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Abstract--Combination chemotherapy with vincristine and cyclophosphamide was 
investigated in the L1210 leukaemia, the Lewis lung carcinoma, the mouse C22LR 
osteosarcoma and in two experimental colon tumour lines. Therapeutic synergism could 
not be demonstrated in any of the tumour cell lines. In the L1210 experiments, 
~imH/laneous treatment resulted in therapeutic antagonism. This less than additive effect 
v~Juld be avoided by using scheduling with a time interval of at least 12 hr. The 
~sequence in which the two drugs were administered did not influence the results. Studies 
on haemopoietic stem cells showed an additive effect in all of the schedules investigated. 
It seems p@rable to treat L1210 leukaemia and possibly other rapidly proliferating 
neoplastic lines by a sequential application of  vincristine and cyclophosphamide, not 
because of any potentiating effect but because drug antagonism can be circumvented in 
this wa~. 

INTRODUCTION 

AFTER vincristine (VCR) application, cycling 
cells are arrested in the metaphase of the cell 
cycle and therefore a partially synchronized 
cell population can be obtained. Klein and 
co-workers have used, among other drugs, 
V C R  as a synchronizing agent in the treat- 
ment of mice inoculated with the Ehrlich 
ascites tumour [1]. In their clinically used 
so-called synchronization treatment schedule. 
V C R  administration is followed within a short 
time interval by cyclophosphamide (Cyclo). 
Although this approach may eventually lead to 
an improvement in therapeutic results [2], the 
explanation of the underlying mechanism for 
their observations has been questioned [3-5]. 

Any drug interaction resulting in 
therapeutic synergism or antagonism should 
be investigated in a variety of tumour cell 
lines because extrapolation of promising 
results found in one rapidly proliferating 
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experimental tumour system to human solid 
tumours can be misleading. In addition, 
investigations on drug interaction must take 
into account the effect of treatment on critical 
normal tissues [6, 7]. 

The work in this paper is concerned with 
the question of selective potentiation. The 
effect of sequential treatment with V C R  and 
Cyclo was investigated in the L1210 leuka- 
emia and in various experimental solid rum- 
our lines. The survival of haemopoietic bone 
marrow stem cells was chosen as a parameter 
of the effect of treatment on critical normal 
tissue. 

MATERIALS AND METHODS 

Materials 

For our L 1210 leukaemia investiga- 
tions, (BALB/c x DBA 2)F1 hybrids (hereafter 
called CD2 F1) were used. The Lewis lung 
carcinoma was maintained by s.c. serial trans- 
plantation in C57BL/Ka mice and trans- 
planted into (C57BL/Rij x CBA/Rij)F1 mice 
(hereafter called BCBA F1) for experiments. 
The C22LR osteosarcoma studies were per- 
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formed in BCBA F1 mice [6]. Two  colon 
tumour  lines were t ransplanted into CD2 F1 
mice, details of  which have been recently 
described [8]. Vincrist ine sulphate was 
obta ined  from Eli Lilly & Co. Cyclophospha-  
mide was kindly supplied by Asta-Werke,  
Brackwede,  Ge rmany .  

Methods 

From an exponent ia l ly  growing L1210 
in vitro culture,  105 cells were injected 
i.p. into CD2F1 mice. T h e  endpoin t  of  treat-  
ment  was the mean  survival t ime (MST) .  
T h e  effect of  t rea tment  on L1210 leukaemia 
was also investigated by a combined in vivo 
and in vitro technique  [6]. In t reated leuka- 
emic mice, the n u m b e r  of surviving L1210 
cells was de te rmined  by cloning in vitro. T h e  
surviving fraction was calculated as the ratio 
of the n u m b e r  of  donor  leukaemic colony 
forming units ( C F U)  per femur  of a t reated 
group to that  of a control  group.  

T h e  spleen colony technique of Till  and 
McCul loch  was used to assess t h e  effect of  
t r ea tment  on normal  resting haemopoie t ic  
stem cells [9]. We also investigated the effect 
of t rea tment  on recrui ted,  rapidly proliferat- 
ing normal  bone mar row stem cells [10]. T h e  
survival of  resting and proliferat ing CFU was 
calculated as the ratio of  the mean  n u m b e r  
of  CFU per donor  femur  and per spleen, 
respectively, of t reated to that  of simultane- 
ously assayed control  mice, 

A single-cell suspension was made  from the 
solid tumours.  Cells were inoculated s.c. or 
i,m. into mice and the volume of the tumours  
was measured twice weekly. T h e  endpoin t  of 
t rea tment  was growth delay in days: the 
displacement  in t ime between the growth 

curve of the control  group and the growth 
curve of the tumours  recurr ing after treat- 
ment .  I f  no original tumour  volume was 
known (e.g., for tumour  inocula exposed to 
t rea tment  before a t umour  was palpable) ,  the 
delay in comparison with the control  group 
to reach an a rb i t ra ry  volume between 400 
and 800 m m  3 was estimated. 

For the assessment of  the effect of t rea tment  
on artificially induced lung metastases, Lewis 
lung tumour  cells were injected i.v. into one 
of the tail veins. T w o  weeks later, the 
n u m b er  of  macroscopic tumour  nodules on 
the lung surface was counted.  

T r e a t m e n t  with V C R  and Cyclo was either 
simultaneously or sequentially:  V C R  before 
( V C R ~ C y c l o )  or alter Cyclo administra-  
tion ( C y c l o ~  V CR) .  Th e  length of the time 
interval  in hours between the two drug admi- 
nistrations is indicated in each par t icular  
schedule. I f  the two agents were given 
sequential ly in the L1210 experiments,  the 
days of  t rea tment  varied, e.g., V C R  on day 2 
and Cyclo on day  3 or Cyclo on day 2 
and V C R  on day 3. In the solid tumour  
investigations, the day  of Cyclo administra-  
tion was kept constant.  Th e  t ime of the last 
drug adminis t ra t ion and of assay were kept 
constant  in the stem cell experiments.  Th e  
Student 's  t-test was used tbr statistical evalu- 
ation. 

RESULTS 

T h e  effect of  sequential  t rea tment  on 
L1210 is shown in Tables  1, 2 and 3. Th e  
results of  the in vivo in vitro experiments  in 
'Fable 1 are expressed in surviving fractions. 
Note that  the observed surviving fractions for 
the simultaneous t rea tment  were at least two 
times greater  than the calculated surviving 

Table 1. Surviving fiactions of L1210 cells treated with vincristine and 
9,clophosphamide in various schedules 

Surviving fraction 

'l'n'amwnt schedule Exp. I Exp. II 

VCR 0.5 mg/kg s.c. 0.47 0.31 
Cyclo 30 mg/kg s.c. 0.13 0.16 
• 7 24 h r  ~ "  vCR ----+ ~yclo 0.08 0.09 
VCR + Cvclo 0.15 0.12 

2 t  lu , Cyclo ----+ ¥ CR 0.05 0.07 
Expected effect of combination 0.06 0.05 

Antagonism is evident when the observed fraction is greater than the expected 
surviving fraction calculated by multiplying the individual surviving fractions. 



Table 2. 

Vincristine-cyclophosphamide combination chemotherapy 

The influence of combination chemotherapy with vincristine and cyclophosphamide on the 
life-span of leukaemic mice 

501 

Treatment schedule 

Mean survival time_+ S.E. 
Exp. No. 

C133 C137 C145 

Control 9.2 _+ 0.1 10.0 _+ 0.6 10.6 + 0.5 
VCR 10.3 _ 0.3 10.2 _+ 0.3 11.8 _+ 0.2 
Cyclo 13.6_+0.2 16.2_+ 1.0 17.6_+ 1.4 
VCR ~ Cyclo 15.2 _+ 0.5* 16.1 _ 0.2 15.5 _+ 1.1 

T ~ - -  1 2 h r  v t sR  ----* Cyclo 15.8___.0.4 '~ 17.2_+0.3 19.1 ±0.5 
VCR + Cyclo 13.0_+0" 15.1 _+0.3 14.9__+0.3" 
Cyclo l!-~h~' VCR n.d. n.d. 19.3 _+0.8 

2 4 h r  Cyclo ---* VCR 16.7 + 1.1" 17.3_+ 1.1 18.4±0.5 
Expected ettect of 

combination 13.8 _+ 0.3 16.3 ± 0.9 18.2 _+ 1.0 

One hundred thousand L1210 cells were injected i.p. into groups of 10 CD2F1 mice (single drug 
treatment in groups of 5 mice). Treatment was given on days 2 and 3 or on days 3 and 4. A dose 
of 0.075 mg/kg VCR was given i.p. in combination with a dose of Cyclo which varied in the 
different experiments between 150 and 200 mg/kg i.p. Drug induced early toxic death was nol 
observed. The expected effect of the combination was calculated from the mean survival times of 
the VCR- and the Cyclo-treated animals. An asterisk (*) indicates a significant difference 
between observed and expected effect of the combination, n.d. indicates the investigation was not 
done. 

Table 3. The influence of drug scheduling with vincristine and cyclophos- 
phamide on the life-span of leukaemic mice 

Treatment schedule 

Mean survival time_+ S.E. 
Exp. No. 

C141 C142 

VCR ~ Cyclo 19.1 _+0.8* 22.2 -t- 1.0* 
VCR ~ Cyclo 18.6 +_ 0.7 22.0 + 1.6* 
VCR +Cyclo 16.7_+0.5 14.6_+0.7 
Cyclo ~ VCR 17.4 +_ 1.4 19.7 _+ 0.6" 

Groups of 10 L1210 leukaemic mice were treated according to details given in 
"Fable 2. The effect of single drug treatment was not investigated. An asterisk 
(*) indicates a significant difference in the results of sequential treatment as 
compared to simultaneous administration of the drugs. 

f r ac t ions  in  b o t h  e x p e r i m e n t s .  T h i s  less t h a n  
a d d i t i v e  effect o f  t r e a t m e n t  was  also f o u n d  in 
the  L1210  s u r v i v a l  e x p e r i m e n t s .  I n  T a b l e  2, 
the  e x p e c t e d  M S T  o f  the  c o m b i n a t i o n  is 
c a l c u l a t e d  f rom the  d a t a  o f  the  s ingle  d r u g  
t r e a t m e n t s .  

T h e  o b s e r v e d  M S T  was  a l w a y s  l o w e r  t h a n  
the  e x p e c t e d  M S T ,  i n d i c a t i n g  d r u g  a n t a g o n -  
ism. A m o r e  t h a n  a d d i t i v e  effect was  s o m e -  
t imes  o b s e r v e d  w h e n  the  two  d r u g s  we re  
g iven  in  s e q u e n c e .  T a b l e  3 shows the  effect 
o f  d r u g  s c h e d u l i n g :  s e q u e n t i a l  t r e a t m e n t  w i t h  
an  i n t e r v a l  o f  a t  leas t  12 h r  was  m o r e  
effect ive t h a n  s i m u l t a n e o u s  t r e a t m e n t .  T h e  
s e q u e n c e  in w h i c h  the  d r u g s  a r e  g i v e n  seems  
no t  to i n f l u e n c e  the  t h e r a p e u t i c  effect o f  t r e a t -  
m e n t .  

T h e  resul t s  o f  s e q u e n t i a l  t r e a t m e n t  in the  
Lewis  l u n g  c a r c i n o m a  a re  s h o w n  in T a b l e  4. 
T h e  a n i m a l s  d i e d  o f  l u n g  m e t a s t a s e s  a n d  
t he r e fo re  the  s u r v i v a l  t i m e  c o u l d  be  used  as 
a n  e n d p o i n t  o f  t r e a t m e n t .  H o w e v e r ,  the  p r e -  
sence  o f  the  p r i m a r y  t u m o u r  in  the  p r e -  
t e r m i n a l  s t age  c a u s e d  g r e a t  d i s c o m f o r t  to the  
mice  a n d  i n s t e a d  o f  r e p e a t i n g  this t y p e  o f  
e x p e r i m e n t  the  a n i m a l s  w e r e  sac r i f i ced  a t  d a y  
22 a f te r  i n o c u l a t i o n .  T a b l e  5 shows the  effect 
o f  t r e a t m e n t  on  the  v o l u m e  o f  the  p r i m a r y  
t u m o u r  a n d  on  the  n u m b e r  o f  l u n g  m e t a -  
stases. T h e  resul ts  o f  a l u n g  c o l o n y  assay  a r e  
p r e s e n t e d  in  T a b l e  6. F r o m  T a b l e s  4 to 6, we  
c o n c l u d e  t h a t  t h e r e  a r e  no  s ign i f i can t  di f fer-  
ences  in effects o f  t r e a t m e n t  b e t w e e n  the  
d i f fe ren t  d r u g  schedu les .  T h i s  l ack  o f  s c h e d u l e  
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The effect of sequential treatment with vincristine and c),clophosphamide in Lewis lung 
carcinoma 

Median  survival time 
Trea tment  schedule Growth  delay (days) and range (days) 

Control 0_+ 0.t 32 (27-13) 
V(IR 0.05 mg/kg i.p. 1.8 -+ 0.2 33 (33--40) 
(Ivclo 50 mg/kg i.p. 2.3 + 0.2 34 (28--41) 
Vt~v, ----*v,ycio 3 .4+0 .2  38 (35 39) 
v t~K ~ Cyclo 4.5 _+ 0.5 37 (30-1 1 ) 
VCR + Cvclo 3.2 ± 0.4 36 (36--44) 

' ) 1  h ~ "  , 
Cycl() ---~, \ CR 3.2 +0 .4  38 (32 I0)  

Gr()ups (>I" .-) G.57BI,,Ka mi(:(' ',~er(, in()tulat('d i.ln. ',,,ilh 1() (' l.c,ais hmg mm(>ur (('ll,, ()n dax (). ( : \ch) 
t realment  was given on day 8. The  mean growth de la \  and s tandard error is given. The ditli'rcnces 
between the results of the various t reatment  schedules are not statistically' significant. 

Table 5. The effect of sequential treatment with vincristine and cyclophosphamide in Lewis lung 
carcinoma 

Number  of lung 
Trea tmen t  schedule Growth delay (days) metastases per mouse 

C, ontrol 0 ± 0.2 33.9 _+ 3.4 
V C R  1 mg/kg i.p. 1 .3+0.4  26.4_+2.7 
(;yelo 100 mg/kg i.p. 3.5 + 0.:3 10.7 + 2.',3 
v ~ v ,  - -~  uvcJo 3.5_+0.3 6.4_+ 1.6 

16hr r~"  1 
V C R  ----, t~vcm, 2.8 ± 0,5 9.5 + _ ~) .t," 
V C R + C y c l o  4 .3±0 ,3  7.7 + I 1 

Groups of 10 BCBA F1 mice were inoculated i.m. with 10 6 Lewis lung tumour  cells on day 0. C~clo 
was given on day 8. Lung metastases were counted on day 22. The  means with standard errors are 
given. Except for the 16 hr  time interval, the differences in number  of lung metastases or growth delay 
between simultaneous and sequential t rea tment  are not statistically significant. 

Table 6. The e/.]i)ct ~!/ sequential treatment with vincri,stine and cvclophosphamide on 
art~cially induced lung colonies of the Lewi,~ lung carcinoma 

Number  of lung colonies per mouse 
Trea tmen t  schedule Mean  ___ S.E. 

Control 251 + 16 
\ . 'CR 0.05 mg/kg i.p. 262 + 11 
Cyclo 50 mg/kg i.p. 194_+ 11 
VCR ~ Cyck) 154+28  
VCR ~ (:vclo 164 ± 30 
VCR + Cyclo 197 + 32 

I,ewis lung tumour  cells, 0.6 105 in 0.5 ml Hanks '  balanced salt solution, mixed with 
106 microspheres were iniected into one of the tail veins of C57BL/Ka mice. Groups of 
5 mice were treated with Cyclo on day 3. Lung colonies were counted on day 14. There  
are no statistically' significant differences between the effects of the different combination 
t reatment  schedules. 
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d e p e n d e n t }  is ,lls¢, ol)scrvcd in the C 2 2 L R  

osteosal 'conaa, as shown  in  'Fab le  7. C o m b i n a -  

t ion  c h e m o t h e r a p y  in  w h i c h  e i ther  a low or a 
h igh  dosage  of  V C R  is a d m i n i s t e r e d  n e v e r  
resul ted  in  a p o t e n t i a t i o n  of  the effect of  
Cyclo  t r e a t m e n t .  T h e  results  of  the co lon  26 
a n d  co lon  51 i nves t i ga t i ons  shown  in  T a b l e  8 
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were  c o m p a r a b l e  w i th  the Lewis l u n g  a n d  

os t eosa rcoma  e x p e r i m e n t s :  a V C R - i n d u c e d  
Cyclo  p o t e n t i a t i o n  could  no t  be  d e m o n s t r a t e d .  

Bone  m a r r o w  s tem cell d a t a  are  p resen ted  
in  T a b l e  9. T h e  results of  s i m u l t a n e o u s  t rea t -  
m e n t  were  a lways  a d d i t i v e  a n d  no  effect of  

d r u g  s c h e d u l i n g  was observed .  

Table 7. The effect of sequential treatment with vincristine and cyclophosphamide in C22LR 
osteosarcoma 

Mean growth delay and standard errors (days) 
Treatment schedule Exp. I Exp. II Exp. III 

Control 0 +- 0.5 0 +- 0.3 (1 +- (t.3 
VCR - 1.0+_0.4 0.6_+0.4 -0.6+_0. I 
Cyclo 5.2 __ 0.7 4.:3 _+ 0.4 5.~ + c~.~ 
VCR 24--!!-~h~ Cyclo 4.4_+0.5 5.9_+1).4 3.7 + 0  I 
VCR ~ Cyclo n.d. 5.6 _ 0.2 t.1~ ±~L5 
VCR + Cyclo 6.8 + 0.6 5.0 +_0.3 4.7 +_ 0.5 
Cyclo ~ VCR 5.4 _ 0.4 4.2 +_ 0.3 5.1 +_ 0.4 

One million osteosarcoma cells were injected s.c. bilaterally into groups of 5 BCBA F1 mice on day 
0. In experiment I, the dosages were Cyclo 100 mg/kg i.p. on day 4 and VCR 0.05 mg/kg i.p. In 
experiment II, the dosages were Cyclo 50mg/kg i.p. on day 4 and VCR 1 mg/kg i.p. In experiment 
III,  the dosages were Cyclo 50 mg/kg i.p. on day 11 and VCR 1 mg/kg i.p.; n.d. indicates the 
investigation was not done. The differences between the results of the various treatment schedules 
are not statistically significant. 

Table 8. The effect of sequential treatment with vincristine and cyclophosphamide in two experimental 
colon tumour lines 

Mean growth delay and standard errors (days) 
Treatment schedule Colon 26 Colon 51 

Control 0 _+ 0.6 0 ___ 0.3 
VCR 0.4_+ 1,1 1.1 +_0.4 
Cyclo 5.1 + 1.1 14.1 +_0.2 

24 hr ~ ~ I } VCR ---*t~yclo 3.1+0.8 13.1 +0.7 n.~. 
VCR- Cyclo 5.2+0.5 n.s. - _ 14.4_+0.9 
C y c l o ~ V C R  2.3+_0.8 }P<0.05 IRI _+0.7 }n.%. 

Approximately one million tumour cells were inoculated s.c. into (_:1)2 mice. In the colon 26 
experiment, treatment was given on days 10 and 11. The dosages were VCR 1 mg/kg i.p. and Cyclo 
100 mg/kg i.p. In the colon 51 experiment, the days of treatment were 8 and 9. The dosages were 
VCR 1 mg/kg i.p. and Cyclo 200 mg/kg i.p. 

Table 9. Surviving fractions of normal haemopoietic bone marrow stern cells per femur and repopulating spleen in 
comparison with untreated control mice 

Resting stem Proliferating stem 
cells cells 

Treatment Exp. I Exp. II Exp. III  Exp. I Exp. II 

VCR 0.5 mg/kg i.p. 1.01 0.97 n.d. 0.77 
Cyclo 100 mg/kg i.p. 0.23 0.27 n.d. 0.09 

24hr VCR ~ Cyclo 0.11 0.38 0.28 0.06 
VCR + Cyclo 0.13 0.28 0.40 0.06 
• -~ 1 2 4  hr uyclo ~ VCR - -  0.22 0.28 0.04 
Calculated fraction 0.23 0.26 - -  0.07 

0.59 
0.17 
0.05 
0.09 
0.07 
0.10 
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DISCUSSION 

\Ve explored the effect of VCR Cyclo treat- 
ment on rapidly and slowly proliferating 
tumour cell lines and on normal bone 
marrow. Two sets of results will be analyzed. 
One concerns data of the. effect of combina- 
tion chemotherapy with VCR and Cyclo 
when given concomittantly. The question to 
be answered is whether a more or less than 
expected effect was observed. Secondly, we 
will discuss the effect of drug scheduling. The 
point to be made here is whether giving 
VCR before Cyclo resulted in a potentiation 
of the effect of Cyclo treatment. 

Simultaneous treatment 

The data of the L1210 cell survival 
experiments as well as of the leukaemic 
mice survival studies showed a less than 
additive effect when VCR and Cyclo were 
administered simultaneously. Results of the 
bone marrow investigations showed no dis- 
crepancy between observed cell survival and 
calculated cell survival. Therefore, the effect 
of VCR and Cyclo treatment on haemo- 
poietic stem cells is additive. As a conse- 
quence of this differential effect, the thera- 
peutic index (ratio of effect on tumour and 
effect on normal tissue) will decrease. Simul- 
taneous administration of VCR and Cyclo in 
this experimental system is disadvantageous. 
To draw this conclusion from the data of the 
solid tumour investigations seems less war- 
ranted. Never was a significant difference 
from what should be expected from single 
drug data observed. 

Sequential treatment 

In only one of the two types of L1210 
experiments performed, (C133 in Table 2). 
was a significant increase in efficacy demon- 
strated by drug scheduling. In each L1210 
experiment, the least effective schedule was 
found when the two drugs were given simulta- 
neously. No sign of drug potentiation was 
observed in any of the solid tumour investiga- 
tions. No effect of VCR-Cyclo  scheduling was 
observed in the bone marrow experiments. 

Razek [11] studied the effect of VCR and 
Cyclo interaction in L1210 leukaemia, AKR 
lymphoma and in resting bone marrow stem 
cells. Our results are similar with his findings, 
except that we did not repeatedly observe a 
statistically significant synergistic effect in the 
L1210 leukaemia when VCR was given betbre 
or after Cyclo treatment. Klein [12, 13] 

investigated a treatment schcduh' ill ~hich 
VCR (with or without hydroxyurea) pre- 
ceded Cyclo administration. Based oil 3H- 
TdR and fluorometric studies, he suggested a 
tumour cell synchronizing effect of VCR. A 
simultaneous application of VCR and Cyclo 
caused no significant necrobiotic effect on the 
Ehrlich ascites tumour. This observation was 
in marked contrast with Cyclo treatment 
alone and with sequentially administering 
VCR followed by Cyclo. The survival rate of 
Ehrlich ascites tumour bearing animals was 
also better when Cyclo was given during the 
S phase of the cell cycle of the partially syn- 
chronized cells than when the drugs were 
given simultaneously. Klein's investigations 
show schedule dependency and a marked 
antagonism of simultaneous treatment can 
sometimes be noted in his text figures. Sug- 
gestions on therapeutic synergism as a result 
of drug scheduling can not be made. For 
this, more extensive data on the effect of 
single drug treatment and on the various 
combinations are needed. From experimental 
data on the solid form of the Ehrlich tumour, 
V C R ~ C y c l o  seems to be more effective than 
VCR + Cyclo treatment. Selective drug poten- 
tiation, caused by a VGR induced tumour 
cell synchronization, can more convincingly 
be claimed when the opposite sequence Cyclo 
--+VCR proves to be less elt~ctive than the 
so-called synchronizing schedule VCR--+ 
Cyclo. Untbrtunately, Cyclo-+VCR investi- 
gations have not been performed. In LI210 
experiments, Pouillart [14] showed as we did, 
the effect of sequential administration (VCR 
-+Cyclo or Cyclo-+VCR) to be more effective 
than simuhaneously given treatment. In 
another leukaemia model, Zeller [15] des- 
cribed VCR--+Cyclo synergism. However, to 
draw a conclusion on synergism from the pre- 
sented data seems rather optimistic. In parti- 
cular when the experimental data is used to 
suggest clinical applicability of tile findings. 
Two papers have been published recently on 
experimental solid tumours treated with VCR 
and Cyclo. Schifl~r suggests a cell kinetic 
relationship between the effect of VCR 
administration and early Cyclo treatment or 
late Cyclo treatment on C3H/He spontaneous 
mammary tumours. According to Schilt'er, to 
increase the therapeutic effect, the time inter- 
val between VCR and Cyclo administralion 
should be at least 2 days instead of 
24 hr [16, 17]. More turnout volume re- 
sponse data is needed beffwc this statement 
can be considered generally valid. Anothcr 
report on VCR Cyclo interaction was that of 
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Stephens [18]. He was unable to demon- 
strate any VCR-+Cyclo potentiation in the 
B16 melanoma. From our data and those 
summarized in Table 10, it seems preferable 
to treat L1210 and possibly other rapidly pro- 
liferating neoplastic tissues as well by a 
sequential appfication of VCR and Cyclo in 
order to avoid drug antagonism. A VCR 
induced potentiation of the Cyclo effect 
should not generally be anticipated. 

The possible causes for the observed thera- 
peutic antagonism are complex. When a sub- 
population of tumour cells is "twice killed" 
by two different agents, a less than additive 
effect should be expected. L1210, however, is 
relatively insensitive to VCR treatment and 
the observed VCR and Cyclo antagonism 
cannot be explained theretbre according to 
this "over kill" theory. There is possibly 
some interference with the mode of action 
of both drugs, although VCR and Cyclo are 
effective in different phases of the cell style. If  
this was indeed the case, we should expect 
drug antagonism of VCR and Cyclo treat- 
ment not only in L1210 but also in rapidly 
proliferating haemopoietic stem cells. 

The clinical relevance of our findings is self- 
evident. For the clinical management of solid 
tumours, there seems to be no support to 
suggest sequential treatment with VCR fol- 
lowed by Cyclo, unless more convincing 

experimental data on solid turnouts can bc 
presented. In combination chemotherapy of 
rapidly proliferating tumours with VCR and 
Cyclo, it may be advantageous to split the 
administration of the two drugs. Klein and 
co-workers have organized a randomized 
clinical trial in Hodgkin's disease and non- 
Hodgkin lymphoma in which the effect of 
COPP therapy (VCR, Cyclo, procarbazine 
and prednisone) will be compared with the 
effect of their synchronization schedule, VCR 
followed by Cyclo administration [2]. Since 
the two treatment arms of the trial are not 
fully comparable, the significance of cell kin- 
etic manipulation will be difficult to evaluate. 
In an EORTC non-Hodgkin trial, simuha- 
neouslv administered C y c l o + V C R + p r e d -  
nisone maintenance therapy is compared with 
a sequential VCR-+Cyclo+prednisone sche- 
dule [19]. At the time of writing of that 
particular protocol, this seemed the correct 
approach: testing an attractive hypothesis in 
a clinical trial. If ultimately no significant 
differences in therapeutic results can be de- 
monstrated in the E O R T C  trial we should, 
at least for the time being, forget about 
VCR Cyclo potentiation. 

Acknowledgements--Gratelhl appreciation is ex- 
pressed to Marjolein Huurman, Wil Akkerman and 
Hetty Jensc. 

REFERENCES 
1. H. O. KLEIN, K. J. LENNARTZ, W. HABICHT, M. EDER and R. GROSS, 

Synchronization von Ehrlich-ascites-Tumorzellen und ihre Bedeutung bei der 
Anwendung eines alkylierenden (]ytostaticum. t£1in. Hrochenschr. 48~ 1001 
(1970). 

2. H .O .  KLEIN. N. BROCK, H. BURKERT, V. DIEHL, U. FELDMANN, R. FISCHER, 
A. GEORGII, D. GERECKE, R. GRoss, H. HOEFER-JANKER, K. J. LENNARTZ, W. 
SCHEEV, B. SCHNEIDER and J. SCnNITKER, Interim data of a randomized trial 
in Hodgkin's disease and non-Hodgkin's lymphoma. A comparison between 
the COPP and the so-called synchronization therapy. Submitted for 
publication. 

3. M. VOLM, L. KRIE6, J.  MATTERN and K. WAYSS, Effect of synchronization on 
chemotherapy of solid transplanted tunlours. Europ..7. Cancer 13, 1099 (1977). 

4. W. JELLINOHAUS, B. SCHULTZ and W. MAURER, The effect of vincristine on 
mouse jejunal crypt cells of differing cell age: double labelling autoradio- 
graphic studies using 3H- and 14C-TdR. Cell Ti~s. Kinet. 10, 147 (1977). 

5. L. M. VAN PtJTTEN, H. J. KEIZFR and ,J. H. MULDER, Synchronization in 
tumour chemotherapy. Europ. ,7. Cancer 12, 79 (1976). 

6. . J .H .  MULDER, T. SMINK and L. M. VAN PtJTTEN, Schedule dependent 
elt~ctiveness of CCNU and 5-iluorouracil in experimental chemotherapy. 
Europ. J. Cancer 13, 1123 (1977). 

7. J. H. MULDER, M. B. EI)ELSTEIN, P. LELIEVELD and L. M. VAN PUTTEN, 
Synergism and schedule dependent cytotoxicity of cyclophosphamide and 
CCNU in experimental cancer chemotherapy. Europ. J. Cancer 14, 537 (1978). 

8. P. J. VAN KRANENBURG-VooGD, H. J. KEIZER and L. M. VAN PUTTE.~, 
Experimental chemotherapy of transplantable mouse colon tumours. Submitted tbr 
publication. 



Vincristine-cwlophosphamide combination chemotherapy ,507 

9. J. E. 'FILL and E. A. McCuLLOCH, A direct measurement of the radiation 
sensitivity of normal mouse bone marrow cells. Radiat. Res. 14, 213 (1961). 

10. P. LELIEVELD and L. M. VAN PUTTEN, Biological activity of two derivatives 
and six possible metabolites of cyclophosphamide (NSC-26271). Cancer Treat. 
Rep. 60, 373 (1976). 

11. A. RAZEK, T. VIETTI and F. VALERIOTE, Optimum time sequence for 
administration of ,,incristine and cyclophosphamide in vivo. Cancer Res. 3t,  
1857 (1974). 

12. H. O. KLEIN and K. J. LENNARTZ, Chemotherapy after synchronization of 
tumour cells. Semin. Hematol. I f ,  203 (1974). 

13. H. O. KLEIN, D. ADLER, M. DOERING, P. J. KLEIN and K. J. LENNARTZ, 
Investigations on pharmacologic induction of partial synchronization of tu- 
mour cell proliferation: its relevance for cytostatic therapy. Cancer Treat. Rep. 
60, 1959 (1976). 

14. P. POEILLART, T. HOAN THY HUONG, E. BRUGERIE and J. LHERITIER, 
Sequential administration of two oncostatic drugs: study of modalities for 
pharmacodynamic potentiation. Biomedicine 21, 471 (1974). 

15. W. J. ZELLER, S. IVANKOVIC and D. SCHMAHL, Chemotherapy of the 
transplantable acute leukemia L5222 in rats. Cancer Res. 35, 1168 (1975). 

16. L . M .  SCHIFFER, P. G. BRAUNSCHWEIGER and L. POULAKOS, Rapid methods for 
utilizing cell kinetics for treatment in the C3H/He spontaneous mammary 
turnout: effects of vincristine. Cancer Treat. Rep. 60, 1913 (1976). 

17. P. G. BRAUNSCHWEIGER and L. M. SCHIFFER, Cell kinetics after vincristine 
treatment of C3H/He spontaneous mammary tumors: implications for therapy. J .  
nat. Cancer Inst. 60, 1043 (1978). 

18. 'F. C. STEPHENS, J. H. PEACOCK and G. G. STEEL, Cell survival in B16 
melanoma after treatment with combinations of cytostatic agents: lack of 
potentiation. Brit. J .  Cancer 36, 84 (1977). 

19. PROTOCOL 20751, Clinical trial using radiotherapy and chemotherapy in non- 
Hodgkin lymphoma (LR2) of the EORTC Radiochemotherapy Cooperative 
Group. In Current Research of the E O R TC Cooperative Groups, Project Groups, Clubs, Task 
Forces and Working Parties. M. Staquet (1978). 


