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ABSTRACT
Nephrotoxicity, the dose-limiting toxicity of m-diamminedichloroplat-

inum(II) (CDDP), is ameliorated when administered in hypertonic saline
with normal saline hydration. To determine whether the diminished
nephrotoxicity is associated with alteration of the pharmacokinetics of
CDDP, we examined the pharmacokinetics of free and total platinum,
platinum renal excretion, and urine electrolytes in patients given CDDP
in hypertonic saline and in patients given CDDP in a conventional manner.
The pharmacokinetics of free and total platinum for equal doses of CDDP
were similar regardless of the vehicle of administration and the method
of hydration. CDDP given in a vehicle of high chloride concentration
with normal saline hydration resulted in a statistically significant increase
in both urine volume and chloruresis compared to the conventional
regimen. The decreased nephrotoxicity associated with administration of
CDDP in hypertonic saline with saline diuresis may be related to in
creased chloruresis, urinary volume, or a combination of both, but did
not appear to be related to an alteration in the pharmacokinetics.

INTRODUCTION
CDDP3 has emerged as a major chemotherapeutic agent in

the treatment of human malignancies, most notably tumors of
the testis, ovary, lung, head and neck, and bladder. Although
multiple adverse effects including gastrointestinal toxicity, pe
ripheral neuropathy, ototoxicity, and myelosuppression are
seen with CDDP, the dose-limiting toxicity is nephrotoxicity.
With aggressive hydration and either mannitol- or furosemide-
induced diuresis, the therapeutic index has been improved
allowing doses of 120 mg/m2 in a single bolus.

Data have recently been published demonstrating signifi
cantly less nephrotoxicity when CDDP was administered in a
vehicle of HS (1-4). This has been supported by clinical studies
demonstrating that myelosuppression, not nephrotoxicity, is
the dose-limiting toxicity when a cumulative CDDP dose of
200 mg/m2 divided over 5 days is administered in HS (1). The
different dose-limiting toxicity when CDDP is administered in
this fashion has been explained by altered pharmacokinetics of
the CDDP (5). In this study we examined the pharmacokinetics
of free Pt, total Pt, and various urinary parameters when CDDP
is administered in HS with normal saline hydration compared
to CDDP given in a conventional fashion. In addition, patients
treated with CDDP in HS were evaluated at both conventional
and high doses to assess possible dose-related changes in either
pharmacokinetics or urinary parameters.

MATERIALS AND METHODS

Eligibility Criteria. Patients eligible for this study had to fulfill the
following criteria: presence of microscopically confirmed cancer re-
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viewed by the Department of Pathology at Memorial Sloan-Kettering
Cancer Center; performance status (Karnofsky scale) of >60%, and a
life expectancy of at least 12 weeks; creatinine clearance of at least 55
ml/min/1.73 m2; no prior history of heart disease, enlarged heart on
chest X-ray, or history of uncontrolled or malignant hypertension;
serum albumin of >3.5 g/dl; clinically normal auditory function; no
prior CDDP therapy; white blood cell count >4,000 cells/mm2 and
platelet count si00,000 cells/mm2; and no myelosuppressive therapy

in the preceding 4 weeks (6 weeks in the case of nitrosoureas).
Pretreatment Evaluation. A complete medical history and physical

examination were required documenting the primary site of disease,
previous treatment, present symptoms, and performance status. Labo
ratory examinations included a complete blood count and platelet
count, serum creatinine and creatinine clearance, blood biochemical
profile consisting of blood urea nitrogen, serum glutamic-oxaloacetic
transaminase, lÃ¡clatedehydrogenase, alkaline phosphatase, total bili-
rubin, total protein, uric acid, inorganic phosphorus, calcium, 5' nu-

cleotidase, magnesium, chest X-ray, electrocardiogram, urine analysis,
and an audiogram. Signed informed consent was required of all patients
on entering study.

Treatment Groups. Patients were studied in 3 treatment groups: (a)
CTL-CDDP, 20 mg/m2, prepared in a standard fashion and adminis
tered daily for 5 days for a cumulative dose of 100 mg/m2 (3 patients);
(b) CDDP in HS at 20 mg/m2 daily for 5 days (3 patients); and (c)
CDDP in HS at 40 mg/m2 daily for 5 days for a cumulative dose of
200 mg/m2 (3 patients).

Drug Preparation, Administration, and Hydration. In both HS groups
CDDP was reconstituted in 250 ml of 3.0% sodium chloride and infused
over 30 min. Furosemide, 20 mg i.V., was given 30 min prior to the
start of the infusion. Hydration with normal saline at 250 ml/h was
started 12 h before CDDP and continued for 6 days. In CTL patients
CDDP was reconstituted in sterile water resulting in a vehicle of 0.9%
sodium chloride. No furosemide was given prior to the infusion. Pa
tients were hydrated with 5% dextrose and 0.45% sodium chloride with
20 meq KC1 per liter at infusion rates to ensure urinary output >2500
ml/24 h for 6 days.

Blood and Urine Sampling. The goal of this evaluation was to detect
major differences among the 3 treatment groups. The plasma sampling
chosen allowed comparison of free Pt according to monoexponential
curves (6) and total Pt in cumulative dosing over an entire 5-day period.
Heparinized blood for free and total Pt was obtained at 0, 30, 60, and
240 min. Serum for electrolytes was obtained immediately prior to and
at the completion of the CDDP infusion. Four 2-h urine samples were
obtained at -150, -30, +90, and +150 min relative to the start of the
CDDP infusion. An additional 16-h sample was obtained to complete
daily 24-h collections. These were repeated daily for the entire 5-day
period. All urine samples were analyzed for Pt, Na+, K+, Cl", and

creatinine.
Pt Analysis. Heparinized blood was placed on ice immediately after

collection and centrifuged at 4Â°Cwithin 15 min. Plasma was immedi

ately removed and transferred to a polyethylene vial. Approximately 1
ml of the plasma was placed in a Centrifree Micropartition system
(Amicon Corp., Danvers, MA) and centrifuged at 4Â°Cfor 15 min.
Specimens of plasma ultrafiltrate were stored at 4Â°Cuntil analyzed.
Urine specimens were measured and an aliquot stored at 4 ( ' until

analyzed. Plasma, ultrafiltrate, and urine were analyzed for Pt by
flameless atomic absorption spectrophotometry using a Perkin-Elmer
model 5000 spectrophotometer. A calibration curve was linear in the
range of 0-1.0 ^g Pt per ml in aqueous solution. Appropriate dilutions,
usually 1/2 for the ultrafiltrate, 1/5-1/50 for the plasma and 1/10-
1/200 for urine, were prepared using deionized distilled water as
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diluent. The precision of the readings was such that the coefficient of
variation at 0.05 /ig/ml was 3.23% and at 0.025 Mg/ml was 6.25%.
Values obtained which were <0.025 jig/m' were not quantitated and
were considered to be 0.

Biostatistical Analysis. Plasma concentrations of free Pt were fit to
a one-compartment model by averaging the observed slopes of plasma-
free Pt concentrations on each day over the 5-day period. The average
slope and daily initial plasma concentration corrected for infusion in
time in each patient were used to compute the fi/2, AUC, and TBC[of
free Pt and renal clearance of free Pt. The AUC for total Pt was
determined using the trapezoidal rule (7). A test of independence (8)
for the half-lives was performed over days 1-5 resulting in a possible
correlation among the 5 days. Therefore, no assumption of independ
ence was made and daily data were analyzed using a nonparametric
Wilcoxon Rank Sum Test. TBCivalues of free Pt were compared among
groups using the Kruskal-Wallis test. The AUC among groups at
various doses were compared using a test introduced by Chacko (9)
based on testing against an ordered alternative. All remaining compar
isons were done using the Wilcoxon Rank Sum Test. Power estimates
are based on exact probabilities under the "shift alternative" and one

sided testing at Â«= 0.05 (10).

RESULTS

Blood Parameters. The characteristics of the patients studied
in each treatment group are shown in Table 1. After completion
of the CDDP infusion, the decay of free Pt was consistent with
first-order kinetics as described previously (5, 6). Daily concen
trations of free and total Pt for Hs and CTL at similar doses of
20 mg/ml2/day were superimposable (Fig. 1). The daily fi/2,

AUC, and TBci of free Pt for all patients in each study group
are shown in Table 2 and are comparable with previously
published data (6, 11-16), at 20 mg/m2, no statistically signif

icant differences between HS and CTL were seen in the fi/2,
AUC, and TBd of free Pt. No consistent increase in the fJ/2or
AUC of free Pt was observed when day 1 was compared to day
5.

No differences in the t,/2 were noted in the HS groups treated
at 20 mg/m2 and 40 mg/m2. In order to compare HS and

conventional hydration on the fi/2 of free Pt, the HS groups
were combined. No difference in the f,/2 was observed between
HS and CTL groups. This comparison could detect a shift of
15 min in the i,/2 (power = 0.78).

As would be expected, a statistically significant increase in
the daily AUC of free Pt was found in patients treated with
CDDP in HS at 40 mg/m2 daily when compared to 20 mg/m2

daily (P < 0.03). There was, however, no difference in the TBC|
of free Pt at different dose levels. No difference in the rate of
rise of daily peak total Pt concentrations or cumulative AUC

Table I Patient characteristics"

PatientCTL
(20mg/m2)123HS

(20mg/m2)456HS

(40mg/m2)789Age586765603654256440SexMFFMFMFMMCrCl/1.73

Prior
Diagnosis m2chemotherapyH&NH&NH&NH&NAdeno

Unk.1*Adeno

StomachH&NH&NH&N101799212611811412410599NoneNoneNoneNoneMito/Dox/Vin5-FU/Dox/MitoNoneNoneNone

* H & N, head and neck cancer; Adeno, adenocarcinoma; Mito, mitomycin C;
Dox, doxorubicin; Vin, vindesine; 5-FU, 5-fluorouracil; Unk.r, unknown pri
mary.

for total Pt between HS and CTL was observed at daily doses
of 20 mg/m2.

The serum chloride ion concentration increased from base
line values 3.2 Â±0.4 meq/liter following treatment in the HS
groups (P < 0.001). No change in serum chloride ion concen
tration was observed in the CTL group. No renal toxicity was
noted in any patient during the study.

Urine Parameters. Urine parameters analyzed included the
urine volume at 4 and 24 h, Pt excretion during each 4-, 6-,
and 24-h period after cisplatin, total chloride excretion during
the initial 4 h, the percentage of Pt excreted at 4 and 24 h, the
renal clearance of free Pt and the fractional free Pt clearance
expressed as free Pt clearance divided by the creatinine clear
ance for the 6-h period after each dose of CDDP (17). All
parameters for each group of patients studied are outlined in
Table 3.

The urine volume for patients treated with CDDP in HS
during the initial 4 and 24 h was significantly greater than in
CTL (P < 0.05). The total chloride ion excretion during the
initial 4 h was greater in HS groups than in CTL (P < 0.05).
No difference in renal clearance of free Pt was noted in HS
patients compared to those in the CTL group. The fractional
free Pt clearance varied from 0.92 to 3.35 and no statistically
significant differences were noted in patients in the HS groups
compared to CTL. The percentage of Pt excreted for all groups
during the initial 4 h varied from 17 to 22%. An additional 6-
9% of Pt was excreted in the following 20 h and no difference
was noted among the 3 treatment groups. Although the average
urine concentration of Pt during the initial 4 h was less in the
HS group compared to CTL for similar doses, this was not
statistically significant.

DISCUSSION

CDDP administered in HS has been associated with amelio
ration of nephrotoxicity, permitting an increase in the total
amount of CDDP administered (1, 2, 4, 5). Possible mecha
nisms for this improvement in therapeutic index include less
rapid aquation of CDDP and therefore less toxicity (3) or a
change in the pharmacokinetics of free Pt resulting in a higher
AUC when CDDP is given in a vehicle of HS (5). Answers to
the following 3 specific questions concerning the pharmacology
of CDDP administered in HS were sought in this study.

(a) Are the pharmacokinetics of CDDP at standard doses
administered in HS altered when compared to a vehicle con
taining a lower chloride concentration? The plasma pharma
cokinetics for free and total Pt were found not to be dependent
on either the vehicle of administration or method of hydration.
The AUC of cytotoxic, free Pt was neither diminished nor
increased by administration of CDDP in HS despite a reduction
in the nephrotoxicity. These findings are in agreement with
Litterst's (3) animal model in which the fi/2 and AUC of free

Pt did not differ despite marked changes in the chloride content
of the vehicle of administration and with a prior study by
Himmelstein ci al. (6) demonstrating similar half-lives for non-
protein-bound cisplatin and other ultrafilterable Pt species.
These findings are at variance with Corden et al. (5), who
reported a prolonged t,/2 of free Pt when CDDP was given in
HS. However, most of their patients had prior CDDP therapy
and some received furosemide or mannitol during the study.
Moreover, parametric tests of significance were performed
based on the assumption of independence of data over days of
treatment. Although they noted a prolonged t,/2 for free Pt in
the HS group, the value was within the range of published <i/2
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Fig. 1. Plasma levels of free Pt in CTL
( ), free Pt in HS ( ), total Pt in CTL
( ), and total Pt in HS ( ) in patients
receiving CDDP, 20 mg/m2 daily for 5 days.
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Table 2 Plasma pharmacokinetics of free platinum

PatientCTL
(20mg/m2)123HS

(20mg/m2)456HS

(40mg/m2)0789Daily

AUC
(pg-min/ml)38.345.143.046.137.426.076.162.765.9Daily

1â€ž2
(min)262746432533253829Daily

TBci
(ml/min/m2)342263321254345515339417359

" Patients treated at 40 mg/m2 for 5 days have a significantly greater daily
AUC than patients treated at 20 mg/m2 for 5 days (P < 0.03).

Table 3 Daily urine parameters'

Urine volume (liters), initial 4hUrine
volume (liters),dailyUrine
Cl~ excretion (totalmeq).initial

4hUrine
Pt (ng/ml), initial 4hPt

excreted in urine initial 4 h(%)Pt
excreted in urine daily(%)Renal

clearance of free Pt(ml/min/1.73
m2)Fractional

free Pt clearanceCTL(20

mg/m2)1.0

Â±0.13.6
Â±0.364Â±53.2

Â±0.317
Â±1.423
Â±1.6183

Â±422.5

Â±0.2HS(20

mg/m2)2.2

Â±0.15.9
Â±0.2387
Â±222.1

Â±0.222
Â±1.530
Â±2.0207
Â±121.8

Â±0.1HS(40

mg/m2)2.7

Â±0.16.6
Â±0.4414

Â±223.1

Â±0.120
Â±0.829
Â±1.1185
Â±162.0

Â±0.2
" All values expressed as a mean + SEM. Statistical analysis was performed

using individual determinations according to the Wilcoxon rank sum test.

values of free Pt when CDDP is given in a conventional manner
(6, 12).

The cumulative AUC of total Pt for the entire 5 days as well
as daily peak total Pt concentrations for CTL were similar to
those in the HS group at the same dose level. The similar total
Pt concentrations suggest that no significant alteration in the
percentage of protein binding occurs as a consequence of dif
ferent chloride concentrations in the vehicle of administration.

(b) Do the pharmacokinetics of CDDP change at higher than

Time (minutes)XDay of Therapy

conventional doses? The t,/2 and TBC,of free Pt when CDDP
is administered in HS were unaltered by increasing the dose
from 20 to 40 mg/m2. This is consistent with other pharmaco-

kinetic studies of free Pt (6, 12, 16, 18). As expected, however,
a significant increase in the total cumulative AUC of free Pt
was observed when CDDP was given at the higher dose. It
would appear that any putative increased efficacy in human
tumors would be related to simply achieving a higher cumulative
AUC when CDDP is administered in this relatively nonnephro-
toxic fashion.

(c) Is the reduced nephrotoxicity seen with CDDP adminis
tered in HS related to either altered urinary excretion or the
chloruresis attained with this regimen? Previous studies have
shown that increased hydration and either furosemide or man-
nitol diuresis reduce the nephrotoxicity from CDDP (19, 20).
The exact mechanism by which this occurs is unknown but
reduction of contact time between drug and renal tubule has
been implicated as one possible contributing factor. In rats
treated with CDDP, furosemide resulted in significantly greater
urinary volume and decreased renal dysfunction without alter
ing urinary Pt excretion (20). In this study, the renal clearance
of CDDP in HS was similar to CTL but with a significantly
greater diuresis in patients in the HS groups. The percentage
of administered Pt found in urine was similar for all groups
studied and is in agreement with other studies in which CDDP
has been given as a bolus or a short infusion (11, 21).

The renal clearance of free Pt exceeded the creatinine clear
ance in all but 1 day in one patient in the CTL group. This
supports the concept that cisplatin and/or its metabolites are
secreted as well as filtered by the kidney (17, 22). The fractional
free Pt clearance, however, was similar in both groups, suggest
ing that the amount of secretion of cisplatin or its metabolites
by the renal tubule is unaltered by the vehicle of administration
or method of hydration. Given these findings, the effect of a
more rapid tubular transit time of filtered and secreted Pt may
contribute to the reduction of the nephrotoxicity. This is not
associated with any change in the percentage of Pt filtered or
excreted by the kidney.
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Administration of CDDP in HS resulted in a statistically
significant chloruresis compared to patients in the CTL group
and may be due to a combination of the vehicle of administra
tion, the method of hydration, and inhibition of chloride reab-
sorption by furosemide. It has been postulated that CDDP-
induced nephrotoxicity may be mitigated by attaining a marked
chloruresis during therapy (23). In a chloride-deficient state the
relatively low chloride ion concentration of the tubular fluid
(24) may promote the aquation of cisplatin to more toxic
species. This hypothesis is supported by data demonstrating
recoverable urinary platinum containing 8.8% of non-CDDP
species in urine in chloride-deprived rats versus 1.5% found in
a state of chloruresis (23). It is further corroborated by data
showing that rats undergoing chloruresis were able to tolerate
twice the dose of CDDP with the same degree of nephrotoxicity
as chloride-deprived rats (23).

Heavy metal-induced nephrotoxicity may be related to inter
action with sulfhydryl groups of proteins necessary for enzyme
function (21). Increased chloruresis could decrease the concen
tration of Pt species which are more reactive with renal tubular
enzymes. Although clear confirmation of these hypotheses is
lacking, it does appear that the increased chloruresis associated
with this regimen may contribute to the decrease in CDDP-
induced nephrotoxicity. However, any protective effect of chlo
ruresis could not be separated from increased urinary volume
in this study.

In view of the above findings, several conclusions can be
made. First, at 20 mg/m2, pharmacokinetics of free and total

Pt are similar in both conventional and HS regimens. Second,
except for an expected increase in the AUC, the pharmacoki
netics of CDDP in HS are similar at 20 and 40 mg/m2. Lastly,
the administration of CDDP in a high-chloride vehicle is asso
ciated with both an increased urine volume and chloruresis,
which contribute to the lack of nephrotoxicity associated with
this regimen.
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