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Summary. Three patients with renal insufficiency requir-
ing hemodialysis were treated with carboplatin at
100 mg/m? in combination with etoposide for advanced
germ-cell tumor (GCT, two cases) or Adriamycin + vin-
blastine for a transitional-cell carcinoma of the ureter (one
case). Hemodialysis was performed 24 h after the adminis-
tration of carboplatin. Both patients with GCT achieved a
complete response, and the patient with transitional-cell
carcinoma of the ureter was inevaluable for response but
his disease has not progressed. The dose of carboplatin was
increased in one patient as renal function improved on
therapy. In two patients, the pharmacokinetics of carbopla-
tin were determined; the pre-dialysis half-lives, AUC, and
total body clearances of free carboplatin-derived platinum
were estimated to be 32 and 18.3 h, 4.93 and 6.17 mg
ml-1 min, and 18.2 and 18.7 ml/min, respectively. The
dialysis elimination half-lives (ti/2p) of 2 and 3 h, respec-
tively, for these two patients were markedly lower than the
predialysis values, indicating that carboplatin was
dialyzed. In summary, carboplatin can be given to patients
with severe renal insufficiency. Adequate AUCs were
achieved and dialysis limited systemic exposure to free
carboplatin.

Introduction

Cisplatin-based regimens have played a central role in the
treatment of advanced germ-cell tumors (GCT) [3, 8, 26]
and transitional-cell carcinoma of the urothelial tract [23].
Carboplatin lacks the nephrotoxicity, neurotoxicity, and
ototoxicity of cisplatin [4, 6]; has demonstrated antitumor
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activity in phase II trials in GCT [2, 18] and transitional-
cell carcinoma of the bladder [2]; and has been investigated
as an alternative to cisplatin as first-line therapy for GCT
[15, 16, 19]. As thrombocytopenia is'the major dose-limit-
ing toxicity and carboplatin is largely excreted by the kid-
ney, nomograms have been developed for calculation of
the dose of carboplatin given alone or in combination with
etoposide to patients with impaired renal failure based on
glomerular filtration rate and change in platelet count
[5,7,13].

The optimal management of GCT and urothelial tract
carcinoma with platinum-based chemotherapy is depen-
dent on adequate renal function. In patients’ with renal
failure requiring dialysis, both the experience with and the
success of cisplatin-based chemotherapy are limited [12,
22]. The use of carboplatin in patients with severe renal
insufficiency may preserve borderline renal function, par-
ticularly if improvement is anticipated, and lessen the
likelihood of neurotoxicity and ototoxicity. One patient
with seminoma and transient renal failure requiring dialy-
sis was successfully treated with carboplatin- and
etoposide-based chemotherapy [9]. Herein, we report three
patients, two with GCT and one with a urothelial tract
carcinoma who were treated with carboplatin while under-
going hemodialysis for acute or chronic renal insuffi-
ciency. The pharmacokinetics of carboplatin were ana-
lysed on two patients before, during and following he-
modialysis.

Patients and methods

Patients and drug administration. Three patients were treated with car-
boplatin-based chemotherapy while receiving hemodialysis for acute
(one case) or chronic (two cases) renal failure. The dose of carboplatin
selected and the timing of hemodialysis were based on experience pub-
lished about one patient [9]. The carboplatin was reconstituted in 250 cc
of 5% dextrose in water and was given by i.v. infusion over 30 min. The
carboplatin for patient 3 was kindly provided by the Bristol-Myers Cor-
poration. In patients 1 and 3, etoposide was injected as an i. v. bolus given
over 60—90 min. Patient 2 received vinblastine and doxorubicin, both of
which were given as an i. v. bolus over 5 min.



Table 1. Carboplatin dose and pretreatment and nadir blood counts

Patient (cycle) Carbo- Pretreatment (nadir)
platin
dose WBC Hb Pits
(mg/m?) (x 1,000cm? (mg/dl) (% 1,000 cm?
mi-1) ml-1)
1 1)) 100 8.8 (1.1} 9.6(8.3) 356 (33)
) 100 6.8 (1.5) 8 (6.7) 538(171)
3) 100 10.7 (1.3) 84(9.1) 290 (32)
@ 100 8.3 (1.5) 74(7.1) 398 (55)
2 (€))] 100 4.7 (0.8) 7.8(6.6) 286 (83)
2) 100 5720 7 (9.6) 355 (82)
3) 100 5.4 (NA) 7.2(NA) 172 (NA)
3 1)) 150 24.4(0.7) 8.8(7.5) 356 (19)
) 300 6.9 (1.2) 10.9(7.3) 305 (10)
3) 300 8.1(0.3) 11.7 (8) 479 (10)

Hb, Hemoglobin; Plts, platelets; NA, not available

Hemodialysis. Hemodialysis was performed 24 h after the administration
of carboplatin using Cuprophane, hollow-fiber dialyzers and Drake-Wil-
lock model 480 volumetric machines. Patients were dialyzed for 4 h
using a bicarbonate-based dialysate with potassium, magnesium, and
calcium concentrations of 2, 1, and 3.5 mEq/l, respectively, adjusted
according to each patient’s needs. Fluid removal was individually pro-
grammed to attain a desired dry weight. In two patients heparin anti-
coagulation was used. Patient 3 was dialyzed without anticoagulants. In
patients 1 and 2, ultrafiltration was performed simultaneously with he-
modialysis during the first 30 min of treatment. Patient 1 underwent
hemodialysis on the 2 subsequent days after administration of carbopla-
tin in each cycle.

Sample collection. In patients 1 and 2, heparinized (10 IU/) blood
samples (5 ml) were collected from an indwelling i. v. cannula placed in
the arm opposite to that receiving carboplatin and were placed on ice.
Samples were taken prior to drug administration; at 0.5, 1,2,4, 5, and 6 h
after administration of carboplatin; at 24 h (immediately pre-hemodialy-
sis); at 24.5, 26, 26.5, 27, 27.5 and 28 h (during hemodialysis); and at
28.5, 29, and 30 h (after dialysis). A 48-h sample was obtained from one
patient.

Drug analysis. Plasma carboplatin levels were measured by analysis of
plasma platinum concentration, since most of the platinum exists as
unchanged carboplatin [ 14]. The specimens were centrifuged immediate-
ly at 2,740 g at 4° C for 20 min. The supernatant was separated, part of it
was frozen at —20° C until platinum analysis (for determination of total
platinum), and the rest was fiitered in a Centricon-3 filter and then
centrifuged for 5 h at 4°C and 2,740 g. The filtered plasma was frozen
until analysis, for which it was used to calculate free platinum levels.
Carboplatin-derived platinum was determined in filtered and unfiltered
plasma by flameless atomic absorption spectrophotometry using a 5000
Perkin Elmer spectrometer (Norwalk, Conn.) equipped with graphite-
furnace attachments, an HGA 500 programmer and an AS40 sampler.

Pharmacokinetic analysis. Pharmacokinetic parameters were estimated
using standard methodology [10]. The area under the concentration-time
curve (AUC) was estimated using the log-trapezoidal approximation.
Estimates of AUC were obtained over all time points and separately for
the pre-dialysis, dialysis, and post-dialysis intervals. Elimination rates
(B) were estimated using linear regression, with log concentration as the
outcome variable. The serum half-life (t1/2p) of platinum was estimated
by:

tiz=1n 2/B.

Pre-dialysis total body clearance (Cltp) was estimated by:

Clrs = D/AUC,

where D represent the total amount of carboplatin ultimately eliminated,
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and AUC was extrapolated to infinity. The percentage of protein-bound
platinum was determined by:

(Total — free platinum)/total platinum. The average platinum concentra-
tion observed post-dialysis is the mathematical mean of the values ob-
tained after dialysis.

Results

The doses of carboplatin, pre-treatment and nadir white
blood counts (WBC), hemoglobin levels, and platelet
counts for the three patients are summarized in Table 1.
Case histories are summarized.

Patient 1

A 44-year-old man with idiopathic chronic renal failure,
requiring hemodialysis 3 days/week for 19 years, pre-
sented with a left testicular mass. He underwent an ingui-
nal orchiectomy for a nonseminomatous GCT consisting
of embryonal carcinoma and endodermal sinus tumor. The
extent-of-disease evaluation included an abdominal com-
puterized tomographic (CT) scan that demonstrated retro-
peritoneal adenopathy and a chest X-ray that revealed a left
lung parenchymal nodule. The patient’s serum alpha-feto-
protein (AFP) level was 1,060 ng/ml and his human
chorionic gonadotropin level (HCG) was 21.8 ng/ml. He
was anuric, with a serum creatinine value of 13.8 mg/dl.
He was treated with 100 mg/m?2 carboplatin on day 1 and
100 mg/m? etoposide on days 1—4. Four cycles were re-
peated at 29-, 29- and 31-day intervals. During each cycle,
hemodialysis was performed on day 2 of chemotherapy
and on day 3 of each cycle.

The patient required transfusion of packed red blood
cells but was not hospitalized for nadir fever. A CT chest
scan following the first and fourth cycles of therapy de-
monstrated complete resolution of a lung metastasis; how-
ever, the retroperitoneal adenopathy slowly progressed,
consistent with the “growing teratoma syndrome* [17].
The patient’s serum AFP and HCG values normalized on
day 159 and day 43, respectively, at a rate consistent with
a prolonged serum half-life [21, 25]. Following completion
of chemotherapy, he underwent a retroperitoneal lymph-
node dissection with en-bloc left nephrectomy. The pathol-
ogy was interpreted as being an adenocarcinoma arising
from an immature teratoma [1], with no evidence of
embryonal-cell carcinoma or endodermal sinus tumor. A
follow-up CT scan obtained 2 months after resection dem-
onstrated a persistent retrocrural mass, which was
completely resected and interpreted as being a mature tera-
toma. The patient shows no evidence of GCT at 9+ months
after the initiation of chemotherapy.

Patient 2

A 42-year-old man with congenital absence of the left
kidney was found to have a right hydronephrosis. An ex-
ploratory laparotomy, a ureteral segment excision, and a
ureterostomy for transitional-cell carcinoma of the right
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Table 2. Pharmacokinetic analyses (relative to dialysis)

Patient 1 Patient 2
AUC (mg ml-! min):
Total
Pre-dialysis 8 7.53
During dialysis 0.93 0.51
Post-dialysis 3.96 0.22
Total 13 8.5
Free
Pre-dialysis 4.93 6.17
During dialysis 047 0.21
Post-dialysis 1.57 0.06
Total 6.9 6.7
t1p2p (h):
Total
Pre-dialysis 27.4 19.7
During dialysis 6.1 5.4
Free
Pre-dialysis 32 18.3
During dialysis 3 2
Pre-dialysis Cltg (ml/min):
Total 114 12.8
Free 18.2 18.7
% carboplatin protein-bound:
412 18.1
24h 442 41.7
Post-dialysis 70.9 71.7
Average observed platinum
concentration post-dialysis (pLg/ml):
Total 2.98 24
Free 0.96 0.68

Clrs, Total body clearance

ureter were performed; 4 months later, locally recurrent
disease was debulked. The patient was referred to the Me-
morial Sloan-Kettering Cancer Center (MSKCC) and was
treated with four cycles of methotrexate + vinblastine +
Adriamycin + cisplatin (MVAC) [23], achieving a
complete response (CR) as determined by exploratory la-
poratomy. He remained free of disease for 30 months, at
which time he presented with a seizure as a consequence of
renal failure. Complete ureteral obstruction was noted and
a ureteral stent and an arterial venous shunt were placed.
The patient was put on hemodialysis, which was con-
tinued on a weekly schedule; 5 months later, he developed
a small-bowel obstruction and at exploration was found to
have widely disseminated recurrent tumor. Acute urinary
obstruction occurred and a right nephrostomy was placed.
His serum creatinine and creatinine clearance values were
13.5 mg/dl and 3 cm?3 min-t, respectively. He was treated
with chemotherapy consisting of 100 mg/m?2 carboplatin,
3 mg/m2 vinblastine, and 22.5 mg/m? doxorubicin. He-
modialysis was performed 24 h after carboplatin adminis-
tration. His course was complicated by Staphylococcus
aureus and Klebsiella septicemia related to an indwelling
intravenous catheter. This complication resolved after
treatment with appropriate antibiotics and removal of the
catheter. The patient received two additional cycles at 36~
and 39-day intervals and shows no further complication or

evidence of progression of disease at 5 months after the
beginning of chemotherapy.

Patient 3

A 35-year-old man presented with a 15-cm, palpable
abdominal mass and a right testicular mass measuring
14 cm on a sonogram. A right inguinal orchiectomy was
performed and the diagnosis of nonseminomatous GCT
was made. An abdominal CT scan revealed a mass in the
right lower quadrant, with tumor thrombus in the inferior
vena cava extending above the level of the diaphragm into
the right atrium as well as into the right renal vein. The
patient was transferred to MSKCC due to progressive renal
insufficiency despite hydration and placement of a right
nephrostomy. At MSKCC he was anticoagulated and hy-
drated for 2 days, but his serum creatinine value continued
to rise to 4.5 mg/dl, with a creatinine clearance of
15 ml/min. He was treated with 20 mg/m?2 cisplatin on days
1-5 and 100 mg/m? ctoposide on days 1-4. His course
was complicated by neutropenia, septicemia, acute renal
failure requiring hemodialysis, and a bladder hemorrhage
that necessitated a stent placement. An abdominal CT scan
demonstrated a minimal decrease in the size of the abdom-
inal mass, although the elevated serum AFP value declined
appropriately in half-life.

At 40 days after the initiation of chemotherapy, the
patient remained on dialysis and showed recovery of his
blood counts. He was treated with 150 mg/m? carboplatin
on day 1 and 100 mg/m? etoposide on days 1-3 (serum
creatinine, 3.7 mg/dl; creatinine clearance, 18 cm? min-1),
undergoing hemodialysis on the day following carboplatin
administration. Two additional cycles of 300 mg/m? car-
boplatin on day 1 and 100 mg/m? etoposide on days 1-3
were given at 28-day intervals. Serum creatinine and creat-
inine clearance values prior to these cycles were 1.7 and
1.3 mg/ml and 101 and 51 cm3 min-1, respectively, as the
patient recovered from renal failure and hemodialysis was
discontinued. He subsequently underwent exploratory la-
porotomy, which revealed no viable GCT, and remains in
complete remission at 26+ months.

Pharmacokinetics

Total and free platinum levels were obtained prior to,
during, and after hemodialysis for the second cycle of
therapy in patient 1 (100 mg/m? carboplatin; total dose,
210 mg) and the first cycle of therapy in patient 2
(100 mg/m? carboplatin; total dose, 160 mg). The pharma-
cokinetics and the changes versus time in serum total and
free platinum levels before and during dialysis are shown
in Table 2 and Fig. 1 (patient 1) and 2 (patient 2), respec-
tively. Pre-dialysis elimination rates were prolonged as
compared with those obtained in patients with normal renal
function [6, 14, 20]. The pre-dialysis half-life observed in
patient 2 was shorter than that seen in patient 1, which was
most likely a consequence of the residual renal function
(creatinine clearance, 3 ml/min) noted in the latter case as
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Fig. 2. Total and free concentration of carboplatin-derived platinum
(ug/ml) versus time (h) for patient 2. The hatched area represents the
time on dialysis. @, Total platinum; <, free platinum

compared with the anuric renal failure observed in
patient 1.

The decline in the concentration of carboplatin prior to
dialysis suggested nonrenal mechanisms of elimination.
There was an increased rate of drug elimination, particu-
larly of free platinum, during dialysis, and drug was recov-
ered from the dialysate. A high proportion of carboplatin
remained free in plasma, and the proportion of protein-
bound carboplatin increased with time. The concentration
of unfilterable/filterable carboplatin remained relatively
stable within the 24 h following dialysis, with the drug
being present in plasma up to 48 h post-administration.
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Fig. 1. Total and free concentra-
tion of carboplatin-derived plat-
inum (Lg/ml) versus time (h)
for patient 1. The hatched area
represents the time on dialysis.
@, total platinum; <, free plati-
num

40 50 60

Discussion

The present study showed that patients with renal insuffi-
ciency requiring hemodialysis may be treated with carbo-
platin-based chemotherapy at an attenuated dose, yielding
both demonstrable efficacy and manageable toxicity. The
doses of carboplatin closely approximated the appropriate
dose estimated by available nomograms for patients with
severe renal insufficiency [5, 7]. Both patients with GCT
achieved a complete response, and the patient with transi-
tional-cell carcinoma of the ureter was inevaluable for
response but his disease has not progressed. Neither oto-
nor neurotoxicity was observed. Dose escalation was not
possible in these patients when renal insufficiency was
sufficiently severe to require hemodialysis. The carbopla-
tin dose for one patient was escalated in subsequent cycles
as renal function improved. The observed myelosuppres-
sion emphasizes the importance of attenuation of the car-
boplatin dose, frequent hematologic monitoring, and early
medical intervention for treatment of infectious complica-
tions in patients treated with carboplatin in the setting of
severe renal insufficiency.

The pharmacokinetic studies showed that adequate
AUCs were achieved before, during, and after hemodialy-
sis [5, 7]. A high proportion of carboplatin remained free in
plasma, with increased protein-binding over time being
similar to that noted in patients with normal renal function
[6, 14]. Since elimination of carboplatin is dependent on
glomerular filtration [6, 14], the prolonged half-life of free
carboplatin in patients with minimal or absent renal func-
tion was expected. The dialysis elimination half-life was
markedly shorter than the pre-dialysis value, indicating
that some (mostly free) carboplatin was dialyzed. No re-
bound of free platinum was detected after dialysis, which
has been reported with methotrexate and makes dialysis of
that drug in the setting of renal insufficiency of uncertain
benefit [11].
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The paucity of experience on the use and pharma-
cokinetics of cisplatin in dialysis-dependent patients {12,
22] limits its comparison to carboplatin. The majority of
cisplatin is rapidly protein-bound, and renal excretion ac-
counts for a minority of the elimination of free platinum
[24]. For patients on chronic dialysis for whom nephrotox-
icity is not a consideration, the administration of full-dose
cisplatin has been recommended [24]. However, the pub-
lished experience is limited to two dialysis-dependent
patients who were treated with relatively low doses (50 and
30 mg) of cisplatin [12, 22]. Both patients died after a
limited follow-up; therefore, the chronic and delayed tox-
icity could not be fully assessed [12, 22]. The relative lack
of nonhematologic toxicity of carboplatin remains an at-
tractive feature of this platinum analogue. Furthermore, in
patients with marginal renal function or in whom recovery
of renal function is anticipated, the use of carboplatin in the
setting of dialysis-dependent renal insufficiency may pre-
serve remaining kidney function and avoid nonhemato-
logic toxicity.

In summary, carboplatin can be given to patients with
renal insufficiency. Adequate AUCs are achieved and
dialysis limits systemic exposure to free carboplatin. Al-
though data on cisplatin administration under these cir-
cumstances is very limited, the greater protein binding of
cisplatin makes its acute and chronic toxicity profile uncer-
tain. Carboplatin is preferable to cisplatin in the circum-
stance of renal failure because of its predictable kinetics
and limited toxicity profile.
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