Cancer Chemother Pharmacol (2001) 47: 89-93
DOI 10.1007/5002800000224

CLINICAL TRIAL REPORT

Jon D. Herrington - Jose A. Figueroa
Mark N. Kirstein - William C. Zamboni
Clinton F. Stewart

Effect of hemodialysis on topotecan disposition in a patient

with severe renal dysfunction

Received: 21 June 2000 / Accepted: 17 October 2000 /Published online: 22 November 2000

© Springer-Verlag 2001

Abstract The pharmacokinetics of topotecan have been
extensively studied in patients with normal renal func-
tion and there is one study of patients with mild to
moderate renal insufficiency. However, the effect of he-
modialysis on topotecan disposition has not been re-
ported. The objective of this study was to characterize
the disposition of topotecan in a patient with severe
renal insufficiency receiving hemodialysis. Topotecan
lactone disposition was characterized in a patient on and
off hemodialysis. The topotecan lactone clearance de-
termined after administration of topotecan alone and
with hemodialysis was 5.3 1/h per m” vs 20.1 1/h per m?,
respectively. At 30 min after the completion of hemod-
ialysis, the topotecan plasma concentration obtained
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was greater than that measured at the end of hemodi-
alysis (i.e. 8.0 ng/ml vs 4.9 ng/ml), suggesting a rebound
effect. The topotecan terminal half-life off dialysis was
13.6 h, compared with an apparent half-life determined
during hemodialysis of 3.0 h. These results demonstrate
that topotecan plasma clearance while on hemodialysis
increased approximately fourfold. Hemodialysis may be
an effective systemic clearance process for topotecan and
should be considered in selected clinical situations (e.g.
inadvertent overdose, severe renal dysfunction).
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Introduction

Topotecan, a synthetic camptothecin analog that in-
hibits the enzyme topoisomerase I, has displayed sig-
nificant activity against a wide variety of malignancies
[11, 13, 14]. Renal excretion appears to be the primary
route for topotecan elimination, with 26% to 68% of a
topotecan dose recovered in the urine as total topotecan,
the sum of topotecan lactone and hydroxy acid forms [6,
16, 18]. Since a significant amount of drug is eliminated
via renal excretion, patients with renal impairment may
be at increased risk of toxicity, including myelosup-
pression, diarrhea, fatigue, and rash [9]. The pharma-
cokinetics of topotecan was examined in patients with
impaired renal function receiving topotecan as a 30-min
infusion daily for 5 days every 3 weeks [8]. Based on the
results of this study, the investigators recommended that
in patients with moderate renal dysfunction, defined as a
creatinine clearance of 20 to 39 ml/min, the topotecan
dose is reduced by 50% (i.e. from the FDA approved
dose of 1.5 to 0.75 mg/m2 per day for 5 days every
3 weeks). To reduce the likelihood of additional toxici-
ties in heavily pretreated patients with renal insufficien-
cy, the investigators recommend that further dose
reductions be considered.

In contrast to these observations, we have reported
normal systemic exposure and renal clearance of topo-
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tecan lactone in a pediatric patient with severe renal
dysfunction (i.e. T ™DTPA clearance 19 ml/min per
m?) [20]. Thus, the influence of severe renal dysfunction
on topotecan disposition is unclear. The objectives of
this study were to measure the topotecan disposition in a
patient with severe renal dysfunction (i.e. creatinine
clearance <10 ml/min), and to characterize the effect of
hemodialysis on topotecan disposition. This is the first
study in which the effect of hemodialysis on the dispo-
sition of topotecan has been evaluated.

Patient and methods

The study patient was a 58-year-old woman with advanced ovarian
carcinoma. Her previous chemotherapy included 11 cycles of cyclo-
phosphamide and carboplatin, 6 cycles of paclitaxel and carboplatin,
and 3 cycles of vinorelbine. She subsequently presented with pro-
gressive ovarian carcinoma characterized by a CAI125 level of
199.5 U/ml, and her primary physician chose to treat her with single-
agent topotecan. The patient received two cycles of topotecan given
as a 30-min infusion at a dose of 1.5 mg/m? per day for 5 days, and
developed febrile neutropenia after each course despite growth factor
support and prophylactic mproﬂoxacm With her third cycle, the
topotecan dose was reduced to 1 mg/m? for 5 days. Her CA125 levels
had declined to 60.7 U/ml. During this course, she experienced a
colonic perforation that delayed further chemotherapy for almost
3 months. Approximately 1 month after her fourth cycle, she devel-
oped bilateral pleural effusions and oliguric renal failure (blood urea
nitrogen 39 mg/dl and serum creatinine 9 mg/dl). Her renal failure
was attributed to tumor obstruction that did not improve upon left
percutaneous nephrostomy and ureteral stent placement. Therefore,
the patient was placed on hemodialysis. Continuation of topotecan
therapy was desired since the patient had had a clinical response
defined by decreased ascites, omental caking, improved wellbeing,
and a further decrease in CA125 levels to 53.2 U/ml.

Due to her severe renal failure (creatinine clearance <10 ml/
min), and the unknown effect of hemodialysis on topotecan dis-
position, we chose to empirically reduce the topotecan dosage
based on the guidelines of O’Reilly et al. for patients receiving
topotecan with renal dysfunction [8]. Moreover, this empirical dose
reduction was supported by toxicities observed on previous cycles
of topotecan therapy. For this ﬁfth cycle of therapy, the topotecan
dosage was reduced from 1 mg/m administered as a 30-min infu-
sion daily for 5 days to 1 mg/m? for 2 days, or a 60% reduction in
the cumulative topotecan dose for the course. The topotecan doses
were administered on days 1 and 3, with hemodialysis on days 2
and 4. Without the use of a hematopoietic growth factor, she de-
veloped grade 4 neutropenia (ANC nadir on day 14 of 144 cells/pul)
lasting approximately 8 days; however, she did not develop febrile
neutropenia. In addition, she developed grade 3 thrombocytopenia
(platelet nadir on day 14 of 48,000 cells/ul) which lasted approxi-
mately 2 days.

The sixth cycle of topotecan was administered after the reso-
lution of myelosuppression from the previous cycle of therapy on
day 30. In order to determine the effect of hemodialysis on topo-
tecan disposition, we performed extensive pharmacokinetic studies
while the patient received topotecan both on and off hemodialysis.
The proposed study was reviewed and approved by the Scott and
White Memorial Hospital InStltuthHd] Review Board. During the
sixth cycle, topotecan 1 mg/m?* was administered as a 30-min in-
fusion beginning at the start of the 4-h hemodialysis procedure. She
was dialyzed on a Fresenius hemodialysis machine which utilized a
Terumo 220 Cuperammonium Rayon H dialysis filter. The blood
flow rate was 450 ml/min from a central venous catheter and the
dialysate flow rate was 800 ml/min. The dialysate was composed of
sodium 139 mmol/l, calcium 1.25 mmol/l, potassium 2 mmol/l,
magnesium 0.5 mmol/l, chloride 105.5 mmol/l, acetate 4 mmol/l,
bicarbonate 35 mmol/l, and dextrose 0.2 g/dl. The pH of the di-

alysate fluid was 5.2. On the day after hemodialysis, she received
another topotecan 1 mg/m 30-min infusion without hemodialysis.

The patient did experience grade 2 nausea and vomiting ap-
proximately 12 h after the second topotecan infusion. Without the
use of hematopoietic growth factor, she developed grade 4 neu-
tropenia (ANC nadir on day 10 was 192 cells/ul) lasting 13 days
without fever, and grade 3 thrombocytopenia (platelet nadir on day
10 was 42x10° cells/pl) lasting approximately 2 days. No additional
toxicities were noted.

Sample collection, preparation, and HPLC analysis

The pharmacokinetics of topotecan were assessed while the patient
was on and off hemodialysis. On the first day of her sixth cycle,
topotecan was administered concomitantly with the start of he-
modialysis. Venous blood and dialysate samples were obtained
before, and 0.25, 0.5, 1, and 2 h after the end of the 30-min to-
potecan infusion, and an additional venous blood sample was
drawn 0.5 h after the end of the 4-h hemodialysis. On the next day,
the patient received topotecan without the hemodialysis procedure.
Venous blood samples were obtained prior to the topotecan infu-
sion, and at 0.25, 0.5, 5.75, and 30 h after the end of infusion. The
samples were drawn from the port contralateral to the site used for
topotecan administration.

At each time-point, 3 ml of blood and dialysate were collected
and placed in a heparinized tube. Immediately after collection (i.e.
within 2 min), the blood sample was centrifuged in a microfuge for
2 min at 10,000 rpm. The resultant plasma was isolated, and 200 pl
of this plasma was added to 800 pl cold (20 °C) methanol. The
methanolic mixture was vortexed for 10 s, and then centrifuged for
2 min at 10,000 rpm. The supernatant was decanted into a screw-
capped tube, and stored at —70 °C until analysis by HPLC. Topo-
tecan lactone and total (sum of lactone and hydroxy acid) topotecan
in plasma samples were measured by an isocratic HPLC assay with
fluorescent detection [2, 3, 16, 17]. Topotecan was detected using a
fluorescence detector (RF535; Shimadzu, Columbia, Md.) with ex-
citation at 370 nm and emission at 520 nm. Calibration curves were
constructed using single-donor human plasma or simulated dialysis
fluid, as appropriate. The minimum detectable topotecan lactone
concentration in plasma and dialysate was 0.25 ng/ml.

Pharmacokinetic analysis

A two-compartment model was fitted using maximum likelihood
estimation to topotecan lactone and total plasma concentrations
(ADAPT II) [4]. For intravenous administration, model parameters
estimated included the volume of the central compartment (V,.),
elimination rate constant (k.), and the intercompartmental rate
constants (kep, kp,c). Using standard equations, systemic clearance
(CL) and volume of distribution at steady-state (Vdgs) were calcu-
lated from parameter estimates [5]. The area under the topotecan
lactone concentration-time curve was calculated using the log
trapezoidal method.

Results

The topotecan pharmacokinetic parameters determined
while on and off hemodialysis are summarized in Table 1.
The topotecan lactone plasma concentration-time data
after administration of topotecan alone and in combi-
nation with hemodialysis are presented in Fig. 1. The
median ratio of lactone-to-total venous concentrations
obtained while on and off hemodialysis was 0.81 (range
0.70 to 0.86) and 0.57 (0.50 to 0.82), respectively.

As shown in Fig. 2, the topotecan lactone concen-
trations measured in the dialysate fluid ranged from 0.45



Table 1 Pharmacokinetic parameters of topotecan lactone deter-
mined for a patient with severe renal dysfunction while off he-
modialysis and during hemodialysis. The details of the
hemodialysis procedure are described in the Methods (V.. volume of
the central compartment, k, elimination rate constant, ;> s elim-
ination half-life § phase, CL topotecan clearance, Vd, volume of
distribution at steady-state, AUC,_,.. area under the concentration-
time curve to infinity)

Parameter No hemodialysis Hemodialysis
Ve, (I/m?) 45.8 45.0

ke (k) 0.12 0.45

ti2 5 (h) 13.6 3.0

CL (I/h/m?) 53 20.1

Vd,, (I/m?) 94.1 80.9

No. of points (last time-point) 4 (30.5 h) 5(3.73 h)
AUC_,., (ng - ml/h) 168.3 N/A

100 -

Topotecan Conct (ng/ml)

Time (hr)

Fig. 1 Effect of hemodialysis on topotecan plasma pharmacoki-
netics. The line represents the best-fit line for the topotecan lactone
plasma concentration versus time data while off hemodialysis (solid
line @) and while receiving hemodialysis (dashed line B). The arrow
denotes the rebound effect for topotecan lactone ((J)
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Fig. 2 Topotecan disposition during hemodialysis (H topotecan
lactone plasma concentrations, A topotecan lactone dialysate
concentrations)

to 1.20 ng/ml, and these values were 5% to 14% of the
concurrently measured plasma topotecan lactone con-
centrations. In contrast to the plasma lactone-to-total
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concentration ratio, that for dialysate was much lower
with a median value of 0.30 (range 0.13 to 0.36), and no
trend upward or downward was evident throughout the
4-h dialysis procedure.

The apparent topotecan half-life determined during
the 4-h dialysis procedure was 3.0 h, compared with
approximately 13.6 h off dialysis. The topotecan lactone
clearance in this patient with severe renal dysfunction
even in the absence of hemodialysis (i.e. 5.3 1/h per m?)
was approximately 20% that of patients with normal
renal function (i.e. 23 to 33 I/h per m?).

Although the topotecan lactone clearance was in-
creased during the hemodialysis procedure, the topo-
tecan plasma concentration obtained at 0.5 h after the
completion of hemodialysis was greater than that mea-
sured at the end of hemodialysis (i.e. 8.0 ng/ml vs 4.9 ng/
ml). Due to logistical considerations no further plasma
samples were obtained, so we were unable to charac-
terize the distribution of topotecan from the tissue
compartment into the central compartment, or the
postdialysis rebound effect [15].

Discussion

Although the systemic and renal disposition of topo-
tecan has been evaluated in prior studies, this is the first
study in which the effect of hemodialysis on topotecan
disposition in the presence of severe renal dysfunction
has been evaluated. The topotecan lactone systemic
clearance without hemodialysis was 5.3 1/h per m?, in-
dicating that removal of the drug occurred by nonrenal
processes including metabolism or biliary elimination.
Topotecan lactone clearance determined during the he-
modialysis procedure was 20.1 I/h per m? or approxi-
mately 72% of the range of values reported for adult
patients with normal renal function (range 23.2 to 33.6 1/
h per m?) [1, 7, 18, 19]. However, topotecan clearance by
hemodialysis may not be as complete as suggested by the
systemic clearance calculated during the 4-h hemodial-
ysis procedure due to the potential for rebound in
plasma topotecan lactone concentrations after hemodi-
alysis.

Topotecan contains the camptothecin pentacyclic
structure with a lactone (closed ring) moiety in the E
ring. This lactone is essential for cytotoxicity, and can
undergo a rapid and reversible hydrolysis to the inactive
ring-open or hydroxy acid form [12]. In this patient, we
observed a wide range of lactone-to-total topotecan ra-
tios for plasma and dialysate samples during hemodial-
ysis. A slightly higher range of lactone to total ratios was
obtained during hemodialysis, which might be attributed
to the acid pH of the dialysate fluid. This higher lactone
to total ratio observed during hemodialysis has possible
clinical implications in that it is possible that the more
water-soluble hydroxy acid form of topotecan was
preferentially removed during hemodialysis.

The extent to which any systemic drug concentration
is affected by hemodialysis is determined by the phys-
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icochemical properties of the drug, including molecular
weight, water solubility, plasma protein and tissue
binding. Topotecan has a relatively low molecular
weight (i.e. 421 g/mol) that should allow passage
through the hemodialysis membrane. Second, topotecan
was originally synthesized from the parent molecule
camptothecin to provide greater water solubility [10],
which should enhance the likelihood of removal by he-
modialysis. Finally, since a large percentage of topo-
tecan is unbound (approximately 79%), a large fraction
of the drug is available for removal by hemodialysis [7].
However, the steady-state volume of distribution re-
ported for topotecan ranges from about 25 to 472 1/m?,
indicating extensive binding to tissue components [7, 17].
This may help explain the rebound effect we noted in the
sample obtained after the end of the hemodialysis
procedure.

Few studies have addressed the processes by which
topotecan is handled by the kidney. Investigators have
assumed that topotecan undergoes glomerular filtration,
but more recent studies by Zamboni et al. suggest that
topotecan undergoes anionic renal tubular secretion
[21]. They evaluated the disposition of topotecan alone,
and when coadministered with probenecid in mice.
There was decreased topotecan lactone, and total sys-
temic and renal clearance. Therefore, it is possible that a
patient with a decreased glomerular filtration rate may
not require topotecan dosage reduction due to the pos-
sible presence of an intact tubular secretory pathway.
This is clinically relevant for topotecan based on the
steep drug exposure-response relationship demonstrated
in preclinical and clinical studies [22]. An increase in
drug exposure of as little as twofold has been associated
with increased toxicity, whereas a twofold decrease in
topotecan systemic exposure may lead to a loss of an-
titumor activity [22]. Moreover, the fact that topotecan
undergoes renal tubular secretion also makes it likely
that interactions occur with other drugs that are handled
similarly by the kidney (e.g. trimethoprim, methotrex-
ate).

As discussed above, this was the first study in which
the effect of hemodialysis on topotecan disposition has
been evaluated. We were limited in the sampling strategy
by patient logistics and clinical considerations. As a re-
sult, we were unable to wait three to five alfa half-lives
after topotecan administration to allow for adequate
distribution. By administering topotecan and starting
the hemodialysis at the same time, our clearance may be
overestimated, reflecting mainly the distribution phase
of topotecan. However, topotecan has a very rapid alfa
half-life (about 3 min), so this effect may be minimal.

O’Reilly et al. suggest that the topotecan dosage
should be reduced by 50% to 75% in patients with se-
vere renal dysfunction [8]. The results of our study
demonstrate that topotecan plasma clearance while on
hemodialysis increased almost fourfold (i.e. 20.1 1/h per
m? on hemodialysis vs 5.3 I/h per m? off hemodialysis).
The topotecan systemic clearance observed while this
patient was on hemodialysis approaches clearance val-

ues observed in patients with normal renal function. In
fact, the amount of total drug removed by hemodialysis
as estimated by a mass balance approach was approxi-
mately 60% of the total dose. Even though a rebound in
plasma topotecan concentrations was observed after
hemodialysis, this procedure may be an effective sys-
temic clearance process for topotecan for patients with
severe renal dysfunction, and should be considered in
selected clinical situations (e.g. inadvertent overdose).
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