
Abstract
Purpose The aim of this study was to determine the

pharmacokinetics of low-dose nedaplatin combined

with paclitaxel and radiation therapy in patients having

non-small-cell lung carcinoma and establish the opti-

mal dosage regimen for low-dose nedaplatin. We also

evaluated predictive accuracy of reported formulas to

estimate the area under the plasma concentration–time

curve (AUC) of low-dose nedaplatin.

Patients and methods A total of 19 patients were

administered a constant intravenous infusion of

20 mg/m2 body surface area (BSA) nedaplatin for an

hour, and blood samples were collected at 1, 2, 3, 4,

6, 8, and 19 hf after the administration. Plasma con-

centrations of unbound platinum were measured, and

the actual value of platinum AUC (actual AUC) was

calculated based on these data. The predicted value

of platinum AUC (predicted AUC) was determined

by three predictive methods reported in previous

studies, consisting of Bayesian method, limited sam-

pling strategies with plasma concentration at a single

time point, and simple formula method (SFM) with-

out measured plasma concentration. Three error

indices, mean prediction error (ME, measure of bias),

mean absolute error (MAE, measure of accuracy),

and root mean squared prediction error (RMSE,

measure of precision), were obtained from the dif-

ference between the actual and the predicted AUC,

to compare the accuracy between the three predictive

methods.

Results The AUC showed more than threefold in-

ter-patient variation, and there was a favorable cor-

relation between nedaplatin clearance and creatinine

clearance (Ccr) (r = 0.832, P < 0.01). In three error

indices, MAE and RMSE showed significant differ-

ence between the three AUC predictive methods, and

the method of SFM had the most favorable results, in

which %ME, %MAE, and %RMSE were 5.5, 10.7,

and 15.4, respectively.

Conclusions The dosage regimen of low-dose ne-

daplatin should be established based on Ccr rather

than on BSA. Since prediction accuracy of SFM,

which did not require measured plasma concentra-

tion, was most favorable among the three methods

evaluated in this study, SFM could be the most

practical method to predict AUC of low-dose ne-

daplatin in a clinical situation judging from its high

accuracy in predicting AUC without measured plasma

concentration.

Keywords Nedaplatin Æ Low-dose Æ
Pharmacokinetics Æ AUC Æ Predictability Æ
Therapeutic drug monitoring

T. Niioka (&) Æ T. Uno Æ K. Sugawara
Department of Pharmacy, Hirosaki University Hospital,
Hirosaki 036-8563, Japan
e-mail: tniio-hki@umin.ac.jp

N. Yasui-Furukori Æ T. Takahata Æ M. Shimizu Æ
T. Tateishi Æ T. Uno
Department of Clinical Pharmacology, Hirosaki University
School of Medicine, Hirosaki, Japan

N. Yasui-Furukori
Department of Neuropsychiatry, Hirosaki University School
of Medicine, Hirosaki, Japan

T. Takahata
First Department of Internal Medicine, Hirosaki University
School of Medicine, Hirosaki, Japan

Cancer Chemother Pharmacol (2007) 59:575–580

DOI 10.1007/s00280-006-0298-2

123

ORIGINAL ARTICLE

Pharmacokinetics of low-dose nedaplatin and validation
of AUC prediction in patients with non-small-cell lung carcinoma

Takenori Niioka Æ Tsukasa Uno Æ Norio Yasui-Furukori Æ Takenori Takahata Æ
Mikiko Shimizu Æ Kazunobu Sugawara Æ Tomonori Tateishi

Received: 31 March 2006 / Accepted: 19 July 2006 / Published online: 16 August 2006
� Springer-Verlag 2006



Introduction

Nedaplatin (cis-diammineglycolatoplatinum), a plati-

num-containing compound with antineoplastic effect,

was synthesized to reduce nephrotoxicity which is

known to be associated with cisplatin (CDDP), and has

been reported to have higher antitumor activity than

carboplatin (CBDCA) [13, 20]. In phase II clinical

studies, high activities have been demonstrated against

non-small-cell lung carcinoma (NSCLC) [6, 15] and

therapeutic dose of nedaplatin in each course is rec-

ommended to be from 80 to 100 mg/m2 body surface

area (BSA). Since combined therapy of a platinum

agent-based chemotherapy and radiotherapy showed a

decrease in the relative risk of mortality rate in unre-

sectable NSCLC [19], we carried out the clinical trial to

demonstrate the therapeutic effect of low-dose ne-

daplatin (20 mg/m2 BSA), paclitaxel and concurrent

thoracic radiation therapy in NSCLC patients of stage

III, resulting in favorable outcomes [7].

In previous studies, the relationship between the

area under curve (AUC) of platinum and its antitumor

efficacy or toxicity has been demonstrated, and a for-

mula is proposed to calculate the dose of carboplatin [1,

2, 14]. In nedaplatin, the population pharmacokinetics

parameters have been evaluated in the recommended

dose, and formulas to predict its optimal dosage have

been proposed based on these data [11]. In combination

of chemotherapy with multiple anticancer agents and

radiotherapy, the adverse effects of chemotherapy can

be severe, and a dependable formula for determining

optimal dosage is needed to minimize the risk of toxic

effects, even in a smaller dose. However, there has been

no information reported about whether the pharma-

cokinetic parameters of low-dose nedaplatin are similar

to those of the recommended dose and a dependable

formula is still available for predicting optimal dosage

to low-dose of nedaplatin.

In this study, we therefore evaluated the pharmaco-

kinetics of low-dose nedaplatin (20 mg/m2) based on the

plasma concentration data of phase I/II studies by Ha-

segawa et al. in which safe and effective treatment results

were obtained. In addition, accuracy of three existing

predictive methods of area under the plasma concen-

tration–time curve (AUC) for nedaplatin was validated.

Methods

Patients and eligibility criteria

A total of 19 consecutive chemotherapy-naive NSCLC

patients were enrolled in this study. Patients with

histologically or cytologically documented locally ad-

vanced NSCLC were enrolled. Other eligibility criteria

included the following: (1) age younger than 75 years;

(2) Eastern Cooperative Oncology Group (ECOG)

performance status of less than 2; (3) measurable or

assessable tumor; (4) adequate bone marrow function

(granulocytes > 2,000/ml, hemoglobin level > 10 g/dl

and platelet count > 100,000/ml), renal function [cre-

atinine clearance (Ccr) by 24 h urine collec-

tion > 60 ml/min] and pulmonary function (arterial

oxygen partial pressure PaO2 > 65 Torr); (5) adequate

cardiac function as determined by electrocardiogram

and echocardiogram; (6) absence of central nervous

system metastases, polyneuropathy or active infection;

(7) life expectancy of more than 8 weeks; (8) absence

of previous chemotherapy or thoracic RT; and (9) no

serious medical or psychiatric illness that would pre-

clude informed consent. All patients gave written in-

formed consent before enrollment. This protocol was

approved by the Ethical Committee for Research at

Hirosaki University.

Treatment, data collection, and assay methods

Nedaplatin (Shionogi Pharmaceutical Co., Osaka, Ja-

pan) was administered at a fixed dose of 20 mg/m2, and

paclitaxel (Bristol-Myers K.K., Tokyo, Japan) was

administered at a starting dose of 30 mg/m2 with an

incremental increase of 5 mg/m2 until dose-limiting

toxicity occurred in more than one-third of the pa-

tients. The chemotherapy was performed once a week

for 6 weeks, starting on the first day of local radiation

therapy. The radiation therapy was given at a single

daily dose of 2 Gy for 5 days per week. Paclitaxel and

nedaplatin were sequentially administered as 1-h

intravenous infusion each. All patients received pre-

treatment medications to prevent hypersensitivity

reactions; dexamethasone (20 mg, i.v.), diphenhydra-

mine (50 mg, orally), and ranitidine (50 mg, i.v.) were

administered 30 min before chemotherapy.

Plasma samples for pharmacokinetic evaluation of

nedaplatin were collected from 19 patients in their first

course of therapy. Blood samples were obtained

through an indwelling catheter placed in the antecu-

bital vein of each subject before and 1, 2, 3, 4, 6, 8, and

19 h after the administration of nedaplatin. Plasma was

separated immediately after blood collection, and its

unbound fraction was obtained by the ultrafiltration

method. The samples were kept at –20�C until analysis.

Unbound fraction of plasma platinum concentration

was measured by a validated atomic absorption spec-

trometry assay method [8], and the limit of quantifi-

cation for this method was 0.2 lg/ml.
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Data analysis

The pharmacokinetic parameters were calculated by

a two-compartment model in the pharmacokinetic

analysis package, WinNonlin Version 2.1 (Pharsight,

Mountain View, CA, USA). The Ccr was determined

a few days before starting the treatment by two

methods: observed Ccr by 24 h urine collection and

calculated Ccr by Cockcroft–Gault formula [3]. Al-

though the observed and the calculated levels of Ccr

were well correlated (r = 0.800, P £ 0.01), two pa-

tients showed lower value than the eligibility criteria.

The predicted AUC were calculated by the following

three methods: (1) the Bayesian method (BM) with

Ishibashi’s population pharmacokinetic parameters

based on a two-compartment model [11] and C4,

where C4 was the plasma concentration 4 h after

administration, (2) the limited sampling strategies

(LSS) using Ishibashi’s formula (AUC = 0.039 · do-

se + 11.6 · C4 – 0.88) [9] with C4, and (3) the simple

formula method (SFM) using Ishibashi’s formula

(CL = 0.0836 · Ccr + 3.45, AUC = dose/CL) [12].

Correlation between pharmacokinetics parameters of

nedaplatin and the background data of patients (age,

body height, body weight, BSA, and Ccr) was tested

using regression analysis. The predictive performance

of BM, LSS, and SFM was determined by the

method of Sheiner and Beal [18]. Three error indices,

the mean prediction error (ME), the mean absolute

error (MAE), and the root mean squared prediction

error (RMSE), were calculated with the following

expressions to evaluate predictive accuracy (bias) and

precision:

ME ¼ 1

N

XN

i¼1

ðPred�ObsÞ; ð1Þ

MAE ¼ 1

N

XN

i¼1

Pred�Obsj j; ð2Þ

RMSE ¼ 1

N

XN

i¼1

ðPred�ObsÞ2
" #1=2

: ð3Þ

The relative values for these indices were also

examined using the following expressions, respectively:

MEð%Þ ¼ 1

N

XN

i¼1

Pred�Obs

Pred
� 100; ð4Þ

MAEð%Þ ¼ 1

N

XN

i¼1

Pred�Obsj j
Pred

� 100; ð5Þ

RMSEð%Þ ¼ 1

N
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Pred

� �2
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� 100: ð6Þ

In expressions (1)–(6), Pred was the predicted value of

AUC (predicted AUC), Obs was the observed value of

AUC (actual AUC), and N was the number of patients.

One-way ANOVA was used for comparisons among

the predictive performances of BM, LSS, and SFM,

while they were analyzed for statistical differences

using Scheffe’s correction. Statistical analysis was per-

formed using a statistical program, SPSS 12.0J for

Windows (SPSS Japan Inc., Tokyo). A P value of 0.05

or less was regarded to be statistically significant.

Results

Table 1 summarizes the demographic characteristics of

the patients. The stage of disease was IIIA in four

patients and IIIB in 15 patients. Eleven patients had

squamous cell carcinoma, seven adenocarcinoma and

one large cell carcinoma.

Table 2 shows the pharmacokinetics parameters of

nedaplatin. Relatively large inter-patient variation was

observed in each parameter, and more than threefold

variation was found in the AUC. Table 3 shows the

correlation between each pharmacokinetic parameter

of nedaplatin and patients’ background data. Although

nedaplatin CL showed a correlation with most back-

ground data including BSA (r = 0.489, P < 0.05),

which was used to determine the administration dose,

the most significant correlation was between nedapla-

tin CL and the calculated Ccr (r = 0.832, P < 0.01). In

addition, there was a favorable correlation between

nedaplatin AUC and the calculated Ccr (r = –0.757,

P < 0.01). Figure 1 shows the correlation between ob-

served AUC and predicted AUC calculated by BM,

LSS, and SFM, and predictive performance of each

predictive method is summarized in Table 4. Whereas

ME (measure of bias) showed no significant difference,

Table 1 Patient characteristics

Total no. of patients 19
Sex
Male 17
Female 2

Age (years) 62.1 ± 10.5 38–74
Body height (m) 1.64 ± 0.07 1.48–1.81
Body weight (kg) 57.2 ± 10.1 41–75
Body surface area (m2) 1.62 ± 0.16 1.37–1.88
Creatinine clearance (ml/min)
Observed 89.7 ± 30.9 45.0–173.3
Calculated 92.5 ± 36.4 44.9–176.5

Values are means ± SD with ranges
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significant difference was found in MAE (measure of

accuracy) and RMSE (measure of precision) between

the three methods, BM, LSS, and SFM. LSS showed

higher MAE and RMSE than the other two methods,

and SFM showed the most favorable values in all

parameters regarding the difference between predicted

AUC and actual AUC [expressions (4)–(6)].

Discussion

We evaluated the pharmacokinetics of low-dose

nedaplatin (20 mg/m2), and the pharmacokinetic

parameters were almost similar to those of previous

studies in which the recommended dose (80–100 mg/

m2) was administered [11, 12]. Although the dose of

nedaplatin was decided based on BSA in the present

study, the AUC showed more than threefold inter-

patient variation. Large inter-patient variation of

plasma concentration has been criticized when the

dosage regimen of platinum derivatives such as CDDP

and CBDCA was established based on BSA [4, 5, 17].

In nedaplatin, reduction in leukocytes and platelets,

which is its major adverse event, was reported to cor-

relate with the AUC [10, 16], and large inter-patient

variation would lead to severe hematological toxicity in

some patients. Since the calculated Ccr showed more

favorable correlation with nedaplatin CL than BSA

did, the dosage regimen should be established based on

calculated Ccr rather than BSA to determine the

optimal dose, even with low-dose nedaplatin adminis-

tration.

In addition, the CL in low-dose nedaplatin was

within the range reported previously [12], suggesting

that formulas proposed in higher dose [12] would be

applicable even when low-dose nedaplatin was

administered. We also evaluated the predictive per-

formance of each predictive method proposed previ-

ously [9, 11, 12] with the data of our present study.

Predictive accuracy for nedaplatin AUC of LSS was

inferior to that of BM or SFM. In the difference be-

tween predicted AUC and actual AUC, SFM showed

the most favorable values in all parameters of %ME

(5.5), %MAE (10.7), and %RMSE (15.4), though no

significant difference was noted between BM and SFM.

Since the predictive accuracy of BM without measured

plasma concentration was inferior to that with con-

centration [9], SFM is considered to be the most

practical method in a clinical situation judging from its

high accuracy in predicting AUC without measured

plasma concentration. In predicting platinum AUC,

the measure of GFR may affect the results of accuracy.

Since the original formula for determining carboplatin

AUC was validated by 51Cr EDTA clearance [2],

measured or calculated Ccr was considered to result in

biased estimates of its AUC. However, in our present

study, the predictive performance using calculated Ccr

was better than observed Ccr (%ME = 9.5,

%MAE = 23.4, and %RMSE = 29.9) and then the

correlation between CL or AUC of nedaplatin and

calculated Ccr was also better than observed Ccr.

Ishibashi et al. reported the reduction in platelets

correlated with nedaplatin AUC, even when combined

with other anticancer agents, and proposed the following

formula: %decrease in platelets = –3.76 · AUC (lg/

ml h) to predict the risk of thrombocytopenia, irre-

spective of monotherapy or combined therapy [10]. In

our present study, nedaplatin AUC increased to 3.64 lg/

ml h, and the percent decrease in platelets was calcu-

lated to be below 15% with their formula. However,

most patients in the present study showed a decrease in

platelets of over 30%, and adverse effects can be severe

following combination of radiotherapy and chemother-

apy with multiple anticancer agents, even after utilizing

a smaller dose. Since the number of patients in the

present study was not enough to evaluate the relation

between nedaplatin AUC and the occurrence of adverse

events or response rate, further studies will be required

to evaluate the relation in the multidisciplinary man-

agement of cancer patients.

Table 2 Pharmacokinetic parameters of nedaplatin

Means ± SD Ranges

CL (l/h) 13.9 ± 6.1 8.4–30.4
Vc (l) 19.1 ± 8.0 9.2–37.6
K12 (1/h) 1.58 ± 1.74 0.06–4.63
K21 (1/h) 1.53 ± 1.11 0.26–3.84
AUC (lg/ml h) 2.59 ± 0.7 1.14–3.64
t1/2ß (h) 2.1 ± 0.7 1.0–4.5
Cmax (lg/ml) 1.01 ± 0.21 0.60–1.42

n = 19

Table 3 Correlation between pharmacokinetic parameters of
nedaplatin and patient characteristics

CL Vc AUC t1/2ß Cmax

Dose 0.489* 0.429 –0.313 0.151 –0.238
Age –0.560* –0.127 0.591** 0.334 0.224
Body height 0.370 0.261 –0.293 0.061 –0.218
Body weight 0.494* 0.456* –0.292 0.191 –0.237
Body surface area 0.489* 0.429 –0.313 0.151 –0.238
Creatinine clearance
Observed 0.488* –0.050 –0.481* –0.494* –0.152
Calculated 0.832** 0.357 –0.757** –0.208 –0.482*

Values are correlation coefficient

* P < 0.05; ** P < 0.01
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In conclusion, this study indicates that the dosage

regimen of low-dose nedaplatin should be established

based on Ccr rather than BSA. Since prediction accu-

racy of SFM, which did not require measured plasma

concentration, was most favorable among the three

methods evaluated in this study, SFM appear be the

most practical method to predict AUC of low-dose

nedaplatin in the clinical situation judging from its high

accuracy in predicting AUC without measured plasma

concentration. Naturally, further studies are required

to examine prospectively by choosing doses based on

Ccr and measuring nedaplatin AUC’s to confirm the

predictive value of the model. In addition, its predic-

tive value has been evaluated within the range of Ccr in

the current study (>60 ml/min), and the formula may

not work without the range.
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