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The pharmacokinetics of platinum was investigated in 10 cancer patients treated with a 1-hr infusion
of 300 mg/m? of carboplatin which was given 2—4 days after the administration of 100 mg/kg (20-mg/kg
bolus and 80-mg/kg intravenous infusion) of methotrexate. Platinum was analyzed in the samples by
flameless atomic absorption spectrophotometry. The concentration vs time data for total platinum in
plasma followed a two-compartment model and the mean (and SE) values for 8, TBC, V_, and RC were
0.0827 (0.22) hr!, 2.355 (0.252) liters/hr - m?, 10.74 (0.62) liters/m?, and 2.405 (0.228) liters/hr - m?,
respectively. There was no significant change in the creatinine clearance or TBC with repeated treat-
ment. The ultrafilterable platinum which was measured in the plasma of two patients constituted 82
and 11.3% of the total platinum at 1 and 24 hr, respectively, and the data conformed to the one-
compartment model. The mean (SE) values for ¢,,, TBC, and V, for free platinum were 1.844 (0.208)
hr, 4.583 (1.059) liters/hr - m?, and 11.88 (1.45) liters/m?, respectively. The above data are in good
agreement with those reported earlier for platinum following the administration of carboplatin as a
single agent. These results suggest that high-dose methotrexate therapy, when administered 2-4 days
before carboplatin, does not affect the pharmacokinetics of platinum in the plasma.

KEY WORDS: carboplatin; pharmacokinetics; platinum, total, ultrafilterable; urinary excretion; can-

cer patients; chemotherapy.

INTRODUCTION

Carboplatin (cis-diammine-1,1-cyclobutane dicarboxy-
late platinum) or paraplatin is a platinum coordination com-
plex currently undergoing clinical trials as an analogue of
cisplatin in the treatment of a number of malignant diseases
including carcinoma of the ovary (1,2) and cancers of the
testes (3), head and neck (4), and lung (5,6). While maintain-
ing antitumor activities similar to those of cisplatin, much
less nephrotoxicity, ototoxicity, and neurotoxicity are ob-
served following conventional doses of 400-600 mg/m? of
carboplatin. Because of an enhanced stability compared to
cisplatin, carboplatin has less irreversible binding to serum
and tissue protein and exhibits more rapid and complete re-
nal excretion of platinum.

The pharmacokinetics of total and free (ultrafilterable)
platinum have been investigated following intravenous (7—
10) and intraperitoneal (11,12) administrations of carboplatin
as a single chemotherapeutic agent. More recently carbo-
platin has been employed in combination with other antican-
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cer agents in the treatment of advanced ovarian cancer (13-
15) or small-cell lung malignancy (6). However, the pharma-
cokinetics of this drug when used in these combined chemo-
therapeutic modalities has not been addressed. Since these
drugs including methotrexate produce pronounced toxicities
to the eliminating organs, particularly the kidneys (16), the
pharmacokinetics of carboplatin may conceivably be al-
tered.

In this report, we examine the pharmacokinetics of total
and free (ultrafilterable) platinum in plasma of cancer pa-
tients treated with carboplatin preceded by high-dose meth-
otrexate. The kinetics of the urinary excretion of this metal
was also investigated.

MATERIALS AND METHODS

Patients. Ten patients were entered into this study.
Three had malignant lymphoma, and seven had nasopharyn-
geal carcinoma. The clinical characteristics of these patients
are summarized in Table I. The diagnosis of the disease was
based on histological and clinical findings. Creatinine clear-
ance of each patient was measured prior to each course and
a value of >48 ml/min was required to initiate the chemo-
therapy. All patients had complete blood count with normal
creatinine, uric acid, BUN, alkaline phosphatase, total bili-
rubin, SGPT, and SGOT serum levels.

Drug Administration. Prior to therapy, 50 mEq of so-
dium bicarbonate was administered orally every 6 hr for a
total of eight doses. This was followed by infusion of 576
mEq of this compound over 4 days (viz., 1 day prior to and
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Table I. Vital Clinical Characteristics of the Patients

Creatinine
Patient Age clearance
No. (years) Sex (ml/min)® Disease
1 40 M 56 Malignant lymphoma
2 48 M 76 Nasopharyngeal carcinoma
3 45 M 80 Malignant lymphoma
4 45 M 71 Nasopharyngeal carcinoma
5 57 M 49 Malignant lymphoma
6 49 M 60 Nasopharyngeal carcinoma
7 15 F 48 Nasopharyngeal carcinoma
8 46 M 88 Nasopharyngeal carcinoma
9 47 M 85 Nasopharyngeal carcinoma
10 42 M 130 Nasopharyngeal carcinoma

“ Measured prior to initiation of the first course of chemotherapy.

3 days during methotrexate therapy) to render the urine pH
to >8.5. The patient was then given 20 mg/kg of methotrex-
ate (Lederle Laboratories, American Cyanamid, Pearl
River, N.Y.) by intravenous bolus route followed immedi-
ately by 80 mg/kg of this drug infused over 6 hr. The rescue
therapy consisted of a dose of 30 mg of folinic acid (Lederle
Laboratories, American Cyanamid, Pearl River, N.Y.) given
intravenously 6 hr after the completion of the infusion and
repeated every 6 hr afterward for a total of 12 doses. On the
third, fourth, or fifth day of chemotherapy (i.e., 48, 72, or 96
hr after the initiation of methotrexate infusion), a dose of
carboplatin (David Bull Laboratories Pty. Ltd., Mulgrave,
Victoria, Australia) equivalent to 300 mg/m> was adminis-
tered by intravenous infusion over a 1-hr interval. Five pa-
tients received three courses of this combined chemother-
apy, two received two courses, and three received one
course. Consecutive courses were separated by a 4-week
interval.

Specimens Collection. Blood (2-3 ml) was sampled via
heparin lock into heparinized vacutainer tubes at 0.5, 1, 3, 6,
12, 18, and 24 hr after the initiation of carboplatin infusion.
The samples were centrifuged at 2800 rpm for 10 min, and
the plasma was removed and frozen at — 18°C until analysis.
Plasma samples from two patients were subjected shortly
after collection to centrifugal ultrafiltration at 1000g for 20
min at 4°C by the use of Amicon CF50A ultrafiltration cones
(Amicon Co., Lexington, Mass). Urine was collected from
patients as 4-hr cumulative fractions. The volume of each
fraction was measured and a sample was stored at —20°C
until analysis.

Analysis of Platinum in Plasma or Urine. Platinum was
analyzed in the samples by flameless atomic absorption
spectrophotometry. The apparatus used was a model 975
equipped with a Model GTA-95 graphite tube atomizer and
an auto sampler (all from Varian Techtron Pty., Ltd., Mil-
grave, Victoria, Australia). A background correction with a
wavelength of 265.9 nm, a lamp current of 10 mA, and a
spectral bandwidth of 0.2 nm were used. After a simple di-
lution with Triton X-100, the sample was directly injected
into the graphite tube. The operating conditions of the fur-
nace and a detailed description of the assay were reported
earlier (17).

Pharmacokinetic Analysis. The concentration of total

platinum in plasma vs time data were analyzed according to
Eq. (1), which describes the concentration of drug (C) as
function of time (¢) during and after the cessation of infusion
(18):

C=MI1-eTNe ™ + Q1 — fFN)e™ P 4}

where o and B are the rate constants for distribution (o) and
postdistribution (B) phases in the two-compartment open
model, respectively, T = ¢ while the infusion is continuing,
and T = 1 hr when the infusion is ceased. M and Q are
preexponential coefficients related to A and B in the equa-
tion which expresses the concentration as function of time
following intravenous rapid administration in the two-
compartment model as follows (18):

—aTM @
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These equations can readily be derived by taking the ratios
of A/M and B/Q and their respective equivalents in terms of
a, B, k;;, V., and dose (rate of infusion X 7) as specified in
Ref. 18 and rearranging.

We used a nonlinear regression analysis with equal
weighting (19) to generate the values of «, B, M, and Q for
each data set (i.e., each course) and calculated A and B
according to Egs. (2) and (3). These estimates were then
substituted in standard equations (18) using a computer sub-
routine to estimate the steady-state distribution volume (V)
and apparent volume of the central compartment (V).

With ultrafilterable (free) platinum, the plasma concen-
tration vs time data did not conform well to Eq. (1) (i.e.,
large sum of square of predicted minus observed residuals);
therefore, the postinfusion data were fitted to the one-
compartment model and the apparent rate constant for elim-
ination (k4) was generated using a nonlinear regression anal-
ysis (19). For both patients, excellent fits were obtained.

We estimated the area under the curve for both total and
ultrafilterable platinum (AUC,_,) by adding the area under
the curve up to 24 hr [AUC,_,,] to the area under the tail
(AUC,,y), which was calculated by dividing the concentra-
tion of the sample collected at 24 hr by B or k4. The total-
body clearance (TBC) for both total and free platinum was
estimated by dividing the dose of AUC, whereas the volume

A=
B =
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of distribution for free platinum was calculated by dividing
TBC by k,.

The renal clearance (RC) of platinum was estimated ac-
cording to the following equation:

Ay

RC =
AUC(24

@

where A, 24 is the cumulative amount of platinum excreted
in urine in 24 hr and AUC, ,,, was defined above.

To examine whether platinum clearance changes with
repeated treatment, the data for TBC, AUC, and creatinine
clearance obtained from each course given to the five pa-
tients who received three courses of carboplatin were sub-
Jjected to a two-sample unpaired ¢ test statistical analysis in
all possible permutations, and the levels of significance of
the difference were computed (19).

RESULTS

The age, sex, creatinine clearance, and diseases of the
patients are listed in Table I. There were nine males and one
female (the youngest), with a mean (and SE) age of 43.4 (3.6)
years.

The mean (SE) values of the plasma concentrations of
total platinum obtained at 0.5, 1, 3, 6, 12, 18, and 24 hr from
the initiation of the 1-hr infusion were 8.236 (0.725), 11.52
(0.84), 4.933 (0.415), 1.888 (0.153), 0.829 (0.14), 0.724
(0.082), and 0.523 (0.059) mg/liter, respectively. The mean
(SE) values for A, a, B, B, AUC, TBC, V,, and V_ for total
platinum are presented in Table II. For patients who re-
ceived multiple courses, the parameters which were gener-
ated from each course were averaged prior to calculating the
mean and SE. It is noteworthy that the differences in TBC
[mean (SE) for course 1, course 2, and course 3 is 2.31 (0.55),
2.27(0.51), and 1.89 (0.28) liters/hr - m?, respectively], AUC
[mean (SE) for course 1, course 2, and course 3 is 91.1 (24.6),
86 (19.2), and 90.4 (17.9) mg - hr/liter - m?, respectively], and
creatinine clearance [mean (SE) for course 1, course 2, and
course 3 is 77.6 (15), 95.9 (9.4), and 76.2 (9.8) ml/min,
respectively] between courses were not significant. This in-
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dicates that platinum clearance did not change significantly
with repeated treatment.

The concentration profiles of free (ultrafilterable) and
total platinum in patients for whom plasma samples were
also analyzed for free platinum are demonstrated in Fig. 1. It
can be seen from this figure that during infusion and 2 hr
thereafter platinum was predominantly (ie., >80% in one
patient and 51-64% in the other) in the free form. Indeed, the
mean (SE) values of the fraction of free platinum (concen-
tration of free platinum/concentration of total platinum) at
0.5, 1, 3, 6, 18, and 24 hr from the initiation of carboplatin
infusion were 83.8 (28.6), 82 (22.2), 65.2 (20.6) 54.5 (36.3),
13.3(0.6), and 11.3 (6.5), respectively. The mean (SE) values
of the pharmacokinetic parameters obtained for free plati-
num in these patients are presented in Table II.

The renal excretion of platinum was also investigated in
six patients, and the data acquired are presented in Fig. 2. As
can be seen in this figure, the cumulative percentage of the
dose excreted in the urine (f,) in 24 hr ranged from 55 to 109
(completion). The mean (SE) value of the renal clearance of
platinum in these patients was 2.405 (0.228) liters/hr - m?
(Table II), with a range of 1.335 to 2.912 liters/hr - m2.

DISCUSSION

In contrast to cisplatin, carboplatin is a stable com-
pound which remains intact even in less favorable media
such as biological fluids. This stability has been attributed to
the bidentate cyclobutane dicarboxylate ligand and is
thought to be the cause for the reduced toxicity observed
following its administration (20). Undoubtedly, this has af-
forded the use of this drug effectively as a single agent at
relatively high doses (300-600 mg/m?). Recently, more ag-
gressive approaches including the use of higher doses (up to
1600 mg/m?) of carboplatin alone or in combined chemother-
apy have been employed (6,13-15).

Carboplatin was used in this study in combination with
high-dose methotrexate (100 mg/kg) in the treatment of ma-
lignant lymphoma or nasopharyngeal carcinoma. A major
concern with this treatment is the possible effect of meth-
otrexate and its 7-OH metabolite on the pharmacokinetics of

Table II. Mean and (SE) of Pharmacokinetic Parameters for Total and Free Platinum Obtained in
Cancer Patients Treated with 300 mg/m? of Carboplatin

Parameter Total platinum* Free platinum”
A, mg/liter 12.87  (0.527) —
B, mg/liter 1.634 (0.35) —
a, hr=! 0.608 (0.068) —
B, hr~! 0.0827 (0.022) —
V.., liters/m? 44.29 (10.25) —
V., liters/m? 10.74  (0.62) 11.88 (1.45)
TBC, liters/hr - m? 2355 (0.252) 4.583 (1.059)
kg, hr™! — 0.381 (0.043)
AUC, mg - hriliter - m® 76.39 (10.53) 36.32 (8.39)
RC, liters/hr - m? 2.405 (0.228)° —
fo % 80.1 8.5)° —

¢ Determined according to Eq. (1) from data obtained for all patients included.
% Determined from fitting the data obtained for patients 4 and 7 to the one-compartment open model.
¢ Mean (and SE) of data obtained from six patients.
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Fig. 1. Concentration vs time plots for total (filled symbols) and free
(open symbols) platinum in two patients treated with 300 mg/m? of
carboplatin by 1-hr intravenous infusion.
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platinum which is totally eliminated via the kidneys since
these compounds are known for their pronounced nephro-
toxicity (16). To our knowledge, the pharmacokinetics of
platinum in patients treated with carboplatin in combination
with other anticancer drugs has not been previously ad-
dressed.

The concentration of total platinum peaked (11.52 mg/
liter) at 1 hr (i.e., cessation of infusion) and declined biex-
ponentially to 0.523 mg/liter after 24 hr from the initiation of
the infusion. These data when normalized for dose per
square meter and the estimates obtained in this study for «,
B, TBC, and V_, for total platinum (i.c., 0.608 hr~!, 0.0827
hr™!, 2.355 liters/hr - m?, and 44.29 liters/m?, respectively)
are in good agreement with those reported or calculated from
the reports of Van Echo et al. (8) (i.e., o« = 0.84-1.56 hr !,
B = 0.036-0.84 hr—', TBC = 0.9-2.34 liters/hr - m?, and V
= 22.6-69.6 liters/m?) or Harland et al. (10) (i.e., « = 0.37-
0.88hr~!, B = 0.029-0.103 hr ). It should be noted that the
age and creatinine clearance of the patients included in our
study are similar to those reported for patients included in
these referenced studies.

The fraction of ultrafilterable (free) platinum was 82%
during infusion and declined to 11.3% after 24 hr from the
initiation of the therapy. These values are similar to those
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Fig. 2. Cumulative renal excretion of platinum (percentage of dose)

in patients treated with 300 mg/m? of carboplatin by 1-hr intravenous
infusion.
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previously reported for free platinum in plasma [i.e., 82%
), >70% (8), 60-85% (9), and 69-100% during 04 hr from
initiation of therapy (10)]. Our postinfusion concentration
data exhibited a monoexponential disappearance pattern,
with #,,, TBC, and V, for free platinum of 1.844 hr, 4.583
liters/hr - m?, and 11.88 liters/m?, respectively. Similar val-
ues were reported by Curt et al. (9) (i.e., t;;, = 2-3.17 hr and
TBC = 3.06-9.84 liters/hr), who also used the one-
compartment model to fit the data, and even when the two-
compartment model was employed (7,8,10), the values for
half-life [i.e., 1.9-2.7 hr (7), 1.7-3.9 hr (8), and 1.3-2 hr (10)]
and total-body clearance [i.e., 2.5-3.6 liters/hr - m? (7), 2.4-6
liters/hr - m? (8), and 7.38 liters/hr (10)] agree well with our
findings.

As demonstrated above, our results for both total and
free platinum are in good agreement with those previously
reported for patients treated with carboplatin as a single
agent. This suggests that high-dose methotrexate as used in
this study apparently does not affect the pharmacokinetics of
carboplatin to a clinically important extent. This is particu-
larly true in view of the fact that the percentage of the dose
excreted in urine (0-24 hr) obtained here (i.e., 80.1%) is
slightly higher than those reported earlier for this parameter
[i.e., 65.7% (7), 65% (10), and 64% (11)]. Since methotrexate
and its 7-OH metabolite are known for their nephrotoxicity,
these urinary parameters should have been significantly re-
duced if the pharmacokinetics of carboplatin were indeed
affected. It should be noted, however, that the only evidence
that can be conclusive in this regard would have to be ob-
tained from a control study whereby carboplatin would also
be administered alone to the same patients or patients with
similar vital characteristics, which, for clinical reasons, was
not feasible.
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