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I n t r o d u c ~ o n  

M a y t a n s i n e  is a n a t u r a l l y  o c c u r r i n g  ansa  m a c r o l i d e  wi th  a n t i t u m o r  act ivi ty .  I t  possesses 
m e t a p h a s e  ar res t  an t imi to t i c  p roper t ies  w h i c h  a r e  also proper t ies  of  the  v inca  a lka lo ids  
v incr is t ine  a n d  vinb~astine.  Yrec l in ica l  r o d e n t  t u m o r  test ing d e m o n s t r a t e d  h igh  act iv i ty  
a t  very  low dose levels a n d  a n t i t u m o r  ac t iv i ty  over  a w ide  dose r ange .  Phase  I c l inical  
test ing b y  the  N a t i o n a l  C a n c e r  Ins t i tu te  ( N C I )  has  n o w  large ly  been  comple t ed  and  the  
c o m p o u n d  i s i n  Phase  I I  trials. 

T h e  pu rpose  o f  this p a p e r  i s  to rev iew the  ava i lab le  i n fo rma t ion  on  may tans ine ,  
especia l ly  w i th  respect  to a n  eva lua t i on  of  its po ten t i a l  c l inical  usefulness. 

H i s t o r y  

M a y t a n s i n e  was  first isolated by  K u p c h a n  a n d  coworkers  (I  1, 12) in 1971 f rom a lcohol ic  
extracts  o f  the  E a s t  Af r ican  sh rub  Maytenus serrata ( fo rmer ly  k n o w n  as M .  ovatus) a n d  
l a t e r  f rom the  w o o d  a n d  ba rk  ofMaytenus buchananii, I t  was the  first ansa  m a c r o l i d c  to be  
isolated f rom a p l a n t  r a t h e r  t h a n  a mic ro -o rgan i sm.  Previous ly  desc r ibed  ansa  macro l ides  
h a d  d e m o n s t r a t e d  inh ib i t ion  o f  bac te r i a l  D N A - d e p e n d e n t  R N A  p o l y m e r a s e  (8, 17) a n d  
-¢iral R N A - d i r e c t e d  D N A  po l ymera se  (22), b u t  m a y t a n s i n e  was  the  first c o m p o u n d  of  
this class to show signif icant  a n t i t u m o r  ac t iv i ty  (11, 12). I t  was  f o u n d  to be h igh ly  ac t lve  
aga ins t  the  m o u s e  P388 l y m p h o c y t i c  l e u k e m i a  a n d  to also show ac t iv i ty  aga ins t  the  
L 1210 m o u s e  l eukemia ,  the  Lewis  l u n g  c a r c i n o m a  a n d  I3-16 m e l a n o m a  solid tumors  (11, 
12). E n c o u r a g e d  b y  its p rec l in ica l  ac t iv i ty  the  N C I  i n i t i a t e d  Phase  I c l inical  test ing in  
1976. 
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The ansa macrolide class of compounds of which maytansine is a member includes the 
Saxnycins and streptovarcins. The shctural formula of maytansine is shown in Figure 
1, and consists of an aromatic nucleus to which a macrocyclic aliphatic bridge is attached 
at two non-adjacent positions. Two homologue compoun&s are genefaily isolated with 
maytarnine. These are maytanprine and maytanbutine and differ from maymine  by a 
methyl group in the h t  case and two methyl groups in the sec~nd case as shown in 
Figure 1. Both homolopes have antitumor activity although t~ a l&er extent than 
maytansine in the P388 system (14). Naytansine can be differentiated from its homolo- 
gues by chromatography in an ethyl acetate system on silica gel, using ultraviolet light 
$0 visualize the zona (9). 

Flgum Z. Stntawd formufa of magrtarasinc and Romologues. 

The structure activity relationships in the rnaytamh~id ansa macrolids have recently 
been reported for a small number of compounds (1 4). The carbinol amide and ester chain 
off 6-3 appear to be necessary for significant antitumor activity (12, 14.). 

The extraction of maytansine fiom plant sources has resulted in low yields of active com- 
pound. A search for a rnicrobi01ogical source has recently been reported to be successfd 
(10) and tfhiS new source will hopefully ref eve the suppIy problem which have hindered 
the deveIopment of maytansine to date. 

Maytansine, like the vinca alkaloids vincdstine and vinblastine, is a mitotic inhibitor. 
Treatment of L 12 10 cells in yitro with maytansine resulted in 67% of the cells accumulated 
in mitosis whereas the untreated control celb demonstrated a mitotic index ranging 
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I~IAYTANSINE CANCER THERAPY 20I 

between 3.2 and 5 .8% (21).  Flo w microf luor imetry  analysis of LI210 cells dur ing  ex- 
posure to maytansine  indicated a shift in the distr ibution of D N A  to a single peak, rep- 
resenting the D N A  of cells in  G2 & M Phases (23). Experiments  wi th  sea urchin eggs and  
clam eggs suggested tha t  maytans ine  inhibi ted mitosis by  interfering with  the formation 
of microtubules by  inhibi t ing the polymerizat ion of the microtuble protein, tubul in  
(19). 

T h e  effects o fmaytans ine  at  10 -7 M concentrat ion on DNA,  R N A  and protein syntheses 
were e=~amined in routine leukemia cell cultures (21, 22). D N A  synthesis was inhibi ted 
to the greatest extent. I n  the P388 cells D N A  synthesis was 14% ofcontrols whereas R N A  
and  protein syntheses were 46 and  485/o of controls respectively. Unl ike  other  ansa  mac- 
rolides, maytans ine  did not  inhibi t  Escheriehia coli I~.tNA polymerase activity at  con- 
centrations as high as 10-" M (22). 

As an  ant imitot ic  agent  maytans ine  was found t o  be approximate ly  100 times more 
potent  than vincristine in sea urchin  eggs and  20 times more potent  i n  Chinese  Hamste r  
ovary-K cells in  tissue culture (20). However  both  drugs inhibi ted in vitro polymerizat ion 
of tubul in  at  about  the same concent ra t ions  (19). The  differences in cellular activity 
between the two drugs  m a y  b e  explained by  differences in uptake.  In  experiments with 
r a t  bra in  tubu l in ,  maytans ine  and  vincristine were found to b ind  reversibly and  com- 
petit ively (15). ~ Both drugs were  found to share a common binding  site a l though a n  ad- 
di t ional  site Specific for maytans ine  seemed to be present (15): The  effects of  maytansine  
and  vincristine on the flow microfluorimetric characteristics of P388 murine  leukemia in 
vivo have been compared.  Similar  cytokinetic effects were seen" after the adminis trat ion of 
both drugs a l though t h e  effects were g rea te r  and more persistent with maytansine.  
Morphological ly both drugs  produced some degree of mult inucleat ion and endoredupli-  
cat ion and vincristine also produced a popu la t ion  of cells wi th  a D N A  content,  by  
fluorescence, eqtfivalent to octaploidy. 

Pre¢l;nical a c d v i ~  

In vitro P388, L1210 and  LY5178 murine  leukemic cell suspensions were found to be 
inhibi ted  "by may tans ine  at  doses of 10 -3 to 10 -7 ttg/ml, with the P388 l inebe ing  the most 
sensitive (21). Maytans ine  was shown tO be an  act ive  inhibi tor  of in vitro growth of h u m a n  
nasopharyngeal  carc inoma cel ls  and the h u m a n  lymphoblas t  leukemia line C.E.M.  
was inhibi ted by doses as 10w as 10-3 ~tg/ml (21). 

Maytans ine  has also been shown to be a c t i v e i n  uivo (21). The  P388 lymphocyt ic  
l eukemia  sys tem was inhibi ted over a 50- to 100-fold dosage range which suggested a 
h igh  therapeutic  index . ( l  !)- Also maytans ine  was shown to have significant inhibi tory  
act ivi ty against  the L 1210 mouse leukem!a, the Lewis lung carcinoma and B- 16 melano- 
carc inoma solid mur ine  tumor  systems_(/1). The  opt imal  an t i tumor  dose was 25 btg/kg/day 
for I0 consecutive days in t raper i toneal ly  for the P388, L1210 and B-16 tumor systems 
(21) and 32. ~tg/kg/day for 9 consecutive d a y s  for t h e  Lewis l u n g  carcinoma (9). 

Maytans ine  t reatment  of mice inoculated wi th  P388 cells in~acerebra l ly  resulted in 
only min imal  an t i tumor  activity and  suggested tha t  the drug does easily penetra te  the 
b lood-bra in  barr ier  in the mouse (21)o In  the P388 in Oivo system maytansine  was most 
active when  given by a 3-hourly dosage schedule on Days 1, 5 and  9 (9). Maytans ine  was 
compared with  vincristine in oivo and  in vincristine-sensitive and resistant cel l  lines (22). 
Cross resistance was observed but  maytansine  was active against  sensitive strains at  a 
tenfold lower concentrat ion than  vincristine. 
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P r e c l l n l c a ~  t o x i c i t y  

Acute toxicitF 

In  the mouse the lethal dose in 10% of the animals treated (LDIo) was 1.22 mg/m 2 for 
males and  1.29 mg/m 2 for females when maytans ine  was given by intraper i toneal  injection. 
Histopathologic evaluation ofselected organs from the mice revealed lymphoid  depletion 
ofsplenic follicles, fatty change and mi ld  granular  degenerat ion of hepatoevtes. No other 
drug related changes were observed (9). 

In  the ra t  after a single subcutaneous injection the LDa0 was of the same magni tude  as 
for the mouse at  1.22 mg/m 2 (0.4 mg/kg).  Histologically, neerotizing lesionswereseenin the 
gastrointestinal tract  mucosa, thymus,  spleen, bone marrow and  testes. O f  considerable 
interest is the reported observation of hemorrhagic  lesions of the brain,  m0nonuclear  
inf i l t ra t ion in the meninges and  chromatolysis and  vacuolat ion of dorsal root gangl ion 
cells (18). 

I n  the beagle dog (9) the toxic dose low was 0.3 mg/m 2 when maytans ine  was given as 
a single intravenous dose and 0.75 m g / m  2 when divided over 5 dai ly administrations.  In  
the Rhesus monkey the toxic dose low was 0.45 mg/m 2 when divided over 5 da i ly  intra- 
venous injections (9). 

Chronic toxicity 

Mult iple  dose and  more chronic t rea tment  schedules in the beagle dog and  monkey (9), 
resulted in pancreat ic  ac inar  cell degenerat ion and nephrosis; Increased mitotic activity 
was observed in numerous tissues including the pancreas, esophagus, s tomach,  small and  
large intestines, adrenal  cortex, renal  pelvis ureter, u r inary  bladder,  and  skin. T h e  results 
from these studies suggested that  toxicity f rom maytans ine  was dose related, reversible 
(except for his topathologict iver  lesions) and non cumulative.  

Neurotoxicity 

The  neurotoxic effects of maytansine,  vincristine and vinblastine were compared in mice 
by observing h ind l imb paralysis following adminis t ra t ion of toxic doses (21). Vincrist ine 
was found to be neurotoxic causing 80 to 90~/o ofrnice to develop h ind l imb paralysis. In  
contrast vinblastine was not neurotoxic at  the doses given and  maytans ine  produced only 
mild h ind  l imb paralysis in 10% of the mice receiving dai ly  subcutaneous doses of  
1.20 mg/m 2. 

Teratogenicity 

Pregnant  mice were treated with single injections of maytansine  on Days 6, 7 and 8 of  
gestation and  their  fetuses examined for malformat ion of  D a y  17 of gestation (21). Both 
embryotoxic a n d  teratogenic effects which appeared to be dose related were demon- 
strated. T h e y  were most marked when  maytans ine  was administered on D a y  7 of 
gestation. 

Injection site 

When  maytans ine  was given by subcutaneous injection in several animals  a local tissue 
reaction wi th  inf lammation and fibrosis was observed (9). 
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~L~YTANSINE CANCER THERAPY 203 

l ~ h a r x n a c o l t 4 n e t l c s  

No satisfactory methodology  has thus thr been developed for detect ing the  low concentra-  
tions of  maytans ine  present in h u m a n  blood and  tissues following dosage in the clinical 
range.  A quant i ta t ive  microbiological  assay using Penidtlium avetlaneum OC-4376 has 
been described but  the sensitivity of this assay is inadequate  (7). T h e  competi t ive dis- 
p lacement  ofaH-vincrist ine by maytans ine  on rat  brain tubulin (16), has been investigated 
as a quant i ta t ive  assay of maytansine,  but  has yet  to be proven effective. C h a b n e r  et al. 
(5) using this methodology found that  the assay was insufficiently sensitive to measure the 
low serum levels of maytansine  present at  clinically tolerated doses. 

The  development  of  g rad io immunoassay  has been h indered  to date  by an insufficient 
supply of  maytansine  to induce an imal  a n t i b o d y  product ion.  The  fu tu re  supply of 
maytansine  b y  a fermentat ion process (10) ra ther  than by extraction of plants will hope- 
fully allow quanti t ies sufficient for rad io immunoassay  development .  

C l i n i c a l  e x p e r i e n c e  

Maximum tolerated dose 

T h e  m a x i m u m  tolerated doses (MTD)  genera ted  from the Nat ional  Cancer  Inst i tute 
Phase I and  early Phase I I  trials are shown in Tab le  1. The re  was a good agreement  
among  the dose levels reported from the contr ibut ing institutions. T h e  M T D  was in the 
2 mg /m 2 range when  maytansine  was given every 3 to 4 weeks ei ther  as a single dose or 
divided over 3 dai ly doses. W h e n  given by weekly injections in the M.D.  Anderson Phase 
I I  study (3) doses between 0.75 and  1.25 mg /m z were  the m a x i m u m  tolerated. 

Toxieities 

Gastrointestinal. T h e  most common  and  dose l imi t ing  toxicities were  gastrointestinal and 
consisted pr imar i ly  of  nausea, vomit ing a n d  diarrhea ,  often followed by constipation. 
These toxicities appeared  to be dose related. 

Table I. M a x i m u m  tolerated doses  o f  rnay~_~sine according to schedule  

Institution Maximum tolerated Interval between Dose limiting 
(Reference) dose (mg/m 2) Schedule course (days) toxicity 

Mayo Clinic (6) 2.25 Divided dose 28 Gastrointestinal 
D a ~  1. 3, 5 Weakness 

National Cancer 2.0 Single dose 21 Gastrointestinal 
Inztitute (5) Day 1 
M.D. Anderson HospitaI 
Phase I (4) 1.8-2.1 Divided dose 21 Gasgroin~est inal 

Day 1-3 
Phase II (3) 1.8 Divided dose 14 Gastrointestinal 

Day 1-3 
Phase II (3) 0.75-1.25 Divided dose 7 Gastrointestinal 

Day 1-3 
Sidney Farber (2) 2.0-2.5 Divided dose 21 Gastrointestinal 

Day I-5 
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