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Gender-dependent differences in the clinical pharmacoki-
netic behavior of various drugs have been documented
previously. Most commonly, these differences are asso-
ciated with differences in body composition, renal elimina-
tion, drug absorption or hepatic metabolism. Gender-
dependent differences in the pharmacokinetics of topotecan
(Hycamtin™) have not yet been described. In this report,
pharmacokinetic data of the lactone and carboxylate forms of
topotecan were derived from clinical studies in which
topotecan was administered either orally or i.v. to a total of
55 males and 37 females. A significant difference (p=0.0082)
of 38% was found between the apparent clearance of
topotecan lactone after oral administration in males
(237+105 I/h) and females (163+62.5 I/h). When adjusted
for body surface area, this difference remained significant
(p=0.031). Similarly, differences were noted in the percentage
of topotecan in the lactone form (37.1+5.32 versus
41.7+6.51%, p=0.0076). Statistical analysis revealed that
individual hematocrit values, which were consistently lower
in females (p<0.023), were a significant predictor of the
apparent topotecan lactone clearance. This was confirmed
experimentally in in vitro incubation studies in whole blood
using artificially altered hematocrit values and in blood
samples from both male and female volunteers. Topotecan is
thus subject to significant gender-dependent differences in
pharmacokinetics that arise as a result of a physiological
difference in hematocrit values between males and females.
This finding may have significant implications for the
interpretation of the relationships between pharmacokinetics
and pharmacodynamic outcome of topotecan treatment, and
may provide a basis for the development and refinement of
future clinical protocols. [© 2000 Lippincott Williams &
Wilkins.]
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Introduction

Topotecan (Hycamtin@; Figure 1), a water-soluble
semisynthetic analog of the topoisomerase I inhibitor
camptothecin, is one of the most promising new
anticancer agents. Single-agent topotecan, adminis-
tered i.v., has demonstrated antitumor activity against
various solid tumors in adult cancer patients, includ-
ing metastatic ovarian and small cell lung cancer.
Most responses were achieved using a daily x5
schedule in which topotecan was administered as a
30 min infusion." Since daily i.v. administration of
topotecan for 5 days, repeated every 21 days, is
inconvenient for patients, an oral formulation of
topotecan has been developed with a bioavailability
of 424 13%.> Different administration schedules of
oral topotecan have been evaluated in clinical studies,
including once daily x5 and 10 and twice daily x 10
and 21 administrations, from which the once daily
x5 schedule was recommended for future clinical
studies.® The need for further clinical development of
the oral topotecan formulation became even more
important in view of recent findings that the oral
formulation has similar efficacy as compared to the
i.v. formulation, while less hematological toxicity was
observed.*>

The pharmacokinetic profile of topotecan is quite
complex since it can undergo a spontaneous pH-
dependent interconversion between a pharmacologic
active lactone form and an inactive carboxylate form
(Figure 1). Gender-dependent differences in pharma-
cokinetic behavior have been described for a wide
variety of compounds over the last few decades.
Most commonly, these have been shown to be
associated with differences in body composition,
renal elimination, drug absorption or hepatic func-
tion.® In this report, we describe gender-dependent
differences in topotecan pharmacokinetics after both
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Figure 1. Chemical structures of the lactone (A) and carboxylate (B) forms of topotecan and its known human metabolites.

oral and iv. administration, and present in vitro
studies to provide a formal explanation of this
phenomenon.

Patients and methods

Patient selection criteria

All patients included in the studies had a histologically
or cytologically confirmed diagnosis of a malignant
solid tumor, refractory to standard therapy or for
which no recognized therapy was available. The
patients participated in either a phase I study, in
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which oral topotecan was combined with i.v. cispla-
tin,” or a phase II study of single-agent topotecan
administered as a 21-day continuous i.v. infusion.® The
eligibility criteria, treatment plans and detailed clinical
profiles have been fully described elsewhere.”®

Drug administration

SmithKline Beecham Pharmaceuticals (Harlow, UK)
supplied capsules containing either 0.25 or 1.0 mg of
topotecan lactone and a lyophilized vial preparation
containing 5 mg of topotecan lactone. Orally adminis-
tered topotecan was studied at dose levels of 0.75,



1.00, 1.25, 1.50, 1.75, 2.00 or 2.30 mg/m?*/day for 5
days, repeated every 3 weeks, in combination with a
fixed dose of 75 mg/m” cisplatin by a 3-h infusion, in
49 patients.” A total of 10 patients, treated with oral
topotecan daily x 5, at dose levels of 1.50 or 1.75 mg/
m?, preceded by i.v. cisplatin at a dose of 50 mg/m?” on
day 1 of each course, was also included in this study.
In the i.v. phase II study, topotecan was administered
as a 21-day continuous infusion at dose levels of 0.50
and 0.60 mg/m*/day at an infusion rate of 6 ml/24 h,
using ambulatory pumps, repeated every 28 days ®

Blood sample collection and analysis

Blood samples were collected in 4.5 ml glass tubes
containing lithium heparin as anticoagulant. Following
oral administration, samples were obtained prior to
dosing, and 0.5, 1, 1.5, 2, 3, 4, 6, 8 and 12 h after
dosing on day 1.” Similarly, in the i.v. trial blood was
withdrawn prior to infusion and at steady state on day
8 after start of dosing.® The blood samples were
centrifuged immediately at the site of the patient to
separate the plasma. The plasma samples were directly
deproteinized by 4-fold dilution in ice-cold (—20°C)
methanol, resulting in a stabilized lactone to carbox-
ylate ratio” and stored at —80°C upon analysis.
Simultaneous determination of the lactone and car-
boxylate form of topotecan was performed by a
reversed-phase high-performance liquid chromato-
graphic method as described.”

Pharmacokinetic analysis

In the present pharmacokinetic analysis we used the
pharmacokinetic data of day 1 of course 1 in the oral
phase I study’ and of day 8 in the continuous infusion
phase II study.? The area under the plasma concentra-
tion-time curve (AUC) of total topotecan, i.e. lactone
plus carboxylate, and the topotecan lactone and
carboxylate forms in the oral phase I study were
calculated by non-compartmental and two- or three-
compartmental analysis models after zero-order input.
The apparent clearance of topotecan lactone and the
clearance of total topotecan in the oral phase I study
were calculated by dividing the dose in mg/m? or the
absolute dose in mg by the observed AUC, and were
expressed in I/h/m? and I/h, respectively. While in the
i.v. study, the clearances were calculated by dividing
the rate of infusion divided by the steady-state plasma
concentration. The apparent terminal disposition half-
life of topotecan lactone and carboxylate were
calculated as In2/k, in which & represents the rate
constant of the terminal disposition phase. The lactone
to total ratio in the oral phase I study was defined as
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the AUC;/AUC;, while the times to reach the
maximum concentration for topotecan lactone and
carboxylate were determined graphically. The lactone
to total concentration ratio in the 21-day continuous
infusion study was calculated as the concentration of
the lactone form divided by the concentration of total
topotecan.

In vitro experiments

From five male volunteers a volume of 12 ml
heparinized blood was collected, from which 6 ml
was centrifuged for 5 min at 2000 g to separate
plasma and blood cells. The plasma supernatants,
combined with the buffy-coat, and the remaining red
blood cell fractions were collected. Fractions of the
whole blood, the red blood cells and the plasma were
combined to create different hematocrit values in
blood of the same individual, ranging between 0.20
and 0.60 I/1. A volume of 1 ml of these samples was
incubated simultaneously with 5 ng/ml of topotecan
lactone and 5 ng/ml of topotecan carboxylate for
15 min at 37°C to study the impact of the hematocrit
on the lactone to total concentration ratio in the
plasma compartment. The blood samples were further
processed as described above for the blood samples of
the patients. The remaining fractions were used for the
determination of hematocrit values. To confirm the
gender-related difference in the topotecan pharmaco-
kinetics, 1 ml of normal heparinized whole blood of
five female and five male volunteers was incubated
with 5 ng/ml of topotecan lactone and carboxylate,
and further processed as described above.

Statistical analysis

All parameters are reported as mean values + SD. Two-
tailed unpaired Student’s #tests were performed to
evaluate statistically significant differences (»<0.05)
in pharmacokinetic and biochemical parameters be-
tween males and females, using the NCSS package
(version 5.X; JL Hintze, East Kaysville, UT, 1992).
Linear regression analysis was performed to test
potential relationships between parameters, using
the same program.

Results

Clinical pharmacokinetics

A total of 54 patients (36 male and 18 females)
enrolled in the oral phase I study were evaluated for
pharmacokinetic analysis during day 1 of course 1.
Since cisplatin has no effect on the pharmacokinetics
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of topotecan,” courses without and in combination
with iv. administered cisplatin were used for the
determination of gender-dependent differences in
topotecan pharmacokinetics. The pharmacokinetic
and biochemical characteristics of the evaluable
patients are listed in Table 1. The apparent clearance
of topotecan lactone was significantly 1.4-fold faster in
males as compared to females (p=0.0082), while after
correction for the body surface area the apparent
clearance of the lactone form was remained signifi-
cantly 1.3-fold faster in males (»=0.031). Interestingly,
no significant differences were observed in the
clearance of total topotecan. The lactone to total ratio
of the AUC was significantly 1.3-fold higher in females
(»=0.0076), and a significant correlation (#=0.35,
p=0.0086) was found between the lactone to total
AUC ratio and the apparent clearance of topotecan
lactone (Figure 2a). Linear regression analysis was
performed between, respectively, the significantly
different biochemical characteristics body surface area
and hematocrit, and the apparent clearance of
topotecan, expressed in 1/h as well as in 1/h/m® A
significant relationship was found between the body
surface area and the absolute apparent clearance

Table 1. Pharmacokinetic and biochemical characteristics

expressed in I/h (»=0.013), while no significant
relationship was found after correction of the apparent
clearance for the body surface area. In contrast, the
relationship between hematocrit and the absolute as
well the corrected apparent clearance was signifi-
cantly correlated (»p=0.040 and p=0.030, respectively).
In the continuous i.v. phase II study, 38 patients (19
males and 19 females) had evaluable topotecan
pharmacokinetics on day 8 of course 1, with a 1.2-
fold higher lactone to total concentration in females
(Table 1). As in the oral study, a significant correlation
(r=0.61, p<0.0001) between the lactone to total
concentration and the apparent clearance of topote-
can lactone was found (Figure 2b).

In vitro studies

We sought to define an in vitro model that would
explain the differences between males and females in
topotecan pharmacokinetics. In the experiments with
whole blood samples of the healthy male volunteers,
with artificially altered hematocrit values, a strong
significant correlation (=0.98, p <0.0001) was found
between the hematocrit value and the lactone to total

Males

Oral phase | study

LT (%) 37.1+5.32 (n=36)
CL/F_ (/h) 2374105 (n=236)
CL/F_ (I/h/m?) 123+53.3 (n=36)
CL/Fr (I/h) 85.0+33.3 (n=36)
CL/Fr (I/h/m?) 44.7+17.9 (n=36)
TmaxL (h) 1.63+1.25 (n=36)
Tmaxc (h) 2.79+1.43 (n=36)
Tw (D) 2.97+1.12 (n=36)

Ty.c (h) 3.65+1.05 (n=36)

BSA (m?) 1.964+0.204 (n=236)
Ht (1/1) 0.39+0037 (n=30)
CLl¢reat (Ml/min) 89420 (n=21)
albumin (g/) 41+4.0 (n=34)

total protein (g/l) 76+5.3 (n=34)

21-day continuous i.v. infusion

L/T (%) 29.6+6.67 (n=18)
CL, (I/h) 73.9+27.8 (n=19)
CL_ (I/h/m?) 37.5+14.3 (n=19)
CLt (I/h) 21.3+5.78 (n=18)
CLt (I/h/m?3) 10.4+3.88 (n=18)
BSA (m?) 1.984+0.139 (n=19)
Ht (/1) 0.37+0.038 (n=12)
CLcreat (Ml/min) 98+16 (n=9)
albumin (g/l) 43+4.0 (n=12)

total protein (g/l) 70489 (n=12)

Females p
41.74+6.51 (n=18) 0.0076
163+62.5 (n=18) 0.0082
92.4+33.3 (n=18) 0.031
69.1+29.9 (n=18) NS
38.5+14.6 (n=18) NS
1.92+1.60 (n=18) NS
2.96+1.67 (n=18) NS
3.11+£0.912 (n=18) NS
3.47+0.722 (n=18) NS
1.77+0.204 (n=18) 0.0003
0.36+0.041 (n=16) 0.015
80119 (n=10) NS
41+£2.9 (n=15) NS
75+4.8 (n=15) NS
34.1+5.70 (n=19) 0.034
59.9+13.6 (n=19) NS
34.3+8.14 (n=19) NS
20.0+3.85 (n=19) NS
11.5+2.56 (n=19) NS
1.76+0.164 (n=19) 0.0001
0.34+0.028 (n=16) 0.023
87122 (n=14) NS
41+6.1 (n=16) MS
71116 (n=16) NS

L/T (%) =lactone to total ratio, CL/F and CL = (apparent) clearance of topotecan lactone and total, Ti,ox=time to reach the maximal plasma
concentration of topotecan alctone and carboxylate, Ty, =terminal half-life of topotecan lactone and carboxylate, BSA=body surface area,
Ht=hematocrit, CLat=Creatinine clearance, NS =no significant difference.
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Figure 2. Relationship between the lactone to total ratios
and the apparent topotecan lactone clearance in patients
treated with oral topotecan (A) or i.v. topotecan (B). Male
patients are indicated by open circles and females by closed
circles.

concentrations after a 15 min incubation at 37°C with
5 ng/ml of both topotecan lactone and carboxylate
(Figure 3). By comparing normal heparinized whole
blood samples of five male and five female volunteers,
a significant difference (»=0.0015) in the hematocrit
value was found, with mean values of 0.4440.014 1/1
for males and 0.39+0.019 I/1 for females. After a
15 min incubation at 37°C with 5 ng/ml of topotecan
lactone and carboxylate, the lactone to total concen-
tration ratio in the plasma compartment was signifi-
cantly higher (» <0.0001) in females as compared to
males, with respective values of 27.84+0.41 and
25.2+0.36%. In addition, the change in the lactone
to total concentration ratio was accompanied by a
significantly (p=0.010) higher exposure of the lactone
form in the plasma compartment of the blood samples
of the female volunteers, with mean concentrations of
3.41+0.103 and 3.224+0.074 ng/ml for the blood
samples obtained from the female and male volun-
teers.
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Figure 3. Relationship between the hematocrit (Ht) and the
lactone to total concentration ratio in plasma. Each symbol
represents the created hematocrit value versus the lactone
to total ratio in the plasma of one healthy volunteer.

Discussion

In the present study, we have demonstrated for the
first time that topotecan clearance is significantly
slower in females as compared to males. These data
complement previous knowledge of the clinical
pharmacology of topotecan and may have important
clinical implications for its optimal use. Previous
studies have revealed that major factors responsible
for gender-dependent pharmacokinetics are related to
differences in body composition, renal elimination,
drug absorption and hepatic function.® Indeed, a
significant difference in the body surface area between
male and female patients was found in the present
study. However, the apparent clearance of topotecan
lactone after oral administration was still 1.3-fold
higher in male patients as compared to female patients
after correction for body surface area, indicating that
body surface area was not the major predictor for the
gender-dependent clearance of topotecan lactone.
Likewise, no significant linear relationship was found
between body surface area and the apparent clearance
of topotecan lactone after correction of the apparent
clearance for body surface area.
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Pharmacokinetic studies performed during previous
clinical trials of topotecan have consistently failed to
recognize the discrepant drug disposition in males and
females. This is most likely caused by the fact that in
most studies only limited numbers of patients were
sampled or combined measurement of topotecan
lactone plus carboxylate was performed. Recently,
gender-dependent differences in topotecan pharmaco-
kinetics were not found in a population of children
and adults in the range 3 weeks to 22 years of age."’
This is probably related to the fact that no gender
differences in hematocrit values are reported in
children under the age of 12 years and only marginal
differences were observed at 12-18 years."'

Topotecan is mainly eliminated by the kidneys, with
40% (range 26-80%) of the dose excreted in the urine
as parent compound within 24 h after a 30-min i.v.
infusion." One of the known metabolic pathways of
topotecan is the loss of the methyl moiety linked to the
nitrogen in the core structure of topotecan by the
cytochrome P450 enzyme system, resulting in V-
desmethyl topotecan (Figure 1). Concentrations of
this metabolite in plasma and urine were very low;
after a 30-min i.v. infusion, peak plasma concentra-
tions of N-desmethyl topotecan accounted for less than
1% of the maximal total drug concentration and in
urine only 1-4% of the delivered dose was excreted as
N-desmethyl topotecan.'? Recently, a new metabolic
conjugation pathway has been described,'? resulting
in the formation of topotecan-O-glucuronide and N-
desmethyl topotecan-O-glucuronide (Figure 1). Since
relatively low amounts of these metabolites were
excreted in the urine, with maximal concentrations of
10 and 3.5%, respectively, in comparison with urinary
concentrations of the parent compound, coupled with
the fact that altered topotecan clearance only has been
described in patients with severely impaired renal
function, ' gender-dependent differences in the
known metabolic pathways of topotecan are unlikely
to occur. However, minor gender-related differences
in renal clearance could be expected, since the
glomerular filtration rate of the kidneys is related to
the body weight and thus higher topotecan clearance
in males could be due to their higher body Wf:ight.6
Nevertheless, as described above, the apparent clear-
ance of topotecan lactone was significantly higher in
males, even after correction for the body surface area
(i.e. body weight), while no significant difference was
found for the clearance of total topotecan.

Differences in intestinal drug absorption between
males and females after oral administration have been
reported and shown to be possibly related to a slower
gastric emptying rate in females, different levels of gut
enzymes and differences in the hepatic first-pass effect.
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In the present analysis, however, differences in the
gastric emptying rate are less likely, since the time to
reach the maximum concentration of topotecan
lactone after oral administration did not differ sig-
nificantly. Moreover, previously we did not find
differences in the oral bioavailability of the i.v. dosing
solution between males and females of topotecan
lactone, with bioavailabilities of 31+ 8.4% (n#=7) and
30+7.5% (n=5) for males and females, respectively
(data compiled from Schellens et al.ls).

Gender-related differences caused by different levels
of liver and gut enzymes are not expected since
metabolism is a minor route of elimination of
topotecan. As described above, low amounts of the
known metabolites of topotecan were detected in
urine and plasma of patients. Likewise, in a phase I and
pharmacologic study in patients with impaired hepatic
function, similar topotecan pharmacokinetics were
observed in patients with and without liver injury,l(’
also suggesting a minor role of liver enzymes in the
overall elimination of topotecan.

A significant relationship was found following linear
regression analysis of body surface area versus the
absolute apparent clearance of topotecan lactone,
while after correction for body surface area this
relationship did not remain statistically significant.
However, significant relationships were noted be-
tween the hematocrit and the absolute apparent
clearance of topotecan lactone, as well as the apparent
clearance corrected for body surface area, indicating
that hematocrit was a significant predictor for the
apparent clearance of topotecan lactone.

To further evaluate the role of hematocrit in
topotecan pharmacokinetics as a potentially important
contributing factor to the observed gender depen-
dency, various additional in wvitro studies were
performed. Hematocrit values in healthy humans are
known to be different in males and females, with,
respectively, values of 0.44+0.02 and 0.39+0.02 I/
1.'7 Furthermore, erythrocytes are known to be
carriers for a variety of endogenous compounds and
drugs, including topotecan.'®° Drugs and endogen-
ous compounds in the plasma compartment are in
equilibrium between plasma proteins and plasma
water, i.e. in a bound and unbound form. The plasma
water is the central compartment, from which the
unbound drug is able to move across cell membranes,
including those of red blood cells. Topotecan has a
plasma protein binding of approximately 35%>' and
hence 65% of the drug in principle is directly available
for cellular uptake. To demonstrate the relationship
between hematocrit value and the lactone to total
concentration ratio in plasma, whole blood of five
male volunteers, with artificially altered hematocrit



values, was incubated with topotecan lactone and
carboxylate. The hematocrit appeared to be a princi-
ple predictor of the resulting topotecan lactone to
total concentration ratio in the plasma compartment,
with higher ratios at lower hematocrit values. This
phenomenon was confirmed by in vitro incubation of
topotecan in whole blood of males and females,
showing significantly higher lactone to total topotecan
concentrations in females as compared to males. The
higher lactone to total topotecan ratios in blood with
lower hematocrit values is most likely caused by the
fact that the carboxylate form, which is charged, is not
able to pass cell membranes and thus remains in the
plasma compartment.”’> Hence, the absolute amount
of the carboxylate form in the plasma compartment in
the in vitro experiments is independent of the
hematocrit value, resulting in lower carboxylate
concentrations in blood samples with lower hemato-
crit values. In addition, we found significantly higher
topotecan lactone concentrations in the plasma
compartment of the blood samples of the female
volunteers. This phenomenon is consistent with the in
vivo finding of lower topotecan lactone clearance in
females, as a result of higher exposure of the lactone
form in females compared to males.

In conclusion, we have shown that topotecan is
subject to significant gender-dependent differences in
pharmacokinetic behavior that result from a physiolo-
gic difference in hematocrit values between males and
females. This finding may have implications for
interpretation of the relationship between pharmaco-
kinetic parameters and pharmacodynamic outcome of
topotecan treatment. A potential gender-dependent
relationship between the pharmacokinetics and phar-
macodynamics has to be investigated in a study using
single-agent topotecan at a fixed dose. Eventually,
pharmacologic data generated in this investigation and
the recognition of the gender dependency in topotecan
pharmacokinetics may provide a basis for the develop-
ment and refinement of clinical protocols allowing
more rational and selective treatment with topotecan.
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