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Summary. The pharmacokinetics of 8 g /m  2 methotrexate 
(MTX) was compared following short (6 h) and long (24 h) 
infusions of the drug to 11 children with osteogenic sarco- 
ma (OS; 42 infusion) and 28 children with acute lympho- 
blastic leukemia (ALL: 118 infusions), respectively. No 
difference was observed in the first-phase half-life, in sys- 
temic clearance or in the volume of distribution of the 
drug (P > 0.05). The concentration of MTX at the end of 
the infusion was ~4-fold higher when the drug was given 
over only 6 h. However, patients receiving 24-h infusions 
had ~9-fold higher levels by 24 h after the beginning of 
the infusion. The area under the data curve from start of 
the MTX infusion until the beginning of folinic acid res- 
cue administration was significantly higher in patients 
with osteogenic sarcoma (6-h infusions), while the area un- 
der the log-data curve was significantly longer in the ALL 
group (24-h infusions) for the same period. The latter pa- 
rameter is considered to be characteristic for the concen- 
tration-time-effect relationship. The longer duration of 
MTX administration (with delayed rescue) is thought to be 
more beneficial from the pharmacokinetic aspect. Patients 
with osteogenic sarcoma had significantly lower concen- 
trations of MTX at the end of their last treatment with 
MTX than at the end of the first infusion. Patients devel- 
oping MTX toxicity had shorter half-lives of MTX in the 
beta phase. It is suggested that cisplatin induced tubular 
loss of MTX and folinic acid is responsible for these ob- 
servations. A wider application of clinical pharmacologic 
findings in the practice of the administration of cytostatics 
is indicated. 

Introduction 

The pharmacokinetics of methotrexate (MTX) has been 
extensively studied during the last 39 years: a Medline 
search provided 1883 titles for the period of 1966-1986 
under the keywords methotrexate, pharmacodynamics. 
However, in spite of the large number of publications in 
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this field, most of the protocols for the administration of 
intermediate or high-dose MTX with folinic acid rescue 
have empiric rather than pharmacokinetic bases. There- 
fore, the generally used regimens vary widely in dosage 
(200-33 600 mg/m2), duration of administration (1-42 h), 
and exposure time (3-48 h). The dose- and time-schedules 
of folinic acid rescue administration also differ. We have 
compared the pharmacokinetic parameters of MTX fol- 
lowing short (6 h) and long (24 h) infusions of 8000 mg /m 2 
of the drug. 

Patients and methods 

Data were obtained during and after 42 infusions of 8 g /m 2 
over 6h  to 11 children age: 11.8_+3 years) with osteo- 
genic sarcoma (OS) and 118 infusions of 8 g /m 2 MTX in 
24 h to 28 children (age: 8.1_+4.9 years) with acute lym- 
phoblastic leukemia (ALL). MTX was administered as a 
part of the E O R T C / S I O P / M R C  80831 protocol for OS 
and as a part of the Norwegian Pilot Study for ALL [10]. 
No loading dose was given to patients with OS, while a 
loading dose of 800 m g / m  2 was administered during 1 h to 
patients with ALL. All patients received 3000 ml /m  2 per 
24 h i.v. hydration and urinary alkalinization. The admin- 
istration of folinic acid rescue started 24 h (OS) or 36 h 
(ALL) after the start of the MTX infusion. None of the pa- 
tients had evidence of renal or hepatic impairment at the 
time of treatment. No significant toxicity due to MTX de- 
veloped after the treatments in the ALL group, whereas 
one severe (bone marrow, gastrointestinal, renal and he- 
patic disfunction) and four milder (mucosal ulcerations, 
fever, emesis) toxic reactions occurred in the OS group. 

The patients with ALL were treated in the Department 
of Paediatrics, University of Trondheim, and the treatment 
of patients with OS was conducted in the 2nd Department 
of  Paediatrics, Semmelweis Medical School, Budapest. 

Venous blood samples were drawn 4-6 ,  24, 48 and 
72 h after the start of the MTX infusion in the OS study 
and 22-26, 38-44, 66-78, and 88-110 h after the start of 
the MTX infusions in the ALL-study. All blood samples 
were subsequently centrifuged and analysed. The determi- 
nation of MTX concentration was performed by radioas- 
say (Trondheim) or enzyme-inhibition assay [3, 12]. Re- 
sults of these two methods are known to correlate well 
enough (1 l) to allow comparison of the two data groups. 

Compartment model-independent pharmacokinetic 
parameters of MTX were calculated with a PC program 
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Table 1. Comparison of pharmacokinetic parameters of MTX, 8 g/m 2, administered over 6 h (OS) or over 24 h (ALL) 

Group OS: 6-h infusion ALL: 24-h infusion 

Number of infusions 

Concentration at end of infusion 

Concentration 24 h after start of infusion 

Systemic clearance ml/min/per m 2 

Elimination half-life (a) (h) 

Elimination half-life ([3) (h) 

Vd (at end of infusion) 1/m z 

AUDC 
mg ml -l x rain 

AULDC 

42 118 
1.1 (+ 0.7) x10-3 mol1-1 * 2.9 (_+ 4.6) x10-4 mol1-1 

3.3 (+ 3.0)x10-Smol1-1 * asabove 

56.4 (+29.8) ** 66.3 (_+36.4) 

2.45(+ 1.43) ** 2.21(+ 0.4) 

6.1 (+ 2.1) * 9.4 (_+ 4.4) 

11.8 (_+ 8.1) ** 13.6 (_+ 6.6) 

361.5 (+ 162.2) * 234 (_+ 140.9) 
(0-24 h) (0-36 h) 

1.11(_+ 0.2) * 3.26(_+ 0.32) 
(0-24 h) (0-36 h) 

Vd, Volume of distribution; AUDC, area under the data curve; AULDC, area under the log-data curve 
* P <0.01;** P >0.05 

PharmCalc [4]. Student's t-test was used to test signifi- 
cant differences between mean pharmacokinetic parame- 
ters of  grouped data. Statistical calculations were perform- 
ed with STATMED PC program [8] kindly provided by 
Nycomed Scandinavia. 

Results 

The pharmacokinetic parameters examined are summa- 
rized in Table 1. The comparison of  concentrations of  
MTX in the serum at the end of  the infusion of  the drug 
revealed that the level of  MTX was almost 4-fold higher 
when the drug was given over 6 h. The difference is statisti- 
cally significant (P < 0.01). However, 24 h after the start of  
the infusion OS patients had 9-fold lower concentrations 
than patients with ALL. 

OS patients had significantly higher levels of  MTX at 
the end of  their first MTX treatment than at the end of  
their last infusion of  MTX: 1.7 (+0.4)  x 10 -3 mol/1 and 
8.4 ( +  1.6) x 10 -4 mol/1, respectively (P  <0.01). 

No significant difference was found between the val- 
ues for systemic clearance of  MTX in the OS and ALL 
groups. The half-life of  MTX was found to be about the 
same during the first elimination phase in the two groups 
(P  > 0.05), but the half-life during the second 24 h of  the 
postinfusion period was significantly shorter in the OS 
group (P < 0.01). It is of  interest that the five "toxic" infu- 
sions in the OS group were characterized by significantly 
shorter second-phase half-life values than the infusions 
without toxicity (4.2_ .04 h versus 6.9 _+ 2.2 h: P < 0.01). 

There was no significant difference in the volume of  
distribution of  MTX in the two groups of  patients. 

Area under the data curves (AUDC) and area under 
the log concentration-data curves (AULDC) for the peri- 
ods 0 - 2 4  h and 0 -36  h were calculated for the OS and 
ALL groups, respectively. These periods were chosen in- 
stead of  total AUC because they reflect the actual duration 
of  drug exposure (before the rescue administration has 
been started). Comparison revealed an inverse relation- 
ship: A U D C  (0-24  h) was significantly higher in the OS 
group than was A U D C  (0-36  h) in the ALL group, but 
A U L D C  (0-36  h) of  the ALL patients was significantly 
higher than A U L D C  (0-24  h) in the OS group. 

Discussion 

We have analysed a number of  the pharmacokinetic pa- 
rameters of  MTX in two groups of  patients receiving the 
same dose (8 g / m  2) during a short (6 h) and a longer term 
(24 h) infusion. No  significant difference was observed in 
the mean values for systemic clearance, first-phase elimi- 
nation half-life, or volume of  distribution, but the mean 
values for concentration achieved at the end of  the infu- 
sion, half-life during the second 24 h of  the postinfusion 
period, and A U D C  and A U L D C  (from the start of  the in- 
fusion until the beginning of  the rescue administration) 
differed significantly. 

However, we were concerned to find whether or not 
the above-mentioned differences in the pharmacokinetic 
parameters have any clinical relevance. In OS patients, 
concentrations at the end of  the infusion are peak concen- 
trations (infusion time did not last for 3.3 half-lives [15], 
but 24-h concentrations of  ALL patients are representative 
o f  steady-state levels. Although peak levels in the OS 
group were more than 4 times those of  the ALL group, by 
about 5 h after the end of  the infusion (estimated value), as 
a result of  the fast postinfusion decrease, concentrations 
were around the same, and 24 h after the start of  the treat- 
ment levels of  MTX were about 9 times higher in the ALL 
group. Moreover, MTX had a further 12 h to act in ALL 
patients, By 36 h after the start of  treatment the concentra- 
tions of  MTX in the ALL group had decreased to around 
the same level as was present in OS patients 24 h after the 
beginning of  the infusion (data not shown). Although 
threshold MTX levels have been reported for a variety of  
normal and tumorous tissues in vitro [1, 6, 13, 16], the au- 
thors do not know of  any such threshold concentration of  
MTX for OS cells. Our data suggest that OS patients may 
benefit more from the short infusion only if the level of  
sensitivity of  the tumor is above 8 -10  x 10 -4 tool/l ,  but the 
very short duration of  such high levels makes even that un- 
certain. However, if this is so, the administration of  a high- 
er dose in 24-h infusions would be advisable. 

As an explanation for the difference in the half-lives 
during the second 24 h of  the postinfusion period it is sug- 
gested that the distribution phase might not have been 
complete during the first 24 h in the OS group, but our 
sampling times did not allow a more specific analysis. The 
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shorter half-life of  MTX observed in OS patients devel- 
oping toxicity,  evaluated together  with the sequential  de- 
crease in the peak  concentrat ions  of  MTX during the con- 
secutive treatments in the OS group,  might be a result of  
the adminis t ra t ion  of  cisplatin in this protocol .  Hypothet i -  
cally, the lack of  tubular  reabsorpt ion  of  MTX and fol inic 
acid due to cisplatin tubu lopa thy  could be responsible  for 
our findings. These observat ions indicate another  mecha- 
nism of  the effect of  cisplatin on the pharmacokinet ics  of  
MTX [7]. However,  the amount  of  MTX excreted in the 
urine was not  de termined in our  study. 

The descriptive pa ramete r  of  concent ra t ion-exposure  
time, A U D C  was higher in OS patients ( 0 - 2 4  h) than in 
ALL patients (0 -36  h), but  this pa ramete r  cannot  be con- 
nected directly with the efficiency of  the drug [14]. Al- 
though the cytotoxic effects of  ant icancer  agents are con- 
s idered to be irreversible,  the mechanism of  act ion and the 
clinical working concept  of  high-dose MTX with leucovor-  
in rescue is based on the reversible b inding  of  MTX to the 
target enzyme dihydrofola te  reductase.  Therefore,  the 
effect of  the drug theoret ical ly depends  on the exposure 
t ime and the logar i thm of  the amount  of  the drug in the 
body  [ 15]. The area under  the log-concentra t ion curve was sig- 
nif icantly higher ( ~  3 times) in the ALL group. It is inter- 
esting that when this method is appl ied  for the equitoxic 
concentra t ion- t ime da ta  repor ted  by Pinedo and Chabner  
[14] it also results in rather s imilar  values. Clinical  observa- 
tions also suppor t  our assumpt ion that  a longer infusion 
t ime is more effective: good  results have been repor ted  
with long, 36-42 h infusions of  MTX to patients with 
ALL, l ymphoma  and r h a b d o m y o s a r c o m a  [2, 5, 9]. More-  
over, this t reatment  was also effective in those patients 
who did not  r espond  to short  infusions of  the drug. 

It is beyond  the scope of  this s tudy to analyse thera- 
peutic  results with either of  the protocols  used here. Al- 
though therapeut ic  response depends  on a number  of fac- 
tors other than the pharmaco log ic  effect of  the drug, the 
authors believe that  a more  thorough considera t ion of  clin- 
ical pharmacokine t ic  f indings in the p lanning  of  a proto-  
col could improve  the therapeut ic  results. 
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