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Summary. The pharmacokinetics of soluble oral predniso- 
lone were studied during induction therapy in six children 
with acute lymphoblastic leukaemia. There was a three- to 
four-fold variation in the pharmacokinetics of total and 
free prednisolone. For total prednisolone, the mean elimi- 
nation half-life was relatively short (1.37 h) and the total 
clearance, relatively high (15.1 ml min-1 kg-t).  The mean 
free fraction was high (0.37). 

Introduction 

Prednisolone is used as an inducing agent in children with 
newly diagnosed acute lymphoblastic leukaemia. A stan- 
dardised dose (40 mg m -2 day-1) is used for all children, 
being given in three divided doses each day. Considerable 
inter-individual variation in urinary steroid excretion has 
previously been reported in children with lymphoblastic 
leukaemia receiving oral prednisolone [10]. However, no 
formal studies of the pharmacokinetics of prednisolone 
have been carried out in children with acute lymphoblastic 
leukaemia. The aim of this study was to determine the ex- 
tent of inter-individual variation in prednisolone phar- 
macokinetics during the induction phase of chemotherapy 
in children with acute lymphoblastic leukaemia. 

Methods 

Plan o f  study. Six children (two male, patients 1 and 5) 
hospitalised with acute lymphoblastic leukaemia were 
studied during the initial 2 weeks of the induction phase of 
their therapy. The clinical details of the patients are given 
in Table 1. One child (patient 1) had undergone a relapse 
of  his leukaemia; the others were all newly diagnosed 
cases. All of the children had been afebrile for at least 48 h 
prior to the study. Informed consent was obtained from 
the parents and, where appropriate, the child, and the 
study was approved by the local ethics committee. All of 
the children had an indwelling intravenous cannula, from 
which blood samples were collected to minimise vene- 
punctures. A single oral dose of soluble prednisolone 
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(10-20 mg; 13.0-16.9 mg m -2) was given between 8 and 9 
a.m. None of the children fasted. Blood samples were col- 
lected at 0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 5 and 6 h following 
the prednisolone. 

Analytical methods. The free prednisolone fraction was 
separated by ultrafiltration [11], and total and free prednis- 
olone plasma concentrations were determined by high-per- 
formance liquid chromatography [8]; the limit of sensitivi- 
ty for the assay was 10 ng m1-1. 

Calculations. The area under the plasma concentration- 
time curve (AUC) for prednisolone was determined by 
trapezoidal approximation up to the last observation, then 
extrapolated by dividing the final concentration by the 
elimination rate constant (~z)- Linear regression was used 
to obtain the elimination rate constant and the terminal 
half-life (t,/2). Total plasma clearance (CL) was determined 
by dividing the dose by the respective AUC value, assum- 
ing complete absorption, which has been documented in 
children [1, 12]. The volume of distribution (V) was calcu- 
lated from 

CL 
W ~ - - '  

The free fraction was calculated from 

free prednisolone AUC 
total prednisolone AUC 

and the free fraction range, from the ratios of the plasma 
concentrations at each point. All data is presented as the 
mean +__ SEM. 

Results 

There was a 3-fold variation in the t,~ of prednisolone 
(mean, 1.37___0.23 h). A 4-fold variation occurred in both 
the maximal plasma concentration (Cpmax) (138-541 ng 
ml -a) and AUC (324-1,351 ng ml-lh).  A 4-fold variation 
was observed in CL (mean, 15.1 _+3.2 ml rain -1 kg-l) ,  and 
a 3-fold variation took place in V (mean, 1.60 _+ 0.22 1 kg-  1). 

The mean %2 of free prednisolone (1.28_+0.19 h) was 
similar to that for total prednisolone. A 4-fold variation 
was observed in the Cpmax for free prednisolone 
(54-200 ng ml- l ) ,  and a 3-fold variation occurred in the 
AUC for free prednisolone (138-456 ng m1-1 h). There was 
considerable inter-individual (mean, 0.37 _+ 0.04) and intra- 
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Patient Age Weight Surface Dose of 
(years) (kg) area prednisolone 

(m 2) (mg) 

Prednisolone 
(mg)/surface 
area (m 2) 

Albumin 
(g 1-l) 

Other drugs 
during 
study 

Other drugs 
within 
last 24 h 

1 2.8 14.3 0.59 10 16.9 

2 4.5 19.5 0.77 l0 13.0 

3 4.6 15.5 0.67 l0 14.9 

4 4.9 26.1 0.92 15 16.3 

5 5.7 18.0 0.75 10 13.3 

6 12.4 39.0 1.30 20 15.4 

47 

41 

35 

33 

37 

36 

Piperacillin, 
gentamicin 

Allopurinol, 
vitamin K 

Gentamicin 

Asparaginase, 
piperacillin, 
gentamicin, 
vincristine 

Allopurinol, 
asparaginase 

Piperacillin, 
asparaginase 

Allopurinol, 
cefuroxime, 
paracetamol, 
daunorubicin 

Table 2. Pharmacokinetics of prednisolone 

Patient Total Free 

tl/2 Cvmax AUC CL V 
(h) (ngm1-1) (ngml -t h) (mlmin -I kg-0  (lkg -l)  

t 1/2 C p max AUC Free Free fraction 
(h) (rig ml- ~) (ng ml-~ h) fraction (range) 

1 0.89 327 958 12.16 0.94 
2 1.41 541 857 9.97 1.22 
3 2.47 350 1,351 7.96 1.68 
4 1.00 138 324 29.56 2.55 
5 1.46 472 709 13.06 1.65 
6 1.02 172 473 18.05 1.59 

Mean 1.37 333 779 15.1 1.60 
SEM 0.23 65 137 3.2 0.22 

1.00 157 456 0.47 0.40- 0.52 
a 200 245 0.28 0.21 - 0.40 
2.03 143 396 0 . 2 9  0.26-0.41 
0.99 86 179 0 . 5 5  0.44-0.65 
1.I1 180 271 0 . 3 8  0.32-0.50 
1.28 54 138 0.29 0.29-0.31 

1.28 137 281 0.37 - 
0.19 23 50 0.04 - 

Insufficient data available for the calculation of t~/2 

individual  (ranges are given in Table 2) variat ion in the 
free fraction. There was no apparen t  relat ionship between 
the free fract ion and the p lasma  concentrat ion.  The indi-  
vidual  and mean da ta  for the pharmacokinet ics  of  both  to- 
tal and free predniso lone  are shown in Table 2. Maximal  
p lasma concentrat ions  were observed at 0.5 h in four  pa-  
tients and at 1 and 1.5 h in patients 4 and 6, respectively. 
All  six children went into remission as de termined by the 
28-day bone marrow examinat ion;  however,  the long-term 
outcome cannot  be related to predniso lone  pharmacokin-  
etics in such a small group. 

D i s c u s s i o n  

The mean t1/2 obta ined  in the present  study (1.37 h) was 
shorter than that  repor ted  in previous studies of  chi ldren 
(range, 1.68-3.51 h) [5, 6, 12, 15, 16], three of  which ex- 
amined clearance and the volume of  distr ibution.  The 
mean total  clearance in the present  study (15.13 ml m i n -  
kg - t )  was similar to that  repor ted  by Rocci et al. [15] in a 
group of  chi ldren (age range, 2 - 8  years) with nephrot ic  
syndrome (16.2ml min - l  kg -1 in relapse, and 13.2ml 
min-1 kg-1 in remission). The total  clearance was consid- 

erably higher than that previously repor ted in two studies 
involving older  chi ldren (age range, 5 -15  years) with asth- 
ma ( 3 - 7  ml m i n - l  kg-1)  [16] and inf lammatory  bowel dis- 
ease (3.72 ml rain -1 kg -1) [12]. The volumes of  distr ibution 
in all of  these studies were similar ( 1 - 2  1 kg- I ) ,  except 
in children with nephrot ic  syndrome in relapse, who, 
as expected, showed a large volume of  distr ibution 
(3.4 1 kg -1) [151. 

The differences in clearance and half-life between the 
present  study and previous reports could be age-related. 
Older  children usually have a slower rate of  drug metabo-  
lism than younger  children [9]. Five of  the six children in 
the present  study were 5 years old or younger,  whereas the 
age ranges in other studies were 8 -12  [16], 4 -15  [5] and 
5 -15  years [12]; only the study by Rocci et al. [15] involved 
children of  a s imilar  age ( 2 - 8  years), and their f indings are 
similar to ours. 

There was no evidence of  malabsorp t ion  or d iar rhoea  
in any of  the six children studied. Three of  the patients re- 
ceived other medicat ions  on the day of  the s tudy,  and the 
other three had received other medica t ion  within 24 h of  
the study. Al lopur inol  and daunorubic in  have been shown 
to inhibit  drug metabol ism,  whereas vincrist ine has been 
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shown to cause an increase in sulphate format ion [3, 7, 18]. 
The mean free fraction obta ined in the present  study (0.37) 
was higher than the previously repor ted values of  0.21 [16] 
and 0.22 [5]. Drug displacement  from albumin and corti- 
costeroid-binding globulin could have occurred as a result 
of  the adminis t ra t ion of  other drugs. The p lasma albumin 
concentrat ion was low in pat ient  4, who also had the high- 
est free fraction (0.55). The high free fraction documented  
in these patients may have been responsible for the in- 
creased clearance of  the drug. 

Studies of  drug metabol ism in children with acute leu- 
kaemia  have mainly involved cytotoxic agents. Compara -  
tive studies of  drug metabol ism are not  available,  as the 
clinical use of  these drugs is restricted to children with 
malignancies.  However,  studies in mice with leukaemia 
[13] have shown a reduction in drug metabolism. A study 
in children with acute iymphoblas t ic  leukaemia [14] has 
documented  a decrease in the clearance of  ant ipyr ine  and 
lorazepam in the 1st week of  induct ion therapy.  These au- 
thors postulate that leukaemic infi l t rat ion of  the liver may 
impai r  drug metabolism. The metabol ism of  predniso lone  
is complex,  involving conversion to prednisone  by 11-13- 
hydroxysteroid  dehydrogenase  as well as 6-[3-hydroxyla- 
tion, reduct ion at the 20 keto-posi t ion and glucuronidat ion 
[1, 17]. The results shown in the present  study show a more 
rap id  total clearance of  predniso lone  than previous stud- 
ies, but we cannot  determine which of  the several possible 
factors might be responsible or which metabol ic  pa thway 
might be involved. 

In conclusion, we documented  a 4-fold inter-indi-  
vidual  variat ion in the pharmacokinet ics  of  free and total  
prednisolone.  The extent of  inter- individual  var ia t ion was 
similar  to that previously described in children with other 
diseases. Further  studies of  the pharmacokinet ics  of  pred-  
nisolone during the 2-year course of  chemotherapy in chil- 
dren with acute lymphoblas t ic  leukaemia are required to 
see whether a subsequent decrease in the clearance of  
predniso lone  occurs. The mode  of  action of  prednisolone  
in leukaemia has not been established, although lympho-  
blasts are known to have steroid receptors,  which may in- 
fluence the prognosis  [2]. Fur ther  studies are required to 
determine whether a relat ionship exists between the clear- 
ance of  prednisolone  and the relapse rate, as has been doc- 
umented for methotrexate [4]. 
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