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Abstract Objective: To evaluate medication adherence,
pharmacokinetics and exposure versus response rela-
tionships in patients with myelodysplastic syndromes
(MDS). Methods: Ninety adult patients with MDS re-
ceived oral topotecan (1.2 mg/m2) either once a day for
10 days or twice a day for 5 days every 21 days for up
to six cycles. Dosing histories were collected using elec-
tronic monitoring devices fitted to medication vials.
Topotecan plasma concentrations were measured, and
exposure was determined by a sparse sampling approach
and Bayesian estimation methods. Relationships be-
tween exposure and clinical response and toxicity were
evaluated using logistic regression. Results: Overall
adherence was excellent with 90% of patients taking the
prescribed number of doses in cycle 1. Adherence did
not differ between the two regimens. Topotecan phar-
macokinetics were described using a one compartment
open model with first order absorption and elimination.
Pharmacokinetic parameter estimates did not differ be-
tween the once a day and twice a day dosing groups.
While topotecan exposure was greater in the twice a day
arm compared to the once a day arm due to drug

accumulation, exposure did not correlate with clinical
response. However, the probability of needing a platelet
transfusion in the twice a day arm was significantly in-
creased (by 35%) as a result of greater steady-state
plasma topotecan concentrations. Conclusions: Adher-
ence is high in patients with MDS receiving oral topo-
tecan, whether the drug is prescribed once or twice daily.
The optimal schedule cannot be determined from this
study, as there was no evident relationship between any
pharmacokinetic parameter and clinical response.
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Introduction

Myelodysplastic syndromes (MDS) are a heterogeneous
disease characterized by morphologic dysplasia of one
or more hematopoietic cell lines. MDS incidence in-
creases with age, from 2 per 100,000 at age 50 to 30 per
100,000 by age 70 [1]. With the aging of the US popu-
lation, more patients will be diagnosed with MDS. Pa-
tient prognosis remains poor. Survival depends on the
type of MDS and ranges from an average of 5 months
for high risk MDS such as refractory anemia with excess
blasts in transformation (RAEBt), to 4 years for low
risk MDS such as refractory anemia (RA) and RA with
ringed sideroblasts (RARS) [2].

Treatment for MDS consists primarily of supportive
care measures including blood transfusions, antibiotics
and hematopoietic growth factors to prevent secondary
complications such as infection or bleeding. Cytotoxic
agents, including those showing activity against leuke-
mia, have been explored as chemotherapy, including
cytarabine, doxorubicin, and topotecan [3]. Intravenous
topotecan, a topoisomerase I inhibitor, has activity in
MDS. Studies to date have shown response rates of 28–
66% for high risk MDS (RAEB and RAEBt) [4]. Higher
response rates and a median survival time of 7–
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20 months were obtained when topotecan was admin-
istered in combination with cytarabine [3, 5]. However,
combination therapies require patient hospitalization
with an increased risk of toxicity compared with topo-
tecan alone.

Oral chemotherapy has advantages for protracted
schedules [6], particularly in patients with risk factors for
indwelling venous access devices that would otherwise
be needed for continuous intravenous infusion of the
drug [7]. In addition, ease of administration of oral to-
potecan may be advantageous in light of phase I study
results indicating that prolonged dosing schedules
demonstrate improved antitumor activity compared to
intermittent dosing schedules [8]. Oral topotecan regi-
mens are well-tolerated; the dose-limiting toxicity on 5-
day regimens is neutropenia, while prolonged adminis-
tration for 21-days results in gastrointestinal side-effects,
mainly diarrhea.

In the outpatient setting, the convenience of oral drug
therapy may be offset by failure to adhere to prescribed
regimens, a recognized barrier to the effective manage-
ment of disease [9]. Electronic monitoring has revealed
substantial variability in the amount and timing of doses
relative to prescribed oral dosing regimens [10]. As a
result, variable adherence with prescribed drug treat-
ment may also influence exposure to oral drug therapy
and potentially impact on the effectiveness of chemo-
therapy in cancer patients.

Topotecan is an investigational agent in MDS. To
date studies of topotecan in MDS have been limited to
high risk MDS without exploring the option of chemo-
therapy for lower risk MDS [4]. A clinical study was
conducted by the Cancer and Leukemia Group B
(CALGB) to evaluate the clinical pharmacology of oral
topotecan (1.2 mg/m2) administered once a day for
10 days or twice a day for 5 days to patients with MDS.
The objectives of the study were to (a) determine whe-
ther adherence to oral topotecan differed between the
once- and twice-a-day regimens, (b) evaluate topotecan
pharmacokinetics in elderly MDS patients and (c)
examine exposure versus response relationships, includ-
ing clinical response and toxicity, of oral topotecan in
patients with MDS. Detailed clinical results on response,
survival, and toxicity will be reported separately.

Methods

Patients

Patients with a documented diagnosis of MDS were
eligible for the study. Patients were randomized to re-
ceive oral topotecan (1.2 mg/m2), either once a day for
10 days or twice daily for 5 days every 21 days for up to
six cycles. Inclusion criteria included age greater than
15 years, no prior treatment with topotecan, no prior
treatment with cytotoxic agents for MDS, and normal
hepatic and renal function (defined by serum aspartate
transaminase (AST) values £ two times the upper limit

of normal, total bilirubin £ 1.5 mg/dl, and serum
creatinine £ 1.5 mg/ml). Participants signed an IRB-
approved, protocol-specific informed consent.

Supply of study drug

Topotecan (0.25 mg and 1 mg capsules) was provided
by Smith Kline Beecham and supplied to patients in a
vial fitted with a cap containing an electronic monitoring
device (EDEM, AARDEX Corp, Union City, CA,
USA; 1 mg capsules only) for collection of individual
dosing histories. The device consisted of a battery and a
microchip that recorded every opening and closure of
the cap on the vial. Patients were instructed to open the
vial only to remove a dose at the time of ingestion and to
only remove one dose at a time. They were further
counseled to take the medication on an empty stomach,
to take doses at the same time(s) each day and to space
doses uniformly. Medication vials containing topotecan
capsules were stored refrigerated, between 4�C and 8�C.

Adherence

In addition to the collection of electronic dosing histo-
ries, pill counts (PCs) were performed at the end of each
cycle of treatment. We determined the percentage of
patients that was 100% adherent based on the following
definitions of adherence: the prescribed number of doses
were taken, as determined by PC and electronic device
(FR), all doses were taken within 2 h of the prescribed
dosing interval (PI), and the correct number of doses
was taken on each day of treatment (DC). Differences in
adherence indices between treatment groups were eval-
uated using Kolmogorov–Smirnov test. A P-value of
less than 0.05 was considered significant.

Pharmacokinetics

A sparse sampling design was utilized for pharmaco-
kinetic data collection. Blood samples (10 ml) were
collected into heparinized vials immediately prior to
administration of the first dose and at the following
times following the first dose administration: between
30 min and 90 min, between 120 min and 180 min,
and between 210 min and 300 min. These sampling
windows, rather than rigid time points, allow flexibility
in the outpatient setting while allowing evaluation of
population pharmacokinetics. Two additional samples
were collected at any time between days 3 and 5
during the first cycle of treatment and during cycle 2
(between days 1 and 5) at anytime after dose admin-
istration. Although the timing of these two additional
samples was left to the discretion and convenience of
the physician and patient, the actual date and time of
the last dose and date and time of the sample were
recorded. Blood samples were centrifuged at 1,000 g
and the plasma transferred to polypropylene storage
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vials. Samples were stored frozen at �20�C and ship-
ped to a central laboratory (AAM) for topotecan
assay. The date and time of sample collection was
recorded. The time of dose administration prior to
blood sampling was recorded by the investigator and
was obtained from electronic dosing histories at sub-
sequent times.

Plasma topotecan concentrations were quantitated
using a validated high performance liquid chromatog-
raphy method as previously reported for another
CALGB study [7]. Briefly, plasma concentrations of
topotecan as the total of the lactone and carboxylate
were measured. A 100 ll sample of plasma was mixed
with 100 ll of methanol and 100 ll of 7% perchloric
acid (v:v). After centrifugation, 50 ll of the clear
supernatant was injected onto HPLC. The mobile phase
consisted of 0.01 M N, N, N¢, N¢-tetramethyl-ethylene-
diamine at pH 6.0:methanol:0.1 M hexane-1-sulfonic
acid sodium salt mixed at 65:25:10 by volume. The flow
rate was 1.5 ml/min. Separation was achieved on a
Symmetry C18 (3.9 mm·150 mm, 5 lm) column (Wa-
ters, Milford, MA, USA) that was maintained in a col-
umn oven at 30�C. The column effluent was monitored
with a fluorescence detector set to an excitation wave-
length of 361 nm and an emission wavelength of
527 nm. The HPLC assay was linear over a concentra-
tion range from 0.1 ng/ml to 10 ng/ml. The coefficients
of variation for repeated analyses on the same day and
between days were less than 10%. The limit of detection
of topotecan in plasma was 0.1 ng/ml.

Pharmacokinetic parameters were estimated from
electronic dosing histories and sparse topotecan samples
using first order conditional estimation in the NON-
MEM program (version V) [11]. During model devel-
opment, various absorption models were tested,
including zero order, first order and mixed order pro-
cesses. Pharmacokinetic parameters were assumed to be
log normally distributed. In addition, interoccasion
variability in absorption parameters was evaluated. In-
tersubject variability and interoccasion variability were
modeled as follows:

Pik ¼ P � eðgiÞ � eðnikÞ ð1Þ

where Pik is the parameter estimate for the ith individual
on the kth occasion, P is the median parameter estimate,
gi is a random intersubject effect with mean 0 and var-
iance x2, and nik is a random interoccasion effect with
mean 0 and variance /2.

The residual error model included two terms: an error
term proportional to the prediction and an additive
component, as follows:

yij ¼ ŷij � 1þ e1ij
� �

þ e2ij ð2Þ

where yij and ŷij represent the jth observed and pre-
dicted concentration, respectively, for the ith subject,
and �1 and �2 are the random residual errors, which are
normally distributed with mean 0 and variance r1

2 and
r2
2, respectively.

The final model was chosen based on model stability,
�2 log likelihood (�2LL) and evaluation of diagnostic
plots. The plot of observed versus predicted plasma to-
potecan concentration was examined for uniformity
about and closeness to the line of unity, while plots of
residuals and weighted residuals versus predicted con-
centration and time were examined for randomness
about and closeness to zero.

Individual pharmacokinetic parameter estimates,
including apparent clearance (clearance divided by oral
bioavailability, CL/F), apparent volume of distribution
(volume of distribution divided by oral bioavailability,
Vc/F) and the absorption rate constant (Ka), were ob-
tained by Bayesian estimation from the final model,
using the POSTHOC function in NONMEM. Differ-
ences between treatment arms in individual pharmaco-
kinetic parameter estimates thus obtained were
compared using the Wilcoxon two-sample rank test and
proportion comparisons were done using Fisher’s Exact
test. A P-value of less than 0.05 was considered signifi-
cant.

Patient age, diagnosis, duration of disease, sex, race
and laboratory markers for renal and hepatic function
were examined as possible sources of variability in
pharmacokinetic parameter estimates. Relationships
between patient covariates and individual Bayesian
estimates of the pharmacokinetic parameters were ex-
plored using generalized additive models (GAM) in
SPLUS (StatSci, Seattle, WA, USA). The GAM allows
both linear and non-linear relationships between
parameters and covariates to be explored [12]. For
example,

Pi ¼ P þ
Xn

l¼1
glðXliÞ ð3Þ

where Pi is the parameter estimate for the ith individual,
P is the median parameter estimate, Xli is the lth co-
variate for subject i and g(.) is a linear or nonlinear
function. Graphical analyses of each pharmacokinetic
parameter versus each covariate were also examined for
the possibility of nonlinear relationships. Selected co-
variates from the exploratory GAM and graphical
analyses were further tested in NONMEM where step-
wise additions (P<0.05) and deletions (P<0.01) de-
termined the final model based on the change in �2LL
between hierarchical models. Continuous covariates
were centered around the median value and included in
the model as follows,

Pi ¼ P þ h � ðCOVi � COVÞ ð4Þ

where h is a parameter describing the relationship be-
tween the covariate of interest (COV) and the parameter
of interest (P), COV is the median value of the covariate
in the population and the subscript i represents the ith
individual. Categorical covariates were coded using
indicator variables to allow estimation of the parameter
of interest for each category.
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Individual estimates of exposure were calculated from
individual pharmacokinetic parameter estimates ob-
tained from the final population pharmacokinetic
model. Metrics of exposure included the average steady-
state peak topotecan plasma concentration (Css,max),
the average steady-state trough topotecan plasma con-
centration (Css,min), area under the plasma topotecan
concentration versus time curve from time 0 to infinity
(AUC, calculated as dose divided by apparent clear-
ance), the average duration of time that plasma con-
centrations of topotecan were above 1.0 ng/ml following
a single dose, and the continuous time above 1.0 ng/ml
for the first cycle.

Exposure versus pharmacologic response

Pharmacologic endpoints included complete or partial
response (at least 50% normalization of blood cell
components and myeloblasts) and hematologic
improvement (50% improvement in one or more blood
cell components or platelet transfusion). Toxicities were
graded for transfusion of platelets, transfusion of
packed red blood cells (pRBC), platelet count, hemo-
globin, absolute neutrophil count (ANC), and diarrhea,
according to the Common Toxicity Criteria (version 2.0)
[13].

Relationships between responses (including complete
or partial response, hematologic improvement and
Grade 3 or 4 toxicities) and various metrics of exposure
were explored. Each response was coded as a binary
variable, i.e., the response occurred or did not occur.
Exposure versus response relationships were evaluated
using logistic regression in SPLUS (StatSci):

Pr ¼ eAþBx

1þ eAþBx
ð5Þ

where Pr is the probability of the response occurring, A
is the intercept, B is the slope, and x is the metric of drug
exposure. A P-value of less than 0.05 was considered
significant.

Patient registration and data collection were man-
aged by the CALGB Statistical Center. Data quality was
ensured by careful review of data by CALGB Statistical
Center staff and by the study chairperson.

Results

One hundred patients with MDS were enrolled in
CALGB protocol 19803/69801 from March 1999 to
May 2000. Ten patients withdrew from the study prior
to receiving study medication. Of the remaining 90 pa-
tients, 44 were assigned to the once a day regimen and 46
were assigned to the twice a day regimen. Median age at
study entry was 70 years (range 32–85 years). Plasma
topotecan concentrations from the first treatment cycle
were available for 81 patients (39 and 42 from each

regimen, respectively). Samples from two individuals
were lost in transit, samples for six individuals had
interfering peaks, and one individual did not have blood
withdrawn. Thirty-nine patients (21 and 18 from each
regimen, respectively) had measurable plasma concen-
trations from samples collected during cycle 2. Adher-
ence measurements were collected for 40 patients
assigned to the once a day regimen and 40 patients as-
signed to the twice a day regimen.

Adherence to oral topotecan

Adherence measurements did not differ between the
once and twice a day dosing regimens, for cycle 1 (Ta-
ble 1) and over all cycles (data not shown). Overall, 90%
of patients took the prescribed number of doses as re-
corded by the electronic monitoring device. Similar
values were obtained by the PC.

The greatest variability was observed in adherence
with prescribed dosing intervals with greater than 45%
of patients taking their medications at dosing intervals
not consistent with the prescribed dosing interval.
Irregular dose administration resulted in peak and
trough concentrations that were not consistent from one
dose to the next and therefore differed from those ex-
pected at steady-state. Consequently, variable adherence
contributed to variable topotecan plasma concentration
versus time profiles in this patient population (Fig. 1).

Pharmacokinetics

A one compartment open model with first order
absorption and elimination processes and an absorption
lag-time of approximately 0.5 h best described topotec-
an plasma concentrations versus time after oral doses.
Intersubject variability in topotecan absorption was
large (>100%). During the model development it was
noted that interindividual variability in topotecan
absorption increased with incorporation of data from
the second cycle of treatment. Consequently, interocca-
sion variability was included in the absorption model.
Population pharmacokinetic parameter estimates are
listed in Table 2.

Individual pharmacokinetic parameter estimates for
Ka, CL/F, and Vc/F did not differ significantly between
patients on the once a day and twice a day dosing reg-
imens (Table 3). Neither induction nor inhibition of

Table 1 Percent of individuals not 100% adherent during cycle one

Dosing regimen FR PC PI DC

Once a day 5.0 11.1 57.5 10.0
Twice a day 10.0 10.0 45.0 0.0

Prescribed number of doses taken according to electronic device
(FR) or pill count (PC); all doses taken within 2 h of the prescribed
dosing interval (PI) and correct number of doses taken on each day
of treatment (DC)
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pharmacokinetic processes (absorption or elimination)
took place with more frequent administration of topo-
tecan. For the twice daily dosing regimen, accumulation
of topotecan contributed to higher steady state mini-
mum but not maximum concentrations compared to the
once a day dosing regimen (Fig. 2). This also resulted in
28 of 42 (67%) of individuals with topotecan concen-
trations above 1 ng/ml for the entire dosing period in the
twice a day dosing group compared to 5 of 39 (13%) in
the once a day dosing group (P<0.0001).

In the covariate analysis, increasing age resulted in a
decrease in apparent volume of the central compart-
ment. Apparent volume of the central compartment
decreased by 3.1 l for every year greater than the median
age of 70 years. Conversely, apparent volume of the
central compartment increased by 3.1 l for every year of
age less than 70 years.

Exposure versus pharmacologic response

Overall, 6% of patients experienced a complete or par-
tial response while 31% displayed signs of hematologic
improvement. Response rates were similar between the
two dosing regimens (Table 4). In accordance, although
continuous topotecan exposure greater than 1 ng/ml was
more likely in the twice a day arm compared to the once
a day dosing regimen, neither response (complete or
partial) nor hematologic improvement correlated with
metrics of topotecan exposure.

Occurrence of severe toxicities was similar between
the two groups, with the exception of platelet transfu-
sions, which was greater for patients receiving twice a
day topotecan (Table 4). Accordingly, there were sig-
nificant relationships between most of the metrics of
systemic exposure (peak steady-state plasma topotecan
concentration (Css,max; P=0.006), trough steady state
plasma concentration (Css,min; P=0.006), continuous
time above 1.0 ng/ml (P=0.01) and area under the
plasma concentration versus time curve from time 0 to
infinity (AUC; P=0.03)) and the need for a platelet
transfusion. Based on these results, the estimated prob-
ability of needing a platelet transfusion was 56% for an
individual with a Css,max equal to the lower quartile
(3.8 ng/ml), 71% for an individual with an average
Css,max (5.4 ng/ml) and 79% for an individual with
a Css,max equal to the upper quartile (6.4 ng/ml).
Because Css,min and the continuous time above 1 ng/ml

Table 2 Pharmacokinetic parameter estimates

Parameter Estimate %CVa

Ka (h�1) 1.05 20.1
CL/F (l/h) 51.0 7.7
Vc/F (l) 395 9.0
Lag time (h) 0.476 7.9
K (h�1) 0.129
Interindividual variability (%CV)b

Ka 101.0
CL/F 44.5
Vc/F 44.5
Interoccasion variability (%CV)c

Ka 57.4
Residual variability
Proportional error (% CV)d 24.4
Additive error (ng/ml)e 0.9

Ka absorption rate constant, CL/F apparent clearance, Vc/F
apparent volume of the central compartment, K elimination rate
constant
astandard error of estimate/parameter estimate·100%
b
ffiffiffiffiffiffi
x2
p

� 100%(see Eq. 1)
c

ffiffiffiffiffiffi
/2

q
� 100%(see Eq. 1)

d
ffiffiffiffiffi
r2
1

q
� 100%(see Eq. 2)

e
ffiffiffiffiffi
r2
2

q
� 100%(see Eq. 2)

Fig. 1 Predicted topotecan plasma concentration versus time
profile for once a day topotecan (2.25 mg oral dose, the dose
administered to an individual with an average body surface area of
1.9 m2; solid line) compared to twice a day topotecan (2.25 mg;
dotted line)

Table 3 Median parameter estimates for once and twice a day dosing regimens

Dosing
regimen

n Ka
(h�1)

CL/F
(l/h)

Vc/F
(l)

Css,max
(ng/ml)

Css,min
(ng/ml)

AUC
(ngh/ml)

Average
time above
1 ng/ml (h)

Continuous
time above
1 ng/ml (h)

Once a day 39 1.04 51.0 389 4.9 0.3 44.9 14.3 14
Twice a day 42 0.96 51.0 412 4.9 1.6 40.1 14.0 121
P-valuea 0.82 0.76 0.28 0.79 <0.0001 0.28 0.90 0.004

aWilcoxon two-sample rank test
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were much higher on the twice a day regimen than on
the once a day regimen, the need for a platelet transfu-
sion was significantly greater for patients receiving twice
a day topotecan (P=0.003). Thus, a typical individual
receiving twice a day topotecan with an average Css,min
of 1.9 ng/ml had an 88% probability of needing a
platelet transfusion as compared to a patient on a once a
day regimen with an average Css,min of 0.5 ng/ml
whose transfusion probability was only 52%.

Discussion

With increasing availability of oral chemotherapy for-
mulations due to increased cost-effectiveness, reduced
costs of hospitalization and greater patient preference
[6], patients are increasingly responsible for self-admin-
istration of chemotherapy. However, failure to adhere to
the prescribed treatment regimen may be a potential
limitation of oral chemotherapy. In previous studies,
electronic monitoring devices have revealed surprisingly
similar patterns of adherence in a wide variety of
ambulatory patient populations [10]. While not infalli-
ble, the device allows evaluation of various dimensions
of adherence, including the quantity, frequency and
timing of doses. In cancer [14, 15], as with other diseases
[10], there may be substantial variability in adherence to

oral drug regimens, particularly in the timing of doses
from day-to-day.

The elderly are commonly believed to demonstrate
greater nonadherence with prescribed drug therapy due
to physical disabilities, cognitive and memory deficits,
reduced financial resources to pay for the cost of health
care (including medications), and polypharmacy [16]. In
the present study, adherence to two different regimens of
oral topotecan in primarily elderly patients was assessed
using an electronic monitoring device that records the
dates and times that doses are removed from the medi-
cation container. Notably, the results of this study are
not consistent with the notion of greater nonadherence
with oral drug therapy in elderly patients.

Overall adherence with oral topotecan in patients
with MDS was excellent. A number of factors may have
contributed to greater overall adherence in this study,
including self-selection bias inherent in clinical trial re-
search. In addition to self-motivation, continued com-
munication with the patients through repeat clinic visits,
the short duration of treatment during each cycle and
follow up questionnaires during each cycle of treatment
may also have been factors. As with other studies of
adherence with oral medications in ambulatory patient
populations [10], the greatest variability occurred in in-
terdose intervals. However, while noncompliance con-
tributed to variability in plasma topotecan
concentration versus time curves for each individual, the
resultant exposure to topotecan did not correlate with
pharmacologic response in patients with MDS.

After accounting for variable adherence, interindi-
vidual variability in topotecan absorption was large,
varying twofold in this study population. Previously,
interindividual variability in oral bioavailability from a
capsule formulation was estimated to be 30% [17]. Since
topotecan is absorbed more slowly in the presence of
food [17], taking topotecan within 2 h of food may have
contributed to both the observed magnitude of interin-
dividual variability as well as interoccasion variability in
absorption between cycles 1 and 2. Interindividual var-
iability in apparent clearance was similar to that previ-
ously reported (approximately 40%) [18].

In elderly MDS patients, the disposition of topotecan
was characterized by an absorption half-life of 0.7 h and

Fig. 2 Predicted topotecan
plasma concentration versus
time profile based on prescribed
dosing regimen (dotted line) and
based on actual dosing history,
as recorded by the electronic
monitoring device (solid line)
and observed plasma
concentrations (circles) for one
subject in each treatment arm.
Subject A received twice a day
topotecan and subject B
received once a day topotecan

Table 4 Number (percent) of patients experiencing response or
toxicity (Grade 3 or 4) by dosing regimen

Once a day
(n=39)
n(%)

Twice a day
(n=42)
n(%)

Response
Complete and partial response 1 (3%) 4 (10%)
Hematologic improvement 11 (28%) 14 (33%)
Grade 3 or 4 toxicity
Platelet transfusiona 20 (51%) 35 (83%)
Red blood cell transfusiona 26 (67%) 31 (74%)
Diarrhea 4 (10%) 7 (17%)
Hemoglobin 15 (38%) 24 (57%)
Absolute neutrophil count 33 (85%) 36 (86%)
Platelet count 29 (74%) 38 (90%)

aSignificantly different between dosing regimens
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apparent clearance (CL/F) of 51 l/h. The estimated half-
life was 5.4 h, which is approximately 30% greater than
has been previously reported for patients with solid tu-
mors (2.4–4.3 h) [17, 19–21]. A possible explanation for
the longer half-life estimated in this study is the ad-
vanced age of the MDS population. The average age of
the patients enrolled in this study was 70.3 years which
is 10 years to 20 years older, on average, than patients
with solid tumors enrolled in previous studies [8, 19, 20,
22, 23]. As renal clearance is the primary route of to-
potecan elimination and other studies have shown a
correlation between topotecan clearance and creatinine
clearance [24–26], declining kidney function with
advancing age may be expected to result in reduced
clearance in elderly patients [25, 27]. Although a popu-
lation pharmacokinetic analysis did not detect a rela-
tionship between age and apparent clearance in this
study, this is likely a consequence of the narrow range of
ages in the study population, with less than 10% of
patients either younger than 60 years or older than
80 years.

In a previous population pharmacokinetic study of
oral and intravenous topotecan, it was suggested that
topotecan clearance was reduced in patients with lower
hematocrits [28] as the lactone: total topotecan plasma
concentration was higher in patients with lower hema-
tocrits resulting in a lower plasma concentration of
carboxylate. In the present study, the influence of
hemoglobin levels on topotecan apparent clearance was
difficult to assess as all patients enrolled in this study had
below normal hemoglobin levels (9.3±1.4 mg/dl). Fur-
ther, whereas Loos et al. [28] found that sex dependent
differences in hematocrit may be related to topotecan
clearance, it may not have played a role in this study
since the majority of patients presented with anemia
with no differences in the percentages of men and wo-
men with anemia.

Since continuous exposure to cell cycle specific agents
(>1 ng/ml for topotecan) may be more beneficial than
intermittent exposure following bolus dosing [29, 30], we
tested the hypothesis that greater topotecan exposure
with the twice a day regimen correlated with a higher
response rate. Individual metrics of topotecan exposure
were estimated based on individual dosing histories and
plasma topotecan concentration measurements. How-
ever, while neither response (partial or complete) nor
hematologic improvement correlated with metrics of
topotecan exposure, continuous topotecan exposure did
result in an increased likelihood of thrombocytopenia in
patients with MDS.

In this study, we combined adherence measurements
with a sparse sampling design to estimate exposure to
topotecan in an elderly MDS patient population. Using
this approach, pharmacokinetic parameters were pre-
cisely estimated and individual estimates of systemic
exposure were able to determined. Although evaluation
of topotecan exposure versus efficacy and toxicity rela-
tionships did not reveal any clinically significant rela-
tionships, the approach may be utilized to explore

exposure vs. response relationships for other chemo-
therapeutic agents, particularly during prolonged treat-
ment cycles when adherence to the dosage regimen may
be expected to be more variable.
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