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Abstract-A pharmacokinetic st@ was carried out in two infants and two (older) children 
with high-dose cisplatin (CP) (40 mg/m2/day) by 5-day continuous infusion. Following inter- 
ruption of thc infuion, the decrease in total Plasma platinum was biphasic, with a terminal 
half-lifc of 155.5-418 h. During administration the urinary concentrations were between 7.66 
and 15.2 mg/l. Thirty to thirty five per cent of the administered dose was eliminated within 
48 h of discontinuing infusion. Free platinum (FP) levek declined in a biphasic manmr, with 
a mean (2 S.E.) elimination half-lzfe of 81.25 (2 34.9) h. FP was still detectable in the 
plasma 10 days aftcr the end of infusion with levels above 0.010 pglml. FP availability, 
measured as the area under the curves (AUC) of the FP concentration-up to 2 h after ending 
the intion-were 768 (-+ 326) ~g.min/ml. Inter- or intra-individual diffcrences in AUC 
values were not observed. 

INTRODUCTION 
HIGH-DOSE cisplatin (CP) has recently been evalu- 
ated in 5-day pulse and fractionated regimens in 
adult cancers [l] and in advanced neuroblastomas 
[2], with a tolerable toxicity. Based on experimental 
data [3], several authors have investigated Standard 
dose CP administered as a continuous infusion 
[4, 51. These infusion regimens have been associ- 
ated with less toxicity than bolus delivery, probably 
because of the lack of peak Plasma levels. In 
addition, response rates appeared to be comparable 
in both regimens, and this is in good agreement 
with the similarity of the free platinum (FP) areas 
under the curves (AUC) observed in a recent study 
[6]. To our knowledge, high-dose CP (40 mg/m*/ 
day) has not been reported utilizing a continuous 
infusion schedule. In this study, we examined 
pharmacokinetic Parameters and body exposure to 
free and total platinum (TP) in children following 
high-dose CP administered during a 5-day infusion. 

MATERIALS AND METHODS 
Four patients, aged 16 and 18 months, 6 and 
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12 years (the three younger ones had Stage IV 
neuroblastomas, the oldest a metastatic rhabdo- 
myosarcoma) received one (one Patient) or two 
(three patients) courses of CP at a dose rate of 
40 mg/m* for 5 days separated by 4 weeks. The 
daily dose was delivered through a central catheter 
during 24 h reconstituted in 50 ml 0.9% NaCl. 
Hydration (3 l/m*) with normal Saline and added 
KCl (1.5 g/l), CaCl, (10 ml/m*/day) and MgS04 
(5 ml/m*/day) began with chemotherapy at day 1, 
and stopped 24 h after completion, at day 6. For 
each treatment, 23 blood samples were collected 
between days 1 and 28, by means of a peripheral 
microcatheter which was rinsed with 5 ml ofnormal 
Saline and closed after use. Blood was drawn at 12, 
24, 48, 72, 96, 120 h during the infusion, and at 
the following times thereafter: 15, 30, 60, 90, 120, 
180, 240 min, 6, 12, 24, 48, 96, 144 h and 10, 14, 
2 1, 28 days. Samples were immediately centrifuged 
and the Plasma was removed. Plasma Ultrafiltrates 
were obtained by using Micropartition Systems 
MPS-1 (Amicon) and centrifuged at 2000 g for 
15 min. All Separations were completed within 
30 min after taking the blood Sample. All samples 
were stored at -20°C until analysis. During at 
least one of the courses of treatment, urine samples 
were collected, as voided for two patients and during 
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Fig. 1. Semilogarithmic plot of TP concentrations in plasnza (M 1st course, 0-O: 2nd course) and FP concentrations in 
Plasma ultrajltrate (W-m: Ist course, 0-O: 2nd course) us. time after a 5-day continuous inzsion of 40 mglm2/day cisplatin. 

12 h intervals in one Patient. The concentrations of 
TP and FP were determined by means of flameless 
atomic absorption spectroscopy with a detection 
limit of 0.010 pg/ml [7]. 

RESULTS 
The time course ofTP and FP for a representative 

Patient is shown in Fig. 1. After a 5-day continuous 
infusion of high-dose CP, the maximum Plasma TP 
concentration at the end of infusion ranged from 
1.78 to 3.575 p.g/ml. TP levels drawn during the 
administration showed that a steady-state concen- 
tration had not been achieved at the end of infusion. 
After cessation, the mean terminal 7l/2 values 
varied from 155.5 to 418 h. Total Plasma corrected 
clearances ranged from 0.179 to 0.306 l/h/l.73 m2. 

During infusion, FP levels were about 10-20 
times lower than TP levels. The decrease in FP 
levels, after the end of the infusion, seemed to follow 
a biexponential kinetic Pattern, with a prolonged 
elimination half-life from 49.3 to 157 h. FP was still 
detectable in the Plasma 10 days after the end 
of infusion, with levels above 0.010 pg/ml. AUC 
(O-2 h and 0-m) were determined in Order to know 
the total amount of FP available to the tissues 
during and after infusion. The mean AUC were 
768 ? 328 pg.min/ml (range 529-1486, n = 7) at 
2 h and 1324 2 513 pg.min/ml (range 771-2339) 
at 00. Inter- or intra-individual differentes in AUC 
values were not observed, except for the youngest 
Patient (No. 3) who showed signs of hydro-electro- 
lytic disturbance during the first course (Table 1). 

The maximum urinary concentration ofplatinum 
(Pt) attained during the 5 days of administration in 
urine voided varied between 7.66 and 15.2 mg/ 
l.The maximum urinary excretion rate ranged from 
0.35 to 0.48 mg/h and 30% to 35% of the adminis- 
tered dose was eliminated within 48 h after the end 
of infusion (Table 1). 

DISCUSSION 
In patients receiving high-dose (40 mg/m2/day) 

continuous infusion CP over 5 days, Plasma TP 
concentrations increased regularly during the 
infusion. At the end of the infusion TP levels were 
twice the levels recorded with a dose rate of 20 mg/ 
m’lday given by 5-day continuous infusion [8]. The 
TP levels were between values achieved with the 
lower dose infusion, and those obtained after a bolus 
of 100 mg/m2 [6]. The elimination half-lives were 
long and corresponded closely to those reported 
with the bolus and infusion regimens at a dose of 
100 mg/m2 [6,8]. 

Urinary Pt concentrations and urinary excretion 
rate were markedly less than those observed after 
bolus delivery, and were similar to those obtained 
with the same schedule at the dose of 100 mg/m2 
[8]. Consequently, it may be concluded that 5- 
day infusion schedule reduces the exposure of the 
kidneys to high concentrations of Pt. Thus this 
protocol’s high degree of renal safety must probably 
be related to the reduction in urinary concentration 
of Pt, caused by the high urine volume associated 
with hyperhydration (corroborating Corden’s 
results [9]-fractionated schedule during 5 days). 
FP concentrations were detectable up to 10 days 
after the end of the infusion. Once administration 
had ceased, the disappearance of FP followed a 
biexponential kinetic Pattern with a prolonged 
elimination half-life of 81.25 + 34.9 h. The ter- 
minal Tl/2 is somewhat longer than in studies 
where a variety of schedules have been used [6, 9] 
and seems to corroborate the observations of De 
Gregorio et al. [ 101. The FP AUC vs. time is a 
measure of the Overall availability of ultrafilterable 
species which is the component responsible for 
cytotoxicity [ 111. In Order to evaluate the thera- 
peutic efficacy of the infusion schedule, the AUC of 
the FP was determined for up to 2 h after ending 
the infusion, since Sternson et al. [12] showed 
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Table 1. Pharmacokinetic Parameters of free platinum in plasma and urine from children receiving a continuour infuFion of 40 mg/m2/ 
day of CP during 5 days 

Patient- 
course 

Maximum urine Maximum urine 
concentration(mg/l) excretion rate 

Tl/2 Tlf2B 
(h) (l/h/F:Jm’) 

Vd AUC (p,g.min/ml) Urine 12-h Urine 12-h 
(min) (1) O-2 h* Totalt voided fraction voided fraction 

1-l 9.5 50.9 11.42 143 745 1098.5 - - 

2-l - 70.6 12.08 - 529 931.5 7.66 4.12 0.40 0.22 
2 24.5 76.8 10.50 299 601 1031 - - - - 

3-l 32 65.3 5.67 101 1486.5 2339.5 15.2 5.325 0.36 0.205 
2 - 124.0 9.45 - 761.5 1430 - - - - 

4-1 47.5 97.8 16.35 600 607 813 - 5.46 - 0.50 
2 46 175.4 9.65 873 628.5 1259 - - - - 

*O-2 h: AUC determined between the start ofCP infusion and 2 h after the end (at day 5). 
tO-=: AUC determined from Pt detected in Ultrafiltrate until concentration < 0.010 pg/ml. 

Table 2. Comparison between FP AUC observed after very high dose .by continuous infmion vs. various more rapid 
schedules 

Present study 
200 mg/m* in 5 days 

(n = 7) 

Bolus 

(n = 3) 

Literature data [6] 

3 h infusion 24 h infusion 
100 mg/ma 

(n = 2) (n = 2) 

AUC 
Mean FP exposure 

(pg.min/ml) 
c-m 1324 + 513 317 +- 33.1 327 k 2.8 329 t 6.4 

O-2h 768 k 326 - - - 

convergence-up to 2 h-between intact CP and 
ultrafilterable Pt. The AUC were at least twice as 
high as those reported by Vermorken et al. [6] using 
various infusion schedules of 100 mg/m* (See Table 

2). 
A role for CP metabolites in the development of 

the nephrotoxic lesion has been suggested [ 13, 141. 
From experimental data [15] it tan be concluded 
that the ultrafilterable metabolites of CP are 
nephrotoxic, but are less effective antitumor agents 
than the parent compound. Consequently, after 2 h, 
ultrafilterable species in the Plasma were probably 

not free of toxicity: the determination of the total 
FP AUC may enable the organism’s exposure to 
active andlor toxic Pt species to be reflected. In 
Order to compare the efficacy and toxicity of this 
continuous high-dose CP protocol with the fraction- 
ated 5-day protocol [l], the FP AUC values after 
fractionated administration are at present being 
determined, since these are not given by Corden et 
al. [9]. 
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