n c t i o n  a l o n e  s i n c e  i n c r e a s i n g  c o m p l e x i t y  i s  c on ­

s t a n t l y  r e v e a l e d  i n  t h e  d e t a i l s  o f  e a c h  arm o f  t h e  immune 

r e s p o n s e  and t h e i r  i n t e r a c t i o n s .  However l i m i t a t i o n  i s  

n e c e s s a r i l y  imposed on an ima l  e x p e r i m e n t a t i o n  by t h e  s i z e  

o f  b l o od  s am p le s  p o s s i b l e  and t h e  c o m p l e x i t y  o f  e ach  

t e s t .  T c e l l  f u n c t i o n  p r o b a b l y  r e m a in s  one o f  t h e  mos t  

i m p o r t a n t  a s p e c t s  o f  t h e  immune r e s p o n s e  t o  c a n c e r , a n d  i t  

seemed more i m p o r t a n t  t o  s t u d y  one f a c e t  o f  t h i s  t h o ­

r o u g h l y .  Deve lopment s  s u g g e s t e d  by r e s e a r c h  i n t o  d i f f e r ­

e n t  immunolog i ca l  f u n c t i o n s  c o u ld  be t e s t e d  i n  t h i s  con ­

t e x t ,  and any  e n c o u r a g i n g  p o s s i b i l i t i e s  from t h i s  p a s s e d  

on f o r  a s s e s s m e n t  i n  o t h e r s .  Only i n  t h i s  way can  a com­

p o s i t e  p i c t u r e  be c o n s t r u c t e d  o f  t h e  f u l l  e f f e c t s  o f  im- 

m u n o t h e r a p e u t i c  manoev re s  on t h e  immune r e s p o n s e .  A 

number o f  d i f f e r e n t  a p p r o a c h e s  t o  r e s t o r e  t h i s  f u n c t i o n  

have  been  u s e d .  A few were  ba sed  on t e n t a t i v e  o r  s p e c u ­

l a t i v e  i d e a s  which  have  n o t  p roved  r e w a r d i n g , b u t  p r o g r e s s  

can  o n l y  come from such  a t t empt s .*  I t  was c o n s i d e r e d  im­

p o r t a n t  t o  c o n c e n t r a t e  p r i m a r i l y  on t h e  e f f e c t s  o f  c h e ­

m o the rapy  on t h e  normal  immune r e s p o n s e , s i n c e  t h i s  ap­

p e a r s  t o  be t h e  s i t u a t i o n  o f  mos t  p a t i e n t s  r e c e i v i n g  ad ­

j u v a n t  c h e m o th e ra p y .

I t  a l s o  seemed a p p r o p r i a t e  t o  examine  t h e s e  e f f e c t s  

i n  tumour b e a r i n g  a n i m a l s . I n  t h i s  s i t u a t i o n  t h e  immune
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r e s p o n s e  may be s i g n i f i c a n t l y  a l t e r e d .  The re  i s  no pub­

l i s h e d  i n f o r m a t i o n  r e g a r d i n g  s p e c i f i c  immune r e s p o n s e s  t o  

t h e  tumour  c h o s e n ,  b u t  t h e i r  e x i s t e n c e  i s  v e r y  p r o b a b l e  

s i n c e  t h e y  have  been  d e s c r i b e d  i n  su ch  a wide  v a r i e t y  o f  

c h e m i c a l l y  i ndu ced  an imal  tumour s  ( K l e i n  1 9 8 0 ) .  T h i s  t u ­

mour was ch o se n  b e c a u s e  i t s  b e h a v i o u r  was r e p o r t e d  t o  be 

mos t  s i m i l a r  t o  human b r e a s t  c a n c e r , i n c l u d i n g  t h e  d e v e l ­

opment  o f  m é t a s t a s é s  which i s  m os t  u n u s u a l  f o r  i n duced  

b r e a s t  c a n c e r s  ( G u l l i n o  19 75 ) .  However t h e  a u t h o r  ha s  

n o t  a s  y e t  found m é t a s t a s é s  i n  a n i m a l s  f o l l o w e d  f o r  up t o  

t w e l v e  months  a f t e r  m a s t e c t o m y ,a nd  t h i s  i s  c o n s i s t e n t  

w i t h  a n o t h e r  r e p o r t  (Wi l son  p e r s o n a l  commu n ica t i on  1980) . 

N e v e r t h e l e s s  t h e  model  proved  q u i t e  s a t i s f a c t o r y  f o r  t h e  

p u r p o s e s  o f  t h i s  s t u d y .

■ A s i n g l e  b o l u s  o f  CT was used s i n c e  t h e  o b j e c t  o f  

t h e  ! s t u d y  was p r i m a r i l y  immun o l og i ca l  and t h i s  a s p e c t  

co u ld  t h e r e f o r e  be s t u d i e d  more p r e c i s e l y .  I t  was c o n s i ­

d e r e d  u n i m p o r t a n t  t h a t  t h e s e  r e g i m e n s  p r od uce d  no c l e a r  

i n f l u e n c e  on tumour  s i z e  ( a l t h o u g h  t h e r e  was a t r e n d  t o ­

wa rds  r e d u c t i o n  a f t e r  one w e e k ) . Drug r e g i m e n s  c a p a b l e  

o f  p r o d u c i n g  o b j e c t i v e  r e s p o n s e  o r  c u r e  i n  a n i m a l s  n e a r l y  

a lways  i n v o l v e  more t o x i c  d o s e s  a d m i n i s t e r e d  d a i l y  f o r  

5-7  d a y s .  C l e a r l y  i m m u n o t h e r a p e u t i c  m an oe v r e s  s h o u l d  

a l s o  be t e s t e d  i n  t h i s  c o n t e x t ,  b u t  o n l y  a f t e r  t h e y  hav e  

been  d e v e l o p e d  and p r o v e n .  The c y t o t o x i c  d r u g s  used were  

chos en  be c a u s e  t h e y  a r e  p r o b a b l y  t h e  mo s t  i m p o r t a n t  r e ­

p r e s e n t a t i v e s  o f  t h e  two p r i n c i p l e  t y p e s  o f  a g e n t s  i n  

common u s e ,  b o t h  i n  s i n g l e  and combined r e g i m e s .
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Methods

The r e s p o n s e  t o  PHA h a s  been  w i d e l y  used a s  a t e s t  

o f  T c e l l  l y mp ho cy t e  f u n c t i o n .  W h i l s t  i t s  mechanism i s  

u n do u b t ed ly  complex  and i n v o l v e s  o t h e r  c e l l s  ( H o l l t e r  and 

J a r r e t t  1 9 7 8 , R o s e n s t r e i c h  and Mise l  1 9 7 8 ) ,  i t  i s  s t i l l  

a cc ep t ed  t o  p r i m a r i l y  r e f l e c t  t h i s  a s p e c t  o f  t h e  immune 

r e s p o n s e .  I t  i s  open  t o  t h e  c r i t i c i s m  o f  a l l  i n  v i t r o  

t e s t s  t h a t  i t  d o e s  n o t  r e p r e s e n t  a p r o c e s s  which may i n  

f a c t  o c c u r r  i n  v i v o ,  a l t h o u g h  t h e  whole  b l o od  t e c h n i q u e  

used o f f e r s  a somewhat  l e s s  a r t i f i a l  mode.  The t e s t  i s  

o f t e n  pe r fo rmed  on s e p e r a t e d  w h i t e  c e l l s , b u t  whole  b l o o d  

methods a r e  w e l l  r e c o g n i s e d  and e q u a l l y  r e f l e c t  s t a t e s  o f  

a l t e r e d  immuni ty  ( H a l l  and Gordon 1 9 7 6 , Han and P a u l y  

1971) .  Whole b l o o d  t e c h n i q u e s  r e q u i r e  much s m a l l e r  quan ­

t i t i e s  o f  b l o o d  so t h a t  r e p e a t e d  s am p le s  can  be t a k e n  

from one a n i m a l .  I t  may a l s o  be a rg ue d  t h a t  c o n d i t i o n s  

o f  maximal  c e l l  s t i m u l a t i o n  do n o t  b e a r  any r e l a t i o n  t o  

i n  v i v o  r e s p o n s e s  n e v e r t h e l e s s  t h e r e  mus t  be  i n t r i n s i c  

changes  t o  e x p l a i n  d i f f e r e n c e s  o b s e r v e d  and t h e s e  a r e  

bo rn  ou t  by t h e  c l i n i c a l  a s s o c i a t i o n s  where  t h e y  a r e  

n o t e d .

I t  ha s  be en  s u g g e s t e d  t h a t  s e v e r a l  d o s e s  o f  PHA

shou ld  be employed s i m u l t a n e o u s l y  i n  o r d e r  t o  r e v e a l  s u b ­

t l e  changes  o f  r e s p o n s e  p a t t e r n s  a t  s u b o p t i m a l  l e v e l s  o f  

s t i m u l a t i o n  (Whi tehead  e t  a l  1975) . T h i s  a p p ro a c h  d oe s  

n o t  d e t r a c t  f rom t h e  u se  o f  maximal  PHA s t i m u l a t i o n  -

which ha s  been  mos t  w i d e l y  used -  b u t  o f f e r s  a means t o
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i d e n t i f y i n g  a few e x t r a  d i f f e r e n c e s .  S i n c e  i t  was n o t  

p o s s i b l e  t o  r e p e a t e d l y  o b t a i n  s u f f i c i e n t  b l o o d  f o r  such  

an a p p r o a c h ,  i t  was f e l t  t h a t  maximal  s t i m u l a t i o n  would 

most  c l e a r l y  show t h e  g r e a t e s t  p r o p o r t i o n  o f  d i f f e r e n c e s  

s e en  a t  one  c o n c e n t r a t i o n .

The t e s t  p roved  t e c h n i c a l l y  s a t i s f a c t o r y  s i n c e  a 

f i f t y - f o l d  i n c r e a s e  o f  3H- thymid ine  i n c o r p o r a t i o n  was 

measured  i n  PHA s t i m u l a t e d  w e l l s  compared t o  c o n t r o l .  On 

any g i v e n  day  v a l u e s  f o r  i n d i v i d u a l  r a t s  were  u s u a l l y  

v e r y  c o n s i s t e n t . However t h e r e  was c o n s i d e r a b l e  day  t o  day  

v a r i a t i o n .  As a r e s u l t  i t  p roved  e s s e n t i a l  t o  p l a n  a l l  

e x p e r i m e n t s  a s  c o m p a r i s o n s  t o  s i m u l t a n e o u s  c o n t r o l  g r o u p s  

o f  a n i m a l s ,  i n  o r d e r  t o  e l i m i n a t e  t h i s  e r r o r .  The c a l c u ­

l a t i o n  o f  r e s u l t s  ha s  been  e x p l a i n e d  and a l t h o u g h  c o m p l i ­

c a t e d  seems t o  be t h e  most  l o g i c a l  and p r e c i s e .  I t  l e d

to  d a t a  showing marked and c o n s i s t e n t  c h a n g e s  o f  r e s p o n s e  

f o l l o w i n g  c h e m o t h e r a p y , which i m p l i e d  t h a t  t h e  method was 

a s e n s i t i v e  measuremen t  o f  T c e l l  f u n c t i o n .

The d e l a y e d - t y p e  h y p e r s e n s i t i v i t y  (DTH) t e s t  d i d  n o t  

p r ove  so p r e c i s e .  Measurement s  made i n  v i v o  a r e  p o t e n ­

t i a l l y  more i m p o r t a n t  t h a n  t h o s e  made i n  v i t r o ,  b u t  a r e  

n o t o r i o u s l y  d i f f i c u l t  t o  r e p r o d u c e  c o n s i s t e n t l y  and i n ­

t e r p r e t .  The DTH r e s p o n s e  was c hos en  b e c a u s e  i t  h a s  w e l l  

been e s t a b l i s h e d  a s  a method o f  f u n c t i o n a l  a s s e s s m e n t  o f  

T c e l l s  a c t i v i t y  and r e p r e s e n t s  a c l e a r  r e s p o n s e  t o  a n t i ­

g e n i c  s t i m u l u s .  Oxazolone  ha s  been  one  o f  t h e  mos t  com­

monly used a g e n t s  f o r  t h i s .  The use  o f  e a r  measu remen t
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o f f e r s  an a p p e a l i n g  method o f  q u a n t i t a t i n g  t h e  r e s p o n s e  

which o t h e r  t e c h n i q u e s  do n o t  p r o v i d e .

A marked r e s p o n s e  a p p ea re d  f o l l o w i n g  t h e  a u r a l  ap­

p l i c a t i o n , w h i c h  u s u a l l y  l e d  t o  a t  l e a s t  a 50% i n c r e a s e  i n  

e a r  t h i c k n e s s .  The s w e l l i n g  p roduced  was s i g n i f i c a n t l y  

r educed  f o l l o w i n g  one i n j e c t i o n  o f  c y c l o p h o s p h a m i d e , and 

t h i s  was a l m o s t  e x c l u s i v e l y  used i n  t h e  e x p e r i m e n t s  i n ­

v o l v i n g  t h i s  t e s t .  However t h e r e  was a wide  v a r i a t i o n  i n  

t h e  m ag n i t u d e  o f  t h e  r e s p o n s e ,  and s u b s e q u e n t l y  no c l e a r  

d i f f e r e n c e s  were  s e e n  be tween any o f  t h e  p a i r e d  e x p e r i ­

men t a l  g r o u p s .  The re  a r e  two p o s s i b l e  e x p l a n a t i o n s  f o r  

t h i s .  F i r s t , t h e  t e s t  may be t o o  i n s e n s i t i v e  t o  m eas u r e  

sm a l l  b u t  s i g n i f i c a n t  e f f e c t s .  The use  o f  s i m u l t a n e o u s  

c o n t r o l s  t h r o u g h o u t  a l l  g ro up s  e xc l u d e d  some v a r i a b l e s  

( such  a s  a d i u r n a l  r h y t h m ) , and g r e a t  c a r e  was t a k e n  t o  

e n s u r e  c o n t i n u i t y  o f  o b s e r v e r  f o r  a l l  p a r t s  o f  e ach  ex­

p e r i m e n t .  However d e s p i t e  c o n s i d e r a b l e  e f f o r t s  some v a r ­

i a t i o n  was i n e v i t a b l e  from t e c h n i c a l  f a c t o r s  such  a s  e a r  

t h i c k n e s s ,  d o s a g e  a c t u a l l y  r e c e i v e d  and s i t e s  ^nd p r e s ­

s u r e s  o f  m ea su r e m e n t .  The use  o f  g r o u p s  o f  a t  l e a s t  10 

r a t s  s h o u l d  have  l e d  t o  a more e q u a l  d i s t r i b u t i o n  o f  

t h e s e  v a r i a b l e s  be tween  g r o u p s  so t h a t  o v e r a l l  c o m p a r i ­

sons  c o u l d  be made.  The second  p o s s i b l e  e x p l a n a t i o n  i s  

t h a t  no s i g n i f i c a n t  i m m un o t h e r a p eu t i c  b e n e f i t  was o b t a ­

i ned  from any o f  t h e  manoev re s  employed .  These  two t e s t s  

must  be  i n t e r p r e t e d  t o g e t h e r , b u t  t h e  wide  d i s t r i b u t i o n  

s een  i n  t h e  DTH r e s p o n s e  i m p l i e s  t h a t  a s m a l l  e f f e c t  

cou ld  n o t  be  d e t e c t e d  by t h i s  t e s t , a n d  t h a t  no l a r g e  e f ­
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f e c t s  c an  have  o c c u r r e d .

One d i s a d v a n t a g e  o f  t h i s  t e s t  i s  t h a t  r e p e a t e d  meas­

u r e m e n t s  c a n n o t  be  made on one an imal  w i t h i n  t h e  e x p e r i ­

m en t a l  p e r i o d .  F u r t h e r m o r e  maximal  d e p r e s s i o n  o f  r e s ­

p on se s  a r e  s e e n  i n  t h e  f i r s t  24 h o u r s  (Turk 1 9 8 0 ) ,  which 

may n o t  be  t h e  o n l y  t im e  p e r i o d  o f  i n t e r e s t .  A v a r i e t y  

o f  s t u d i e s  have  p r e v i o u s l y  been  d e s c r i b e d  which  i n v o l v e  

t h e  use  o f  o t h e r  t e s t s  s u g g e s t i n g  t h a t  t h e  immune e f f e c t s  

o f  c h em o th e r ap y  l a s t  l o n g e r  t h a n  one d a y .  T h i s  t y pe  o f  

p r ob l em e x i s t s  f o r  mos t  i n  v i v o  t e s t s  o f  T c e l l  

f u n c t i o n , a n d  s u p p o r t s  t h e  v a l u e  o f  i n  v i t r o  t e s t i n g .
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The Model

Measuremen ts  o f  PHA s t i m u l a t i o n  show t h a t  i n  t h e  

model used  p ronounced  i m m u ne -d e p re s s i v e  e f f e c t s  a r e  s e e n  

f o l l o w i n g  one b o l u s  o f  c he m o th e r apy  i n  d o s e s  e q u i v a l e n t  

t o  t h o s e  used i n  p a t i e n t s .  These  e f f e c t s  l a s t  f o r  a t  

l e a s t  a month and a p p e a r  t o  be u n r e l a t e d  t o  c i r c u l a t i n g  

w h i t e  c e l l  numbe rs .  Th i s  i m p l i e s  t h a t  t h e y  a r e  i n d e e d  

c y t o t o x i c  e f f e c t s  on f u n c t i o n a l  c e l l s , a n  o b s e r v a t i o n  c o n ­

f i rmed  t o  some e x t e n t s  by t h e  r educed  DTH r e s p o n s e  m eas ­

u red  f o l l o w i n g  cy c lo p h o sp h a m i d e  a d m i n i s t r a t i o n .

The r ebound o v e r s h o o t  phenomenon (ROP) ha s  been  

c l e a r l y  s e e n  f o l l o w i n g  5FU i n  b o t h  normal  and 

t u m o u r - b e a r i n g  a n i m a l s .  I t  h a s  p r e v i o u s l y  been  o b s e r v e d  

i n  humans f o l l o w i n g  c o m b i n a t i o n  CT and c o r r e l a t e d  w i t h  a 

f a v o u r a b l e  p r o g n o s i s  ( S e r r o u  and Dubois  1978) . A l t h o u g h  

t h i s  m ig h t  o n l y  be an e p i p h e n o m e n o n , i t  r e p r e s e n t s  a wor­

t h w h i l e  f o c u s  o f  a t t e n t i o n  f o r  immunotherapy .  The above  

a u t h o r s  have  p r op o se d  t h a t  i t  r e p r e s e n t s  imm u no lo g i c a l  

r e l e a s e  from b l o c k i n g  by a n t i b o d i e s  (or  immune complexes )  

which have  been  i n h i b i t e d  by CT. Thi s  i s  c o n t r a d i c t e d  by 

i t s  c l e a r  o c c u r r e n c e  i n  t h i s  s t u d y  i n  normal  r a t s  t o  an 

e x t e n t  which e q u a l s  t h a t  s e en  i n  tumour b e a r i n g  a n i m a l s .  

I t  i s  i n t e r e s t i n g  t h a t  i t  h a s  been  o bs e r ve d  weak ly  and 

n o t  a t  a l l  f o l l o w i n g  c y c l o p h o s p h a m i d e , b u t  c l e a r l y  and 

c o n s i s t e n t l y  a f t e r  5FU. T h i s  i s  a c y c l e  s p e c i f i c  a g e n t  

wherea s  c y c l o p h o s p h a m i d e  i s  r e l a t i v e l y  n o n - s p e c i f i c  and 

t o x i c  t o  c e l l s  i n  n e a r l y  a l l  p h a s e s .  These  o b s e r v a t i o n s



PAGE 1 2 8

s u g g e s t  t h a t  t h e  ROP may r e p r e s e n t  an a l i g n m e n t  o f  lym­

p h o c y t e  c e l l  p h a s e s  by c h em o th e r ap y  a d m i n i s t e r e d .  I t s  

o c c u r r e n c e  i n  p a t i e n t s  w i t h  b e t t e r  p r o g o s e s  may t h e r e f o r e  

r e f l e c t  t h e i r  more h e a l t h y  immune s y s t e m .  T h i s  d e s e r v e s  

c l a r i c a t i o n .
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MANIPULATIONS

Leva miso l e

The e f f e c t  o f  l e v a m i s o l e  was d i s a p p o i n t i n g .  When 

g i v e n  i n  c o n j u n c t i o n  w i t h  5FU o r  c y c l o ph o sp h a m id e  i t  d i d  

n o t  i n f l u e n c e  t h e  e n s u i n g  d e p r e s s i o n  o f  PHA r e s p o n s e s .  

However t h e r e  was a c o n s i s t e n t l y  b e n e f i c i a l  e f f e c t  on PHA 

r e s p o n s e s  i f  3 days  e l a p s e d  b e f o r e  i t s  a d m i n i s t r a t i o n  

f o l l o w i n g  5FU,bu t  n o t  c y c l o p h o s p h a m i d e .  T h i s  was s e e n  i n  

bo th  normal  and c a n c e r  r a t s .  However t h e  e f f e c t  b a r e l y  

r e a che d  s t a t i s t i c a l  s i g n i f i c a n c e .  Such improvement  was 

n o t  s e en  i n  t h e  DTH r e s p o n s e  b u t  n e i t h e r  was t h e r e  a 

c l e a r  r e d u c t i o n  o f  t h i s  a t  t h a t  t im e  (4 days  l a t e r ) .

These  r e s u l t s  a r e  c o n s i s t e n t  w i t h  many r e p o r t s  o f  a 

r e s t o r a t i v e  e f f e c t  o f  l e v a m i s o l e  on d e p r e s s e d  T c e l l  

f u n c t i o n ,  w i t h o u t  a p p a r e n t  s t i m u l a t i o n  when g i v e n  a l o n e .  

Pe rhaps  t h e y  a r e  a l s o  c o n s i s t e n t  w i t h  t h e  m a r g i n a l  n a t u r e  

of  c l i n i c a l  b e n e f i t s  t h a t  a c c r u e  from i t s  u se  i n  c o n j u n c ­

t i o n  w i t h  CT. The e f f e c t  o f  t im i n g  o f  a d m i n i s t r a t i o n  i s  

i n t e r e s t i n g  and u n d e r l i n e s  t h e  need f o r  s t u d i e s  o f  t h i s  

t y p e , i n  which  imm uno log i ca l  b e n e f i t  i s  p r e c i s e l y  m easu red  

to  d e f i n e  opt imum c o n d i t i o n s  b e f o r e  t r i a l s  o f  immunother ­

apy i n  p a t i e n t s .  N e a r l y  a l l  c l i n i c a l  t r i a l s  o f  l e v a m i ­

s o l e  have  i n v o l v e d  i t s  commencement a t  t h e  same t im e  a s  

CT,which may n o t  be  d e s i r a b l e .  T h i s  p o i n t  c o u l d  be e l u ­

c i d a t e d  by s t u d y  o f  a r e l a t i v e l y  s m a l l  number  o f  p a t i ­

e n t s .  N e v e r t h e l e s s  a c r u d e  q u a n t i t a t i v e  e s t i m a t e  from
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t h e s e  e x p e r i m e n t s  m igh t  i n d i c a t e  t h a t  such  r e f i n e m e n t s  

w i l l  n o t  d r a m a t i c a l l y  a l t e r  t h e  u s e f u l n e s s  o f  l e v a m i s o l e  

i n  t h i s  s i t u a t i o n .

Glucan

The a d d i t i o n  o f  g l u c a n  m a r k e d l y  i n c r e a s e d  d e p r e s s i o n  

o f  t h e  PHA r e s p o n s e  f o l l o w i n g  t h e  a d m i n i s t r a t i o n  o f  e i ­

t h e r  c y t o t o x i c  a g e n t .  I t  d i d  n o t  i n f l u e n c e  t h e  DTH r e s ­

ponse  f o l l o w i n g  c y c l o p h o s p h a m i d e .  T h i s  h a s  n o t  p r e v i o u s ­

l y  been  d e s c r i b e d , a n d  i n  f a c t  t h e r e  a r e  few r e p o r t s  o f  

t h e  e f f e c t - o f  g l u c a n  on T c e l l  f u n c t i o n s .  One (Ki tagawa 

e t  a l  1975) d e s c r i b e s  a l l e v i a t i o n  o f  T c e l l  d e p r e s s i o n  i n  

tumour b e a r i n g  mice by l e n t i n a n  a l o n e  (a b r an c h ed  

b e t a - g l u c a n ) .

I t  i s  p o s s i b l e  t h a t  t h e  o b s e r v e d  e f f e c t  was an a r t e ­

f a c t  o f  t h e  method ,  p e r h a p s  t h r o u g h  s t i m u l a t i o n  o f  mono­

c y t e  f u n c t i o n .  Both an i n c r e a s e  and a d e c r e a s e . o f  mono­

c y t e  numbers  ha s  been  shown t o  r e d u c e  SHthymidine  i n c o r ­

p o r a t i o n  i n  PHA r e s p o n s e  a s s a y s  ( R o s e n s t r e i c h  and Mise l  

1 9 7 8 , H o l l i s t e r  and J a r r e t t  19 7 8 ) .  However t h e s e  r e q u i r e  

a l t e r a t i o n s  o f  s e v e r a l  o r d e r s  o f  monocyt e  - nu m ber s , a nd  

g l u c a n  h a s  n o t  been  shown t o  p ro d uc e  such  e f f e c t s .  

F u r t h e r m o r e  t h e  PHA r e s p o n s e  was n o t  a f f e c t e d  i n  a n i m a l s  

r e c e i v i n g  g l u c a n  a l o n e .  The a n t i t u m o u r  a c t i v i t y  o f  g l u ­

can ha s  been  a t t r i b u t e d  t o  i t s  s t i m u l a t o r y  e f f e c t  on t h e  

s i z e  and p h a g o c y t i c  a b i l i t y  o f  t h e  RES (DiLuzio  e t  a l
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1978)•  T h i a b e n d a z o l e  h a s  a l s o  been  e s t a b l i s h e d  a s  an 

a g e n t  c a p a b l e  o f  s t i m u l a t i n g  t h e  RES (Lundy and L o v e t t  

1978) b u t  i t  d i d  n o t  i n f l u e n c e  immune d e p r e s s i o n  f o l l o w ­

ing 5FU. T h i s  o b s e r v a t i o n  s u p p o r t s  t h e  c o n t e n t i o n  t h a t  

t h e  o b se rv ed  e f f e c t s  o f  g l u c a n  a r e  n o t  due t o  any  a c t i o n  

on t h e  MPS.

I t  i s  l i k e l y  t h e r e f o r e  t h a t  t h i s  phenomenon r e p r e ­

s e n t s  a s y n e r g i s t i c  e f f e c t  o f  g l u c a n  w i t h  CT on lympho­

c y t e  f u n c t i o n  , a n a l a g o u s  t o  t h a t  s e e n  t o  an even g r e a t e r  

d e g r e e  w i t h  C parvum.  However i n  normal  a n i m a l s  t h i s  

p r o p e r t y  o f  g l u c a n  a p p e a r s  t o  be s i g n i f i c a n t  o n l y  when 

combined w i t h  CT. I t  i s  s p e c u l a t i v e  wh e t h e r  t h i s  i m p l i e s  

an enhanc ing  o f  s e n s i t i v i t y  t o  t h e  l y m p h c y t o t o x i c  e f f e c t s  

o f  CT. A l t e r a t i o n s  i n  t i m i n g  o f  a d m i n i s t r a t i o n  r e du c ed  

t h e  phenomenon b u t  d i d  n o t  p r e v e n t  i t s  o c c u r r e n c e , a n d  

c o m b i n a t i o n  w i t h  l e v a m i s o l e  d i d  n o t  a f f e c t  i t  a t  a l l .  

T h i s  i s  u n f o r t u n a t e  s i n c e  i t  mus t  r e p r e s e n t  an immunolog­

i c a l  l o s s  t o  be weighed a g a i n s t  p o t e n t i a l  g a i n s  i n  t h e  

d e s i g n  o f  chemoimmunotherapy t r i a l  p r o t o c o l s  i n v o l v i n g  

t h i s  a g e n t .  C e r t a i n l y  t h i s  a s p e c t  o f  i t s  a c t i o n  mus t  be  

m on i to r ed  i f  i t  i s  p u t  t o  s e r i o u s  c l i n i c a l  i n v e s t i g a t i o n .

Pr iming

Pr iming  i s  a r e c e n t  d e v e l o p m e n t  i n  t h e  c l i n i c a l  a p ­

p l i c a t i o n  o f  h i g h  d os e  c h e m o th e r a p y .  When a s m a l l  do se  

o f  one a g e n t  i s  g i v e n  s e v e r a l  days  b e f o r e  t h e  ma in  r e -
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g ime ,  a s i g n i f i c a n t  r e d u c t i o n  i n  t o x i c i t y  t o  t h e  marrow 

and g a s t r o i n t e s t i n a l  t r a c t  may be o b t a i n e d  (Medley e t  a l  

19 7 8 ) .  Th i s  may even p e r m i t  t h e  use  o f  h i g h e r  d o s e s  t h a n  

o t h e r w i s e  p o s s i b l e .  So f a r  t h e  r eg ime  o r  p r im i ng  a g e n t  

ha s  n o t  a p p e a re d  t o  be i m p o r t a n t ,  a l t h o u g h  a c y c l o p h o s ­

phamide p r ime  ha s  been  mos t  f r e q u e n t l y  employed (Da l t on  

p e r s o n a l  commun ica t i on  198 1 ) .  P r e l i m i n a r y  r e s u l t s  i n  

mice  s u g g e s t  t h a t  tumour  c e l l s  do n o t  a l s o  b e n e f i t  from 

such  p r o t e c t i o n  ( M i l l e r  e t  a l  1978) . The mechanism o f

i t s  e f f e c t  i s  n o t  u n d e r s t o o d , b u t  i t  h a s  been  assumed t h a t

t h e  p r im in g  do se  o r i e n t a t e s  c e l l s  t o  a t  a r e l a t i v e l y  l e s s  

v u l n e r a b l e  s t a g e  o f  t h e i r  c y c l e , w h e n  t h e  main  t r e a t m e n t  

i s  g i v e n .  The immunolog i ca l  e f f e c t s  o f  such  a program

have  n o t  been  a s s e s s e d .

In t h i s  s t udy-  b o t h  a g e n t s  were  t e s t e d  i n  p r im i ng  

p r o t o c o l s  which were  a s  c l e a r l y  a n a l o g o u s  a s  p o s s i b l e  t o  

p r e v i o u s  r e p o r t s .  In a t h i r d  e x p e r i m e n t  t h e  e f f e c t  o f  

wide v a r i a t i o n s  o f  t h e  p r i m in g  d e l a y  was i n v e s t i g a t e d .

C o n s i d e r a b l e  e f f o r t  was d e v o t e d  t o  t h i s  p r o j e c t  s i n c e  i t s  

c l i n i c a l  a p p l i c a t i o n  a p p e a r e d  s i m p l e , a n d  t h e  a b s e n c e  o f  

g u i d e l i n e s  r e q u i r e d  t h e  t e s t i n g  o f  s e v e r a l  p r o t o c o l s  i n  

d e t a i l .  However no immuno log i ca l  b e n e f i t  a t  a l l  was s een  

from p r im in g  i n  any form t e s t e d .  W h i l s t  i t  i s  p o s s i b l e  

t h a t  such  b e n e f i t  m igh t  be  be s e e n  i n  a n o t h e r  a s p e c t  o f  

t h e  immune r e s p o n s e , t h i s  seems i m p r o b a b l e .  F u r t h e r  s t u d y  

o f  humans r e c e i v i n g  such  t h e r a p y  m i g h t  c o n f i r m  t h i s .
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C i m e t i d i n e

Two r e c e n t  r e p o r t s  ( G i f f o r d  e t  a l  1981 ,Osband  e t  a l  

1981) have  shown t h a t  l ong  term a d m i n i s t r a t i o n  o f  c i m e t i ­

d i n e  t o  mice  a f t e r  tumour  i n n o c u l a t i o n  can  p r o l o n g  s u r v i ­

v a l  and r e du ce  t h e  g r o w t h  and m e t a s t a s i s  r a t e s .  T h i s  ap ­

p e a r s  from s l i g h t l y  t e n u o u s  i n  v i t r o  t e s t i n g  o f  s p l e n i c  

l ymphocy t e s  t o  be a s s o c i a t e d  w i t h  b l o c k a d e  o f  s u p p r e s s o r  

c e l l s .

In t h i s  s t u d y  t h e  d e p r e s s i o n  o f  PHA r e s p o n s e s  f o l ­

lowing 5FU was n o t  a f f e c t e d  by t h e  a d m i n i s t r a t i o n  o f  c im­

e t i d i n e .  The d rug  was g i v e n  by i n t r a p e r i t o n e a l  i n j e c t i o n  

i n  o r d e r  t o  p r od u ce  a r e l i a b l e  d a i l y  d o s a g e  e q u i v a l e n t  t o  

human u s e .  In t h e  p u b l i s h e d  r e p o r t s  on i t s  e f f e c t i v e n e s s  

i t  was mixed With d r i n k i n g  w a t e r  i n  a s l i g h t l y  u n c l e a r  

q u a n t i t y .  I t s  e x c r e t i o n  i s  p r i m a r i l y  r e n a l , a n d  any h e ­

p a t i c  i n a c t i v a t i o n  d u r i n g  t h i s  e x p e r i m e n t  may a l s o  be ex­

p e c t e d  t o  have  o c c u r r e d  f o l l o w i n g  o r a l  a d m i n i s t r a t i o n .  

T h e r e f o r e  i t  seems mos t  i m p r o b a b l e  t h a t  t h e  l a c k  o f  e f ­

f e c t  ob se rv e d  i n  t h e s e  e x p e r i m e n t s  was r e l a t e d  t o  i t s  

r o u t e  o f  a d m i n i s t r a t i o n .

These  r e s u l t s  mu s t  be d i s t i n g u i s h e d  from t h e  mouse 

e x p e r i m e n t s  r e p o r t e d  by G i f f o r d  e t  a l  ( 1 9 8 1 ) ,  where  b e n e ­

f i t  from c i m e t i d i n e  was s e en  from a p p a r e n t  enhancemen t  o f  

t h e  immune r e s p o n s e  i n  t h e  a b s e n c e  o f  any  o t h e r  t h e r a p y .  

Fu r t h e r m o r e  i t  i s  p o s s i b l e  t h a t  i n  t h e  t u m o u r - b e a r i n g  

s t a t e , s u p p r e s s o r  c e l l  p o p u l a t i o n s  a r e  more a c t i v e  t h a n  i n
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normal  a n i m a l s .  I t  i s  n o t  c l e a r  what  ( i f  any) r o l e  s u p ­

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

CT,and w h e t h e r  t h e y  o f f e r  a r e a l i s t i c  mechanism t o  i n f l u ­

ence  su ch  d e p r e s s i o n .  Nor i s  i t  c l e a r  t o  what  e x t e n t  t h e  

i n  v i t r o  PHA t e s t  r e f l e c t s  t h e i r  f u n c t i o n .  F u r t h e r m o r e  

t h e  e f f e c t s  o f  CT on l ymp hoc y t e s  may be t o o  overwhelming  

to  be i n f l u e n c e d  by s u p p r e s s o r  c e l l  a c t i v i t y , a n d  t h e  c u r ­

r e n t  s t u d y  i s  c o n s i s t e n t  w i t h  t h i s  e x p l a n a t i o n .  F u r t h e r  

s t u d y  o f  t h i s  i n t e r e s t i n g  q u e s t i o n  r e q u i r e s  t h e  a v a i l a ­

b i l i t y  o f  s a t i s f a c t o r y  t e s t s  o f  s u p p r e s s o r  c e l l  a c t i v i t y  

which a r e  n o t  y e t  e a s i l y  a v a i l a b l e .  S i n c e  c i m e t i d i n e  a p ­

p e a r s  t o  be a s a f e  d rug  i n  common c l i n i c a l  u s e ,  i t  seems 

r e a s o n a b l e  t o  s t u d y  i t s  e f f e c t s  on immuno log i ca l  pa rame­

t e r s  i n  p a t i e n t s  t r e a t e d  w i t h  i t  un de r  v a r i o u s  c i r c u m ­

s t a n c e s  .

D i u r n a l  Rhythms

I t  i s  w e l l  e s t a b l i s h e d  t h a t  many immuno log i ca l  and 

o t h e r  b o d i l y  p a r a m e t e r s  v a r y  i n  a d i u r n a l  p a t t e r n  (Tava -  

d i a  e t  a l  1 9 7 5 ) .  E a r l y  s t u d i e s  o f  t h e s e  rhythms  and t h e  

t im i n g  o f  a d m i n i s t r a t i o n  o f  c h e m o t h e r a p e u t i c  a g e n t s  

showed a p o t e n t i a l  t o  i n f l u e n c e  m o r t a l i t y  from v e r y  t o x i c  

r eg i mes  (Kuhl 1 9 7 3 , Ca rdoso  e t  a l  1978) . S u b s e q u e n t l y  

n o n - f a t a l  d o s e s  have  been  used i n  e x p e r i m e n t s  w i t h  t r a n ­

s p l a n t e d  t um ou r s .  These  have  shown p r o g r e s s i v e  c h an ge s  

i n  r e s p o n s e  t o  c he m oth e r apy  a s  t h e  t im e  o f  a d m i n i s t r a t i o n  

i s  v a r i e d  ov e r  24 h o u r s .  The d i f f e r e n c e  be tween  maximal
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and minimal  c u r e  r a t e s  was 68% and 8% in  one  s t u d y  when 

a d m i n i s t r a t i o n  was i n  e a r l y  d a r k  and l i g h t  p h a s e s  r e s p e c ­

t i v e l y  ( H a l l b e r g  e t  a l  1 9 8 0 , Schev ing  e t  a l  1 9 80 ) .  One 

r e p o r t  o f  a s m a l l  c l i n i c a l  t r i a l  o f  t i m i n g  ha s  s u g g e s t e d  

a s i m i l a r  t r e n d  i n  human c a n c e r  (Focan 1979) . There  i s  

no c l e a r  e x p l a n a t i o n  o f  t h e s e  p a t t e r n s , a n d  t h e  a s s o c i a t e d  

immunolog ica l  c o n s e q u e n c e s  have  n o t  been  a s s e s s e d .

I t  i s  d i f f i c u l t  t o  d e s i g n  e x p e r i m e n t s  c o n c e r n i n g  

t h i s  q u e s t i o n  which employ s i m u l t a n e o u s  c o n t r o l s , w i t h o u t  

e r r o r  from t h e s e  be in g  measu red  a t  d i f f e r e n t  p h a s e s  o f  

t h e i r  d a i l y  rhy thms  whenever  s t u d i e d .  T h e r e f o r e  t h e  p r o ­

t o c o l  d e s c r i b e d  was d e v i s e d  so t h a t  b e n e f i t  from t h e  

(more l i k e l y )  even ing  t i m i n g  migh t  become a p p a r r e n t  d e s ­

p i t e  a s l i g h t l y  s h o r t e r  i n t e r v a l  from i n i t i a t i o n  o f  d rug  

i nduced  d e p r e s s i o n .  The o p p o s i t e  a r r a n g e m e n t  m igh t  have  

s u g g e s t e d  an e f f e c t  f o r  which  t h e  i n t e r p r e t a t i o n  would be 

u n c e r t a i n .  Had any d i f f e r e n c e  a pp e a re d  a l a r g e r  e x p e r i ­

ment  d i v i d i n g  t i m e s  round t h e  c l o c k  would hav e  been  a p ­

p r o p r i a t e , b u t  none o c c u r r e d .

These  s t u d i e s  do n o t  s u p p o r t  an imm uno lo g i c a l  me­

chanism f o r  t h e  enhanced e f f e c t s  o f  c h e m o th e r a p y  i n  e a r l y  

d a r k  p h a s e .  Al though  o t h e r  a s p e c t s  o f  t h e  immune r e s ­

ponse  may be r e s p o n s i b l e , i t  i s  u n l i k e l y  s i n c e  T c e l l  

f u n c t i o n  i s  one o f  t h e  p a r a m e t e r s  w i t h  a more c l e a r l y  

i d e n t i f i e d  r h y t h m i c i t y  (T ava d i a  e t  a l  1 9 7 5 ) .  A d i u r n a l  

p a t t e r n  t o  tumour g ro wth  h a s  been  d i s c e r n e d  i n  s e v e r a l  

an imal  s t u d i e s  (Badran e t  a l  1 9 6 5 , E c h a v e - L l a n o s  1 9 7 0 ) , and



PAGE 1 3 6

a l s o  ob se r v e d  i n  a few human c a n c e r s  ( i n  Focan 1 9 7 9 ) .  

Th i s  ha s  f o l l o w e d  mos t  normal  b o d i l y  p a r a m e t e r s  and i s  

maximal  i n  e a r l y  l i g h t  p h a se  (*a c r o p h a s e * ) • Th i s  d o e s  

n o t  p r o v i d e  an o b v i o u s  e x p l a n a t i o n  o f  enhanced  s e n s i t i v i ­

t y  a t  t h e  l e a s t  a c t i v e  t im e  o f  tumour g r o w t h .

I t  i s  t h e o r e t i c a l l y  p o s s i b l e  t h a t  a l t e r e d  r a t e s  o f  

d rug  c o n v e r s i o n  and e l i m i n a t i o n  r e s u l t  i n  a l o n g e r  expo­

s u r e  o f  tumour  t o  t h e  a c t i v e  a g e n t s , b u t  t h i s  i s  n o t  s u p ­

p o r t e d  by t h e  e s t a b l i s h e d  r e d u c t i o n  o f  s y s t e m i c  t o x i c i t y  

a t  t h e  same t i m e .  A l t e r n a t i v e l y  i t  i s  c o n c e i v a b l e  t h a t  

t h e  t ime  t a k e n  f o r  drug  c o n v e r s i o n  and a c t u a l  i n t r a c e l l u ­

l a r  e f f e c t  i s  abou t  12 hou r s .H owe ve r  t h e r e  i s  l i t t l e  f a c ­

t u a l  s u p p o r t  f o r  t h i s .  Fur the r -  s t u d y  o f  t h i s  p o t e n t i a l l y  

b e n e f i c i a l  phenomenon i n  man i s  c l e a r l y  j u s t i f i e d ,  b o t h  

t o  e s t a b l i s h  i t s  v a l i d i t y  and mechanism.
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CONCLUSIONS

The v a l u e  o f  t h e  immune r e s p o n s e  t o  c a n c e r  i n  man 

r em a in s  t o  be  p r o v e n .  Immunotherapy i s  an i m p o r t a n t  

means o f  i n v e s t i g a t i n g  t h i s  i s s u e  and i t s  c o m b i n a t i o n  

w i t h  a d j u v a n t  c h em o th e r apy  i s  one  o f  t h e  p r i c i p a l  a r e a s  

o f  i n t e r e s t .  A u s e f u l  model  ha s  been  d e v e l o p e d  t o  t e s t  

p o t e n t i a l  i m m u n o t h e r a p e u t i c  manoev re s  w i t h  r e g a r d  t o  T 

l ymphocy t e  f u n c t i o n .  A number o f  p o t e n t i a l l y  u s e f u l  a p ­

p r o a c h e s  have  been  shown to  be o f  l i t t l e  v a l u e .  Th i s  i l ­

l u s t r a t e s  t h e  need f o r  c a r e f u l  deve lopmen t  o f  any method 

i n t e n d e d  t o  p r o v i d e  immuno logi ca l  p r o t e c t i o n  from t h e  e f ­

f e c t s  o f  CT,and t h e  v a l u e  o f  such  t e s t i n g  b e f o r e  pr ema­

t u r e  c l i n i c a l  t r i a l s .  R e se a r ch  sh ou l d  c o n t i n u e  i n t o  t h i s  

i m p o r t a n t  f i e l d  i n  bo th  a n im a l s  and man t o  e s t a b l i s h  

a r e a s  o f  immuno log ica l  g a i n  t o  be pu t  t o  c l i n i c a l  t r i a l .
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TABLE l a

THE EFFECT OF COLLECTING BLOOD I N  P L A S TIC  OR GLASS

Dose PHA

p e r  w e l l  P l a s t i c  S.D. G l a s s  S.D.

1 ^gm

2

3

4

28228

45014

54552

44294

(5198) 

(3249) 

( 849) 

(3131)

2230

4609

5306

4618

(216)

(565)

(393)

(339)

TABLE lb

THE EFFECT OF COVERING PLATES DURING INCUBATION

Expt  no. Covered S.D Uncovered S.D.

36325 (1955)

32075 (9143)

35111 (2243)

2383 (388)

8333 (241 5)

3918 (1449)
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TABLE 2a

THE EFFECT OF VARYING DELAY BEFORE DIL U T IO N  OF BLOOD

Delay cpm S.D.

0 mins 50219 (6675)

5 47150 (9096)

10 48506 (8657)

15 43181 (7599)

20 36801 (6884)

25 38882 (8391)

TABLE 2b

THE EFFECT OF VARYING DELAY AFTER DILUTION

delay-Room temp capped 37 C 

(mins)

capped 37 C n o t capped

15 23445 (3562) 23596 (4033 21973 (4476)

30 26766 (5423) 22872 (5203) 21651 (3815)

45 22971 (4052) 22124 (3258) 24621 (4330)

60 21632 (3337) 19210 (3266) 21366 (5130)

120 15814 (1183) 23471 (5269) 26295 (2597)
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TABLE 3a

EFFECT OF DIFFE RE NT  INCUBATION PERIODS

v a r y i n g b e f o r e v a r y i n g a f t e r

l a b e l l i n g  w i t h l a b e l l i n g  w i t h

Time 24 h o u r s  a f t e r 24 h o u r s  b e f o r e

16 h o u r s 7758 (1331) 34873 (5554)

20 12721 (2558) 31635 (6087)

25 27058 (1813) 42918 (7283)

30 16876 (1903) 33676 (4777)

TABLE 3b

PHA DOSE RESPONSE

Dose pe r wel 1 cpm S.D.

33433 (3639)

2 49974 (5274)

3 49941 (7803)

4 39809 (8718)

5 38308 (8264)
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TABLE 4

CHALLENGE TIMING

Time a f t e r  s e n s i t i s a t i o n  

5days  7days  9days  l l d a y s  13days ISdays  

130 270 250 100 60 180

90 210 130 120 140 150

70 150 80 200 290 180

60 140 160 30 130 160

180 150 80 90 70 190

Means 90 170 140 110 130 170
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TABLE 5

DTH RESPONSE -  DELAY BEFORE MEASUREMENT

Hours from c h a l l e n g e

24h rs 48h r s 7 2 h r s

120 90 80

170 150 120

0 150 . 110

150 70 75

180 170 135

145 30 75

250 280 300

210 150 130

230 350 280

100 • 80 90

195 215 195

220 120 90

70 90 10

205 295 285

Means 159 160 141



TABLE 6

SALINE ALONE

pAGE 1 4 9

Rat day0 d a y l day3 day7 da y l4 day28

I 40963 115878 48696 55510 29158 38292

2 31985 63876 49323 38075 23804 38181

3 61103 109282 68588 37178 34643 43895

4 28458 76042 88406 60576 23386 56849

5 19512 61323 33759 24422 22961 29584

6 33526 76073 32459 59994 28923 52527

7 23707 87135 44939 57476 41765 70932

8 18533 84121 52831 30003 32902 43415

9 17117 66510 31006 25447 12026 36825

10 12394 89447 53381 51420 39976 56003

11 79184 47529 55809 50654 64306 38827

12 101876 48963 63808 60249 73248 43181

13 60568 37059 76007 91935 38851 36090

14 37955 33351 58087 65282 69751 29834

15 61361 33374 54003 50149 45368 29648

Means 41883 68664 54073 50558 38738 42939

S.D. 25790 25923 15886 17640 17971 11690

Mean l og r a t i o 1 .0 6 1 .039 1 .031 1 .00 1 .02

S.D. 0 .086 0.054 0 .054 0 .050 0.071
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TABLE 7

THE EFFECT OF D IFFE R E N T  DOSES OF CYCLO

Dose/kg  

8 mgs

Means

15 mgs

Means

30 mgs

Means

Day0 Dayl Day3 Day7

26618 10538 29974 33459

39497 3199 33808 40761

41325 4888 27159 65699

46285 21278 24670 58679

14980 5656 20936 35686

33741 9111 27309 46857

14708 6146 12748 35467

47647 6785 27000 -

23008 3654 31247 17664

34559 4049 39722 29804

28669 6665 41778 32525

29718 5459 39499 28865

11234 4286 6224 16951

13405 2566 12591 21589

20121 3134 11937 27378

36459 8010 25662 37196

20305 4499 14104 25779

Dayl4

30598

44429

49584

58752

51952

47063

21618

24830

20615

14801

12103

18542

18673

16030
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TABLE 8

THE EFFECT OF CYCLOPHOSPHAMIDE 4 mgs/kg

Rat Day0 Dayl Day3 Day7 Dayl4

1 89143 94726 97104 102896 62016

2 54295 36640 41288 14402 15097

3 42613 68057 80962 34712 33500

4 49909 - 35029 25501 11358

5 27692 31781 43396 25739 15210

6 45916 - 53573 53068 25540

7 44624 - 81789 37063 75908

8 69113 - 42414 51346 68716

9 39984 52187 21221 - 24377

Means 51447 57801 58638 40661 36858

S.D. 18008, 29402 22179 26715 25150
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TABLE 9

THE EFFECT OF DIFFERENT DOSES OF 5FU

Dose/kg day0 d a y l day3 day7 day l4 day28

15 mgs 66019 108025 69387 54106 25782 -

54935 72264 61982 31390 23848 39218

99232 108343 117923 51154 64964 70355

43441 72353 41190 25341 39323 25472

Means 65907 90246 72621 40498 38479 45015

30 mgs

Means

60 mgs 

Means

19994 51116 47293 31253 18209 37895

20036 22530 51615 25194 24590 46776

28729 64493 40151 19215 28860 34461

26978 37329 52308 36410 33780 59103

22540 21446 50344 18572 34412 41242

22465 45530 46740 40943 35991 10720

46776 48838 45006 35188 24629 29934

38138 66395 73735 40626 31615 51267

21523 40796 68890 36727 23627 50823

23480 70316 68396 48171 69187 63310

27066 46879 54448 33230 32490 42553

i n d i v i d u a l  f i g u r e s  i n T a b le  20a

20194 10575 1542 20881 3633 6593
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TABLE 11 

5FU AND MINIMAL BLOOD LOSS

R at Day0 Dayl4 Day28

1 62465 26460 -

2 57644 15869 -

3 52714 15707 -

4 . 61142 28491 -

5 81305 18440 -

6 55894 - 31402

7 67249 - 30395

8 70863 - 42137

9 55649 - 38539

10 7109*6 - 59389

Means 63602 20993 40372
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TABLE 1 2

CYCLO AND MINIMAL BLOOD LOSS

Rat . Day0 Dayl4 Day28

1 45829 30017 -

2 31159 34796 -

3 12345 10473 -

4 57707 28141 -

5 39928 28560 -

6 58713 - 24886

7 71985 - 32695

8 49152. - 20851

9 61812 - 45851

10 42823 - 39501

Means 47146 26397 32757
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TABLE 1 3

PERIPHERAL WBC COUNTS FOLLOWING CYCLOPHOSPHAMIDE AND GLUCAN 

Day Cyclo  o n l y  C yc le  and g l u c a n

0 11 .16  (2 .4 0 )  9 .6 6  (2 .0 9 )

1 6 .9 0  ( 2 .4 0 ) *  6 .8 9  (3 .3 7 )

3 2 .06  ( 3 .2 5 ) * *  3 .2 5  ( 1 .4 6 ) * *

9 8 .0 9  (3 .4 1 )  8 .3 7  (1 .8 5 )

14 8 .5 3  (3 .1 8 )  9 .1 9  (2 .1 2 )

28 7 .4 6  (2 .1 0 )  8 .7 7  (1 .0 9 )

R e s u l t s  g i v e n  a s , t o t a l  WBC (g iem sa)  f o r  g r o u p s  o f  10 r a t s  

w i t h  S .D . i n  p a r e n t h e s i s  **p<0.01  *p<0.05  t o  day  0

v a l u e s
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TABLE 14

WBC FOLLOWING 5FU 

Days c o u n t  s . d .

0 11 .35  ( 1 .4 1 )

1 1 1 .2 7  (2 .8 1 )

3 7 .7 3  (1-.87)**

7 9 .31  (3 .3 2 )

14 1 4 .5  ( 3 . 6 0 ) *

28 8 .6 7  ( 2 .5 7 ) * *

R e s u l t s  g i v e n  a s  . t o t a l  WBC (g iem sa)  f o r  

g r o u p s  o f  10 r a t s , w i t h  S.D. i n p a r e n t h e s i s  

**p<0.01 **p<0.05  t o  day  0



TABLE 1 5

CANCER RATS -  S A L IN E  ALONE

AGE 1 5 7

Rat day0 d a y l day3 day7 d a y l4 day28

1 89844 44383 46088 81928 - 59760

2 62224 - 45070 27196 24209 39102

3 21509 20587 5918 - - -

4 49648 46112 61809 41698 87275 53888

5 35564 32998 23676 39162 36348 -

6 32021 - 21256 28997 32776 34074 42713

7 10216 28511 - - - -

8 39879 21926 13887 22478 19418 24520

9 53313 44564 40329 46956 51161 54425

10 42281. 63825 33628 - - -

11 72949 45233 27542 35662 27182 38649

Mean 46313 36940 32694 40982 39952 44722

S.D. 22833 14200 16437 18300 23257 12144

Mean log r a t i o 1 .0 2 8 0 .952 0 .9 7 3 0 .974 0 .979

S.D. 0 .084 0 .046 0 .0 3 2 0 .054 0 .0 3 2
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TABLE 1 6

DTH RESPONSE -  THE EFFECT OF CYCLO 40 mgs/kg

C o n t r o l s  Cyclo

300 190

920 30

400 70

590 220

200 260

200 300

245 175

135 165

205 150

40 140

0

160

Means 323 155

S.D. 252 88

p f o r  d i f f e r e n c e  = 0 .0 2  (Mann W hitney  U t e s t )

0 .0 5  ( S t u d e n t s  t  t e s t )
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TABLE 1 7

THE EFFECT OF REGIMES ON TUMOUR S I Z E S

( e x p r e s s e d  i n  sq  mm)

C o n t r o l s

a s  % change

week0 weekl week2 week3 week4

150 182 61 52 101

130 64 51 100

5FU a l o n e  373 284 622 418 210

a s  % change  98 124 119 210

5 F W -lev am iso le  248 232 119 152 137

as  % change  103 77 98 126

Cyclo  a l o n e  301 319 288

a s  % change  112 104

(340) (341)

(132) (132)

C y c lo + g lu c a n  194 222 267

as  % change  117 147

(392) (282)

182 191

A l l  g r o u p s  275 249 282 296 221

a s  % change  109 106 117 137

B r a c k e t e d  f i g u r e s  a r e  means o f  l e s s  t h a n  5 a n im a l s
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TABLE 18

S A L I N E  ONLY CONTROLS FOR LEVAMISOLE

Rat day0 d a y l day3 day7 d a y l4 day28

1 33145 59883 58585 52255 50919 49023

2 29730 96477 52309 49764 35033 39062

3 11027 36745 12745 12912 15740 19132

4 23402 64799 39856 15934 41491 43260

5 22213 36359 23870 10782 28344 31862

6 70515 51319 43868 22524 18081 35617

7 58310 51989 36002 12094 41863 43033

B 20391 20069 13358 7436 12143 19455

9 39547 60527 22454 24666 31420 31448

10 16003 17604 48484 20183 13981 23051

Means 32428 49577 35153 22855 28902 33494

S.D. - 18966 23330 16281 15794 13537 10447

Mean lo g r a t i o 1 .0 4 6 1 .0 1 7 0 .963 0 .994 1 .014

S.D. 0 .0 4 6 0 .057 0 .068 0 .054 0 .041

s ( a t i s t i c s  o n  n e x t  p a g e



TABLE 1 9

LEVAMISOLE ONLY
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Rat Day0 Dayl Day3 Day7 Dayl4 Day28

1 85478 91977 110740 62930 75351 71884

2 35214 46165 49920 23265 37467 41831

3 52045 42634 33844 22147 46843 54209

4 63350 83025 86906 46722 70623 67399

5 23886 44626 91881 36075 47801 42878

6 40402 44892 34110 23809 41582 35118

7 49002 54164 39378 36891 33481 33010

8 52491 64744 44533 37622 81215 ' 40699

9 73199 89047 52268 38014 50296 45068

10 97849 95362 49280 57590 54690 44231

Means 57292 65664 59286 38507 53935 47633

S .D . 22942 21960 27090 13959 16416 12974

Mean lo g  r a t i o 1 .0 1 5 1 .0 0 4 0 .9 6 6 0 .999 0 .988

S.D. 0.021 0 .0 5 5 0.031 0 .036 0 .036

c f  C o n t r o l s P= NS NS NS NS NS
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TABLE 2 0 a  ( F i g  6 )

5 FU  AND LEVAMISOLE TOGETHER -  CONTROLS

Rat Day0 Dayl Day3 Da y 7 Dayl4 Day28

1 15612 6122 879 34728 1701 4798

2 18351 15419 - - - -

3 18479 7969 1083 19005 4093 16568

4 21695 16943 938 14150 3295 8342

5 11585 1405 775 4512 1577 2244

6 14450 7004 884 23979 6296 2572

7 - 4148 1002 13267 812 795

8 36024 26214 4391 39176 1503' 7538

9 23269 12611 1128 27364 10841 13601

10 31560 12102 2871 - - -

11 10913 6383 1471 11751 2579 2883

Means 20194 10575 1542 20881 3633 6593

S.D. 7245 6986 470 16045 8358 4725

Mean log r a t i o 0 .9 2 3 0 .73 0 1 .0 0 3 0 .824 0 .884

S.D. 0 .059 0 .0 4 2 0 .056 0 .075 0 .060

s t a t i s t i c s  o n  n e x t  p a g e



TABLE 2 0 b  ( F i g  6 )

5FU AND LEVAMISOLE TOGETHER

PAGE 1 6 3

Rat Day0 Dayl Day3 Day7 Dayl4 Day28

I 27473 7953 2037 10037 28723 5641

2 28723 22706 2505 36769 3122 16611

3 37573 14145 2873 41067 12456 14099

4 24432 21735 2282 48318 5694 13136

5 16444 23563 1744 7726 13623 8110

6 31640 17582 1662 36567 11971 16370

7 19110 6627 2725 19115 7738 6124

Means 26485 16330 2261 28514 11904 11442

S .D . 7245 6986 470 16045 8358 4725

Mean lo g  r a t i o 0 .946 0.759 0.991 0 .904 0 .9 12

S .D . 0.058 0.026 0 .0 59 0 .074 0 .0 37

c f  C o n t r o l s P= NS NS NS NS NS
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TABLE 2 1 a  ( F i g  7 )

CYCLO 8 m g s / k g  AND LEVAMISOLE TOGETHER -  CONTROLS

Rat Day0 Dayl Day3 Day7 Dayl4 Day28

1 69539 33127 28544 42702 44143 25505
2 57417 42261 21117 24468 22356 23332
3 45237 20208 14540 21259 34272 19089
4 48471 19594 8766 23005 32791 31665
5 61359 34343 10580 21154 23236 27420
6 36937 19433 17432 25093 29541 9196
7 25179 5893 7820 10074 9602 12295
8 38130 16614 39058 35877 28931 19854
9 37376 15500 22713 46637 21646 43008

10 20045 7386 5276 14463 18748 18353
11 31613 27015 38037 31015 26822 31230
12 48280 27808 47317 32580 34641 48342
13 26780 11591 48328 21174 26686 19431
B14 24416 27296 43320 28260 19404 39034
15 39782 13654 23843 18326 24912 56274
16 34548 18042 28758 28132 - —

17 56995 30339 59216 36132 49538 39571
18 36397 23650 4867 9874 21804 30526
2 9 50622 23983 45630 28651 30970 50132
20 47754 20402 41495 27829

■Mtans 41844 21907 27833 26335 27780 30237

S .D . 13302 9193 16590 9675 9349 13427

Mean lo g r a t i o 0 .9 3 4 0 .94 5 0 .961 0 .965 0 .932

S.D. 0 .0 3 3 0 .07 3 0 .038 0 .028 0 .050

s t a t i s t i c s  o n  n e x t  p a g e
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TABLE 2 1 b  ( F i g  7 )

CYCLO 8 m g s / k g  AND LEVAMISOLE TOGETHER

Rat Day0 Dayl Day3 Day7 Dayl4 Day28
1 52178 21232 . 38198 59632 28325 28681
2 31878 2935 14702 18214 14638 11322
3 44869 21697 22811 23814 27298 30669
4 56508 11226 29531 45705 26359 33732
5 53573 19107 20778 35381 21649 33457
6 22631 — 21687 20175 10737 16307
7 32998 12533 22863 30008 31157 29758
8 25327 5696 20051 27415 20816 20676
9 25293 2580 15626 30529 23137 15749
10 19087 11852 17969 13006 11499 14868
11 23770 25340 21852 21762 23923 18844
12 39878 21008 39390 40437 44728 48982
13 41216 18546 34048 14669 25538 39546
14 37985 20563 26174 23324 30991 22469
15 60705 29721 37429 30525 30027 49274
16 46657 32329 37719 23532 31646 44339
17 32046 14064 43654 42779 20739 47737
18 30164 16642 53299 26153 27019 18060
19 46787 41447 54474 26620 29242 43570
20 31541 12268 32659 35619 21579 20976

Means 37755 17559 30246 29465 25052 29451

S.D. 12211 9791 11794 11325 7709 12586

Mean log r a t i o 0 .9 1 3 0 .977 0 .9 75 0.961 0 .9 7 2

S.D. 0 .0 6 0 0 .0 3 5 0 .034 0 .028 0 .030

c f  c o n t r o l s  p= NS NS NS NS NS
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TABLE 2 2 a  ( F i g  8 )

CYCLO 8 m g s / k g  DELAY S A L I N E -  CONTROLS FOR LEVAMISOLE

(Days from s a l i n e )

Rat Day0 Dayl Day3 Day7 Dayl4 Day28

1 28692 23766 43056 31472 25802 23892
2 30134 10036 34402 37635 24070 17266
3 41039 19407 41775 32015 20925 19662
4 32148 16695 22036 19958 17896 21689
5 27378 16698 28830 14007 12740 18754
6 35311 8832 59119 51782 30848 13201
7 41028 16178 39137 47252 29344 18655
8 16005 15258 19860 20742 14250 8734
9 23739 18148 32458 35640 17932 18001

10 40172 28678 47973 37895 22338 29261
11 106793 58995 72695 37885 45557 52058
12 41445 22956 28891 15562 33735 38539
13 39066 29893 34957 35019 20948 28020
14 43216 31026 54086 30602 36525 36018
15 90277 39489 37607 35004 43031 33590
16 95198 46140 49000 35116 38120 30270
17 80542 36319 47209 42552 31435 52676
18 100421 27759 47329 23552 20824 28435
19 81399. 42279 42903 27988 30957 23564
20 121993 28448 38757 31847 39839 36062

Means, 55800 26850 41104 32176 27856 27417

S.D. 32524 12863 12519 9820 9573 11661

Mean log r a t i o 0 .9 3 7 0 .9 8 4 0 .961 0 .946 0 .942

S.D. 0 .0 3 6  0 .0 4 2  0 .0 5 4  0 .034 0 .034

s t a t i s t i c s  o n  n e x t  p a g e
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TABLE 2 2 b  ( F i g  8 )

CYCLO 8mgs/kg DELAY LEVAMISOLE

(Days from l e v a m i s o l e )

Rat Day0 Dayl Day3 Day7 Dayl4 Day28

1 36952 26881 35150 45143 25622 16714
2 23947 6882 20378 13767 19351 20827
3 24454 8779 13013 22254 20146 30845
4 9093 3670 2098 4746 5079 4935
5 21377 6618 13878 21550 16492 14577
6 14245 10888 19723 12306 16714 4294
7 23284 29777 25455 26971 34130 36039
8 33750 11396 31936 17150 29936 17080
9 17479 13102 15432 5074 24600 34218

10 10663 4143 13526 6006 27218 28642
11 82657 40143 45090 31985 33032 29522
12 34430 28510 29519 11516 25352 25808
13 58060 30545 39552 26628 21249 24189
14 59970 28835 43177 41851 26604 36189
15 70222 43183 42034 22694 30235 40517
16 97751 54302 42253 18466 20720 33648
17 67995 34495 34052 21634 46593 36169
18 63858 47171 42327 33659 20012 21176
19 110852 60108 62872 34380 33660 62601

Means 45318 25759 30077 21988 25092 27263

S.D. 30569 17719 15086 11816 8818 13461

Mean lo g  r a t i o 0 .9 3 9 0 .9 6 6 0.938 0.962 0 .961

S.D. 0 .039 0 .0 4 3 0 .047 0.054 0 .061

c f  c o n t r o l s  p= NS NS NS NS NS
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TABLE 2 3 a  ( F i g  9 )

CYCLO 4 0  m g s / k g  DELAY S A L I N E  -  CONTROLS FOR LEVAMISOLE

(days  from s a l i n e )

Rat day0 d a y l day3 day7 d a y l4 day28

1 19896 1560 10628 13478 12383 35896

2 30366 2751 5978 7072 5932 22063

3 26638 4253 24277 11716 11930 22560

4 13933 1967 14200 11346 13682 28873

B5 43992 1530 11613 12367 9158 21183

6 29411 3533 9182 7047 14928 29126

7 44497 3271 12894 10224 12028 31534

8 41801 2737 15660 4204 11497 33874

9 57957 1889 7455 5826 8700 27137

10 ' 71726 1395 13835 55132 14341 30101

means 38022 2489 12572 13841 11458 28235

S.D. 17627 975 5129 14833 2792 5025

Mean log r a t i o s 0 .744 0 .8 9 9 0 .8 8 7 0 .894 0 .9 8 2

S.D. 0 .055 0 .0 6 0 0 .071 0 .055 0 .0 5 2

s t a t i s t i c s  o n  n e x t  p a g e



PAGE 1 6 9

TABLE 2 3 b  ( F i g  9 )

CYCLO 40mgs/kg DELAY LEVAMISOLE

(days from l e v a m i s o l e )

Rat Day0 Dayl Day3 Day7 Dayl4 Day28

1 44560 4644 19385 16888 15382 21226

2 50875 3684 16819 10363 16936 38567

3 45535 1173 15133 5997 3983 18434

4 73409 2205 24852 5553 4618 21936

5 58013 3420 26410 15319 21665 31441

6 40602 2102 29773 7838 8305 44857

7 53035 1448 24634 * 17470 21733 46512

8 39511 2089 24447 7011 7818 21717

9 42223 7467 6851 18653 16930 39649

10 41139 2520 13390 10436 7198 31455

Means 48890 3075 20169 11553 12457 31579

S.D. 10524 1871 7086 5078 6824 10454

Mean lo g  r a t i o 0 .7 3 2 0 .9 1 3 0 .860 0 .860 0 .9 57

S.D. 0 .054 0 .0 3 9 0 .047 0 .6 0 0 .038

c f  c o n t r o l s P= NS NS NS NS NS
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TABLE 2 4 a  ( F i g  1 0 )

5 F U  DELAY S A L IN E  -  CONTROLS FOR LEVAMISOLE

(days from s a l i n e )

Rat Day0 Dayl Day3 Day7 Dayl4 Day28

1 7081 1351 311 12105 14211 11592
2 13829 10294 42816 3399 15562 36609
3 10992 4001 7626 8680 15009 18686
4 21592 2001 19518 24217 12991 19973
5 7154 1563 26920 9628 1048 6287
6 446.30 3797 34552 39315 20909 18767
7 32278 10442 26112 33691 21914 13030
8 23990 2241 38253 14555 9157 29492
9 21121 6132 32552 17295 7591 35208
10 20173 3726 16122 27552 8684 13986
11 88310 7884 37373 8389 10361 25628
12 43670 6667 54829 22520 31884 26804
13 46486 16137 86536 8387 27294 16158
14 112639 29557 139185 9933 6181 6146
15 81443 17671 144137 27589 36491 28849
16 61566 1674 73400 14030 22495 22612
17 36032' 10239 67509 4262 21683 24217
18 34816 6189 B71192 23603 32678 17481
19 53767 8108 95213 10094 19853 25315
20 58961 14289 63393 22564 29186 17809

Means 41027 8198 56077 17090 21513 24532

S.D. 28593 7014 37601 10033 12852 9605

Mean lo g r a t i o 0 .8 3 7 1 .036 0 .9 2 7 0 .9 5 2 0 .974

S.D. 0 .0 62 0 .066 0 .0 8 6 0 .060 0 .084

s t a t i s t i c s  o n  n e x t  p a g e
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TABLE 2 4 b  ( F i g  1 0 )

5FU DELAY LEVAMISOLE

(days from l e v a m i s o l e )

Rat day0 d a y l day3 day7 d a y l4 day28
1 9753 30579 31236 22769 17624 41547
2 26630 24007 23635 19848 29640 34459
3 25827 4907 70544 35836 14966 42900
4 8760 10899 17755 20151 8434 17836
5 8382 1119 30054 26601 13558 14981
6 12765 1198 29808 16814 5775 8822
7 11055 674 11815 51647 7109 9168
8 17197 9085 30547 40627 9756 26437
9 14855 6091 37093 27172 17051 32406

10B 12067 2408 21931 12551 8772 15388
11 85600 33831 161093 14433 22164 28076
12 49829 28813 103738 17989 30452 23298
13 61562 46029 102364 3297 17604 37457
14 61067 17093 79829 12620 30621 23226
15 38839 16949 43960 6981 23023 17533
16 53199 7121 98112 17688 25537 27873
17 40868 36906 82463 6301 23665 24051
18 35896 6722 73155 5988 23400 30039
19 36501 2976 62019 24150 - -

20 35952 14365 75439 14173 28555 25399

Means 32330 15089 59330 19882 18827 25310

S.D . 21658 13718 38360 12192 8339 9878

Mean lo g r a t i o s 0 .892 1 .06 0 .9 6 3 0 .963 0 .996

S.D. 0 .105 0 .038 0.121 0 .049 0 .0 6 9

c f  c o n t r o l s  p= 0 .0 5 0 .1 2 NS NS NS



PAGE 1 7 2

TABLE 2 5

THE EFFECT OF 5FU DELAY LEVAMISOLE

Means

C o n t r o l s 5FU a l o n e 5FU+lei

160 130 220

150 230 40

130 330 380

220 210 260

140 200 260

190 220 300

260 210 320

280 190 180

170 210 130

140 210 420

184 214 251

(53) (49) (114)
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TABLE 2 6 a  ( F i g  I I )

5FU DELAY SALINE -  CANCER RATS

-  CONTROLS FOR LEVAMISOLE

Rat day0 d ay l day3 day7 d a y l4 day28

1 1996 48553 44594 2315 - -

2 22716 15270 5491 - - -

3 53031 15037 74684 2419 - -

4 - 30974 29721 - - -

5 - 21601 39070 6623 - -

6 49721 - 84794 155291 9297 -

7 - 18214 26379 6919 - -

8 - 10253 18174 2380 - -

9 8930. 30872 74399 11357 3814 34484

10 17851 18790 93428 1398 6781 24533

11  .. 19170 29121 51813 1361 6607 38133

12 3110 1713 2743 2080 10818 23725

13 5170 10351 11743 6812 1667 9651

14 20584 18309 43905 1598 5765 7676

Means 44026 25275 47960 4547 5909 25609

S.D. 23209 20616 41107 3478 3090 11563

Mean log r a t i o 0 .936 0 .9 8 4 0 .768 0.801 0 .936

S.D. 0 .106 0 .12 2 0 .0 63 0 .098 0 .097

S t a t i s t i c s  on n e x t page
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TABLE 2 6 b  ( F i g  1 1 )

5FU DELAY LEVAMISOLE -  CANCER RATS

Rat day0 d a y l day3 day7 d a y l4 day28

1 13599 9055 111040 2606 1726 13920

2 39137 29324 11714 7633 17720 18101

3 30268 12366 15323 - - -

4 17295 20583 4003 2761 - -

5 6140 16683 5945 - - -

6 3749 15087 1962 - - -

7 28311 57527 118823 66692 2780 41180

8 3251 13212 11593 3153 2098 13414

9 2670.3 7369 3932 4634 - -

10 11663 12213 26421 3937 13858 18980

Means 35247 19342 31076 13059 7636 21119

S.D. 19458 14797 44805 23712 7576 11482

Mean log r a t i o 0 .9 4 1 0 .922 0 .845 0 .83 7 0 .977

S.D. 0 .0 7 8 0 .155 0 .1 1 3 0 .1 0 3 0 .0 5 7

p v a lu e NS NS NS NS NS
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TABLE 2 7 a  ( F i g  1 2 )

CYCLO 8 m g s / k g  AND S A L IN E  -  CONTROLS FOR GLUCAN

Rat Day Dayl Day3 Day7 Dayl4 Day28
1 59692 43881 . 33237 36990 35922 29951
2 30860 21810 27967 25731 40435 12242
3 43670 35082 30253 29612 24294 16205
4 36792 29514 43603 34627 25615 11989
5 56914 39152 40533 19821 50127 14132
6 39379 33910 33200 49546 44750 35892
7 30627 13487 12596 26765 13085 15112
8 51781 39694 29758 37167 25538 33898
9 61245 37185 34617 47068 28448 15321

10 68581 55026 23458 16610 52020 9071
11 35902 18729 25891 11911 12920 13610
12 36657 9823 13312 14213 16978 10369
13 54528 33592 22735 16078 9411 9624
14 33812 30763 25894 17640 14413 15856
15 24180 25245 42378 10831 26307 12547
16 21527 13521 15631 11513 11712 22377
17 18249 15885 11600 11696 7726 20579
18 27869 20736 30768 12947 11952 24843
19 26159 9347 20562 7271 7815 21021
2 0 43971 27896 19163 12858 13141 11739

Means 40120 27714 26858 22545 23630 17819

S.D. 14460 12318 9627 12698 14281 7950

Mean log r a t i o 0 .9 6 0 0 .962 0 .938 0 .939 0 .9 2 2

S.D. 0 .032 0 .039 0 .044 0.‘047 0 .055

s t a t i s t i c s  on n e x t  page



TABLE 2 7 b  ( F i g  1 2 )

CYCLO 8 mgs/kg AND GLUCAN

PAGE 1 7 6

Rat Day0 Dayl Day3 Day7 Dayl4 Day28
1 68997 25361 30647 31407 14106 32005
2 52779 3744 38802 26517 28322 17548
3 64591 12823 45062 12208 23970 38700
4 58528 20518 19597 24680 36955 38497
5 48850 8321 29690 14637 31438 45915
6 60300 10482 47409 9888 23616 38567
7 27259 13641 35347 16816 21877 29285
8 73936 20253 39006 4989 21823 29638
9 39792 17384 49094 12076 16615 20598

10 58258 9959 35502 16441 7706 44571
11 26820 4660 17915 7153 6889 8835
12 33336 10491 14803 9523 6459 18360
13 19864 6929 29749 5839 4079 12396
14 28143 13019 21192 9796 4101 16697
15 14636 1779 16542 16651 7903 9520
16 10291 4390 14457 2124 2135 4877
17 22252 15528 27057 4098 4716 15926
18 20517 8116 14191 3214 6608 8169

Means 40508 11522 29226 12670 14962 23895

S.D. 20393 6455 11747 8313 10857 13416

Mean log r a t i o 0 .8 76 0 .976 0.881 0 .889 0 .946

S.D. 0 .054 0.041 0.058 0 .053 0.031

c f  c o n t r o l s  p= <0.0001 NS 0.002 0. 004 0 .11
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TABLE 2 8 a  ( F i g  1 3 )

CYCLO 4 0  m g s / k g  AND SA L IN E  -  CONTROLS FOR GLUCAN

Rat Day0 Dayl Day3 -  Day7 Dayl4 Day28

1 27847 6118 1546 18285 6680 26681

2 52081 16924 7429 30747 17255 38483

3 41395 3172 9303 23498 - 37186

4 10394 . 2955 1811 25209 11767 40740

5 23329 4492 6557 25300 13757 31419

6 38434 7674 4093 29743 13317 26112

7 25989 8251 3960 21585 18321 42729

8 46774 6593 9361 28605 23195 48554

9 18557 7129 3145 13981 20744 29259

10 28865 4541 8331 18928 10910 24833

Means 31367 6784 5553 23588 15105 34600

S .D . 13052 4005 3006 5437 5208 8090

Mean lo g r a t i o 0 .8 4 8 0 .823 0 .980 0 .9 3 7 1 .0 1 8

S.D. 0 .044 0.048 0.044 0 .0 5 3 0 .0 54

s t a t i s t i c s  o n  n e x t  p a g e



TABLE 2 8 b  ( F i g  1 3 )

CYCLO 40 mgs/kg AND GLUCAN

PAGE 1 7 8

Rat Day0 Dayl Day3 Day7 Dayl4 Day28

1 39495 1335 5123 3109 1135 21763

2 69107 1754 1994 11652 2937 25417

3 32477 2222 9069 7346 1443 19505

4 23171 1728 1335 3323 1651 12156

5 64013 1406 2270 8598 21021 24772

6 30084 1624 6800 10296 3803 30878

7 31678 1952 7509 4519 2083 19111

8 27334 1780 6305 6644 2782 21760

9 33454 1243 3060 5940 1618 16095

10 29291 2119 5088 1807 2741 19754

Means 38010 1716 4855 6323 4121 21121

S .D . 15670 325 2610 3225 5995 5185

Mean lo g r a t i o 0 .7 1 0 0 .795 0 .8 2 2 0 .751 0 .948

S.D. 0 .034 0 .074 0 .0 4 9 0 .0 6 6 0 .028

c f  c o n t r o l s  p= <0.0001 NS <0.0001 <0.0001 0 .003
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TABLE 2 9 a  ( F i g  1 4 )

5FU AND SALINE - CONTROLS FOR GLUCAN

Rat Day0 Dayl Day3 Day7 Dayl4 Day28

1 23362 22680 31661 41978 14865 482

2 22936 44617 7895 63140 1048 656

3 14282 13204 1920 18977 6206 620

4 16254 10681 7205 52561 5567 712

5 18081 9824 4579 32022 39710 569

6 20781 15705 1939 50071 11289 566

7 27695 20636 15582 26230 17438 842

8 6994 17646 14973 65947 3858 673

9 9247 18017 6116 48556 26916 1778

10 37468 21670 36917 67528 13889 525

Means 19710 19468 12879 46701 14079 742

S.D . 8939 9877 12264 16829 11786 378

Mean log r a t i o 1 .0 0 2 0 .9 2 3 1 .094 0.938 0 .6 7 9

S.D. 0 .0 5 9 0 .1 0 2 0 .078 0.114 0 .0 6 5

s t a t i s t i c s  o n  n e x t  p a g e



TABLE 2 9 b  ( F i g  1 4 )

5FU AND GLUCAN

PAGE 1 8 0

Rat Day0 Dayl Day3 Day7 Dayl4 Day28

1 11665 12390 1312 38213 3644 975

2 14448 16574 2308 52928 618 1016

3 13671 4090 746 39108 717 1162

4 23036 17074 993 38174 703 1054

5 16669 13022 3072 47600 4717

€ 9033 24101 4307 53126 1240 -

7 11281 19062 3233 47203 1713 -

8 9175 5626 988 63806 3780 -

9 17793 8529 1762 83578 675 -

10 12001 16280 1937 68073 11898 -

Means 13877 13675 2065 53181 2970 1041

S .D .  ' 4322 6233 1164 14806 3487 73

Mean lo g r a t i o 0 .991 0.789 1 .1 4 3 0..791 0 .720

S.D. 0 .0 6 7 0 .072 0 .048 0 .12 0 0 .0 3 2

c f  c o n t r o l s  p= NS 0.004 0 .104 0 .01 <0.001
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TABLE 3 0

THE EFFECT OF CYCLO 40mgs/kg AND GLUCAN 

(on t h e  DTH r e s p o n s e )

n o rm a ls c a n c e r  r a t s

Rat Cy + g lu c an Cy + g lu c a n

1 260 240 80 40

2 230 170 50 85

3 200 350 130 110

4 200 280 100 150

5 210 220 80 185

6 50 190 160 370

7 70 320 170 240

8- 280 240 170 250

9-; 200 210 440 175

10 220 110

Means 192 233 153 178

S.D. 75 71 116 99
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TABLE 3 1 a  ( F i g  1 5 )

CYCLO 8 mgs/kg and SALINE -  CANCER RATS

- CONTROLS FOR GLUCAN

Rat day0 d a y l day3 day7 d a y l4 day28

1 25187 9753 8465 10148 25275 18647

2 39999 6707 4218 6855 15680 22885

3 45728 6409 12074 18464 25238 -

4 43382 1768 3487 4183 9263 -

5 46180 15870 29509 23332 29753 31589

6 53042 24086 20797 27197 34332 32885

7 1548 1626 20016 2074 3143 5341

8 54864 713 5432 33321 26301 20998

9 23660 5002 6149 9467 13993 40288

Means 37066 7992 12239 15005 20331 24662

S.D. 17179 7661 9156 11014 17832 11144

Mean lo g r a t i o 0 .8 3 7 0.911 0 .913 0 .9 5 6 0 .9 9 6

S.D. 0 .1 2 3 0 .176 0 .0 73 0 .0 6 6 0 .0 8 7

s a t a t i s t i c s  o n  n e x t  p a g e
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TABLE 31b (F ig 15)

CYCLO 8mgs/kg AND GLUCAN -  CANCER RATS

Rat day0 d a y l day3 day7 d a y l4 day28

1 48952 4542 33604 2811 22374 40956

2 35434 1405 7020 2981 3301 13350

3 74498 15559 10725 5508 18121 23628

4 29738 8532 10361 3616 10441 -

5 33129 6923 8200 3548 10567 -

6 9563 807 1454 1737 2883 -

7 32354 761 1725 3004 5327 -

8 27377 2904 8555 3998 13165 16183

9 44648 1904 10012 3647 9681 22451

Means 37299 4815 10184 3427 10651 23314

b'.D. 17832 4874 9442 1023 6550 10750

Mean log r a t i o 0 .768 0 .851 0 .7 7 9 0 .8 7 2 0 .934

S.D. 0 .083 0 .0 6 9 0 .0 2 5 0 .049 0 .034

c f  c o n t r o l s  p= 0 .18 0 .3 7 <0.0001 0 .008 0 .1 3
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TABLE 3 2 a  ( F i g  1 6 )

S A L IN E  DELAY CYCLO 8 m g s / k g  -  CONTROLS FOR GLUCAN

(days from c y c lo )

Rat Day0 Dayl Day3 Day7 Dayl4 Day28

1 79874 8616 41206 32729 43175 66318

2 61725 7806 39752 39579 21832 65239

3 62069 19944 52892 42027 50779 48302

4 93317 10716 27795 30628 43424 70121

5 71662 28422 63347 46899 71359 60494

6 62946 17474 28929 29686 24300 36161

7 51161 11940 30724 32108 20448 51137

8 40097 6674 31102 36109 25375 50955

9 39795 8003 23875 23136 23137 44165

10 62035 23646 40503 39401 38032 74537

Means 62468 14324 38013 35230 36186 56743

S.D. 16609 7597 12339 6941 16455 12434

Mean log r a t i o 0 .85 8 0.954 0 .950 0 .946 0 .9 9 2

S.D. 0 .0 4 3 0 .028 0.025 0 .030 0 .0 2 2

s t a t i s t i c s  o n  n e x t  p a g e



TABLE 3 2 b  ( F i g  1 6 )

GLUCAN DELAY CYCLO 8 m gs/kg

PAGE 1 8 5

Rat Day0 Dayl Day3 Day7 Dayl4 Day28

1 56998 30144 24597 13956 26697 13348

2 45901 11915 6186 7611 25498 32184

3 43321 19794 12505 22993 24593 103587

4 63228 19783 36018 24527 41598 30115

5 71938 31842 37479 28442 50257 68274

6 27997 9664 16203 15384 31762 58152

7 34764 6129 3894 9718 31226 67238

8 37912 5108 14838 16238 25944 44964

9 44956 20582 25240 21070 37451 33789

10 26808 4136 12165 7898 22799 57752

Means 45382 15910 18913 16784 31783 56743

14829 10079 11584 7273 8831 25744

Mean log r a t i o 0 .8 8 5 0 .9 0 3 0 .9 0 3 0 .969 1 .004

S.D. 0 .049 0 .0 5 7 0 .0 3 5 0 .024 0 .071

c f  c o n t r o l s  p= NS 0 .02 0 .0 0 3 0 .7 NS
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TABLE 3 3 a  ( F i g  1 7 )

CYCLO 8 mgs/kg DELAY SALINE -  CONTROLS FOR GLUCAN

(days  from s a l i n e )

1 150487 23195 49364 13604 50167 72967

2 91363 17461 21430 1529 14230 42286

3 75196 6908 10638 4954 17680 10419

4 114915 47611 24213 15516 44784 53134

5 24774 3183 15936 2657 17432 36789

6 88251 18477 29966 11134 23768 63620

Means 90831 19473 25258 8232 28010 46536

S.D. 41842 15709 13562 5951 15484 22143

Mean log r a t i o 0 .8 4 5 0 .889 0.771 0 .898 0 .94 0

S .D . 0 .0 5 0 0 .044 0 068 0.044 0 .0 7 0

s t a t i s t i c s  on n e x t  page
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TABLE ^ 3 b  ( F i g  1 7 )

CYCLO 8 mgs/kg DELAY GLUCAN

(no l e v a m i s o l e )

Rat Day0 Dayl Day3 Day7 Dayl4 Day28

1 64587 3202 22791 19951 - 8116

2 92748 29642 32744 9612 29160 40573

3 78798 8521 30811 19670 - 4257

4 115702 2953 23109 26545 - 41652

5 52820 2995 11433 14598 10684 44344

6 71022 1626 8801 12470 4265 45297

7 72263 1895 16578 9435 5691 40866

Means 78277 7262 20895 16040 12450 32158

S.D. 20553. 10135 9144 6306 11475 17862

Mean 1og r a t i o 0 .741 0 .8 7 6 0 .856 0 .8 1 8 0 .898

S.D. 0 .085 0 .0 3 7 0 .035 0 .0 7 0 0 .089

c f  c o n t r o l s  p= 0 .0 2 NS 0 .03 0 . 1 : NS
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TABLE 3 3 c

CYCLO 8 mgs/kg DELAY GLUCAN AND LEVAMISOLE 

( p a r t  o f  2 p r e v i o u s  e x p t s )

Rat Day0 Dayl Day3 Day7 Dayl4 Day28

1 52463 3354 19097 26537 9374 46791

2 82784 2371 15566 15915 13340 53279

3 71890 1605 13358 15383 16128 53988

4 56539 1286 14247 9718 3992 39201

5 66924 1475 16252 16745 5342 55167

6 72982 2583 25223 20269 5065 41463

7 87488 2981 34697 2876 40439 67393

Means 70153 2236 19777 15349 13383 51040

S.D. 12779 798 7688 7516 12765 9558

Mean log r a t i o 0 .687 0 .8 8 3 0 .8 50 0.824 0 .972

S.D. 0.034 0 .0 2 8 0 .073 0 .065 0 .014

c f  c o n t r o l s  p= NS NS NS NS NS
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TABLE 34a (Fig 18)

SALINE ALONE - CONTROLS FOR GLUCAN

( r e c e i v e d  o n l y s a l i n e )

Rat day0 d a y l day3 day7 d a y l4 day28

1 42094 33139 76985 63076 49287 37527

2 62629 50863 88583 51035 29668 31655

3 56718 51538 94512 50727 45086 23529

4 74233 51634 - - - -

5 80198 50380 81080 54323 46721 32008

6 59488 44641 77404 - 61492 -

7 34365 43997 54887 - 49854 24497

8 37995 70901 83841 - 74489 36520

9 30649 21685 28740 - 35087 54899

10 66284" 34613 94314 - 48611 18551

Means 54465 45339 75594 48922 32398 40984

S.D. 17273 13388 21226 5759 13203 11232

Mean lo g r a t i o 0 .9 8 4 1 .034 0 .9 9 4 0 .996 0 .9 5 9

S.D. 0 .0 34 0 .0 2 6 0 .031 0.041 0 .0 5 5

s t a t i s t i c s  o n  n e x t  p a g e



TABLE 3 4 b  ( F i g  1 8 )

GLUCAN ALONE

PAGE 1 9 0

Rat Day0 Dayl Day3 Day7 Dayl4 Day28

1 79184 47529 55809 50654 64306 38827

2 101876 48963 63808 60249 73248 43181

3 60568 37059 76007 91935 38851 36090

4 37955 33351 58087 65282 69751 29834

5 61361 33374 54003 50149 45368 29648

6 42094 33139 76985 63076 49287 37527

7 62629 50863 88583 51035 29668 31655

8 56718 51538 94512 50727 45086 23529

9 74233 51634 - - - -

10 80198 50380 81080 54323 46721 32008

11 59488 44641 77404 - 61492 -

12 34365 43997 54887 - 49854 24497

13 / 37995 70901 83841 - 74489 36520,

14 30649 21685 28740 - 35087 54899

15 66284 34613 94314 - 48611 18551

Means 59040 43578 70576 59714 52273 33597

S.D. 19977 11771 18719 13414 14179 9593

Mean lo g  r a t i o 0 .9 7 5 1 .0 2 0 0 .996 0 .993 0 .954

S.D. 0 .032 0 .034 0 .037 0 .039 0 .044

c f  c o n t r o l s P= NS NS NS NS NS
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TABLE 3 5 a  ( F i g  1 9 )

S A L I N E  ALONE -  CONTROLS FOR C p a r v u m

Rat Day0 Dayl Day3 Day7 - Dayl4 - Day28

1 40963 115878 48696 55510 29158 38292

2 31985 63876 49323 38075 23804 38181

3 61103 109282 68588 37178 34643 43895

. 4 28458 76042 88406 60576 23386 56849

5 19512 61323 33759 24422 22961 29584

6 33526 76073 32459 59994 28923 52527

7 23707 87135 44939 57476 41765 70932

8 18533 84121 52831 30003 32902 43415

9 17117 66510 31006 25447 12026 36825

12394 89447 53381 51420 39976 56003

Méâ’ns 29077 30121 14586 16425 16425 35172

S .D . 11051 8513 11711 9832 6901 9581

Mean lo g r a t i o 1 .1 1 4 1 .061 1 .048 1 .007 1 .0 5 7

S.D. 0 .047 0 .05 0 0.051 0. 056 0 .056

s t a t i s t i c s  o n  n e x t  p a g e
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TABLE 3 5 b  ( F i g  1 9 )

C parvum ALONE

Rat Day0 Dayl Day3 Day7 Dayl4 Day28

1 51211 20698 42615 26007 10716 39625

2 15664 18935 12411 3827 9998 29616

3 28382 4095 24763 19620 4178 23757

4 24683 24068 44086 20701 23445 41334

5 46183 38336 48129 32146 17031 32828

6 24550 18608 30202 8369 18456 24896

7 24549 19013 27280 12982 19110 38263

8 22694 24263 19427 5227 13290 31525

9 23180 21618 20555 3512 20950 54703

10 29670 15156 31745 13468 27076

Means 29077 20479 30121 14586 16425 35172

S.D .  11051 8513 11711 9832 6901 9581

Mean lo g  r a t i o 0 .961 1 .0 0 2 0 .912 0 .940 1 .023

S.D. 0 .061 0 .0 2 4 0 .057 0 .062 0 .042

c f  c o n t r o l s  p= <0.0001 0 .0 0 5 <0.0001 0 .0 2 0 .1 5
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TABLE 3 6 a  ( F i g  2 0 )

CYCLO 8 m g s / k g  a n d  SA L IN E  -  CONTROLS FOR C p a r v u m

Rat Day0 Dayl Day3 Da y 7 Dayl4 Day28

1 49321 18618 73310 22134 26461 62854

2 48663 13930 48403 89320 18865 60602

3 50342 10597 58432 35132 31003 25358

4 28948 9434 26924 16660 13383 76800

5 52038 16786 55576 26940 40881 72553

6 78492 8422 53665 25814 42135 69528

7 33998 18060 41294 16139 35532 45304

8 81149 6526 37818 26699 34045 36832

9 27208 22434 27220 22663 22000 14070

10 44579 32002 45365 28333 61557 39471

Means 49474 15681 46801 30983 32586 50337

S.D. 18360 7688 14362 21244 13821 21316

Mean lo g r a t i o 0 .891 0 .997 0 .951 0 .959 0 .9 9 8

S.D. 0 .0 6 6 0 .029 0 .0 4 5 0 .038 0 .0 5 3

s t a t i s t i c s  o n  n e x t  p a g e



TABLE 3 6 b  ( F i g  2 0 )

CYCLO 8mgs/kg AND C parvum

PAGE 1 9 4

Rat Day0 Dayl - Day3 Day7 Dayl4 Day28

1 76560 6842 2760 4782 2294 60689

2 80775 4337 1891 3521 3235 62244

3 70502 18620 11522 5041 6333 60177

4 82838 11109 3756 8171 7133 51421

5 111746 6664 15294 2913 9709 104423

6 52952 3756 3294 4050 3571 49340

7 60252 3505 9017 2064 8702 26936

8 62211 2125 5666 12362 11659 66434

9 75898 3524 10112 2122 6703 86847

10 80180 8943 4806 2459 3442 50140

Means 75391 6942 6811 4748 6278 61865

s : d . 16197 4961 4442 3240 3127 21032

Mean lo g  r a t i o 0 .7 7 1 0 .7 6 9 0.741 0.*769 0 .9 79

S.D. 0 .0 5 4 0 .0 5 9 0 .056 0 .049 0 .0 2 6

c f  C o n t r o l s  p= f o r  a i l g r o u p s <0.00001 NS
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TABLE 3 7 a  ( F i g  2 1 )

5FU DELAY SALINE -  CONTROLS FOR THIABENDAZOLE 

(days from s a l i n e )

Rat Day0 Dayl Day3 Day7 Dayl4 - Day28

1 34673 73423 74386 1528 39074 70648

2 29780 41197 87816 7010 30456 48071

3 33257 17153 64405 21818 24034 58012

4 29494 18308 55757 12291 20147 35636

5 44371 27767 72908 8810 21675 49259

6 28265 25105 85760 18956 32619 58467

7 40716 54990 83597 6004 23353 46319

8 39015 23915 58398 16891 27623 45841

9 40721 20002 86495 1938 14803 39842

10 35108 11641 75459 14848 7079 43290

Means 35540 31350 74498 11009 24086 49539

S.D. 5503 19499 11769 7063 9115 10273

Mean lo g r a t i o 0 .9 7 5 1 .071 0 .86 2 0 .956 1 .0 3 1

S.D. 0 .054 0 .022 0 .0 9 4 0 .0 5 2 0 .0 2 6

s t a t i s t i c s  o n  n e x t  p a g e
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TABLE 3 7 b  ( F i g  2 1 )

5FU DELAY THIABENDAZOLE

(days from t h i a b e n d a z o l e )

Rat Day0 Dayl Day3 Da y 7 Dayl4 Day28

1 28204 57991 85130 3010 26419 25760

2 27386 18025 56807 10285 27767 43889

3 33665 18773 26244 6930 22298 46211

4 40309 71589 74848 5513 24897 41014

5 41225 15164 49907 14580 34985 45559

6 29318 10261 83834 2702 24693 49724

7 50227 9404 72655 15148 5574 33879

8 52858 19874 59092 13604 13627 36153

9 38152 52176 66944 15760 31341 50352

i 0 36040" 16398 70842 15905 18409 51712

Means 37738 28966 64630 10344 23001 42425

S.D. 8768 22571 17588 5365 8610 8305

Mean log r a t i o 0 .954 1 .050 0 .8 6 2 0 .947 1 .0 1 2

S.D. 0 .074 0. 041 0 .0 5 6 0 .064 0 .031

c f  c o n t r o l s  p= NS NS NS NS NS
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TABLE 3 8 a  ( F i g  2 2 )

CYCLO PRIMING EXPT - CONTROLS

Rat d a y -5 day0 d a y l day3 day7 d a y l4 day28

1 29359 37158 20419 41952 19308 46755 44249

2 37507 26160 2942 14369 7727 26686 24825

3 56911 19730 28942 39669 28263 22609 58140

4 72190 71165 12742 43849 45015 38773 74926

5 43046 54621 8064 31659 14344 29922 58068

6 73371 40148 6313 21224 9086 39936 46655

7 48907 35463 5597 19723 8354 21413 30564

8 73266 58425 6184 - - - -

Means54320 42859 11400 30349 18871 32299 64000

S.D. 17362 17280 8947 11951 13681 9650 15933

Mean

S.D.

lo g  r a t i o s 0 .839

0 .0 7 6

0 .949

0 .0 4 9

0 .8 9 3

0 .060

0 .9 5 8

0 .0 4 3

1 .014

0 .003

s t a t i s t i c s  o n  n e x t  p a g e
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TABLE 3 8 b  ( F i g  2 2 )

CYCLO PRIMING EXPT -  PRIMED ANIMALS

Rat d a y -5 day0 d a y l day3 day7 d a y l4 day28

1 45778 33504 5969 9559 15628 28221 14722

2 73372 51444 22853 25103 15694 38114 38377

3 34312 51417 8819 37361 20515 36825 16353

4 43422 31972 10103 23674 15056 16830 36159

5 57142 39990 13664 37639 31325 36832 33680

6 41347 43987 13931 26202 19701 24525 51997

7 63055 53187 6301 - - - -

8 52790 57062 - 27192 13331 31161 33600

9 88587 64711 669 12552 9420 22108 -

Means55534 47475 10289 24910 17584 29327 32127

S.D . 17215 10935 6674 10099 6551 7798 12952

Mean lo g  r a t i o s 0 .821 0 .9 25 0 .8 9 6 0 .944 0 .956

S.D. 0 .108 0 .0 5 9 0 .0 4 9 0 .038 0.011

c f  c o n t r o l s P= NS NS NS NS NS
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TABLE 3 9

PRIMING EXPTS

5FU CYCLO

Rat c o n t r o l  pr imed c o n t r o l  pr imed

1 150 80 190 145

2 190 260 90 25

3 240 170 200 150

4 340 170 60 60

5 250 390 135 60

6 240 330 35 40

7 200 270 95 205

8 150 170 75 70

9  270 ' 160

10 290 200

Means 232 220 110 94

S.D .  61 92 60 *64
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TABLE 4 0 a  ( F i g  2 3 )

5FU PRIMING EXPT -  1CONTROLS

Rat d a y - 5 day0 d a y l day3 day7 d a y l4  day28

1 74460 59183 19428 33990 53591 22469 12221

2 116609 65056 8819 22076 27911 13280 40279

3 65484 44091 42789 57703 42587 2796 7952

4 59731 31737 11775 61521 11094 2536 17753

5 62256 22631 13166 32922 44668 1823 24202

6 82442 24539 13505 9307 24579 1946 17916

7 105044 46037 31051 36441 18556 5799 29157

8 81432 20773 9810 19655 18516 3235 16117

9 93257 58337 19073 3855 16361 1601 7874

10 116067 46094 24885 38223 7730 8071 11281

Means85678 41848 19430 31569 26559 6356 18475

S.D . 21335 16217 10794 18713 15448 6753 10234

Mean lo g  r a t i o s 0 .861 0 .894 0 .8 8 5 0‘.736  0 .8 7 9

S.D. 0 .048 0 .084 0 • 065 0 .074  0 .0 1 9

s t a t i s t i c s  o n  n e x t  p a g e



TABLE 4 0 b  ( F i g  2 3 )

5FÜ PRIMING EXPT

PAGE 2 0 1

Rat d a y - 5 day0 d a y l day3 day7 d a y l4  day28

1 97145 16862 23677 39036 20209 11372 14322

2 77971 27997 17948 76945 46772 12786 12795

3 65930 27721 26101 25494 22484 6191 8588

4 77238 30988 1915 2213 15862 1138 15293

5 87213 57465 1949 63340 27372 2777 8784

6 94973 39252 22779 52912 31856 4783 11917

7 93811 54540 13216 23119 18849 6675 17102

8 85751 18946 10059 4782 56412 1520 16585

9 82870 29095 17153 28992 34755 1947 7094

10 45898 33821 13207 60607 55507 5591 15845

Means80880 33669 14800 37744 33008 5478 12796

S.D. 15518 13449 8461 25245 15087 4012 5731

Mean lo g  r a t i o s 0 .8 2 6 0 .900 0 .739 0 .924  0 .89 4

S.D. 0 .0 8 7 0 .108 0 .052 0 .076  0 .0 6 2

c f  C o n tr o ls P= NS NS NS NS NS
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TABLE 41 

PRIMING DELAY EXPT 

( v a r i a b l e  d e l a y  p e r i o d = n  d a y s )

n d a y - n  day0  d a y l  day3 day?  d a y l4  day28

0 64398 64398 11609 26140 20904 26690 33081

( 1 .0 )  ( .8 3 3 )  .918 .902  .9 1 9  .928

1 64442 54317 12812 29474 18689 28604 10354

.987  .850  .913  .885 .948  .924

3 40695 39562 6075 16312 18425 18957 11682

.995  .811 .878  .923  .904 .926

5 56617 32535** 7945* 11241** 9681** 5419* 12047

.950  .806  .788 .839  .731 .915

9 76358 55220 15750 25458 15090 25533 8732

.977  .861 .907  .859  .912  .937

14 62019 72512 23547 46736 17857 30208 15009

1 .0 2  .915  .974 .879 .938  .967

Animals  r e c e i v e d  c y c lo p h o sp h a m id e  40 m g s / k g , a f t e r  4 

mgs/kg p r im e  g i v e n  a f t e r  d i f f e r e n t  i n t e r v a l s  (n d a y s ) . 

R e s u l t s  a r e  t h e  means o f  10 r a t s ,  e x p r e s s e d  i n  cpm w i t h  

lo g  r a t i o s  t o  p r e t r e a t m e n t  v a l u e s

be low .  *p<0 .05  **p<0.01 t o  c o n t r o l s  (0 d e l a y )
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TABLE 42a (F ig 24)

5FU DELAY SALINE - CONTROLS FOR CIMETIDINE

(days from s a l i n e )

Rat Day0 Dayl Day3 Day7 Dayl4

1 33800 5097 24915 4544 24332

2 50977 10541 55597 4407 10054

3 42904 14139 70741 7769 5270

4 51214 16486 56054 6473 24205

5 73773 15587 52517 20846 23944

6 80648 14909 81759 2438 34296

7 19616 1883 8327 6829 1944

8 53071 13636 28271 31605 6467

9 54811 34199 33765 13998 -

30 23865 1138 5653 19731 5728

Means 48468 12762 41760 11864 15138

S.D. 19536 9462 25609 9464 11578

Mean lo g  r a t i o 0 .8 4 7 0 .967 0.851 0 .868

S.D. 0 .0 7 3 0 .054 0 .086 0 .068

s t a t i s t i c s  o n  n e x t  p a g e
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TABLE 4 2 b  ( F i g  2 4 )

5FU DELAY CIMETIDINE

(days from c i m e t i d i n e )

Rat Day0 Dayl Day3 Day7 Dayl4

I 26525 3037 21503 7538 2229

2 27277 2952 3677 5073 2317

3 71217 18280 63820 5605 17836

4 58310 32502 33431 17246 23131

5 30904 8916 18448 9245 18032

6 49098 2340 37211 15495 13818

7 48121 1363 20997 44216 3406

8 65450 13391 112976 16996 18341

9 46992 1711 21757 1723 -

10 75091 1059 15776 17742 14240

Means 49899 8555 34960 14088 12594

S.D. 17741 10257 31792 12083 7928

Mean lo g  r a t i o 0 .7 8 3 0.941 0 .858 0 .848

S.D. 0 .107 0 .069 0 .080 0 .0 7 3

c f  c o n t r o l s P= NS NS NS NS
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TABLE 4 3 a  ( F i g  2 5 )

DIURNAL RHYTHM EXPT 

( 1 0 a . m . c y c l o  40mgs/kg)

Rat day0 d a y l day3 day7 d ay l4 day28

1 50177 9097 14608 3941 9016 45151

2 57542 2952 18884 21400 40685 68467

3 51662 19770 17361 13187 28699 81760

4 69674 22541 5411 24511 70750 108046

5 44514 13339 23990 36650 22912 89481

6 83455 33636 25356 44860 32978 70136

7 18804 1720 1924 2457 17281 31571

8 31301 5290 9650 5695 39435 49866

9 71392 13830 16951 10954 61649 87510

Means 53169 13575 14904 18184 35934 70221

S.D. 20267 10389 7938 14943 20036 24427

Mean lo g r a t i o s 0 .8 5 6 0 .88 7 0 .8 47 0.‘948 1 .0 3 9

S.D. 0 .0 4 0 0 .0 9 3 0 .08 3 0 .060 0 .041

s t a t i s t i c s  o n  n e x t  p a g e
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TABLE 4 3 b  ( F i g  2 5 )

DIURNAL RHYTHM EXPT 

( p .m .c y c lo  40mgs/kg)

Rat day0 d a y l day3 day7 d a y l4 day28

1 57657 9106 15628 17620 23110 73125

2 123739 9097 1902 15521 23084 -

3 85079 19752 36415 26230 37972 67421

4 58045 7798 9741 4691 10954 52771

5 57647 16005 28834 22688 39407 69168

6 39198 12844 16948 1740 39149 67576

7 61726 17308 18888 24641 41524 94663

8 48336 8445 22360 13799 46235 88239

9 34970 13120 20605 17200 32206 93384

10 37480 ' 8225 23816 2319 44783 104728

Means 60388 12170 19514 14645 33842 79008

S.D. 26688 4312 9592 9026 11382 16894

Mean lo g r a t i o 0 .8 56 0 .887 0 .8 4 7 0 .948 1 .03 9

S.D. 0 .0 40 0 .093 0 .0 8 3 0 .0 5 9 0 .041

c f  c o n t r o l s  p= NS NS NS NS NS
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TABLE 4 4

DIURNAL RHYTHM EXPT

c y c l o  g i v e n  p r e v i o u s  

R a ts  a .m .  p .m .

1 340 370

2 280 270

3 240 80

4 260 250

5 270 40

6 370 210

7 300 370

8 270 470

9 -  170

10 ' 230

Means 291 246

S.D .  44 133
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