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Abstract Purpose: To predict the optimal dosage for
nedaplatin (cis-diammineglycolatoplatinum), an antic-
ancer drug and a platinum derivative like cisplatin and
carboplatin, a simple formula was developed based on
renal function in Japanese adult cancer patients. Patients
and methods: Unbound platinum concentrations in
plasma after intravenous infusion of nedaplatin were
measured for 187 courses in 145 patients with lung,
esophageal, and cervical and ovarian cancer undergoing
clinical treatment. The data were divided into two sets, a
model development data set of 94 courses and a vali-
dation data set of 93 courses. Regression analysis was
applied to the relationship between the unbound plati-
num clearance (CL) of nedaplatin and the patients’ renal
function. The predictability and usefulness of this for-
mula were assessed by validation using the external data
set of 93 courses obtained from 75 patients. Results: A
simple formula was obtained for predicting the platinum
clearance using the creatinine clearance (CLcr):
CL=0.0836xCLcr+3.45. Indices for the predictive
performance for CL and the area under the plasma
concentration curve (AUC) in the validation data were
almost the same as those for the model development
data. Conclusions: A formula for predicting the CL of
unbound platinum after nedaplatin administration was
developed, and only CLcr was found to be a significant
covariate of the CL. This formula was useful for esti-
mating the CL for the second as well as the first treat-
ment with nedaplatin.
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Introduction

Nedaplatin (cis-diammineglycolatoplatinum) is an an-
ticancer agent which is a platinum derivative like cis-
platin (CDDP) and carboplatin (CBDCA) [17, 33]. In
phase II clinical studies, high activities against head and
neck cancer, non-small-cell lung carcinoma, esophageal
cancer, testicular tumor, and cervical cancer have been
reported [1, 9, 13, 14, 19, 21, 29]. Also, a higher anti-
tumor activity of nedaplatin than of CDDP has been
found in preclinical and in vitro studies [16, 31]. The
plasma concentration profile of unbound platinum after
nedaplatin infusion has been reported to be similar to
that of total platinum, and the protein binding of ne-
daplatin to be lower than that of CDDP [23]. Nedaplatin
has a short elimination half-life and a pharmacokinetic
profile similar to that of CBDCA [24]. Nephrotoxicity
often limits the clinical use of antitumor agents such as
CDDP, but nedaplatin causes less nephrotoxicity than
CDDP [15, 22, 27, 28], although its hematological
toxicity can be a limiting factor at high dosages, as
found with CBDCA [22].

In anticancer chemotherapy, it is usual to use the
maximum tolerated dose with respect to side effects [5, 8,
10], and thus serious side effects often occur especially in
patients exposed to high platinum concentrations. To
minimize side effects, the optimum dosage regimen
should be individualized by considering the pharmaco-
kinetic variability of the patients. For CBDCA, studies
on the optimum dosage regimens have been reported [3,
20, 32] and the relationships between the area under
curve (AUCQC) of platinum and efficacy and toxicity after
CBDCA administration have been investigated. Once
we have information about the target AUC of an an-
ticancer drug with the best efficacy and the least toxicity,
we can determine the optimum dosage regimen to
achieve the target AUC based on pharmacokinetic
knowledge of the drug. For example, a formula
for calculating the clearance (CL) of platinum has been
reported for CBDCA [2, 4, 18].



In the case of nedaplatin, the precise pharmacokinetic
properties of unbound platinum have not been ade-
quately investigated in a large number of patients. In
this study, we developed a simple formula that was able
to explain the relationship between the CL of unbound
platinum after nedaplatin administration and the renal
function of patients based on plasma concentration data
from 94 courses in Japanese adult patients. The resulting
formula was validated by comparison with an external
data set of 93 courses in 75 patients.

Methods

Patients and data collection

Plasma unbound platinum concentration measurements were ob-
tained from 187 courses in 145 Japanese adult patients with lung,
esophageal, cervical and ovarian cancer treated with nedaplatin in
the 14 institutions shown in Table 1. The patients were divided into
two sets, the model development data set of 94 courses and the
validation data set of 93 courses. Demographic data including
gender, age, body weight (BWT), serum creatinine level (Scr), and
creatinine clearance (CLcr) were also recorded for each patient.
Data for plasma concentration of unbound platinum from 94
courses in 94 patients after the first administration of nedaplatin
were used for regression analysis (data set D). The dose and infu-
sion period varied among the patlents and the ranges of dose and
infusion period were 20-107 mg/m? and 60—180 min, respectively.
The numbers of data points for plasma unbound platinum con-
centration were three to seven per patient. The data were taken at
the end of infusion and during a postinfusion phase at appropriate
intervals. Although both total (bound and unbound) and unbound
platinum concentrations were measured, we used only the data for
unbound platinum in the present study because it has been reported
to have a cytotoxic effect [11, 30]. To validate the formula obtained,
new external data sets were used. They were as follows: (1) data
after the second or later dosing from the same patients as those for
model development (28 courses in 24 patients, data set V1); (2) data
after the first dosing from a second group of patients (42 courses in
42 patients, data set V2); (3) data after the second dosing from a
third group of patients (23 courses in 16 patients including 7 pa-
tients from data set V2, data set V3).

Assay methods
The concentrations of total and unbound platinum in plasma were

measured by an atomic absorption spectrometry assay method at
Shionogi Biomedical Laboratories (Osaka, Japan) [12]. The

Table 1. Institutions where clinical data were obtained
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detection limit for this method was 0.2 pg/ml. The patients’ de-
mographic and clinical laboratory test data were obtained from
each hospital.

Data analysis

Unbound platinum clearance (CL) was calculated according to
Eq. 1 using the AUC of unbound platinum which was calculated
by the trapezoidal method from zero time to the last sampling time.
The pharmacokinetic analysis package WinNonlin Version 2.1
(Pharsight, Mountain View, Calif.) was used to calculate AUC.

CL = Dose/AUC (1)

The dependence of CL of unbound platinum on the patient
characteristics was estimated by multiple linear regression analysis.
The candidates tested for covariates of CL were Scr, CLcr, Age,
BWT, infusion period (Tinf) and infusion rate (Rate). As well as
the observed CLcr, the CLcr calculated according to the Cockeroft-
Gault formula [6] (Eq. 2) was also tested. All variables were in-
cluded in the regression model and the most significant variable
was selected. The covariates were selected by a stepwise regression
method based on the F-value at 5% of the significance level.

(140 — Age) - BWT
72 - Scr

In Eq. 2, Gender is a categorical value which is 0 for males and 1
for females.

To evaluate the goodness of fit by regression analysis, two in-
dices, the mean prediction error (ME) as a measure of bias (Eq. 3)
and root mean squared error (RMSE) as a measure of precision
(Eq. 4) were used [26] to compare the predicted and observed va-
lues of CL and AUC. The relative values for these indices were also
examined using Eqs. 5 and 6, respectively.

CLer = - (.8 5Gender (2)

ME = %Z (Pred — Obs) 3)
RMSE = \/%Z (Pred — Obs)* (4)

E(%) NZ (Pre(}i)redObs) « 100 5)
RMSE(%) = \/%Z (%)2 x 100 (6)

In Eqgs. 3-6, Pred is the predicted value of CL or AUC, Obs is the
observed value of CL or AUC, and N is the number of patients.
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Validation

Validation of the estimated formula was performed by evaluating
the predictive performance of CL and AUC for unbound platinum.
The predicted CL and AUC values based on the estimated formula
were compared with the observed values in the three validation
data sets (V1, V2 and V3). The predictive performance of CL and
AUC was evaluated with Eqs. 3-6.

Results

Table 2 summarizes the data and characteristics of the
94 patients (data set D) used to develop the formula to
estimate unbound platinum CL, and those of the 75
patients used to validate the formula (data sets VI, V2

and V3). Concomitant therapy was applied in about
60% of the courses, and the numbers of courses for each
combination regimen are listed. Figure 1 shows the de-
pendence of the unbound platinum CL on Age, BWT
and Scr in data set D. The CL showed a significant
positive  correlation  with  BWT  (CL=0.096x
BWT+5.051, r=0.279, P-value for slope 0.006). CL
showed a significant negative correlation with Age and
Scr (CL=-0.163xAge +19.744, r=-0.433, P-value for
slope  <0.001; CL=-7.442xScr+15.699, r=-0.365,
P-value for slope <0.001). The relationships between
CL and observed CLcr or CLer calculated by the
Cockcroft-Gault formula are shown in Fig. 2. CL
showed a significant correlation with both the observed
and the -calculated CLcr (CL=0.066xCLcr+4.825,

Table 2. Characteristics of pa-

tients. Values are means £ SD Data sets
yv1th ranges shown in the ad- D V1, V2, V3
jacent column
Total number of 94 (94) 75 (93)
patients (courses)
Male 35 (35) 29 (29)
Female 59 (59) 46 (64)
Number of plasma samples
Total 409 391
Per course 44+0.9 3-7 42+1.2 2-7
Infusion time (min) 70.9+24.8 60-180 112.5+47.1 60-210
Dose (mg)
Per patient 113.4+30.8 33-180 102.3+44.3 13-170
Per m 74.6+17.8 20-107 67.9+£27.6 9-110
Concomitant therapy
(no. of courses)
Cyclophosphamide S 10
Ifosfamide - 5
Ifosfamide + bleomycin 10 10
Ifosfamide + peplomycin - 1
Ifosfamide + vindesine - 2
Vindesine 41 5
Gemcitabine - 2
Etoposide 4 3
Vinorelbine - 18
None, cisplatin 1 week later 12 13
None 22 24
Age (years) 57.9+£10.2 32-77 57.9+11.1 29-81
Body weight (kg) 54.8+11.2 34-84 53.5+8.7 36-76
Scr (mg/dl) 0.73+0.19 0.4-1.2 0.74+0.21 0.4-1.36
CLcr (ml/min)
Observed 82.14+25.64 43.0-165.6 79.56+24.13  19.1-132.9
Calculated 81.96+26.15 42.6-154.9 78.96+27.12 19.7-178.8
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Fig. 2. Relationship between CL of unbound platinum and
observed and calculated CLcr in data set D (model development
data)
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Fig. 3. Relationship between observed CLcr and calculated CLcr
in data set D (model development data). The line is the line of unity

Table 3. Multiple coefficient of determination (R*) and P-value for
significance

Covariate R P-value
Age 0.188 <0.001
BWT 0.078 0.006
Tine 0.001 0.726
Rate 0.008 0.380
Scr 0.133 <0.001
1/Scr 0.112 0.001
CLcr observed 0.195 <0.001
ClLcr calculated 0.325 <0.001

r=0.441, P-value for slope <0.001; CL=0.084xcalcu-
lated CLcr +3.450, r=0.570, P-value for slope <0.001).
The relationship between the observed and the calcu-
lated CLcr is shown in Fig. 3. The observed and the
calculated CLcr showed a significant correlation (ob-
served CLcr=0.566xcalculated CLcr + 36.100, »=0.575,
P-value for slope <0.001).

All variables were first included in the regression
model and the significance of each variable was ex-
amined. Table 3 shows the summary of the regression
analysis. Most of the variables except Tinf and Rate
were found to be significantly related to CL. Considering
that the correlation between CL and calculated CLcr
was the best (r=0.570), we decided to use the calculated
CLecr as a covariate. Because the calculated CLcr and
the observed CLcr displayed a significant correlation as
shown in Fig. 3, the observed CLcr was excluded from
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Fig. 5. Relationship between observed AUC and calculated AUC
in data set D (model development data). The line is the line of unity

the candidates in subsequent analyses. Moreover, Age,
BWT and Scr are included in the Cockcroft-Gault for-
mula, and therefore these variables were also excluded.
A stepwise regression method gave the final formula to
estimate CL as Eq. 7. Only the calculated CLcr was
found to be a significant covariate for the CL of
unbound platinum. The multiple coefficient of determi-

nation (R?) adjusted for degrees of freedom was 0.317.

(7)

Figure 4 shows the relationship between the CL
predicted by Eq. 7 and the observed CL. Figure 5 shows
the relationship between the AUC calculated using the
predicted CL and the observed AUC. Table 4 shows the
values of the indices for the goodness of fit (ME and
RMSE). There seemed to be a tendency to under-
estimate the CL at higher values over about 15 1/h, and
also to underestimate the AUC over about 20 pg-h/ml.
However, overall, a practically acceptable prediction
was achieved for both CL and AUC.

Validation was performed using the external data set
from the patients listed in Table 2. Figure 6 shows the
relationship between the CL predicted by Eq. 7 and the
observed CL in the patients for the validation. Figure 7
shows the relationship between the AUC calculated
using the predicted CL and observed AUC. Table 5

CL = 0.0836 x CLcr + 3.45



234

Table 4. Summary of predictive performance for CL and AUC in
the model development process. The percentage values are relative
indices given by Eqgs. 5 and 6 (ME mean prediction error, RMSE
root mean squared error)

ME RMSE
CL (I/h) 0.002 0.3% 3.134 29.6%
AUC (ugh/ml)  ~1.175  -83% 3470  29.7%
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Fig. 6. Relationship between observed and predicted CL in the

validation data, data set V1 (circles), data set V2 (squares) and data
set V3 (triangles). The line is the line of unity
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Fig. 7. Relationship between observed and predicted AUC in the
validation data, data set V1 (circles), data set V2 (squares) and data
set V3 (triangles). The line is the line of unity

shows the values of the indices for predictive perfor-
mance. Profiles for the correlation of the CL and AUC
in the validation data seem to display the same patterns
as those in the data set used for model development. In
both the validation and the model development data

sets, CL and AUC tended to be underestimated at
higher values. The values of ME and RMSE for CL and
AUC in the validation data were almost the same as
those in the model development data, but the value of
ME for the CL in the validation data was slightly larger.

Discussion

We developed a simple formula for calculating the op-
timal dosage of nedaplatin. A formula relating the un-
bound platinum CL after CBDCA administration with
the renal function of patients has already been reported
[2]. Tt relates CL to the glomerular filtration rate (GFR),
but CLcr or Scr are usually measured rather than GFR
as an index of renal function in the present Japanese
clinical situation. We therefore decided to use CLcr as a
measure of renal function.

Multiple regression analysis showed that the re-
lationship between CL and the calculated CLcr gave the
best correlation. Therefore we omitted the variables
Age, BWT and Scr which were included in the Cock-
croft-Gault formula prior to the covariate selection
procedure. For reference, multiple regression analysis
was performed using Eq. 8 including Age, BWT and Scr:

CL=ax Age+b x BWT + ¢ x Ser +d (8)

where a, b, ¢ and d are coefficients for the linear re-
gression model. The multiple coefficient of determina-
tion (R?) adjusted for degrees of freedom was 0.377 and
the indices for the goodness of fit were: ME=-0.014 (—
0.3%) and RMSE =2.960 (28.8%), which were almost
the same as those for Eq. 7. However, in the case of the
validation data set (N=93), ME and RMSE were 0.629
(-32.0%) and 3.469 (242%), respectively. The predictive
performance was poorer for Eq. 8 than for Eq. 7. From
these results, we decided to use Eq. 7, which is also
simpler to use in clinical practice.

It has been reported that CL decreases following the
second dose of cisplatin [7], but no clear differences were
observed in the predictive performances of Eq. 7 with
any of the validation data sets (V1, V2 and V3), leading
to the conclusion that Eq. 7 is useful not only for the
first treatment with nedaplatin but also for the second
and later courses of treatment. In order to clarify the
change in platinum clearance during nedaplatin treat-
ment, differences in platinum clearance in identical

Table 5. Summary of pre-

dictive performance for CL and Data set ME RMSE
AUC in the validation data. o o
The percentage values are re- CL (/h) x; 7}823 1?421‘;0 géig ggi"é
lative indices given by Egs. 5 o A : G,
and 6 (ME mean prediction er- V3 0.924 6.4% 3.280 31.7%
ror, RMSE root mean squared All (V1, V2, V3) —0.545 —5.4% 3.370 31.5%
errg)r) AUC (pg-h/ml) Vi -0.624 —4.0% 3.714 34.7%
V2 0.723 4.3% 2.597 26.4%
V3 -1.576 -17.0% 3.570 37.4%
All (V1, V2, V3) -0.251 -3.5% 3.217 32.0%




patients were tested by a paired z-test. The differences in
the mean values between the CL on the first cycle and
those on the second or later cycles in the same patients
were tested. The mean values of CL were 11.0 1/h and
11.6 1/h in the first cycle and the second or later cycles,
respectively, and the SDs of the CL values were 3.8 and
5.7, respectively. The P-value obtained from the paired
t-test was 0.507, indicating no significant difference. It
was supposed that nedaplatin was less nephrotoxic than
cisplatin and it was considered that CL did not change
with the second dose of nedaplatin.

For individualizing the dosage regimen for nedapla-
tin, as well as the prediction method of AUC, as shown
here, the relationship between AUC and efficacy or
toxicity should also be examined. It has been reported
that the change in the number of leukocytes is related to
the AUC of unbound platinum [25]. Thus it must be
meaningful to adjust dosage based on the target AUC
related to the toxicity, and our formula would be helpful
for determining the optimum dosage regimen to achieve
the target AUC after infusion.

In conclusion, we developed a new formula for pre-
dicting the CL of unbound platinum after nedaplatin
administration. Only CLcr was found to be a significant
covariate of CL. The CL was not affected by either the
infusion period or the infusion rate. This formula for
estimating CL was found to be useful for the second
treatment with nedaplatin as well as for the first treat-
ment.
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