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Summary. The mechanism for renal handling of carbopla-
tin was studied in 17 ovarian cancer patients treated with a
combination of carboplatin and cyclophosphamide. Carbo-
platin and [51Cr]-ethylenediaminetetraacetic acid (EDTA)
renal clearances were measured simultaneously during
short intervals of from 45 to 120 min. A total of 131
clearance intervals were analyzed during 35 chemotherapy
courses. The carboplatin/[51Cr]-EDTA clearance ratio (R)
served as an indicator of the net tubular reabsorption (R<1)
or secretion (R>1). The R value was calculated for each
sampling interval. No significant difference was found be-
tween interpatient and intertreatment variation. The inter-
treatment variation as tested against the variation in the
short intervals by an F-test was highly significant. We
calculated the average R value for each treatment and
consequently based our results on a total of 35 observa-
tions. The mean R value was 0.77 (s-test for R = 1;
P <0.001). We conclude that the renal elimination of car-
boplatin takes place by glomerular filtration followed by
tubular reabsorption.

Introduction

The increasing clinical use of carboplatin as an alternative
to cisplatin makes studies of carboplatin pharmacokinetics
important for the safe administration of the drug. A high
correlation has been demonstrated between the total
plasma clearance of carboplatin and the glomerular filtra-
tion rate (GFR) as measured by [51Cr]-ethylenedi-
aminetetraacetic acid (EDTA) clearance [3, 9]. Thus far,
all studies have indicated that the plasma clearance of
carboplatin exceeds the GFR, suggesting either nonrenal
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elimination or renal tubular secretion of carboplatin
[3,8,9].

In humans, the renal elimination of carboplatin is gener-
ally believed to take place by glomerular filtration, where-
as the elimination of cisplatin apparently involves a certain
element of tubular secretion. Jacobs et al. [10] studied the
relationship in man between the clearance of creatinine and
that of cisplatin measured as free Pt at 4-h intervals. The
results showed that the renal clearance of free Pt exceeded
the GFR, suggesting that besides undergoing glomular fil-
tration, cisplatin or a metabolite is secreted by the human
kidney. Studies in rats suggest that renal elimination of
cisplatin involves an active secretory mechanism, whereas
carboplatin is eliminated by glomerular filtration alone
[12].

Many studies of carboplatin pharmacokinetics have
been carried out. The results concerning renal handling of
carboplatin have been obtained by comparison of the GFR
as measured by [31Cr]-EDTA clearance or creatinine clear-
ance with measurements of the total renal clearance of
carboplatin over long periods (4-24 h) [2, 6, 8, 9, 11].

The aim of the present study was to evaluate the mech-
anisms underlying the renal handling of carboplatin by
simultaneous measurements of renal carboplatin and
[SICr]-EDTA clearances at short intervals.

Patients and methods

Patients. In all, 17 patients with epithelial ovarian cancer received carbo-
platin and cyclophosphamide in a randomized phase II study. None of the
subjects had received prior cytostatic treatment. Their age ranged from
39 to 67 years (mean, 54.9 years). Informed consent was obtained from
all patients. The pretherapeutic GFR level as determined by [5Cr]-
EDTA plasma clearance [1] was in the range of 49.3—118.4 ml/min.
Patients with GFR values of >60 ml/min were randomized to one of the
following doses of carboplatin: 250, 375, or 500 mg/m?2. One individual
with a GFR value of <60 ml/min was given 250 mg/m2. All patients
received 500 mg/m? cyclophosphamide dissolved in 75 ml isotonic sa-
line as a 15-min i.v. infusion. Immediately thereafter, carboplatin dis-
solved in 300 ml isotonic saline was infused over 60 min. A model 281
IVAC infusion pump (IVAC Corporation, San Diego, Calif.) was used to
ensure a constant infusion rate. Urine samples were obtained from all
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Table 1. Time-table for plasma and urine sampling

Time after [5!Cr]-EDTA Carboplatin Event
[5ICr]-EDTA
injection Plasma Urine Plasma Urine
62y
o X Injection of
[PICr]-EDTA
1.50 Start of the
cyclophosphamide
infusion
1.75 X Start of the
carboplatin infusion
2.75 X 0 X o
3.00 X
3.50 X 0 X o
5.50 X 0 X o
7.50 X 0 X o
9.50 X o X o
11.50 X o
24.75 X o

patients via a urethral catheter. Treatment was repeated at monthly inter-
vals. No adjustment was made in patients, usual medication prior to their
entry into the study. Most subjects received antiemetic treatment with
prednisone and metoclopramide.

[31Cr]-EDTA analysis. Carboplatin and [51Cr]-EDTA clearances were
measured simultaneously on the day of chemotherapy. At 90 min before
the start of cytostatic treatment, an i. v. bolus injection of 8 MBq [1Cr]-
EDTA was given. Plasma and urine samples for ["1Cr}-EDTA analysis
were drawn as shown in Table 1.

The renal clearance (Cr) of [PICr}-EDTA was calculated as:
Cr=V x U/AUCH -1,

where Vrepresents the volume of urine, U indicates the concentration
of [5I1Cr]-EDTA in the urine, and AUC represents the area under the
[51Cr]-EDTA plasma concentration versus time curve during the interval
f1—12.

Assuming that the clearance of [3!Cr]-EDTA is monoexponential at
3 h after injection, the AUC can be calculated as:

7]
AUC=
1

co X exp (-ke)ds,

where co represents the plasma concentration of [5!Cr]-EDTA at the
beginning of the sampling interval ¢ = 0, ¢t is the plasma concentration of
[5!Cr]-EDTA at the end of the sampling interval, and k. is the rate
constant determined as In(co/ci)/t.

Carboplatin analysis. Blood and urine samples for carboplatin analysis
were collected at the time points shown in Table 1. Blood samples were
collected in sodium heparin-coated tubes and were immediately cooled
and centrifuged. Plasma and urine samples were stored at ~70° C until
analysis. Samples were stored for a maximum of 4 months before being
analysed.

Carboplatin concentrations in plasma ultrafiltrate and urine were
determined by high-performance liquid chromatography (HPL.C) using
the method described by Duncan et al. [4]. Within- and between-day
coefficients of variation were 5.3% and 7.7% at 10 pg/ml, respectively.
The detection limit was 0.2 pug/ml (coefficient of variation, <25%). To
ensure the stability of carboplatin in plasma, plasma samples containing
10 pg/ml were stored at —70° C; every time an analysis was performed,

one plasma sample from the pool was thawed, ultrafiltered, and analyzed
along with the patients’ plasma samples. No decrease in carboplatin
concentration was observed in the pool over 6 months.

In vitro stability of carboplatin in urine. Carboplatin was added to urine
samples to obtain a final concentration of 200 ug/ml. The urine was
incubated at 37° C. Samples were taken at 1, 2, 3, 4, 5, and 24 h and
immediately analyzed for carboplatin.

Pharmacokinetic analysis. Postinfusion carboplatin plasma concentra-
tion versus time curves were fitted by the computer program GraphPad
Tnplot (GraphPAD Software, San Diego, Calif.) to a biexponential equa-
tion, assuming a two-compartment model for distribution and elimina-
tion of carboplatin [6]:

c)=A" x e+ B x Pt
where ¢ stands for the concentration at time 7, A" and B’ represent
concentration constants, and ¢ and J represent rate constants.

The AUC value from the beginning of the carboplatin infusion to
infinity was calculated using the following equation [7]:

AT BT
1-exp(-al) 1 —exp(-BT) ’

where T represents the infusion time. The carboplatin plasma clearance
was calculated as:

Cp =D/AUC) .,

AUC) =

where D represents the dose. During the short intervals after the end of
the carboplatin infusion, the AUC value was calculated as:

73
(A" x e®+ B x eP)dr
n

AUCq, 5 =

Renal clearance (Cr) was defined as the cumulative urinary excretion
(CUE) divided by the AUC measured during the same intervals.

Statistical methods. After several measurements of R had been obtained
in one patient, i.e., for repeated treatments and during up to four short
intervals per treatment, it was necessary to test whether all of these
results could be used in the overall evaluation of R. F-tests were perform-
ed to determine whether interpatient variations exceeded intertreatment
variations and whether the intertreatment variation was larger than the
variation between the short intervals. A r-test was used to determine
whether R was significantly different from 1. To test whether there was
an association between the R value and the carboplatin plasma concentra-
tion, we used linear regression analysis.

Results

At 37° C, carboplatin degraded in urine at a mean #1/2 value
of 41.7 h (range, 37.7—47.3 h); during the collection inter-
val (45-120 min), a maximal degradation of 4% was ex-
pected.

Simultaneous measurements of the renal clearance of
carboplatin and [51Cr]-EDTA during the short intervals
(0-0.75, 0.75-2.75, 2.75-4.75, and 4.75-6.75 h) were
performed in 17 patients during a total of 35 chemotherapy
courses. In all, 131 sampling intervals were evaluable for
analysis.

Carboplatin renal clearances ranged from 12 to
224 ml/min (mean, 75 ml/min), and the corresponding
[51Cr]-EDTA renal clearances ranged from 30 to
283 ml/min (mean, 99 ml/min). An important question
arises as to whether a given patient should be used several
times, i.e. during three treatments, in the overall evaluation
of R. The variation in R values observed from one short



Table 2. Analysis of variance

Sum of DF Mean P value
squares square
Between patients 1.71 16 0.107 <0.0001
Between treatments ~ 2.32 18 0.129 <0.0001
Error 2.38 96 0.025
Totals 6.41 130

The test for equal variation between treatments and patients yields
F=1.206 (DF = 18.16), for a one-sided P-value of approximately 0.30

interval to another within the same treatment was signifi-
cantly smaller than that found between different treatments
and different patients. The variation in R values observed
between two patients was not significantly larger than that
found between two treatments for the same patient. This
means that a given patient can be evaluated anew for every
treatment (see analysis of variance, Table 2). Con-
sequently, the calculation of an average R value for each
-course yielded 35 observations for the study of R. The
mean R value was 0.77 (range, 0.45-1.32). The #-test for
mean (R) = 1 (DF = 34) yielded a ¢ value of 5.5
(P <0.001). The distribution of R values is shown in Fig. 1.
No significant correlation could be found between the R
value and the carboplatin plasma concentration (range,
0-35 pg/ml).

Discussion

We found considerable intraindividual variation across the
short intervals in the renal clearance of both [31Cr]-EDTA
and carboplatin; this variation may have been caused by
our difficulties in achieving accuracy in urine sampling.
Such inaccuracy, however, affects [31Cr]-EDTA and car-
boplatin renal clearances in the same way. Thus, the ratio
between carboplatin and [3!Cr]-EDTA renal clearances (R)
adequately describes the mechanism underlying the renal
elimination of carboplatin; a value of R>1 would indicate
tubular secretion of carboplatin, and a value of R<1 would
indicate that tubular secretion has been balanced and
exceeded by tubular backward diffusion.

The results of the present study indicate that the mecha-
nism of renal elimination of carboplatin is mostly effected
by glomerular filtration. Our finding of a mean R value that
was significantly lower than 1 shows that any tubular
secretion was exceeded by tubular reabsorption. In 4 of
35 treatments, the average R value was >1, indicating an
element of tubular secretion. Although we do not consider
this finding to represent an experimental error, we have no
explanation for it, as these subjects did not differ from the
other patients in terms of their medical history, medication,
renal function, or hydration.

The clearance of substances that are subjected to tubular
backward diffusion usually tends to increase with the uri-
nary flow. However, proper analysis of this aspect requires
very accurate urine-collection procedures (e.g., using ne-
phrostomy catheters). As such methods were not available
during the present study, any associations found cannot be
regarded as reliable.
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Fig. 1. Distribution of average R values calculated for 35 treatments

‘We found no correlation between the plasma concentra-
tion of carboplatin and the value of R; therefore the occur-
rence of strongly dose-dependent pharmacokinetics would
have been unlikely at the present dose levels.

In terms of the evaluation of carboplatin renal clearance
values, it should be borne in mind that carboplatin may
have degraded into substances that cannot be detected by
the HPLC method used in the present study. If so, this
would lower the calculated clearance values and produce a
R value that lies below its true level. The in vitro studies
carried out by Harland et al. [9] on the stability of carbopla-
tin in urine at 37° C demonstrated a #1/2 value for carbopla-
tin that ranged between 20 and 460 h. Our stability studies
revealed a mean t1/2 value for carboplatin in urine of41.7 h
at 37° C. Correction for a possible decay of carboplatin at a
t1/2 value of 20 h yielded a mean R value of 0.83; this value
was also significantly less than 1 (P <0.01).

Harland et al. [9] have demonstrated a ratio of 0.7
between the renal clearance of free platinum and the GFR
as measured by pretreatment [51Cr]-EDTA clearance. This
supports the present results, as we found a ratio of 0.77 by
simultaneous measurements of renal and [51Cr]-EDTA
clearances. The aforementioned authors conclude that the
renal clearance of carboplatin does not involve a concen-
trative mechanism. Siddik et al. [12] have performed a
study very similar to ours on the renal handling mechanism
of carboplatin in rats. From their study, it appears that the
ratio between the renal clearance of carboplatin and that of
inulin is very close to 1, indicating that the renal elimina-
tion of carboplatin in rats does not involve net tubular
secretion or reabsorption. On the basis of the present re-
sults, we conclude that carboplatin renal elimination in
humans occurs via glomerular filtration followed by net
tubular reabsorption.

Acknowledgements. The authors are grateful to Prof. E. Steiness for her
helpful suggestions and for reading the manuscript. We also wish to
thank research nurse Ms. K. @stergaard Nielsen for her valuable assis-
tance as well as laboratory workers Ms. K. Busch and Ms. E. Hornemann
for performing the HPLC analyses.



320

References

L.

2.

Brgchner-Mortensen J (1972) A simple method for determination of
glomerular filtration rate. Scand J Clin Invest 30: 271

Calvert AH, Harland SJ, Newell DR, Siddik ZH, Harrap KR (1985)
Phase 1 studies with carboplatin at the Royal Marsden Hospital.
Cancer Treat Rev 12 [Suppl A]: 51

. Calvert AH, Newell DR, Gumbrell LA, O-Reilly S, Burnell M,

Boxall FE, Siddik ZH, Judson IR, Gore ME, Wiltshaw E (1989)
Carboplatin dosage: prospective evaluation of a simple formula
based on renal function. J Clin Oncol 7: 1748

. Duncan GF, Faulkner HC, Farmen RH, Pittman KA (1988) Liquid

chromatographic procedure for the quantitative analysis of carbopla-
tin in beagle dog plasma ultrafiltrate. J Pharm Sci 77: 273

. Reference deleted
. Elferink F, Vijgh WIJF van der, Klein I, Vermorken JB, Gall HE,

Pinedo HM (1987) Pharmacokinetics of carboplatin after i. v. admin-
istration. Cancer Treat Rep 71: 1231

. Freedman LS, Workman P (1988) When can the infusion period be

safely ignored in the estimation of pharmacokinetic parameters of
drugs in humans? Cancer Chemother Pharmacol 22: 95

10.

11.

12.

. Gaver RC, Colombo N, Green MD, George AM, Deeb G, Morris

AD, Canetta RM, Speyer JL, Farmen RH, Muggia FM (1988) The
disposition of carboplatin in ovarian cancer patients. Cancer
Chemother Pharmacol 22: 263

. Harland SJ, Newell DR, Siddik ZH, Chadwick R, Calvert AH, Har-

rap KR (1984) Pharmacokinetics of cis-diammine-1,1-cyclobutane
dicarboxylate platinum(Il) in patients with normal and impaired
renal function. Cancer Res 44: 1693

Jacobs C, Kalman SM, Tretton M, Weiner MW (1980) Renal hand-
ling of cis-diamminedichloroplatinum(ll). Cancer Treat Rep
64: 1223

Reece PA, Bishop JF, Olver IN, Stafford I, Hillcoat BL, Morstyn G
(1987) Pharmacokinetics of unchanged carboplatin (CBDCA) in
patients with small-cell lung carcinoma. Cancer Chemother Pharma-
col 19: 326

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



