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Abstract The pharmacokinetics of total platinum (Pt)
in plasma and cisplatin (CDDP)-DNA adducts in diff-
erent cell types were described in ten patients with
squamous-cell carcinoma of the head/neck or esopha-
gus after their first cycle of chemotherapy containing
a CDDP dose of 100 mg/m2. Nephrotoxicity was
studied in terms of urinary excretion of marker proteins
(protein HC, IgG, and albumin). Pharmacodynamic
relationships between pharmacokinetic parameters
and toxicity were investigated. A population-based
model with limited sampling was found feasible for
producing pharmacokinetic information, in accord-
ance with literature data. The kinetics of two normal
cell types with different turnover (lymphocytes and
buccal cells) appeared to have different kinetic profiles
of CDDP-DNA adducts. Analysis of urinary excretion
of marker proteins (protein HC, albumin, and IgG)
showed that the nephrotoxicity was displayed first as
tubular damage and later as impaired glomerular bar-
rier function. There were indications that tubular neph-
rotoxicity may be predicted by pharmacokinetic para-
meters of plasma Pt. We found older patients to have
a lower Pt clearance and more extensive early tubular
damage. There was no correlation between CDDP-
DNA adducts in normal cells and nephrotoxicity. Lar-
ger studies are warranted to define the phar-
macokinetic window of CDDP. Limited sampling for
analysis of CDDP pharmacokinetics may then be
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a possible avenue for individualizing the dose and, thus,
improving the clinical use of the drug.
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Introduction

Cisplatin [cis-diamminedichloroplatinum(II), CDDP]
is a potent anticancer agent for treatment of a variety of
cancers, e.g., testicular, ovarian, bladder, head/neck
(H/N), and esophageal cancer. CDDP has substantial
toxicity. One of its most frequent and serious side
effects is nephrotoxicity. Dosing of most chemother-
apeutic drugs, including CDDP, is based on the body
surface area of the patient. This is a crude way to
calculate the dose, since individual differences in the
distribution and elimination of the drug are not taken
into account. The relationships between the drug’s
pharmacokinetics and its antitumor effects and side
effects are incompletely known. The pharmacokinetics
of CDDP is usually monitored as platinum (Pt) con-
centrations in plasma occurring as either total Pt or
ultrafiltrable, free Pt. CDDP is thought to act by bind-
ing to DNA and thus forming CDDP-DNA adducts.
Pharmacodynamic correlations have been found be-
tween total plasma Pt and nephrotoxicity [4, 8] and
tumor response [8]. Correlations have also been dem-
onstrated between CDDP-DNA adducts in white
blood cells [11, 26] or buccal cells [3] and tumor
response.

Monitoring of renal toxicity induced by CDDP
treatment is usually performed by analysis of serum
creatinine levels or creatinine clearance. However,
these two parameters assess only the glomerular filtra-
tion rate and cannot demonstrate tubular damage
or impaired glomerular barrier function. A more care-
ful monitoring of kidney toxicity, therefore, requires



measurement of the urinary excretion of specific
marker proteins in addition to determinations of para-
meters for the glomerular filtration rate [14, 15].

The main objective of the present study was to de-
scribe CDDP pharmacokinetics in terms of total
plasma Pt measurements and CDDP-DNA adduct
analysis in different cell types in a group of cancer
patients after their first cycle of CDDP. A further objec-
tive was to characterize the early CDDP-induced kid-
ney damage by analysis of urinary excretion of proteins
and to investigate correlations between the pharmaco-
kinetics and the renal toxicity of the drug.

Patients and methods

Patients and treatment

Ten consecutive patients who had been referred to the Department
of Oncology at the University Hospital of Lund with pathologically
confirmed squamous-cell carcinoma of the H/N or esophagus were
included in the study (Table 1). All patients had locoregional disease
without signs of distant metastates. Nine of the patients had newly
diagnosed cancer and one of the patients with laryngeal cancer had
experienced a recurrence after previous radiotherapy. No patient
had received prior chemotherapy. There were seven men and three
women aged a median of 59 years (range 44—74 years). All had
a performance status of (1 on the WHO scale, normal serum
creatinine values (ranging from 47 to 83 lmol/l), and normal blood
counts.

All patients were assigned to receive three courses of induction
chemotherapy at 3-week intervals, followed by external
radiotherapy (40—66 Gy, depending on the site) and, in three cases,
surgical resection of the primary tumor or regional lymph nodes.
Each course of chemotherapy consisted of 100 mg/m2 of CDDP
given on day 1 and 5-fluorouracil (5-FU) given on days 1—5 (750 or
1000 mg/m2 as a continuous 72-h infusion). The CDDP was dis-
solved in 1000 ml of normal saline and was given as a continuous
infusion over a planned infusion time of approximately 4 h. Forced
diuresis was maintained by pre- and posthydration with infusions of
normal saline and mannitol. All patients were treated in the same
unit at the Department of Oncology, University Hospital, Lund,
Sweden.

Sampling

For the pharmacokinetic analyses, blood samples and buccal cells
were collected before the start of CDDP treatment (!4 h), at the end
of the infusion (0 h), and at 2 and 20 h after the end of the infusion
during the first treatment course. Approximately 10 ml of blood was
drawn into heparinized tubes at every time point. A small portion
(2 ml) was centrifuged immediately for 5 min at 1500 rpm to obtain
plasma, which was frozen at !70 °C for later Pt analysis. The
remainder was subjected to gradient centrifugation on Lymphoprep
(Nycomed AS, Oslo, Norway). The isolated mononuclear cell frac-
tion was frozen in Tissue Teck embedding medium (Histolab Prod-
ucts AB, Gothenburg, Sweden) and was stored at !70 °C until the
preparation of 10-lm-thick cryosections on poly-L-lysine-coated
slides for analysis of CDDP-DNA adducts. Buccal cells were col-
lected from the mucosa of the inner side of the cheek by repeated
wiping with a cytology brush. The cells were transferred into Hanks’
balanced salt solution (Sigma, St. Louis, Mo., USA) and washed
twice in NaCl. Cytospin slides were prepared (5 min at 500 rpm) on
glass sides coated with poly-L-lysine. The slides were stored at

Table 1 Patients’ characteristics and tumor-response estimation
(CR complete response, PR partial response, SD stable disease, PD
progressive disease, NE not evaluable)

Patient Sex Age Tumor site Tumor
number (years) response

1 M 59 Larynx CR
2 M 74 Hypopharynx CR
3 M 72 Esophagus NE
4 F 55 Oropharynx CR
5 M 44 Oral cavity PR
6 M 48 Esophagus SD
7 F 73 Esophagus NE
8 M 59 Oropharynx PR
9 F 62 Larynx! PD

10 M 52 Oral cavity PR

!Recurrent disease

!70 °C for later analysis of CDDP-DNA adducts. In two patients
with ulcerated oral cancers, tumor cells were also sampled with
a cytology brush at the same time points and prepared in the same
manner as the buccal cells.

Urine samples were collected at !4 h, at 20 h, and at 3 weeks
after CDDP treatment and were used for determination of selected
proteins and creatinine. All analyses were performed within 24 h of
collection and without prior freezing of the samples.

Pt analysis

Pt concentrations in plasma were determined by flameless atomic
absorption spectrophotometry (FAAS). Sample preparation and
heating temperatures have previously been described elsewhere
[18]. Measurements were made with a Varian Spectra AA-40Z
spectrophotometer with Zeeman background correction.

CDDP-DNA adduct analysis

An immunohistochemical staining technique was used for visualiz-
ation of CDDP-DNA adducts in lymphocytes, buccal cells, and
tumor cells. Slightly different staining protocols were used for the
cryosectioned lymphocytes [17, 31] and the cytospinned buccal cells
[32]. The NKI-A59 antiserum (a gift from Drs. L. den Engelse and
F.A. Blommaert, the Netherlands Cancer Institute, Amsterdam)
elicited against CDDP-DNA interaction products was used [31].
A brown nuclear staining reaction was developed by use of the
peroxidase-antiperoxidase complex and diaminobenzidine. Methyl
green was used as a nuclear counterstain.

The staining reaction was quantitated with the computerized
image analyzer CAS 200 (Cell Analysis System, Elmhurst, Ill, USA)
using a two-color mask image technique with the quantitative nu-
clear antigen (QNA) software package. On each slide, 50—100 mor-
phologically intact cells were analyzed. Results of the measurements
were given as the percentage of positive nuclear area (PNA). This
procedure has been described and evaluated in a previous report
[17].

Urinary protein analysis

Renal dysfunction can be classified into different categories by the
quantitation of urinary proteins [14—16]. Increased excretion of
albumin and IgG indicate glomerular damage with impaired barrier
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function, whereas increased urinary excretion of free protein HC
(alias alpha

1
-microglobulin) is a sensitive marker for proximal tubu-

lar dysfunction. In the present study, concentrations of albumin,
IgG, and protein HC were determined by automated immunotur-
bidimetric techniques as previously described [30]. Urinary cre-
atinine levels were determined by the Kodak Ektachem 700 XR-C
system, which uses the enzyme creatine amidinohydrolase. Protein
concentrations were expressed as milligrams of protein per millimole
of creatinine to adjust for individual and temporal differences in
diuresis. Reference values were obtained from a healthy population
of 97 adults.

Pharmacokinetic calculations

The elimination of total Pt after an infusion of CDDP has been
shown to occur with two or three exponential terms [34], depending
on the duration of infusion and the statistical model used [12, 21,
34]. In the present study a two-compartment model was chosen.
Due to the sparse concentration data, we used a population ap-
proach based on the ten patients. NONMEM computer software
[1, 2] was utilized for calculation of clearance (CL), of volumes of
distribution in the central (Vd) and peripheral compartments, and of
clearance between the central and peripheral compartments. Mean
parameters of the population were calculated and interindividual
variation was estimated.

Individual parameters were calculated as empirical Bayes esti-
mates on the basis of the individual concentrations and the popula-
tion parameters. These estimates were used to create plots of the
individual profiles (Fig. 1). The parameters used for the phar-
macokinetic and pharmacodynamic correlations were the individual
values for the volume of distribution in the central compartment
(Vd), the terminal half-life (t

1@2
), clearance (CL), and the area under

the concentration-time curve (AUC). The AUC value was calculated
as the ratio of dose and CL.

Statistical methods

Correlations between parametric variables were calculated as Pear-
son’s correlation coefficients.

Results

Plasma platinum kinetics

The actual duration of CDDP infusion ranged between
3.3 and 6 h. The mean (SD) population parameters ob-
tained from NONMEM were CL 0.27 (0.19) l h~1m~2
and Vd 13.1 (4.5) l/m2. The mean volume at steady state
was 23.4 l/m2 and the intercompartmental clearance
was 7.6 l~1 h~1m~3. The results were used for
Bayesian estimation of individual profiles (Fig. 1) and
parameters (Table 2). The mean (SD) observed peak
concentration (C.!9) was 2.9 (0.6) lg/ml and the cal-
culated parameters were Vd 24.1 (9.7) l, CL 0.53 (0.35)
l/h, t1@2 93.6 (66.9) h, and AUC 347 (278) mgh l~1.

CDDP-DNA adduct kinetics

The kinetic profiles, expressed as mean PNA values
(Fig. 2), were different in the two normal cell types.

Fig. 1 Plasma-Pt profiles estimated in ten patients after the first
treatment with a CDDP dose of 100 mg/m2

Formation of CDDP-DNA adducts occurred early in
buccal cells, with the peak level being measured at the
end of the CDDP infusion, whereas the adduct level
in lymphocytes increased gradually during the study
period of 20 h. Tumor cell adducts in the two patients
studied seemed to occur rapidly, with peaks being ob-
served early after the end of the infusion, followed by
a gradual decline (Fig. 3).

In all cell types there were varying degrees of non-
specific nuclear staining in the pretreatment samples
(!4 h), with large interindividual variations. To correct
for this, the PNA value recorded at !4 h was subtrac-
ted from the PNA values obtained at the other time
points (0, 2, and 20 h) in each patient. The following
comparisons were based on corrected PNA values.
There was no significant correlation between C

.!9
or

AUC values and the levels of CDDP-DNA adducts
found in the two cell types at any time point.

Factors potentially affecting the pharmacokinetics

Older patients had a longer t
1@2

, a lower CL, and,
consequently, a larger AUC (Table 3). Pretreatment
serum creatinine and serum albumin levels did not
affect the pharmacokinetic parameters in terms of
either Pt concentrations or CDDP-DNA adduct levels
in lymphocytes or buccal cells (Table 3). The actual
infusion time had no impact on the pharmacokinetics.

Nephrotoxicity

The urinary excretion of protein HC increased rapidly
after cessation of the CDDP infusion (Fig. 4), with eight
of 10 patients having elevated levels ('1 mg/mmol)
after 20 h and six of those having a pronounced
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Table 2 Pharmacokinetic parameters of total plasma Pt and peak levels of CDDP-DNA adducts as determined in ten patients after the first
treatment with a CDDP dose of 100 mg/m2 (C

max
Peak Pt concentration, »d volume of distribution, C¸ Pt clearance, t

1@2
terminal half-life,

AºC area under the concentration-time curve, ¸y lymphocytes, Bu buccal cells, PNA percentage of positive nuclear area — corrected values)

Pt plasma pharmacokinetics CDDP-DNA adducts

Patient Infusion time Ly Bu
number (h) C

.!9
Vd CL t

1@2
AUC peak peak

(lg/ml) (I) (I/h) (h) (mg h l~1) (PNA) (PNA)

1 4.0 3.80 17.7 0.38 80.2 348 21 14
2 5.2 2.25 32.3 0.19 202.0 604 54 23
3 6.0 3.05 19.7 0.43 68.5 264 2 9
4 4.5 3.25 15.1 0.57 41.6 165 7 11
5 4.0 2.70 33.9 1.18 37.7 125 13 40
6 4.5 1.90 44.4 0.71 68.1 176 47 21
7 4.5 3.85 13.8 0.12 218.3 1004 0 28
8 5.8 2.70 20.3 0.23 123.4 443 2 28
9 5.5 2.50 22.1 0.45 64.9 222 0 43

10 3.3 2.95 21.2 1.04 30.8 116 29 39

Mean 2.90 24.1 0.53 93.6 347
(SD) (0.63) (9.7) (0.35) (66.9) (278)

Fig. 2 CDDP-DNA profiles in lymphocytes and buccal cells as
determined in ten patients after the first treatment with a CDDP
dose of 100 mg/m2. Data represent mean values$SE (PNA per-
centage of positive nuclear area)

Fig. 3 CDDP-DNA profiles in tumor cells as determined in two
patients after the first treatment with a CDDP dose of 100 mg/m2
(PNA percentage of positive nuclear area)

elevation ('3 mg/mmol). By 3 weeks the mean urinary
protein HC concentration had declined, but six of nine
patients continued to display elevated levels. The tem-
poral changes in the urinary excretion of albumin and
IgG differed markedly from those of protein HC, with
a gradual increase being seen in the mean levels of
albumin and IgG as well as in the number of patients
with abnormal values at between 20 h and 3 weeks
(Figs. 5, 6). There was a significantly positive correla-
tion between age and protein HC concentration at 20 h
(r"0.74, P"0.01), but not at 3 weeks. No significant
correlation was found between age and the levels of
other investigated urinary proteins.

The pharmacodynamic analysis showed a significant
correlation between the C

.!9
value and the concentra-

tion of protein HC at 3 weeks. A low CL correlated
with a high protein HC level at 20 h (Table 4). All six
patients with markedly elevated levels of protein HC
('3 mg/mmol) at 20 h had a CL below 0.5 l/h and an
AUC value above 200 mgh l~1. Two of those patients
had a persistent elevation of protein HC above
3 mg/mmol at 3 weeks, and they also developed kidney
dysfunction with serious clinical implications. One pa-
tient had uremia with septicemia after three courses of
chemotherapy and the other patient had a marked but
transient increase in serum creatinine levels after the
first CDDP treatment, leading to withdrawal from fur-
ther chemotherapy. No significant correlation was
found between the other pharmacokinetic parameters
and the levels of urinary proteins (Table 4).

Pretreatment serum creatinine values did not corre-
late with the urinary protein levels determined at any
time point after CDDP treatment, but it should be
noted that all patients had pretreatment serum cre-
atinine values in the normal range. A slightly elevated
concentration of urinary proteins was seen in very few
patients before treatment (Figs. 4—6), and there was no
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Table 3 Correlations between
‘‘predisposing factors’’ and
pharmacokinetics (C

max
peak Pt

concentration, »d volume of
distribution, C¸ Pt clearance,
t
1@2

terminal half-life, AºC area
under the concentration-time
curve, ¸y lymphocytes, Bu
buccal cells, PNA percentage of
positive nuclear area — corrected
values)

Pt plasma pharmacokinetics CDDP-DNA adducts

C
.!9

Vd CL t
1@2

AUC Ly Bu
peak peak
PNA PNA

Age #0.28 !0.43 !0.83* #0.74* #0.73* !0.14 !0.32
S-albumin #0.13 !0.07 #0.18 !0.19 !0.17 !0.04 #0.07
S-creatinine !0.06 #0.38 #0.04 #0.35 #0.24 #0.43 !0.04
Infusion time !0.27 !0.07 !0.62 #0.31 #0.21 !0.28 #0.07

*P(0.05 (statistically significant correlation)

Fig. 4 Urinary protein HC/creatinine levels measured in ten pa-
tients before treatment as well as at 1 day and at 3 weeks after the
first treatment with a CDDP dose of 100 mg/m2. The bars indicate
mean values#SE. The horizontal line shows the upper limit of the
normal value. Numbers in the bars indicate the number of patients
with a value above the normal limit/the number of patients at risk

obvious relationship between the pretreatment and the
posttreatment levels of urinary proteins.

Clinical observations

Five of the ten patients received three courses of
chemotherapy as planned. Three patients had two
cycles and two proteins had only one cycle of
CDDP#5-FU. The reasons for premature cessation
of chemotherapy were cardiac toxicity, including asym-
ptomatic ST changes on the electrocardiogram (one
patient) and arrhythima of WHO grade 2 (one patient);
nephrotoxicity of WHO grade 2 (one patient); progress-
ive disease (one patient); and general fatigue (one pa-
tient).

Evaluation of the tumor response was not included
as a primary objective of this study. All patients con-
tinued with radiotherapy either shortly after the com-
pletion of chemotherapy or concomitantly with third
cycle of chemotherapy, which made an evaluation of
the chemotherapeutic effect very difficult. With these

Fig. 5 Urinary albumin/creatinine levels measured in ten patients
before treatment as well as at 1 day and at 3 weeks after the first
treatment with a CDDP dose of 100 mg/m2. The bars indicate
mean values#SE. The horizontal line shows the upper limit of
the normal value. Numbers in the bars indicate the number of
patients with a value above the normal limit/the number of patients
at risk

Fig. 6 Urinary IgG/creatinine levels measured in ten patients
before treatment as well as at 1 day after and at 3 weeks after the
first treatment with a CDDP dose of 100 mg/m2. The bars indicate
mean values#SE. The horizontal line shows the upper limit of
the normal value. Numbers in the bars indicate the number of
patients with a value above the normal limit/the number of patients
at risk
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Table 4 Correlations between
pharmacokinetic and toxicity
parameters (C

max
peak Pt

concentration, »d volume of
distribution, C¸ Pt clearance,
t
1@2

elimination half-life, AºC
area under the concentration-
time curve, ¸y lymphocytes, Bu
buccal cells, ¼ weeks)

Pt plasma pharmacokinetics CDDP-DNA
adducts

C
.!9

Vd CL t
1@2

AUC Ly Bu
peak peak

U-Protein HC 20 h! !0.26 !0.49 !0.77* #0.48 #0.50 !0.53 !0.13
U-Protein HC 3 w! #0.71 !0.74* !0.32 !0.14 #0.04 !0.48 !0.51
U-Albumin 20 h! !0.04 !0.38 !0.37 #0.04 #0.04 !0.47 #0.36
U-Albumin 3 w! #0.54 !0.62 !0.26 !0.17 #0.06 !0.35 !0.43
U-IgG 20 h! #0.01 !0.18 !0.10 !0.25 #0.22 !0.37 #0.21
U-IgG 3 w! #0.19 !0.53 !0.24 !0.17 #0.10 !0.55 !0.33

*P(0.05 (statistically significant correlation)
! Analyzed in urine

insufficiencies in mind, we undertook an estimation of
the tumor response. Eight patients were evaluable for
response after a minimum of two cycles of chemother-
apy. There were six responders (three complete and
three partial responses) and two nonresponders (one
with stable disease and one with progressive disease;
Table 1).

Discussion

We studied several aspects of pharmacokinetics and
pharmacodynamics in a group of cancer patients
treated with a CDDP-containing chemotherapy regi-
men. This is, to our knowledge, the first investigation to
describe correlations between Pt pharmacokinetics and
nephrotoxicity in terms of the urinary excretion of
marker proteins. The present study was small with
regard to the number of patients. On the other hand,
the material was relatively uniform in that all patients
were chemotherapy-naive and were treated with the
same chemotherapy regimen under standardized treat-
ment conditions.

CDDP binds rapidly to plasma proteins [33]. After
24 h, more than 95% of CDDP is protein-bound [6, 22,
23, 33]. The plasma pharmacokinetics of CDDP can be
studied in terms of total Pt or as non-protein-bound,
ultrafiltrable Pt. The latter gives a better measure of the
active portion of Pt in plasma, and it can therefore be
argued that analysis of ultrafiltrable Pt is more relevant
than that of total Pt. Clinical studies have shown cor-
relations between ultrafiltrable Pt and nephrotoxicity
[25] as well as with the tumoricidal effect [27], but
total plasma Pt has also been shown to correlate with
nephrotoxicity [4, 8, 20] and efficacy [8]. A recent
study [13] has shown a very close linear relation be-
tween free and total plasma Pt at various time points
after CDDP treatment. This observation suggests that
the free Pt pool constitutes a constant portion of total
plasma Pt and that the protein binding of CDDP may
not be irreversible as is usually reported. This equilib-

rium between free and total Pt also indicates that total
plasma Pt may be used as a pharmacokinetic marker
for the amount of active CDDP. Furthermore, analysis
of total Pt is technically easier to perform, which may
be advantageous for the reliability of the method [8].
Therefore, we chose to study the pharmacokinetics in
terms of total plasma Pt.

Several studies have previously described the phar-
macokinetics of total Pt [12, 21, 28, 33]. There is
a considerable interstudy variation in the kinetic para-
meters presented, possibly due to differences in the
duration of infusion, sampling time points, Pt assay,
and pharmacokinetic model used. The results of the
present study fall in the range of these previous reports,
in spite of the small number of patients and sampling
time points involved. This indicates that a population-
based model with limited samples may provide useful
pharmacokinetic information.

The kinetics of CDDP-DNA adducts were different
in the two different normal cell types studied. The
formation of adducts occurred rapidly in buccal cells,
followed by a slow decline during the first 20 h, whereas
the adduct formation in lymphocytes was a slower
process, with a gradual increase occurring during the
first 20 h. This discrepancy probably reflects a higher
turnover of buccal cells as opposed to lymphocytes.
The oral mucosa is a rapidly regenerating tissue, where-
as circulating lymphocytes have a very long average life
span. There may also be differences in the capacity to
repair DNA damage in the two cell types. In one
previous study, CDDP-DNA adduct kinetics have
been analyzed in lymphocytes [29], with similar adduct
levels being reported directly after and at 20 h after
CDDP treatment. These results were partly in agree-
ment with those of our study in that there was no
decrease in lymphocyte adducts during the 1st day after
CDDP injection. Most previous studies [5, 11, 26] on
adducts in blood cells have been made on DNA from
the whole pool of the nucleated blood cells, mainly
consisting of granulocytes, which have a very short
half-life. The adducts in leukicytes have been shown to
decrease during the 1st day after CDDP treatment
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[11], possibly due to the high turnover of that cell
population. Buccal cell adducts have been shown to
appear soon after treatment [32] and to be elevated
at 24 h posttreatment [3], but their kinetics during the
1st day has not previously been characterized. The
adduct kinetics in tumor cells, which was studied in two
patients in the present study, seemed quite similar to
the buccal cell profile. This similarity might be ex-
plained by the observation that tumor cells, like buccal
cells, have a high proliferation rate. The study of
CDDP-DNA adducts in tumors should be of great
clinical value, since it is a way of viewing the drug in its
‘‘ultimate’’ target position. The immunohistochemical
technique should be a suitable approach for analysis of
tumor cell adducts because it allows visual discrimina-
tion of intact tumor cells from irrelevant necrotic and
inflammatory cell components.

The differences observed in the kinetics of the
CDDP-DNA adducts in lymphocytes and buccal cells,
along with the lack of correlation found between adduct
levels in the two cell types, indicate that the choice of cell
type and the sampling time points are compound factors
that should be carefully considered in the design of study
protocols that include adduct analyses in normal cells.

One would have expected a positive correlation be-
tween the pharmacokinetics in terms of total Pt and
CDDP-DNA adducts in normal cells, which was not
found in the present study. There may be methodologi-
cal reasons for this, such as technical problems in
obtaining representative buccal cell samples. Several
studies have shown substantial variation in the levels of
adducts in leukocytes between individuals [10, 11, 26].
It may be that large interindividual differences in the
capability to form and repair adducts may blur a pos-
sible relationship to the pharmacokinetic parameters.

The age of the patient affected the pharmacokinetics.
Older patients had a lower CL, which increased the
half-life and the AUC. This was probably due to the
general impairment of kidney function that occurs with
increasing age. Our findings contrast with the results of
a previous study [34] in which no such correlation was
found. This could be explained by the observation that
the patients in our study were older than those in the
study by Vermorken et al. [34], the difference in median
age being 9 years. We also found older patients to have
a greater risk of developing early tubular kidney damage.

The present study showed no correlation between
serum albumin levels and the Pt pharmacokinetics, in
agreement with one previous report [9] but in contrast
to others that found correlations between serum al-
bumin values and the total Pt half-life [28, 34]. The
reason for this discrepancy may be that most serum
albumin measurements obtained in the present study
were normal, with only two patients having a value
below the normal range. The pretreatment level of
serum creatinine did not affect the pharmacokinetics, in
accordance with the results of several previous studies
[9, 19, 34].

The variations in infusion time, ranging from 3.3 to
6 h in our study, had no impact on the pharmaco-
kinetic parameters. This finding was in accordance with
that reported by Stewart et al. [28], who found similar
pharmacokinetics within a much wider range of infu-
sion duration, i.e., from (1.5 to '20 h. Thus, the
limited deviations from the planned infusion schedule
that sometimes occur due to technical or practical
problems do not seem to influence the pharmaco-
kinetics and probably do not affect the outcome of the
treatment either.

Nephrotoxicity is a major side effect of CDDP treat-
ment. Analysis of the excretion of selected urinary pro-
teins allows the sensitive demonstration of nephro-
toxicity and its characterization as glomerular and/or
tubular [14—16]. The tubular damage as reflected by
protein HC excretion was observed as early as 20 h
after the first CDDP treatment, whereas the glomerular
damage appeared later, in accordance with previous
reports [7, 24]. This indicates different underlying
mechanisms. We [18] and other investigators [31]
have previously found very high levels of CDDP-DNA
adducts to occur in tubular cells within 1 h of CDDP
treatment in rodents, but very low staining intensity in
glomerular cells. Thus, it seems plausible that the acute
tubular damage is mediated by a rapid formation of
CDDP-DNA adducts, whereas the glomerular damage
occurs via other mechanisms.

The present study was designed to investigate the
acute nephrotoxicity occurring after the first CDDP
treatment. One pertinent question is whether early pro-
teinuria has any clinical relevance. Most patients (eight
out of ten) had elevated levels of protein HC at 20 h. By
3 weeks, two patients had a persistent, substantial elev-
ation of protein HC ('3 mg/mmol), and those two
patients were the only ones who developed clinically rele-
vant renal dysfunction during the observation period.
Thus, it is possible that patients who have not repaired
their tubular damage within 3 weeks are at risk, but to
elucidate the clinical significance of early proteinuria,
more patients followed for a longer period are needed.

Correlations were found between the pharmaco-
kinetics of total Pt in plasma and kidney damage, in
accordance with the results of previous studies [4, 8].
Pt clearance correlated significantly with the level of
protein HC at 20 h and C

.!9
, with the level of protein

HC at 3 weeks. Our study also suggests that it might be
possible to identify threshold levels of (e.g.) AUC above
which the risk of developing tubular kidney damage
increases. Such thresholds may be clinically useful as
predictive tools, but determination of those levels re-
quires a number of patients larger than that investi-
gated in the present study. No significant correlation
between Pt pharmacokinetics and the levels of the
glomerular damage markers albumin and IgG was
observed. This suggests that it is mainly the tubular
damage that is dependent on Pt pharmacokinetics,
with low drug clearance being a risk factor for early
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tubular injury and peak concentrations, for persistent
tubular damage. Contrary to what might have been
expected, we did not find any correlation between
nephrotoxicity and CDDP-DNA adducts in normal
cells. This may suggest that the adduct kinetics in kidney
cells differs from that in lymphocytes and buccal cells.

Tumor response has been reported to correlate with
total [8] and free [27] plasma Pt and with Pt-DNA
adducts in blood leukocytes [5, 26, 27] and buccal cells
[3]. In the present study there was no obvious relation-
ship between tumor response and normal cell adducts,
but we did find that all patients with a C

.!9
of

'2.7 lg/ml or an AUC value of '300 mgh l~1 re-
sponded to the therapy and that the two nonrespon-
ders had C

.!9
and AUC values below those levels.

However, it must be emphasized that this observation
does not allow us to draw any firm conclusion due to
uncertainties in the response estimation and to the low
number of patients involved.

In summary, we found limited sampling for the anal-
ysis of total plasma Pt and a pharmacokinetic popula-
tion model to be a useful approach for the comparison
of pharmacokinetic parameters in a group of cancer
patients after their first cycle of CDDP-containing
chemotherapy. ‘Older patients had a lower Pt clearance
and more extensive early tubular kidney damage. Two
normal cell types with different rates of turnover ap-
peared to show different kinetic profiles for CDDP-
DNA adducts. Analysis of the urinary excretion of
marker proteins demonstrated that the nephrotoxic
effects of CDDP are displayed first at the tubular level
and later at the glomerular level. There were indica-
tions that tubular nephrotoxicity might be predicted by
the pharmacokinetics of total plasma Pt. However, this
and other correlations between pharmacokinetic para-
meters and toxicity as well as antitumor activity have
to be confirmed in larger clinical studies. Efforts should
also be put into defining pharmacodynamic threshold
levels that, together with a limited-sampling approach
for the analysis of CDDP pharmacokinetics at an early
stage of chemotherapy, may provide the possibility of
making individual dose adjustments, thereby optimiz-
ing the antitumor efficacy and preventing the develop-
ment of serious side effects.
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