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C Y C L O P H O S P H A Z E N E S  AND RELATIVES AS A N T I C A N C E R  DRUGS 

GUY GUERCH, JEAN-FRANCOIS LABARRE , ROGER LAHANA, GASTON LEVY AND 

FRANCOIS SOURNIES 

L a b o r a t o i r e  S t r u c t u r e  e t  V ie ,  U n i v e r s i t e  Paul S a b a t i e r ,  118 r o u t e  

de Narbonne, 31062 TOULOUSE CEDEX, France. 

Aziridinocyclophosphazenes N3P3Az6 (code name MYKO 63) ,  N4P4Az8 

(code name MYKO 83) and r e l a t i v e s  c o n s t i t u t e d  t h e  f i r s t  g e n e r a t i o n  

o f  a n t i c a n c e r  drugs whose e f f i c i e n c y  on severa l  r o d e n t  neoplasms 

was made conspicuous i n  a q u a n t i t a t i v e  manner f rom 1976 t o  1978 

bo th  i n  o u r  Labora to ry  and by EORTC Screening Pharmacology Groups'. 

MYKO 63 appeared a t  t h a t  t i m e  as a p romis ing  drug f o r  i n d u s t r i a l  

development owing t o  i t s  wide spectrum o f  a c t i v i t y  and i t s  v e r y  

l ow  m u t a g e n i c i t y  . However, t h i s  hope f a i l e d  as a consequence o f  

a cumu la t i ve  t o x i c i t y  which occurs upon heavy p o l y i n j e c t i o n s  sche- 

du les.  I n  o t h e r  words, MYKO 6 3 e x h i b i t s  an uncomfo r tab le  k i n e t i c s  o f  

a c t i o n  on t h e  tumor - and, consequent ly ,  o f  e x c r e t i o n  - presumably 

due ( i t  was o u r  assumption) t o  a t o o  h i g h  chemical  s t a b i l i t y  o f  t h e  

molecule.  

2 

Thus, by u s i n g  o u r  knowhow about e l e c t r o n i c  s t r u c t u r e  and r e l a -  

3 
t i v e  s t a b i l i t y  of i n o r g a n i c  systems as c a l c u l a t e d  by quantum chemis- 

t r y  , we c o u l d  des ign s u i t a b l e  d e r i v a t i v e s  o f  MYKO 63 w i t h o u t  any 

cumu la t i ve  t o x i c i t y  by r e p l a c i n g  e n d o c y c l i c  P atoms by S atoms s t e p  

by s tep .  Pentaziridinocyclodiphosphathiazene N3P2S04X (code names : 

SOF f o r  X = F, S O P H i  f o r  X = Ph and SOAz f o r  X = Az) were found i n  

t h i s  way as e x h i b i t i n g  a n t i t u m o r  p r o p e r t i e s  q u i t e  s i m i l a r  t o  t h e  

ones o f  MYKO 63 w i t h o u t  any s i g n i f i c a n t  cumu la t i ve  t o x i c i t y  . These 

r e s u l t s  were pa ten ted  by ANVAR on J u l y  4, 1979 ( P a t e n t  no  79-17336, 
5 

World ex tens ion  J u l y  4, 1980) and l i c e n s e d  t o  OTSUKA Chemical Co. 

(Osaka, Japan) and Roger BELLON SA ( P a r i s ,  France) w i t h i n  a j o i n t -  

4 
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venture. The p r e - c l i n i c a l  f i l e ,  i n c l u d i n g  acu te  t sub-acute + chro-  

n i c a l  t o x i c i t y  on r a t s  + dogs t monkeys, anatomo-pathology, pharma- 

c o k i n e t i c s ,  mode o f  a c t i o n ,  abso rp t i on ,  d i s t r i b u t i o n ,  e x c r e t i o n ,  

xenographs, n a t u r e  o f  m e t a b o l i t e s , a n d  so on, was achieved b y  indus-  

t r i a l  p a r t n e r s  f o r  SOAz. P a r a l l e l y ,  we were i n  charge o f  i n v e s t i g a -  

t i n g  X-Ray s t r u c t u r e s  o f  t h e  v a r i o u s  drugs f rom genuine and c l a t h r a -  

t e d  s i n g l e  c r y s t a l s 6 ,  way o f  f ragmen ta t i on  by mass spec t romet ry  , 
r e a l  conformat ions i n  p h y s i o l o g i c a l  serum bo th  by Raman spect rosco-  

py and by micro-comput ing systems’ as w e l l  as s i t e s  o f  i n t e r a c t i o n  
on DNA”. The b i o l o g i c a l  behaviour  o f  SOAz was a l s o  s t u d i e d  i n  v i -  

t r o  and i n  v i v o  versus c o n s t i t u e n t s  o f  m a l i g n a n t  c e l l s  membrane 

( n e u t r a l  and a c i d i c  phospho l i p ids ,  g l y c o p r o t e i n s )  , ol i g o - e l  ements 

(Cu,Zn) of cytoplasm and severa l  a n t i g e n s  and haptens. 

Then, Phase I human t r i a l s  c o u l d  be performed” showing t h a t  

t h e  MTD (maximal t o l e r a t e d  dose) v a l u e  under s i n g l e  i n j e c t i o n  pro-  

t o c o l s  i s  equal t o  8 mg/kg f o r  humans. These human t e s t s  i n d i c a t e d  

t h a t  SOAz does n o t  induce any nephro-, hepato- and/or  c a r d i o - t o x i -  

c i t y ,  any n e c r o s i s  o r  p h l e b i t i s  when i n j e c t e d  by i n t r a - v e i n o u s  rou -  

t e ,  any a l o p e c i a  o r  nauseas o r  d i a r r h e a s ,  t h e  unique p e n a l i z i n g  s ide -  

e f f e c t  f o r  SOAz being thrombopenia. Phase I 1  human t r i a l s  a r e  now 

i n  progress f o r  e v a l u a t i n g  t h e  b e s t  d i r e c t i o n s  f o r  i t s  use i n  c l i -  
n i c s .  

7 

8 

Whatever t h e  p o t e n t i a l i t y  of SOAz as a n t i c a n c e r  agent  i s ,  

pharmacokinet ics  proved t h a t  60% o f  t h e  amount of drug i n j e c t e d  t o  

an imals  and humans i s  exc re ted  through u r i n s  ( w i t h o u t  any m e t a b o l i -  

z a t i o n )  d u r i n g  t h e  24 hours a f t e r  i n j e c t i o n .  I n  o t h e r  words, a l a r -  

ge p a r t  o f  t h e  drug does n o t  reach t h e  tumor and i s  a c t u a l l y  spread 

o u t  a l l  over  t h e  body w i t h o u t  any t h e r a p e u t i c a l  e f f i c i e n c y .  

would i t  be p o s s i b l e  t o  i nc rease  t h e  s p e c i f i c i t y  o f  o u r  drugs t o -  

Thus, t h e  d r i v i n g  i d e a  we g o t  e a r l y  1982 was t h e  f o l l o w i n g :  
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wards ma l ignan t  c e l l s  i n  t a r g e t i n g  them through s u i t a b l e  c o v a l e n t  

l i n k a g e s  t o  some mo lecu la r  v e c t o r s  ( r o c k e t s )  hav ing  a v e r y  h i g h  

a f f i n i t y  f o r  some components of  such c e l l s .  

New v e c t o r i z e d  a n t i c a n c e r  drugs were prepared i n  t h i s  way and 

t e s t e d  s u c c e s s f u l l y  by EORTC on s tandard  r o d e n t  tumors : t h e  r a t e  

o f  t h e  amount of  d rug  i n j e c t e d  which reaches t h e  tumor i s  i ndeed  

60  t imes  l a r g e r  than  f o r  SOAz and t h e r a p e u t i c  i ndex  TI o f  t h e  new 

drugs, d e f i n e d  as t h e  r a t i o  o f  t h e  h i g h e s t  n o n - l e t h a l  dose, LDo , 
over  t h e  minimal dose g i v i n g  a s i g n i f i c a n t  a c t i v i t y ,  i s  about  15,  
t h a t  i s  e x c e p t i o n a l l y  l a r g e .  

The de te rm inan t  r o l e  o f  t h e  v e c t o r  i s  made conspicuous when 

comparing p roper  a c t i v i t i e s  o f  "drugs themselves" t o  t h e  ones o f  

t h e  v e c t o r i z e d  drugs. The t a r g e t i n g  b e n e f i t  t h rough  such v e c t o r s  

i s  t hen  c l e a r l y  demonstrated. 

pa t e n t  no  82-  197 68' 2 .  
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T h i s  d i s c o v e r y  was covered on November 25, 1982,  by t h e  CNRS 
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