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Abstract Purpose: Carboplatin doses can be individu-
alized using the formula of Calvert et al. (Calvert for-
mula) dose (mg) = area under the plasma concentra-
tion versus time curve (AUC) - [glomerular filtration
rate (GFR) + 25]. Creatinine clearance (Ccr), either
measured by the 24-h method or calculated by the for-
mula of Cockcroft and Gault [Cockcroft-Gault (CG)
formula], is often substituted for the GFR. The CG
formula is based on patient weight, age and sex, and the
serum creatinine (Cr) concentration. Another method
for predicting carboplatin clearance (CL) using patient
characteristics has also been proposed by Chatelut et al.
(Chatelut formula). This study was undertaken to eval-
uate the performance of the three formulae in predicting
standard- and low-dose carboplatin pharmacokinetics.
Methods: A total of 52 patients with advanced lung
cancer were enrolled in this pharmacokinetic study; 37
received standard-dose carboplatin and 25 received low-
dose carboplatin. The Cr concentration was measured
using an enzymatic assay. The three formulae were used
to predict carboplatin CL. The median absolute percent
error (MAPE) for each formula was evaluated by com-
paring the calculated and observed CL. For comparison
of AUCs, free platinum plasma concentrations were
measured at intervals up to 24 h after carboplatin ad-
ministration. AUCs were determined and compared
with predicted values. Results: In the standard-dose
carboplatin group, the MAPEs for the prediction of
carboplatin CL from the 24-h Calvert, CG-Calvert and
Chatelut formulae were 13%, 12% and 23%, respec-
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tively. In the low-dose carboplatin group, the corre-
sponding MAPEs were 27%, 18% and 44%, respec-
tively. Observed standard-dose carboplatin AUCs after
aiming for target AUCs of 5 and 6 mg - min/ml using
the Calvert formula based upon the 24-h Ccr were
5.3 £ 0.8 and 5.9 £ 0.8, respectively, indicating a small
and acceptable bias compared with that predicted from
the dosing formula. Conclusions: The pharmacokinetics
of standard-dose carboplatin were accurately predicted
by the Calvert formula based upon either 24-h or CG-
calculated Ccr, but not by the Chatelut formula. Either
CGe-calculated or 24-h Ccr can be substituted for the
GFR in the Calvert formula for the determination of
individual doses. The poor predictability of the Chatelut
formula found in this study might be the result of a
differences in either the Cr assay or the patient popula-
tion. Therefore, formulae which attempt to estimate
GFR are not necessarily valid if either the Cr assay or
the patient population is changed.
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Introduction

Carboplatin is an analog of cisplatin, which produces
less nonhematological toxicity than cisplatin [2]. How-
ever, its dose-limiting toxicity is myelosuppression,
particularly thrombocytopenia [7, 8]. The area under the
plasma carboplatin concentration versus time curve
(AUC) correlates well with the degree of myelosup-
pression and with the response rate [9, 19]. Carboplatin
is a unique antineoplastic agent, for which the desired
AUC can be controlled on the basis of individual renal
function. The dosing of carboplatin can be individual-
ized using the formula of Calvert et al. (Calvert formu-
la): dose (mg) = AUC - [glomerular filtration rate
(GFR) + 25][3]. Creatinine (Cr) clearance (Ccr), either
measured by the 24-h method or calculated by the for-
mula of Cockroft and Gault [Cockcroft-Gault (CG)
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formula] [6], is often substituted for the GFR in clinical
practice and in clinical trials [1, 10, 12, 23] because the
measurement of GFR ([°'Cr]-EDTA method) is an ex-
pensive, inconvenient and invasive procedure. Chatelut
et al. have recently proposed a formula to estimate
carboplatin clearance (CL) using the serum Cr concen-
tration and patient characteristics including sex, weight
and age (Chatelut formula) [5].

An accurate method for carboplatin dose determi-
nation that does not require the use of a radioactive
isotope or a 24-h urine collection would be very useful in
clinical practice. Therefore, this study was undertaken to
evaluate the performance of the three formulae (the
Calvert formula based upon 24-h Ccr, the Calvert for-
mula based upon CG-calculated Ccr, and the Chatelut
formula) in predicting standard- and low-dose carbo-
platin pharmacokinetics. Predictive AUC values derived
from the Calvert formula based upon 24-h Ccr were also
compared with observed AUC values.

Patients and methods

Patient selection and treatment plans

A group of 52 patients on whom complete pharmacokinetic
studies had been performed during recent phase II studies at our
institution participated in this study. The clinical results are re-
ported elsewhere [11, 17, 24]. In summary, 25 patients with locally
advanced non-small-cell lung cancer received low-dose carbo-
platin (25 mg/m?, i.v.) daily as a radiosensitizer, with twice-daily
thoracic radiotherapy (1.5 Gy each time, 6 h apart) to a total of
60 Gy in 40 fractions over 4 weeks. A further 20 patients with
small-cell lung cancer received standard-dose carboplatin with a
target AUC of 5 mg- - min/ml iv. on day 1, plus etoposide
100 mg/m? i.v. on days 1 to 3. Finally, 7 patients with metastatic
non-small-cell or recurrent small-cell lung cancer received stan-
dard-dose carboplatin with a target AUC of 5 or 6 mg - min/ml
i.v. on day 1, plus irinotecan (CPT-11) 60 mg/m? i.v. on days 1, 8
and 15. The durations of carboplatin infusion in the standard-
and low-dose protocols were 60 and 15 min, respectively. The
common eligibility criteria included an ECOG performance status
of <2, normal bone marrow function (WBC 24000/mm?, platelet
210 x 10*/mm?), a serum bilirubin level of <2.0 mg/dl and a
transaminase level not more than twice normal. All patients gave
written informed consent.

Pharmacokinetic analysis

Pharmacokinetic analysis was performed on chemotherapy day 1.
Blood samples were collected into heparinized tubes at 0, 0.5, 1, 2,
4, 6, 8, 12 and 24 h after administration of standard-dose carbo-
platin over 60 min or 0, 0.5, 1, 2, 4 and 24 h after administration of
low-dose carboplatin over 15 min. The times of blood sample
collections were from the end of the infusion. Plasma ultrafiltrates
were prepared immediately. The free platinum plasma concentra-
tion was measured using flameless atomic absorption spectropho-
tometry, as described previously [14]. The lower limit of sensitivity
of the assay for free platinum was 10 ng/ml. The postinfusional
plasma concentration versus time data were fitted to monoexpo-
nential equations [16, 18] to calculate the last elimination rate
constant by the least squares method (linear regression) using log-
transformed concentrations and time. The AUC for free platinum
was obtained using standard equations [15, 16]. We used the
trapezoidal method and extrapolation of the last elimination phase
for the calculation of AUC.

Definition of carboplatin clearance

The Calvert formula is: dose (mg) = AUC - (GFR + 25). Car-
boplatin  CL is calculated by the equation: dose/
AUC = GFR + 25. In our study, either the 24-h Ccr or the CG-
calculated Cer was substituted for the GFR, and the Cr concen-
tration was measured using an enzymatic assay (AUTO L“MI-
ZUHO” CRE kit, Mizuho Medy Co., Japan). In the Calvert
formula based upon 24-h Ccr, the predicted carboplatin CL was
calculated using the formula with GFR replaced by 24-h Ccr. The
Cer was also calculated from the CG formula [6]:
Cer = {[140 — age(years)] - weight (kg)}( x 0.85 if female)/
72 - [serum Cr (mg/dl)]. The predicted carboplatin CL was also
calculated using the Calvert formula with GFR replaced by CG-
calculated Ccr. The predicted carboplatin CL was also calculated
using the Chatelut formula: 0.134 - weight (kg) + 2.46 - [weight
(kg)/serum Cr (mg/dl)] - [1 — 0.00457 - age (years)] - ( x 0.686 if
female). Although a micromolar concentration of Cr was used in
the original Chatelut formula, the value is expressed in milligrams
per decilitre in our study, and the formula was modified appro-
priately.

Calculation of the predictive performance of the three formulae

The performance of each formula in predicting carboplatin CL was
assessed by calculating the percent error as follows: [(calculated
CL - observed CL)/observed CL] - 100. The absolute percent error
was calculated as follows: (|calculated CL — observed CL|/ob-
served CL) - 100, where the observed CL was the CL obtained
from the pharmacokinetic analysis and the calculated CL was the
value obtained from the formula using either morphological patient
characteristics or the value Cer + 25 [5]. In addition, a paired ¢-test
was used to analyze the differences between the predicted and ob-
served carboplatin CL.

Results

Of the 52 patients in this pharmacokinetic study, 25
received low-dose and 27 standard-dose carboplatin.
The median age was 71 (range 46-87) years and the
median body weight was 53 (range 33-95) kg. There
were 7 females and 45 males. Of the 7 females, 4 received
standard-dose carboplatin (3 with etoposide and 1 with
CPT-11) and 3 received low-dose carboplatin daily as a
radiosensitizer. The median serum Cr concentration was
0.81 (range 0.43-1.91) mg/dl and the median 24-h Cer
was 78 (range 20—-145) ml/min.

Figures 1 and 2 show the relationship between the
observed carboplatin CL and the CL values predicted on
the basis of the three formulae for low- and standard-
dose carboplatin. The median percent error (MPE) and
the median absolute percent error (MAPE) are shown in
Tables 1 and 2. The low-dose carboplatin CL calculated
according to all three formulae correlated poorly with
the observed CL. The best predictor for low-dose car-
boplatin CL was the Calvert formula based upon CG-
calculated Ccr. In contrast, standard-dose carboplatin
CL calculated according to the three formulae correlated
more closely with the observed CL. The standard-dose
carboplatin CL was accurately predicted by Calvert
formula based upon both 24-h and CG-calculated Ccr,
and the precision of these two formulae was almost
identical. However, both standard- and low-dose
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median percent error). Values | (17 to 155) (63 to 217) (50 to 142) (54 to 190)
are the median (range) of the P-value® 0.007 0.244 0.001
r_esults obtained from 25 pa- MAPE® 27 18 44
tients (0 to 263) (0 to 187) (4 to 265)

MPE® 27 1 44

(=29 t0 99) (=32 to 187) (—25 to 265)

4Paired t-test, predicted vs measured carboplatin CL
® Absolute percent error = (|calculated CL — observed CL|/observed CL) x 100
“Percent error = [(calculated CL — observed CL)/observed CL] x 100

carboplatin CL were poorly predicted by the Chatelut
formula. Figure 3 shows the observed standard-dose
carboplatin AUCs after aiming for target AUCs of 5
and 6 mg - min/ml, for which doses were calculated
using the Calvert formula based upon 24-h Ccr. The
respective  AUC  values were 5.3 £ 0.8 and
5.9 + 0.8 mg - min/ml, indicating a small and accept-
able bias compared with values predicted from the
dosing formula.

Discussion

Calvert et al. have reported that AUC-based dosing of
carboplatin results in more acceptable toxicity and
greater efficacy against carboplatin-sensitive tumors
than dosing strategies based on BSA (body surface area)
[4]. Although dose adjustment based on isotopic
determination of GFR has been proposed, it has not
been widely applied because of the inconvenience,
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Table 2 Performance of the

three formulae for predicting Measured CL 24-h Calvert CG-Calvert Chatelut
standard-dose carboplatin Predicted CL
clearance (CL clearance, 104 103 96 119
é‘frf(‘) f Eﬁ;nlfg‘i;‘eg}’;r‘l";gcﬁf‘:r‘f (41 to 163) (45 to 170) (54 to 160) (54 to 230)
ror). Values are the median P-value® 0.814 0.024 0.001
(range) of the results obtained MAPE® 13 12 23
from 27 patients (0 to 33) (1 to 66) (0 to 88)

MPE® 6 -8 19

(=22 to 33) (=41 to 66) (=37 to 88)

#Paired t-test, predicted vs measured carboplatin CL
® Absolute percent error = (|calculated CL — observed CL|/observed CL) x 100
Percent error = [(calculated CL — observed CL)/observed CL] x 100
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Fig. 3 Observed standard-dose carboplatin AUCs in relation to
target AUCs of 5 (n = 22) and 6 (n = 5) mg - min/ml, following
dosing using the Calvert formula based upon 24-h Ccr

invasiveness and expense of determining the GFR.
Therefore, either 24-h Ccr or CG-calculated Ccr has
often been substituted for the GFR in clinical practice
and in clinical trials [1, 10, 12, 23]. However, there is
some evidence that carboplatin AUC is biased when 24-
h Ccr or CG-calculated Cer is substituted for the GFR
in the Calvert formula. Several investigators have re-
ported that the use of 24-h Ccr leads to an overestima-
tion of the GFR, resulting in overexposure [1, 21, 23].
Others have reported that the use of 24-h Ccr leads to an
underestimation of the GFR, resulting in an AUC about
10-15% lower than the ideal [10]. Similarly, dosing of
patients according to the CG-calculated Ccr as deter-
mined by the Calvert formula results in underexposure
to carboplatin by about 10% or more [12, 13]. Recently,
Chatelut et al. have found that age, weight, sex, and
plasma Cr are significant independent variables in
determining carboplatin CL using the nonlinear mixed-
effect model (NONMEM), a population pharmaco-
kinetics computer program [5]. They have devised a
formula based upon these parameters for use in carbo-
platin dose determination. Furthermore, they empha-
sized that this method of prediction is as accurate as
methods based on the measurement of GFR.

It is interesting to note that carboplatin CL was very
poorly predicted by the Chatelut formula for both low-

and standard-dose carboplatin in our study. As shown
in Tables 1 and 2, predicted carboplatin CL values de-
termined by the Chatelut formula were higher than
measured carboplatin CL values. Dosing according to
the Chatelut formula will result in overexposure to
carboplatin. In contrast, for standard-dose carboplatin,
predictions of carboplatin CL according to the Calvert
formula based on 24-h or CG-calculated Ccr were al-
most identical, and more accurate than values calculated
by the Chatelut formula. The MAPE and MPE for the
predictions from the Calvert formula based on 24-h or
CG-calculated Ccr were comparable with those origi-
nally obtained by Chatelut et al. [5]. Furthermore, actual
standard-dose carboplatin AUCs observed after using
the Calvert formula based upon 24-h Ccr to calculate the
dose indicated a small and acceptable bias compared
with the values predicted from the dosing formula.

These results are quite different from those of others
which have demonstrated that the best prediction of
carboplatin CL is obtained using the Chatelut formula,
and not those based upon 24-h Ccr or CG-calculated
Cer [1, 10, 12, 13, 23]. Although the reason for our re-
sults being different from those of others remains un-
clear, it could be a consequence of methodological
differences in the measurement of Cr between different
laboratories. The data used to derive the CG formula
were based on the alkaline picrate method, and varia-
tions of this method have been used by most United
States and European investigators. It is well known that
the alkaline picrate method often overestimates the
plasma Cr level owing to interfering chromogens. In our
hospital, the Cr level is measured using an enzymatic
assay, which is a more accurate method for the mea-
surement of Cr. It is possible that this methodological
difference influenced the predictions of carboplatin CL.
Another possibility may be a drug—drug interaction with
the coadministered of etoposide or CPT-11, which might
influence the pharmacokinetics of carboplatin. Indeed,
the pharmacokinetics of low-dose carboplatin adminis-
tered as a single agent were poorly predicted by all three
formulae.

A further possibility may be differences in patient
characteristics between our study and the original study
by Chatelut et al. Japanese people are usually smaller
and lighter than American or European people. The



median body weight of the patients in our study was
53 kg; in the study by Chatelut it was 70 kg. In addition,
the proportion of men included in our study was high
(87%) compared with the study by Chatelut et al. [5].
The Cr level is dependent on both renal elimination and
skeletal muscle production [5]. Muscle mass correlates
positively with weight and negatively with age, and is
larger in men than in women. The subjects in our study
were mostly elderly and the median age was 71 years. It
has been reported that elderly patients have a reduced
capacity for non-renal clearance of carboplatin, result-
ing in overexposure [22]. Furthermore, there was a very
wide range of renal functions (20 to 145 ml/min) in our
study, but a narrower range of renal functions in the
study by Chatelut et al. Thus, patient characteristics
differing from those in other studies may explain the
poor predictive performance of the Chatelut formula in
our study. Therefore, it may be that the Chatelut for-
mula should not be used for a patient population dif-
fering from that used in the original study by Chatelut
et al.

This is the first study of low-dose carboplatin CL in
relation to the Calvert formula. As shown in Fig. 1, the
points were widely scattered, suggesting that the low-
dose carboplatin CLs calculated using all three formulae
correlated poorly with the observed CL. Although the
reason for this poor prediction remains unclear, it may
be that the pharmacokinetics of low-dose carboplatin
CL cannot be fitted to the Calvert formula. One reason
for the poor predictability may be because of tubular
reabsorption [20]. Sorensen et al. have shown that car-
boplatin CL is about 5% lower than GFR because of
tubular reabsorption. With low-dose carboplatin, this
mechanism may be much more significant. Another
reason may be a difference in the rate of infusion be-
tween the two groups. The rate of infusion in the low-
dose group was slower than in the standard-dose group,
and it might be that the rate of tissue binding is related
to the infusion rate, making renal elimination less rele-
vant. A further reason for the poor correlation may be
because of the BSA-based dosing strategy in the low-
dose cohort. The standard-dose carboplatin CL was
more accurately predicted than the low-dose carboplatin
CL, especially by formulae based upon the 24-h Ccr and
CGe-calculated Cecr.

Observed standard-dose carboplatin AUCs, after
aiming for target AUCs of 5 and 6 mg - min/ml using
the Calvert formula based upon 24-h Ccr, were com-
parable with the target AUCs, but a small and accept-
able bias was observed (Fig. 3). One reason for the bias
may be the fact that 24-h Ccr did not always accurately
reflect the true GFR in some patients.

In summary, the pharmacokinetics of standard-dose
carboplatin were most accurately predicted by the
Calvert formula based upon either CG-calculated or
24-h Ccr. Therefore, both CG-calculated and 24-h Ccr
can be substituted for the GFR in the Calvert formula
for determination of individual doses. The poor pre-
dictability of the Chatelut formula in our study suggests
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that formulae which attempt to estimate GFR are not
necessarily valid if the Cr assay or the patient population
is changed.
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