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Cisplatin is an important drug in the treatment of a number of paediatric cancers yet, despite wide-
spread use, there are only very limited data on the pharmacokinetics of the drug in children. Cisplatin
pharmacokinetics were studied in 21 patients following a 24 h infusion of 50-120 mg/m? cisplatin. Total
and free platinum (Pt) levels in plasma and Pt in urine, were measured by atomic absorption spec-
trophotometry. Pharmacokinetic parameters were determined by non-compartmental and compart-
mental analyses. There was 3-fold interpatient variability in free drug exposure (area under the
plasma concentration versus time curve—AUC) for a given surface area-based dose of cisplatin. The
mean (1 SD) pharmacokinetic parameters for free Pt were: AUC 0.47 £ 0.13 mg/ml.min/100 mg/m?2, V,,
12.5+2.7Vm?, ¢392 9min, Ke 0.0192£0.006 min !, Cl.,.,; 62 ml/min/m?, Cl,y 233 * 455 ml/min/m?,
Cps 0.31 £0.09 ug/ml. The total free Pt clearance was 1.5-5.8-fold higher (3.4 £ 1.0) than the glomeru-
lar filtration rate (GFR). The renal clearance of cisplatin was not related to GFR and cisplatin was
subject to only limited urinary excretion (27% administered dose 0-48 h), indicating that there are
other important pathways of clearance beside renal elimination. Patient and treatment heterogeneity
precluded the investigation of pharmacokinetic-pharmacodynamic relationships; however, the degree
of interpatient pharmacokinetic variability observed suggests that body surface area-based dosing of
cisplatin in children is not satisfactory. © 1997 Elsevier Science Ltd.
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INTRODUCTION in children have been the subject of only a few studies [13-

CISPLATIN IS still an important drug in the management of a
number of malignancies in children, in particular neuroblas-
toma [1], germ cell tumours [2] and osteosarcomas [3].
Although highly active, cisplatin has a number of toxicities,
most notably emesis, ototoxicity, nephrotoxicity and neuro-
toxicity [4]. As with any drug, the activity and toxicity of
cisplatin depend upon both pharmacokinetic and pharmaco-
dynamic factors [5], and in adults a number of pharmacoki-
netic-pharmacodynamic correlations have been found from
studies of free and total platinum (Pt) species in blood plasma
after various cisplatin treatment regimens. Thus, it has been
suggested that free or total Pt plasma concentrations, either
AUC or peak plasma level, are determinants of renal toxicity
[6~10], myelosuppression [8,11], emesis [12] and response
[11]. In contrast to adults, the pharmacokinetics of cisplatin
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15]. Furthermore, the limited number of patients investigated
severely restricts the confidence that can be placed in the
generality of the results obtained. The objective of the current
study was to describe cisplatin pharmacokinetics in children
receiving the drug at doses ranging from 50 to 120 mg/m?
given as a 24h infusion in combination with other chemo-
therapeutic agents.

PATIENTS AND METHODS

Patient selection and treatment

Twenty-one children and adolescents receiving cisplatin at
the Children’s Cancer Unit of the Royal Victoria Infirmary
(Newcastle, U.K.) were entered into this study. The study
protocol was approved by the Newcastle Health Authority
and University of Newcastle upon Tyne Joint Ethics Com-
mittee. All patients and/or their parents gave informed con-
sent prior to entering the study. The age, sex, body weight,
surface area, diagnosis, glomerular filtration rate (GFR),
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serum albumin, course studied, details of prior cisplatin
treatment, concomitant chemotherapy and cisplatin dose for
each patient are given in Table 1. Cisplatin was administered
as a 24h infusion through one lumen of a central venous
catheter at doses of 50~120 mg/m? with hydration at 3000 ml/
m?/day for 2 days.

Blood samples (3ml) were obtained from a central line
immediately before the beginning and at 0.5, 1.0, 2.0, 4.0,
6.0, 18.0h into the infusion, at the end of infusion and 0.5,
1.0, 1.5, 2.0, 24 and 48 h thereafter. Blood was collected into
tubes pre-cooled on ice and centrifuged immediately at 1000g
for 10 min at 4°C. Plasma was then removed and 1 ml placed
in an Amicon Centrifree micropartition unit (MW 30000
cut-off, Amicon Ltd, Stonehouse, U.K.) and centrifuged at
2000g for 10 min at 4°C. Plasma ultrafiltrate and plasma were
stored at —20°C until analysed (< 1 month) for free and total
platinum content.

In 12 children, urine was collected for 6-h periods during
and for the 24h following treatment and stored at —20°C
until analysed for platinum content.

The GFR was estimated prior to the administration of cis-
platin from the plasma clearance of >!Cr-EDTA estimated
from the one compartment analysis of plasma 3!Cr-EDTA
concentration versus time data [16].

Platinum analyses

Plasma ultrafiltrate, whole plasma and urine were analysed
for Pt by flameless atomic absorbtion spectroscopy by use of a
graphite tube atomiser (PU9100, ATT Unicam, Cambridge,
U.K.) according to a previously published procedure [17]. A
standard curve covering the range of 0.05-0.2 ug/ml cisplatin
was analysed with each assay. The accuracy of this curve was
determined by use of an independent quality control sample
at a cisplatin concentration of 0.1 pg/ml which was stored at
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—20°C and intra- and interassay coefficients of variation were
<10%. All concentrations are expressed as pg cisplatin
equivalent/ml.

Pharmacokineric analysis

Free Pt pharmacokinetic parameters: non-compartmental
and compartmental pharmacokinetic analyses were per-
formed, and the non-compartmental analysis, based on sta-
tistical moment theory [18], provided the following kinetic
parameters:

The AUC by the trapezoidal rule, with extrapolation to
infinity,

(C,,fl + Cn)(l‘n — tn—l) Cf
AUC = Z[ 5 R
where C is the concentration at time z for plasma samples at n
time points. Cy is the plasma concentration at the last time
point at which Pt was determined and K, is the terminal
plasma rate constant determined by fitting a one-compart-
ment model using ADAPT program as described below,

area under moment curve (AUMC),

AUMC:Z(KC"—‘ th71)+(c; X 1,)] X <zn—tn_l>) . ;Z’)z

total plasma clearance (CL),

dose

CIAtotal = "A“['J‘E

and renal clearance of free platinum,

Urine Pt(o,24 h)
Plasma-free PtAUC g_24 5

CLrenal =

Table 1. Characteristics of children studied

Course studied/

Age BW Surface GFR Serum prior cisplatin Concurrent Dose
Patient (years) Sex (kg) area (m®) Diagnosis (ml/min/1.73m?) albumin (g/1) dose (mg/m?) treatment (mg/m?)
1 9.3 M 19.3 0.82 (0} 152 39 2/100 CP/DOX 100
2 9.1 M 38.8 1.26 oS 83 43 1/0 CP/DOX 100
3 7.5 M 22.3 0.94 NB 175 33 2/0 CP/O 80
4 19.3 F 68.8 1.75 (O} 99 35 2/100 CP/DOX 100
5 4.6 F 19.1 0.78 0S 165 39 3/200 CP/DOX 100
6 0.5 M 8.4 0.41 A 160 40 8/53 CP/O 50
7 17.5 M 75.5 1.92 MFH 81 38 4/300 CP/DOX 100
8 3.8 M 13.7 0.6 NB 138 34 2/0 CP/O 80
9 5.3 M 16.9 0.75 NB 145 37 2/0 CP/O 80
10 5.4 E 18 0.78 MOC 140 — 2/100 CP/DOX/ICY 100
11 14.0 M 46.3 1.49 SCC 118 42 1/0 CP/5-FU 100
12 1.7 M 11.5 0.52 NB 139 45 1/0 CP/O 80
13 13.5 F 42.7 1.63 NE 101 43 2/120 CP/DOX 120
14 18.5 M 62.7 1.8 oS 120 48 1/0 CP/DOX 100
15 18.3 M 43.2 1.4 NB 127 34 2/0 CP/O 80
16 17.9 F 45.4 1.45 oS 92 36 1/0 CP/DOX 100
17 8.6 F 21.6 0.87 (O 141 46 1/0 CP/DOX 100
18 11.3 F 46.9 1.5 oS 124 42 1/0 CP/DOX 100
19 15.0 F 71.3 1.85 oS 94 44 1/0 CP/DOX 100
20 2.4 M 12.7 0.57 NB 97 31 3/80 CP/O 100
21 1.8 M 13.5 0.54 NB 112 — 3/80 CP/O 80

F, female; M, male; NB, neuroblastoma; OS, osteosarcoma; A, high-grade astrocytoma; MFH, malignant fibrous histiocytoma of bone; MOC,
mucoepidermoid carcinoma of parotid gland; SCC, squamous cell carcinoma; NE, neuroendocrine tumour; CP, cisplatin; O, vincristine; CY,
cyclophosphamide; 5-FU, 5-fluorouracil; DOX, doxorubicin; BW, body weight; GFR, glomerular filtration rate.
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Pharmacokinetic parameters were also determined by fitting a
one-compartment open model with exponential decay using
the ADAPT programme (Release IIT) kindly supplied by Drs
D’Argenio and Schumitzky (Biomedical Simulations
Resource, University of Southern California, Los Angeles,
California, U.S.A.). A one-compartment pharmacokinetic
model with constant-rate intravenous infusion was fitted to
each data set using the maximum likelihood (ML) estimator
and data were weighted using the inverse variance of the
output error. The following parameters were estimated: total
plasma clearance (CL,yq), volume of distribution (VD)
elimination rate constant (K.), half-life (z;2) and Cps
(Cpss = Ko/(VD x K), where K, is the drug infusion rate).

RESULTS
Free Pt and total Pt concentrations were measured in the
plasma of 21 patients following the administration of cisplatin
at doses of 50-120 mg/m? as a 24h infusion. Figure 1 illus-
trates total and free Pt concentrations in the plasma of a child
during and after a 24h infusion of 100mg/m? cisplatin.
Plasma free Pt concentrations during the infusion reached a
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Figure 1. Plasma-free and total Pt concentrations (cisplatin

equivalents) in a child treated with 100mg/m? as a 24h i.v.

infusion. (a) Concentrations plotted on a logarithmic scale. (b)

Concentrations plotted on a linear scale to illustrate the sec-
ondary rise in total Pt concentrations.
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plateau with steady-state concentrations of 0.31 £0.09 (0.20-
0.57) pg/ml (mean* SD (range)), and declined mono-expo-
nentially to below the limit of detection (0.05 pg/ml) within
2-3h of completion of the infusion. The pharmacokinetic
parameters of the 21 patients determined by non-compart-
mental and compartmental analyses are listed in Table 2, the
two methods giving very similar results.

Peak plasma total Pt concentrations of 4-6 ug/ml were
observed at the end of the infusion. The initial disappearance
of total platinum was followed by a secondary peak 1-3h
after the infusion ended in 17/21 cases (Figure 1(b)). Overall,
the time course of the total Pt concentrations was more
complex than the free Pt levels and was not described by a
simple exponential model.

The relationship between a given surface area-based dose
of cisplatin and the free cisplatin AUC was investigated
(Figure 2). The normalised clearance varied over a 2.7-fold
(ml/min/m?3) or 3-fold (ml/min/kg) range (Table 2), implying
that much of the variability in cisplatin clearance is the result
of factors other than, or unrelated to, body size as measured
either by surface area or body weight.

Satisfactory 0—48h urine collections were possible in 12
children and the mean urinary Pt elimination during this
period was 27 £ 7% of the total dose administered, indicating
that cisplatin is subject to only limited direct urinary excre-
tion and that there are other pathways of clearance besides
renal elimination. The total free Pt plasma clearance (Cl,ya1)
was not related to GFR, and the free Pt total plasma clear-
ance was 1.5-5.8 times greater than GFR (mean ratio * SD;
3.4%1.0, n=21). Similarly, for the 12 children in whom
urine collections were possible, there was no relationship
between free Pt renal clearance and GFR, the ratio of cispla-
tin renal clearance to GFR being 0.91 £ 0.44. Finally, there
was no dependency of free Pt plasma clearance on serum
albumin levels, the course of therapy on which cisplatin
pharmacokinetics were studied or the cumulative cisplatin
dose previously given to the child.

DISCUSSION
The aims of the present study were to define the pharma-
cokinetics of cisplatin in children and investigate the interpa-
tient variability of cisplatin disposition following a 24h
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Figure 2. Relationship between administered cisplatin dose

and plasma-free Pt AUC. AUC values were determined by a

model independent analysis and individual data are given in
Table 2.
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infusion. A notable feature of the pharmacokinetics of cispla-
tin in children is the variability in AUC achieved when the
drug is administered on the basis of surface area (Table 2,
Figure 2). The 2.7-fold variation in dose-normalised AUC
seen in the present study is consistent with thar observed by
Bues-Charbit and associates in a smaller group of children
[13]. To what extent this variability influences either the
activity or toxicity of cisplatin in children is currently
unknown; however, it prompts concern about the use of sur-
face area-based dosing for cisplatin therapy in children. A
recent analysis has shown that cisplatin dose rate, but not
total dose, is a significant determinant of nephrotoxicity in
children {19]. In adults, peak free and/or total cisplatin
plasma concentrations, which will be determined by dose
rate, are known to relate to renal side-effects [6—10]. Hence it
is likely that cisplatin clearance will be an independent deter-
minant of the efficacy of the drug in children.

Renal and hepatic function are two parameters that can
influence interpatient pharmacokinetic variation; however,
there was no relationship between GFR and the total plasma
or renal clearances of free Pt in the children studied here. The
total plasma-free Pt clearance exceeded GFR, whereas the
mean ratio of renal clearance to GFR was not significantly
different from unity. Studies in adults have shown that the
renal clearance of cisplatin may involve both active renal
secretion [10,20,21] and saturable tubular re-absorption
[12,22], as well as glomerular filtration. The results obtained
here are consistent with one or more of these mechanisms
operating in individual children. Overall, the urinary excre-
tion of Pt following a 24h infusion of cisplatin was 27% of
the administered dose, a value which is again consistent with
adult data [10,23]. Given that renal excretion accounts for
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less than half of the cisplatin dose administered, the variabil-
ity in plasma clearance observed must relate primarily to
variation in the non-renal clearance of the drug. The non-
renal clearance of cisplatin is thought to be largely due to
tissue binding, as opposed to metabolism or biliary excretion;
however, it is difficult to measure clearance due to tissue
binding directly and, in the present study, there was no
relationship between serum albumin and free Pt plasma
clearance.

In the majority of children, total Pt concentrations follow-
ing cisplatin exhibited a secondary peak during the elimina-
tion phase about 1-2h after the end of the infusion
(Figure 1(b)). This phenomenon has been observed in adult
patients by Vermorken and associates [24] and in children by
Dominici and associates [14]. The basis of the phenomenon
may be ascribed to tissue absorption and release, or alterna-
tively to enterohepatic recirculation [25]. The clinical impor-
tance of plasma protein-bound Pt is not fully understood.
Early studies demonstrated convincingly that cisplatin is
considerably less cytotoxic following reaction with serum
protein and on the basis of these data the reaction of cisplatin
with serum proteins is usually considered to be solely a
detoxification pathway [26-28]. However, data from two
recent cases of accidental cisplatin overdose suggest that
bound Pt may retain toxic properties. In the first case, both
emesis and loss of vision appeared to be temporally related to
the levels of Pt in the plasma at time points where no intact
cisplatin and little free Pt were likely to have been present
[29], although only total Pt levels were actually measured. In
the second case, plasma from a patient collected 22 days after
cisplatin administration was found to be >10-fold more
cytotoxic in an in vitro assay than plasma from the same

Table 2. Pharmacokinetics of free Pt following cisplatin in children

Non-compartmental analyses

Compartmental analyses

AUC
(mg/ml mm)/ CI—‘total CI—‘total CI‘renal CI‘to[al VDss 151 /2 Cpss Ke

Patient (100 mg/m?) (ml/min/m?) (ml/min/kg) (ml/min/m?) (mVmin/m?)  (Vm? (min) (pg/ml) (min~!)
1 0.40 252 11 97 248 13.8 39 0.29 0.018
2 0.41 279 9 85 269 17.9 46 0.27 0.015
3 0.51 228 10 57 226 15.8 48 0.26 0.014
4 0.51 226 6 57 223 12.9 40 0.33 0.017
5 0.31 296 12 96 288 13.6 33 0.25 0.021
6 0.40 301 15 ND ND ND ND ND ND
7 0.51 219 6 24 213 14.8 48 0.36 0.014
8 0.51 205 9 ND 224 17.0 53 0.25 0.013
9 0.63 175 8 35 174 8.6 34 0.33 0.020
10 0.81 123 5 26 152 11.0 51 0.43 0.014
11 0.30 278 9 ND 271 13.6 35 0.24 0.020
12 0.38 273 12 ND 270 12.3 32 0.20 0.022
13 0.67 137 5 28 157 10.0 44 0.47 0.016
14 0.40 249 7 73 245 13.5 38 0.28 0.018
15 0.38 271 9 ND 263 11.4 30 0.22 0.023
16 0.41 225 7 ND 197 10.0 35 0.57 0.012
17 0.50 217 9 ND 221 11.4 36 0.35 0.019
18 0.30 303 10 105 303 12.4 28 0.24 0.024
19 0.60 175 5 57 205 13.3 45 0.34 0.015
20 0.51 168 8 ND 166 9.2 39 0.42 0.018
21 0.38 302 12 ND 301 7.7 18 0.21 0.039
Mean 0.47 233 9 62 231 12.5 39 0.31 0.019
SD 0.13 55 3 29 46 2.7 9 0.09 0.006
Max 0.81 303 15 105 303 17.9 53 0.57 0.039
Min 0.30 123 5 24 152 7.7 18 0.20 0.012
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patient collected prior to therapy [30]. In this latter study,
although ultrafiltration demonstrated the presence of free Pt
species at this time (ca. 10% of total Pt), it is unlikely that this
represented intact cisplatin. Thus, the exact contribution of
protein-bound Pt species to these clinical and ¢ wvitro toxici-
ties has not been fully defined. Specifically, it is not clear
whether bound Pt is toxic in its own right or if it acts as a
reservoir for the formation of toxic ultrafiltrable Pt species
other than cisplatin.

In resolving the importance of the secondary rise in total Pt
concentrations, a comprehensive in vivo pharmacokinetic
model would be valuable and Evans and associates have
developed a first-order multicompartment operational model
to simulate the disposition of cisplatin in children [31].
Simulations obtained with the model were accurate for parent
cisplatin but were less so for total Pt serum concentrations. A
modified pharmacokinetic model with a ‘deep’ peripheral
compartment [32] in addition to the ‘shallow’ peripheral
compartment {31] was proposed to explain the slow elimina-
tion of total Pt which becomes apparent when Pt concentra-
tions are measured for longer periods. However, these models
do not explain the complex elimination phase observed in the
current study. The release of drug from a tissue compartment
is the most likely explanation for the secondary total Pt peak
as cisplatin does not, in an animal model [33], undergo sig-
nificant biliary excretion and hence could not undergo enter-
ohepatic recirculation.

The data for cisplatin given as a 24h infusion show that
steady-state concentrations ranging from 0.2 to 0.57 pg/ml
were achieved shortly after the beginning of infusion, reflect-
ing the rapid plasma clearance of the drug and that concen-
trations of free Pt did not exceed 0.6 ug/ml at any time.
Cisplatin cytotoxicity ¢z wvitro is dependent on free drug
exposure, i.e. the concentration time product (Cx 1),
regardless of whether concentration or time are altered [34].
The mean plasma free-drug AUC value observed in the
patients studied here was 0.47 mg/ml.min/100 mg/m?.
Recently, Livingstone and associates [35] investigated the
activity of cisplatin in seven human neuroblastoma cell lines.
The cisplatin C x T required to produce 90% cell kill ranged
from 0.13mg/ml.min (7.5 uMx60min) to 0.23 mg/ml.min
(13 uMx60 min). These latter results show that currently
used chemotherapeutic protocols achieve cisplatin AUC
levels capable of causing significant levels of cytotoxicity in
neuroblastoma cells iz vizro.

In conclusion, the study described here shows that cispla-
tin pharmacokinetics in children are both quantitatively and
qualitatively similar to those observed in adults. However,
there was significant interpatient variability in free cisplatin
exposure in children for a given surface area-based dose such
that adaptive dosing may be necessary for the optimal use of
this agent. The reasons for this variability are not known,
although it is clear that cisplatin is subject to only limited
urinary excretion in children and that other important and
variable clearance pathways must operate.

1. Pearson ADJ, Craft AW, Pinkerton CR, Meller ST, Reid MM.
High-dose rapid schedule chemotherapy for disseminated neuro-
blastoma. Eur ¥ Cancer 1992, 28A, 1654-1659.

2. Pinkerton CR, Pritchard J, Spitz L. High complete response rate
in children with advanced germ cell tumours using cisplatin-
containing combination chemotherapy. ¥ Clin Oncol 1986, 4,
194-199.

1827

3. Bramwell VHC, Burgers M, Sneath R, ez al. A comparison of
two short intensive adjuvant chemotherapy regimens in operable
osteosarcoma of the limbs in children and young adults: the first
study of the European Osteosarcoma Intergroup. § Chn Oncol
1992, 10, 1579-1591.

4. Von Hoff DD, Schilsky R, Reichert CM, ez al. Toxic side effects
of cis-dichlorodiammineplatinum(II) in man. Cancer Trear Rep
1979, 63, 1527-1531.

5. Newell DR. Pharmacokinetic determinants of the activity and
toxicity of antitumour agents. Cancer Surveys 1989, 8, 557-603.

6. Campbell AB, Kalman SM, Jacobs C. Plasma platinum levels:
relationship to cisplatin dose and nephrotoxicity. Cancer Treat
Rep 1983, 67, 169-172.

7. Reece PA, Stafford I, Russell J, Khan M, Gill PG. Creatinine
clearance as a predictor of ultrafilterable platinum disposition in
cancer patients treated with cisplatin: relationship between peak
ultrafilterable platinum plasma levels and nephrotoxicity. ¥ Clin
Oncol 1987, 5, 304-309.

8. Forastiere AA, Belliveau JF, Goren MP, et al Pharmaco-
kinetics and toxicity evaluation of five-day continuous infusion
versus intermittent bolus cis-diamminedichloroplatinum (II} in
head and neck cancer patients. Cancer Res 1988, 48, 3869-
3874.

9. Johnsson A, Hoglund P, Grubb A, Cavallin-Stahl E. Cisplatin
pharmacokinetics and pharmacodynamics in patients with squa-
mous-cell carcinoma of the head/neck or esophagus. Cancer
Chemother Pharmacol 1996, 39, 25-33.

10. Nagai N, Kinoshita M, Ogata H, er al. Relationship between
pharmacokinetics of unchanged cisplatin and nephrotoxicity
after intravenous infusions of cisplatin in cancer patients. Cancer
Chemother Pharmacol 1996, 39, 131-137.

11. Schellens JHM, Ma ], Planting ASTh, ez al. Relationship
between exposure to cisplatin, DNA-adduct formation in leuco-
cytes and tumour response in patients with solid tumours. Br ¥
Cancer 1996, 73, 1569-1575.

12. Reece PA, Stafford I, Abbott RL, et al. Two-versus 24-hour
infusion of cisplatin: pharmacokinetic considerations. ¥ Clin
Oncol 1989, 7, 270-275.

13. Bues-Charbit M, Gentet J-C, Brenard J-L, er a/. Continuous
infusion of high-dose cisplatin in children: pharmacokinetics of
free and total platinum. Eur ¥ Cancer Clin Oncol 1987, 23, 1649
1652.

14. Dominici C, Petrucci F, Caroli S, et al. A pharmacokinetic study
of high-dose continuous infusion cisplatin in children with solid
tumours. ¥ Clin Oncol 1989, 7, 100-107.

15. Crom WR, Evans WE, Pratt CB, er al. Cisplatin disposition in
children and adolescents with cancer. Cancer Chemother Phar-
macol 1981, 6, 95--99,

16. Chantler C, Barratt TM. Estimation of the glomerular filtration
rate from the plasma clearance of 51-chromium edetic acid. Arch
Dis Child 1972, 47, 613-617.

17. Ghazal-Aswad S, Calvert AH, Newell DR. A single sample assay
for the estimation of the area under the free carboplatin plasma
concentration versus time curve. Cancer Chemother Pharmacol
1996, 37, 429-434.

18. Gilbadi M, Perrier D. Pharmacokinetics, 2nd edn, New York,
Marcel Dekker, 1982, 409-417.

19. Skinner R, Pearson AD]J, English M, ez al. Cisplatin nephrotox-
icity in children. ¥ Paediarr, in press.

20. Jacobs C, Colemen CN, Rich L, Hirst K, Weiner MW.
Inhibition of cis-diamminedichloroplatinum secretion by the
human kidney with probenecid. Cancer Res 1984, 44, 3632-
3635.

21. Reece PA, Stafford I, Davy M, Freeman S. Disposition of
unchanged cisplatin in patients with ovarian cancer. Clin Pharm
Ther 1987, 42, 320-325.

22. Reece PA, Stafford I, Davy M, Morris R, Freeman S. Influence
of infusion time on unchanged cisplatin disposition in patients
with ovarian cancer. Cancer Chemother Pharmacol 1989, 24, 256—
261.

23. Deconti RC, Toftness BR, Lange RC, Creasey WA. Clinical and
pharmacological studies with cis-Diamminedichloroplatinum
(II). Cancer Res 1973, 33, 1310-1315.

24. Vermorken JB, van der Vijgh WJF, Klein I, ez al. Pharmacoki-
netics of free and total platinum species after short-term infusion
of cisplatin. Cancer Treat Rep 1984, 68, 505-513.



1828

25.

26.

27.

28.

29.

30.

31.

Casper ES, Kelsen DP, Alcock NW, Young CW. Platinum con-
centrations in bile and plasma following rapid and six hour infu-
sions of cis-dichlorodiammineplatinum (I). Cancer Treat Rep
1979, 63, 2023-2025.

Gormley PE, Bull JM, Leroy AF, Cysyk R. Kinetics of cis-
dichlorodiammineplatinum. Chn Pharmacol Ther 1979, 25, 351-
357.

Holdener EE, Park CH, Belt RJ, Stephens RL, Hoogstraten B.
Effect of mannitol and plasma on the cytotoxicity of cisplatin.
Eur ¥ Cancer Clin Oncol 1983, 19, 515-518.

Takahashi K, Seki T, Nishikawa K, e al. Antitumor activity and
toxicity of serum protein-bound platinum formed from cisplatin.
Jon ¥ Cancer Res (GANN) 1985, 76, 68-74.

Chu G, Mantin R, Shen YM, Baskett G, Sussman H. Massive
cisplatin overdose by accidental substitution for carboplatin.
Cancer 1993, 72, 3707-3714.

Lagrange JL, Cassuto-Viguier E, Barbe V, et al. Cytotoxic effects
of long-term circulating ultrafiltrable platinum species and lim-
ited efficacy of haemodialysis in clearing them. Eur ¥ Cancer
1994, 30A, 2057-2060.

Evans WE, Crom WR, Tsiatis A, ez al. Pharmacokinetic model-
ling of cisplatin disposition in children and adolescents with
cancer. Cancer Chemother Pharmacol 1982, 10, 22-26.

32.

33.

34.

35.

B. Peng et al.

Griffiths H, Shelley MD, Fish RG. A modified pharmacokinetic
model for platinum disposition in ovarian cancer patients
receiving cisplatin. Eur ¥ Clin Pharmacol 1987, 33, 67-72.

Siddik ZH, Newell DR, Boxall FE, Harrap KR. The compara-
tive pharmacokinetics of carboplatin and cisplatin in mice and
rats. Biochem Pharmacol 1987, 36, 1925-1932.

Bergerat JP, Barlogie B, Drewinko B. Effects of cis-dichloro-
diammineplatinum (II) on human colon carcinoma cells iz vitro.
Cancer Res 1979, 39, 1334-1338.

Livingstone A, Mairs RJ, Russell J, ez al. N-myc gene copy
number in neuroblastoma cell lines and resistance to experi-
mental treatment. Eur ¥ Cancer 1994, 30A, 382-389.

Acknowledgements—The authors would like to thank the children,
and the parents of the children, who took part in this study. In addi-
tion, the authors are grateful to the nursing and medical staff of the
Children’s Cancer Unit, Newcastle, who took care of the patients in
this study. The authors would like to thank the North of England
Cancer Research Campaign and the North of England Children’s
Cancer Research Fund for their generous financial support. Standard
cisplatin was kindly supplied by the Johnson-Matthey Research
Centre (Sonning Common, Reading, U.K.).



