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Influence of vindesine on methotrexate's pharmacokinetic behavior 
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Summary. Determination of  methotrexate (MTX) kinetics after 
an IV bolus (50 mg/m 2) allows prediction of  the steady-state 
plasma level of  this drug during a constant infusion. This 
prediction allows high-dose M T X  (HD-MTX) therapy without 
major toxicity. 

Patients with head and neck carcinoma received H D - M T X  
and vindesine (VDS) infusions concomitantly. The therapeutic 
survey of  these patients showed that the predicted plasma level of 
M T X  was not achieved in the presence of  VDS. Moreover, the 
computed dose of  M T X  had to be increased by a larger amount 
if the M T X  plasma clearance after the identification IV  push was 
low (< 9 l/h). 

In the presence of  VDS, the creatinine clearance is lower 
than when M T X  is infused alone, and M T X  renal elimination is 
identical ( M T X  or M T X  + VDS infusions). Thus it seems that 
the decrease of the M T X  plasma level during MTX-VDS 
infusion could be due to an increase of cellular incorpora- 
tion. 

Introduction 

High-dose methotrexate (HD-MTX) with leucovorin rescue is 
widely used in the treatment of different types of cancer 
(osteosarcoma, non-Hodgkin's lymphoma, head and neck 
carcinoma, and other solid tumors) [3, 8, 15], but involves a 
high risk of severe toxicity (myelosuppression, renal failure, 
mucosal ulcerations, and skin rashes). To decrease these 
adverse reactions, on the basis of their knowledge of MTX's 
pharmacokinetic behavior [2, 18], Monjanel et al. [16] 
proposed pharmacokinetic monitoring of the therapeutic 
protocols, which involves: an MTX identification IV push 
(50 mg/m:) and one or more continuous constant-rate infusions 
with the MTX dose computed from the MTX plasma clearance 
after the IV push, makes it possible to obtain similar plasma 
levels of the drug in all patients [9, 16]. 

Because of its cytotoxicity in epidermoid head and neck 
cancer [7] and its lower neurotoxicity than other vinca 
alkaloids [20], vindesine (deacetyl vinblastine sulfate or VDS) 
was also given during the MTX infusions (36-h VDS infusions 
starting concomitantly with MTX). 

We report in this paper on MTX's pharmacokinetic 
behavior in plasma and its urinary elimination when it is 
associated with vindesine. 
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Materials and methods 

Patient selection: Thirteen patients from the Institut Paoli-Cal- 
mettes entered the study. Age, tumor localization, perfor- 
mance status, and pretreatments are noted in Table 1. Patients 
with serum creatinine < 130~tmol/1, granulocyte count 
> 1,500/mm 3, and platelet count > 100,000/mm 3 were eligible 
to take part. 

Therapeutic protocol 

Pharmacokinetic monitoring. The pharmacokinetic monitoring 
which enables the infusion of HD-MTX [16] consists of two 
successive phases, the first of which is pharmacokinetic 
identification using an IV bolus (50 mg/m2). Patient samples 
are taken at 0.25, 0.5, 1, 3, 4, 6, 12, 24, and 30 h after the IV 
push. 

Study of the MTX plasma elimination curve allows 
definition of the pharmacokinetic parameters for each patient: 
terminal half-life time and plasma clearance (C1): 

Infused dose 
C l -  

AUC ' 

where AUC represents the area under the plasma elimination 
curve. The MTX dose for infusion is computed from the 
clearance to achieve a predetermined plasma steady-state level 
(10 -5 mol/1, 2.5 x 10 -5 mol/1, 5 x 10 -5 tool/l) according to the 
equation: 

Dose = P x Cl x t [16], 

where P is the plasma steady-state level (mol/1), Cl the MTX 
plasma clearance (l/h), and t the infusion duration (h). 

The second stage is the infusion protocol: 12 h before the 
beginning of the MTX infusion, hydration and urine alkalin- 
ization are started [9]. The 24- or 36-h HD-MTX and the 36-h 
VDS (3 mg/m 2) infusions start together (Fig. 1). These infu- 
sions are followed 36 h later by folinic acid rescue, which is 
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Fig. 1. Therapeutic protocol. The predetermined steady-state levels of 
MTX were 10 .5 , 2.5 x 10 .5 , or 5 x 10 -s mol/1 
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Table I .  Patient characteristics 

Patient Age Sex Performance status 

WHO Karnovsky 
scale scale 

Tumor localization Pretreatments 

B o u  , . , 

O11.. .  

S i c . . .  

T e s . . .  

V i g . . .  

B e u . . .  

R o n . . .  

D a n . . .  

Z a r . . .  

E y r . . .  

M a d . . .  

D e h . . .  

B o r . . .  

65 M IV 1 

39 M IV 1 

59 M I 8 

65 F IV 1 

63 M IV 1 

56 M IV 1 

50 F III 2 

56 M IV 1 

57 M 0 9 

57 M III 5 

70 M 0 9 

74 F 0 9 

52 M 0 9 

Oropharynx Radiotherapy, surgery 

Oropharynx Surgery 

Hypopharynx 0 

Lymphosarcoma with head Radiotherapy 
and neck localization 

Buccal cavity Radiotherapy, surgery 

Oropharynx Radiotherapy 

Buccal cavity 0 

Buccal cavity Radiotherapy, surgery 

Buccal cavity Radiotherapy 

Oropharynx Radiotherapy 

Hypopharynx 0 

Buccal cavity Radiotherapy 

Buccal cavity Radiotherapy 

m"& 
i0 -5 

10 -6 

10-7 

1 0 - 8  

m 

Fig. 2. Steady-state level and elimination achieved with infusion of 
MTX + VDS ( m - - m )  and of MTX alone ( Q - - - Q ) .  Patient 
Bor. received the same dose of MTX (1,245 mg) in each infusion and 
3 mg VDS/m 2 in the infusion of MTX + VDS 

con t inued  unt i l  the  M T X  concen t ra t ion  has fallen below 
10 .7 mol/1. 

For  this study, all the  pa t ien ts  received one  or more  
infusions of M T X  and  V D S in association. For  pharmacoki -  
net ic  compar i son ,  dur ing the  second course of the rapy  some 
pa t ien ts  received an infusion of M T X  alone  fol lowed by a VDS 
IV push  (3 mg/m 2) at the  end  of the  folinic acid rescue.  

Table 2. Variations between predetermined and achieved steady-state 
levels or computed and infused doses in the presence of VDS 

Patient Steady-state level Dose (mg) Percentage 
(10 -8 mol/1) of variation 

Corn- In- 
Pre- Achier- puted fused Steady- Dose 
deter- ed a state 
mined level 

U o u  , . . 

O l l . . .  
S i c . . .  
T e s . . .  
V ig . .  
B e u . .  
R o n . .  
D a n . .  
Z a r . .  
E y r . .  
M a d . .  
D e h . .  
B o r . .  

5,000 5,120 4,300 5,485 
5,000 5,000 4,860 5,460 
5,000 5,000 2,310 2,820 
5,000 3,520 3,425 3,425 - 29.6 
5,000 4,320 5,460 5,460 - 13.6 
5,000 5,280 4,175 4,900 
5,000 5,000 4,260 5,250 
5,000 4,700 3,675 4,695 
2,500 2,500 2,500 2,500 0 
2,500 2,560 1,775 1,950 
2,500 2,245 2,000 2,000 - 10.2 
1,000 1,010 460 560 
1,000 850 1,245 1,245 - 14.9 

+ 27.6 
+ 13 
+ 22 

+ 17.4 
+ 11.5 
+ 27.7 

0 
+ 11.5 

+ 21.7 

a Differences < 6% are not significant 

Therapeutic survey 

Control samples. Dur ing  the  infusions,  p lasma samples  were  
t aken  at the  fol lowing times: 5, 12, 24, 36, 48, and 54 h, and 
then  every 12 h unt i l  an M T X  plasma level lower t han  
10 -7 tool/1 was recorded.  A t  5 h, when  M T X  p lasma concen-  
t ra t ion  were  abou t  80% of the  s teady-s ta te  level,  doses were  
modif ied  if necessary to actually achieve the  s teady-s ta te  
level. 

M T X  assay. The  par t icular  na tu re  of H D - M T X  adminis t ra t ion  
moni to r ing  makes  it necessary to use a technic  with a quick 
response  for p lasma M T X  de te rmina t ion .  The  enzymat ic  
m e t h o d  p roposed  by  Ber t ino  and  Fischer  [1] was adap ted  for 
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Table 3. Statistical comparison between a population receiving MTX alone and one receiving MTX + VDS by infusion 

Steady-state level (10 .8 tool/l) Dose (rag) 

Predetermined Achieved Computed Infused 

MTX alone (n = 12) ~ 4,000 4,122 4,015 3,923 
o 1,809 1,834 2,074 2,059 

t paired 1.599 0S28 

t (v = 11, 2 a = 0.05) 2.201 

Significance NS NS 

MTX + VDS (n = 9) ~ 4,000 4,019 3,146 3,742 
1,561 1,567 1,460 1,807 

t paired 0.374 4.1~61 

t (v = 8, 2 a = 0.05) 2.~06 

Significance NS S 

Table 4. Variations in steady-state level or dose for seven patients receiving infusions of MTX + VDS or MTX alone 

Dose Steady-state level Percentage of variation 

Computed Infused Predetermined Achieved Steady-state Dose 
(mg) (mg) (10 -8 mol/1) (10 -8 mol/1) level 

MTX + VDS Beu . . .  4,175 4,900 5,000 5,280 + 17.4 
(lst course of therapy) R o n . . .  4,260 5,250 5,000 5,000 + 23.3 

D a n . . .  3,675 4,695 5,000 4,700 + 27.7 
Eyr . . .  1,775 1,950 2,500 2,560 + 11.5 
Mad. . .  2,000 2,000 2,500 2,245 - 10.2 
D e h . . .  460 560 1,000 1,010 + 21.7 
Bor . . .  1,245 1,245 1,000 850 - 13.6 

MTX alone Beu . . .  4,175 4,175 5,000 5,300 0 0 
(2rid course of therapy) R o n . . .  4,260 4,260 5,000 5,000 0 0 

D a n . . .  1,840 1,840 2,500 2,580 0 0 
Eyr . . .  1,775 1,775 2,500 2,600 0 0 
Mad. , . 2,000 2,000 2,500 2,500 0 0 
D e h . . .  460 460 1,000 1,060 0 0 
Bor . . .  1,245 1,245 1,000 990 0 0 

application with a centrifugal Cobas-Bio analyzer [14], and it 
was confirmed that VDS concentrations up to 100 ~g/ml did 
not affect the result of the assay. 

Resul ts  

With the protocol defined, 13 patients received an infusion of 
MTX + VDS. Only one patient of the 13 reached the 
predetermined steady-state plasma level with the computed 
dose. Four patients received this infusion without any 
modification at 5 h and the steady-state level was lower than 
the predetermined level (10.2%-29.6%) (Fig. 2). Eight other 
patients received the treatment with dose readjustment at the 
5th h (11.5 % -27.6%) and the predetermined plasma level was 
actually achieved (Table 2). 

The statistical comparison (t paired) between predeter- 
mined and achieved levels and between computed and infused 
doses showed that: 

In 12 other patients, i.e., not taking part in this study (with 
other solid tumors) according to the same regimen with 
HD-MTX alone, the predetermined steady-state levels were 
actually achieved with the computed doses (Table 3). 

In nine patients treated by MTX + VDS protocol with 
readjustment at 5 h there was no statistically significant 
difference between predetermined and achieved steady-state 
levels, but the doses infused were increased (by a mean of 
15.9%) (Table 3). 

Therefore it seems that the presence of VDS modifies 
MTX's pharmacokinetic behavior. 

To confirm this idea, seven of the 13 patients received an 
infusion of MTX alone at the computed dose in the second 
course of treatment (Table 4). 

The steady-state plasma levels (10 -5, 2.5 x 10 -5, or 5 x 
10 .5 mol/1) were statistically (t paired) achieved without any 
dose readjustment (Table 5) during the infusion of MTX 
alone. But when VDS was associated with MTX the MTX 
doses had to be increased (+ 17.3%) to achieve the 
predetermined steady-state level (Fig. 2). 

A possible correlation was tested for between the 
percentage dose increase during MTX + VDS infusions and 
MTX clearance after the identification IV push (Fig. 3). This 
correlation was significantly different from 0 (coefficient of 
correlation -0.708), demonstrating that: 

When MTX clearance was lower than 9 l/h, MTX doses 
had to be substantially increased (by a mean value of 20.8%). 



Table 5. Statistical comparison between infusion of MTX alone and of MTX + VDS in the same patients 
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Steady-state level (10 8 mol/1) 

Predetermined Achieved 

Dose (mg) 

Computed Infused 

MTX + VDS (1st course of therapy) (n = 5) 

MTX alone (2nd course of therapy) (n = 5) 

3,700 3,710 
o 1,857 1,852 

t paired 0.108 

t ( v = 4 ,  2 a = 0 . 0 5 )  

Significance NS 

3,200 3,308 
o 1,753 1,797 

t paired 2.i25 

t (V=4 ,  2 a = 0 . 0 5 )  

Significance NS 

2.7~76 

2.776 

2,869 3,471 
1,680 2,091 

3.0-59 

2,869 2,869 
1,680 1,680 

NS 

% QF 
VARIATION 

y = -4.676X + 54 88 

% DF MTX 
URINARY 

ELIMINATION 

I00 

CREATININE 
CLEARANCE 
(ml/mn) 

/ • 
2O 40 BO B'Q h 

Fig. 4. Creatinine clearance and urinary excretion of MTX over 72 h 
with infusions of MTX + VDS (~ I~, creatinine clearance; 
• • ,  urinary excretion) and of MTX alone ( ~ - - - t ,  creat- 
inine clearance; • . . . .  • ,  urinary excretion) 

20 J 

i lb I / h  

Fig. 3. Correlation between the percentage of dose modification 
during MTX + VDS infusions and MTX clearance after the MTX 
identification IV push, The line represents the best fit as determined by 
the unweighted least squares linear regression equation. The coeffi- 
cient of correlation (r = -0.708) was significantly different from 0 

When  M T X  clearance was higher than 9 i/h, the mean 
M T X  dose increase required was only 10.8%. 

There  is a statistically significant difference be tween these 
two means. Therefore  it seems that VDS increased the M T X  
plasma clearance, especially when plasma M T X  elimination 
was very slow after the IV push. To verify that the M T X  

plasma level modification in the presence of VDS was not due 
to a greater M T X  renal clearance, we tested creatinine 
clearance and urinary M T X  excretion in three patients of the 
13 during infusions of M T X  + VDS and M T X  alone. 

.Beginning with the start of alkalinization, urine was 
serially collected over 12-h periods until folinic acid infusion 
was stopped. The creatinine clearance was lower in the 
presence of VDS,  and renal M T X  excretion was identical in the 
two courses of infusions (Fig. 4). 

Discussion 

The results obtained show that the pharmacokinet ic  behavior  
of M T X  is substantially modified by the presence of VDS:  to 
achieve the predetermined steady-state levels the computed 
doses had to be increased (by 11% - 2 8 % )  for 12 patients of 13. 
The  dose increase required is more  pronounced when M T X  
plasma clearance after the IV push is < 9 1/h. This value (9 l/h) 
can be compared to the results obtained by Favre et al. [9], 
who found that an M T X  plasma clearance < 9 l/h allowed 
prediction of a good therapeutic response. In the presence of 
VDS,  the creatinine clearance is lower than and M T X  renal 
excretion identical with that seen in the case of infusion of 
M T X  alone. So the decrease of M T X  plasma level during M T X  
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+ VDS infusions is not  due to a greater  renal excretion but 
could result f rom greater  cellular incorporation.  

In vitro studies have demonstra ted that vinblastine and 
vincristine enhance M T X  transport  by 49% and 66%, 
respectively [21], and that the intracellular exchangeable M T X  
level is increased by its association with vincristine [13]. 
Vincristine also synergizes with M T X  in vivo [5, 21] and 
fur thermore ,  Chello and Sirotnak [6] have shown that the 
synergic interaction be tween M T X  and vinca alkaloids is 
schedule-dependent  in vitro and in vivo. 

The results obtained in this study therefore  show that 
vindesine seems to offer the same action as vincristine and 
vinblastine, which increases the intracellular M T X  level 
necessary for dihydrofolate  reductase inhibition with no 
danger of higher toxicity. 

These results seem to be important  for the H D - M T X  
chemotherapy associated with VDS,  considering that the 
cytotoxic activity of M T X  in vivo is strictly correlated with the 
presence of a sufficient free M T X  level inside the cell [4, 17, 
19] which is l imited by an asymmetrical  transport  carrier 
system [12]. Vinca alkaloids block the exit mechanism [21] by 
the inhibition of cellular energy metabol ism [10] and by 
modificat ion of the membrane  transport process [11]. 
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