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Abstract Purpose: Docetaxel is a semisynthetic taxane
derived from the needles of the European yew (7Taxus
baccata) and it is an important chemotherapeutic agent
in the treatment of recurrent ovarian, breast and non-
small-cell lung cancers. Traditional dosing regimens with
docetaxel involve doses of 60-100 mg/m?* by infusion
every 3 weeks. Now weekly low-dose (30-36 mg/m?)
regimens are being evaluated in phase I trials. Such low-
dose studies require a more sensitive, specific and rapid
assay of docetaxel in biological fluids for the determi-
nation of pharmacokinetic parameters. Because docet-
axel is primarily metabolized by CYP3A4 and is highly
protein-bound in the plasma, there is potential for drug-
drug interactions and high interpatient variability in
pharmacokinetics. Therefore, pharmacokinetic studies
are an important component to understanding the
therapeutic variability of docetaxel-containing chemo-
therapeutic regimens. Methods: To this end, we devel-
oped an analytical assay for docetaxel based upon
tandem LCMS and paclitaxel as an internal standard.
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The sensitivity of the new assay allowed us to monitor
plasma levels of docetaxel out to 48 h after the end of
the infusion in patients enrolled in a phase I trial of
exisulind (orally, twice daily) receiving weekly docetaxel
doses of 30 or 36 mg/m” where plasma docetaxel levels
are below the lower limit of quantitation for tradi-
tional HPLC/UV-based assays at later time-points.
Results: The inclusion of the 48-h time-point had sig-
nificant effects on the calculated pharmacokinetic
parameters when using either a three-compartment or
non-compartmental analysis. The terminal half-life was
significantly increased when the 48-h time-point was
included in the pharmacokinetic analysis, and the use of
model parameters derived with the inclusion of the 48-h
time-point were able to more accurately predict plasma
levels at later times. Conclusions: The results reflect the
importance of accurate and sensitive analytical methods
for the determination of pharmacokinetic parameters
and the effect of this later time-point on docetaxel
pharmacokinetic modeling. Further, with the increased
use of weekly docetaxel in combination with other
agents, the inclusion of these later sampling time-points
and sensitive methods for drug level determinations are
important components in the description of pharmaco-
kinetic drug interactions.
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Introduction

The taxanes (docetaxel and paclitaxel, Fig. 1) are very
effective anticancer agents used against a broad range of
human cancers [13]. Docetaxel is a semisynthetic taxane
that is prepared from a non-toxic precursor compound
(10-deacetyl baccatin II) that is extracted from needles
of the European yew tree. Paclitaxel and docetaxel have
the same mechanism of action that involves binding to
microtubules and inhibiting depolymerization through



160

H
R1—N\ H? o
I
CH—CH—C—0----

R, R,
o
R \\C—CH
Paclitaxel \ / :
C
/

CHs

o) } CHs L

\C— o ////CH "

Docetaxel / 3

Fig. 1 Chemical structures of paclitaxel and docetaxel

the stabilization of the polymer [22]. In vitro studies
have shown that docetaxel has an approximately two-
fold higher affinity than paclitaxel as an inhibitor of
microtubule depolymerization, and this translates to
increased potency to tumor cells in tissue culture as well
as in vivo [28].

The taxanes are administered to patients via paren-
teral routes, with infusion times ranging from 1 to 24 h.
Studies suggest that efficacy is not different when com-
paring shorter versus longer infusion times [25], and thus
in most clinical protocols taxane is infused over 1 to 3 h.
Paclitaxel is given at doses in the range 100-200 mg/m?
every 21 days, and docetaxel at doses in the range 50—
100 mg/m>. More recently, weekly treatment protocols
for paclitaxel and docetaxel have been evaluated at do-
ses of 80-100 mg/m” and 30-40 mg/m?, respectively [11,
24]. Clinical studies with docetaxel in patients with
metastatic breast cancer have shown that weekly pro-
tocols are equally as effective as higher-dose treatments
every 21 days with decreased toxicity seen with the
weekly treatments [2]. The increased therapeutic index
seen with this protocol has led to a number of studies
testing the safety and efficacy of weekly taxane dosing in
a number of combinations with other agents [1, 5, 6, 17,
18, 23, 27].

One potential problem with the use of lower, more
frequent doses of taxanes is the difficulty in assessing
plasma drug levels over a time frame necessary for the
accurate determination of pharmacokinetic parameters.
The standard method for taxane analysis in biological
matrices is by HPLC with UV detection [7, 20, 32], and
tandem LCMS assays have been developed for paclitaxel
[3, 15, 21, 30]. The lower limit of quantitation of HPLC
with UV detection assays for taxane analysis has been

reported to be 5-10 ng/ml in plasma [7, 20, 32], and the
use of these assays in our laboratory has given similar
lower levels of quantitation. With the limitation of
HPLC/UV-based assay sensitivity, two of eight docet-
axel pharmacokinetic profiles at a dose of 30 mg/m? in
these studies were below the limit of detection 8 h after
dosing and eight of eight 24 h after dosing. Pharmaco-
kinetic parameters calculated using these incomplete
samplings are less accurate than those calculated with
full time-course samplings and can lead to the misrep-
resentation of terminal elimination phases.

Although later time-points may have little effect on
the calculation of many pharmacokinetic parameters
associated with total drug exposure (AUC, CL) for drugs
that have high volumes of distribution, these time-points
can have profound effects on the estimation of drug levels
at extended time-points. These estimates may be very
important pharmacokinetic considerations if the main-
tenance of drug levels above a given concentration is an
important indicator of efficacy. Correlations have been
found between some toxic effects of the taxanes and the
time that plasma levels are above certain concentrations
[9, 29], and the use of this metric may be more important
for therapeutic prediction in lower-dose protocols in
which inhibition of tumor vascular endothelial cell pro-
liferation may play a role in the antitumor activity.

For the more accurate determination of docetaxel
pharmacokinetics we have developed a sensitive, tandem
LCMS-based assay. The use of this assay for docetaxel
analysis allows the measurement of docetaxel in the
plasma of cancer patients receiving weekly doses of 30—
36 mg/m? at times to at least 48 h after dosing. In the
studies presented here we examined the effect of the
inclusion of these later time-points on the calculation of
docetaxel pharmacokinetic parameters using compart-
mental and non-compartmental analysis of the data.
The results from these studies suggest that the inclusion
of these later time-points can have a significant effect on
the determination of the terminal half-life of docetaxel in
humans and this can have a profound effect on the
prediction of docetaxel plasma levels at extended time-
points.

Materials and methods

Chemicals and reagents

Docetaxel was purchased from LKT Laboratories (St. Paul, Minn.)
and paclitaxel, which was used as an internal standard, was pur-
chased from Sigma Chemical Co. (St. Louis, Mo.). All other re-
agents were of analytical grade and were purchased from
commercial suppliers.

Study design

Patients with histologically documented solid malignancies refrac-
tory to standard therapy or for whom no effective therapy existed
were eligible for this study. Other eligibility criteria included: (1)
age =18 years; (2) Southwestern Oncology Group (SWOG)



performance status of <I; (3) no prescription or over-the-counter
NSAIDs for the 2 weeks prior (low-dose prophylactic aspirin was
allowed); (4) predicted life expectancy >3 months; (5) no chemo-
therapy or investigational agents within 4 weeks of study entry or
6 weeks for nitrosoureas or mitomycin C; (6) adequate hemato-
poietic function (absolute neutrophil count >1500/ul, hemoglobin
>9.0 g/dl, platelet count >100,000/ul), hepatic function (total bil-
irubin not more than the institutional upper limit of normal, AST
and ALT not more than 2.5 times the ULN and alkaline phos-
phatase not more than the ULN, or alkaline phosphatase less than
four times the ULN if transaminases not more than the ULN, or
transaminases not more than 1.5 times the ULN and 2.5 times the
ULN), and renal function (creatinine concentrations not more than
the ULN); (7) no radiation therapy for the prior 2 weeks; and (8)
resolution of all previous therapy-related toxicity. Patients with
uncontrolled brain metastases (rapidly evolving neurological
symptoms, or metastases that needed specific treatment prior to
systemic chemotherapy) and those with significant medical condi-
tions (e.g. uncontrolled hypertension, heart disease, or diabetes
mellitus) were excluded. Female patients of child-bearing age were
required to have a negative pregnancy test prior to study entry and
were required to be on adequate birth control while on study. In-
formed consent was obtained according to federal and institutional
guidelines.

Patients were enrolled in a phase I study of weekly docetaxel
(30-36 mg/m?) in combination with oral exisulind (150-250 mg
twice daily). The docetaxel plasma time-course samples used in the
studies presented here were from day 1 of cycle 1 prior to patients
starting on oral exisulind. Plasma samples were collected prior to
starting drug infusion (baseline), at the end of a 1-h drug infusion,
and 5 min, 10 min, 20 min, 30 min, 1 h, 2 h, 4 h, 8 h, 24 h and
48 h after the end of infusion. Collected plasma samples were
stored at —80°C prior to extraction and analysis.

Analysis of docetaxel

Docetaxel analysis in human plasma was done by a tandem LCMS
method developed in our laboratory. The accuracy, precision,
reproducibility and development of this assay are described in a
manuscript currently under review for publication (Long et al.,
submitted for publication). Plasma (1 ml) was spiked with 25 pl
1 uM paclitaxel as an internal standard. Samples and standards
were centrifuged for 5 min at 2000 g, and the supernatants re-
moved and mixed with 500 pl 50% acetonitrile. Sample extraction
was then carried out using a Bond Elut C2 solid-phase extraction
column preconditioned with 1 ml methanol followed by 1 ml wa-
ter. Samples were placed on the column, washed with 3 ml water,

Fig. 2A—C Exponential
equation (A), model structure
(B), and definition of constants
(C) for the three-compartment
model with i.v. infusion used
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and eluted with 1 ml methanol. Samples were then evaporated to
dryness and resuspended in mobile phase (90% acetonitrile in
10 mM ammonium acetate) for LC/MS/MS analysis. Analyses
were performed with a PE Sciex API-3000 with a turbo ionspray
source. The LC system consisted of a 50 mm C-18 column (2 mm
i.d.) with an isocratic mobile phase. The flow rate was 200 pl/min
and the injection volume 20 pl. The instrument was operated in
SRM mode (positive ion), monitoring the ion transitions from m/z
808 — 226 (docetaxel) and m/z 854 — 286 (internal standard). The
peaks coeluted at 1.6 min with a total analysis time of 4 min. The
docetaxel LC/MS/MS assay was linear over the range of 0.25-
1000 nM with a lower limit of quantitation (signal to noise ratio of
5) of 0.25 nM (i.e. 4.04 pg injected) in plasma. The accuracy of the
docetaxel assay was determined by preparation of standard plasma
samples at 7.5, 25 and 50 nM. The accuracy and precision (% RSD)
observed were 94.4+3.8% at 7.5 nM, 97.3+2.0% at 25 nM and
98.94+2.0% at 50 nM. Docetaxel concentrations in plasma were
calculated based on a standard curve of docetaxel in blank pooled
human plasma with the internal standard paclitaxel.

Pharmacokinetic modeling

Pharmacokinetic parameters were calculated from plasma con-
centration versus time data using a three-compartment model
with i.v. infusion (Fig. 2) and by non-compartmental analysis.
Compartmental modeling and calculation of three-compartment-
based pharmacokinetic parameters were done using WinNonlin
version 3.0 with uniform weighting for least squares minimization
(Pharsight Corporation, Mountain View, Calif.). Calculation of
non-compartmental-based pharmacokinetic parameters and non-
compartmental modeling was carried out using Microsoft Excel
with standard equations for non-compartmental and system
analysis [33].

Data analysis

The predictive capabilities of the compartmental and non-com-
partmental models were assessed by calculating the median abso-
lute performance error (MAPE%) and the median performance
error (MPE%) [26]. The performance errors were calculated as the
difference between the measured values and the predicted values
normalized to the predicted value as shown in Eq. 1 [10]:
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The MAPE%, which is a measure of the accuracy of the prediction,
was calculated as shown in Eq. 2 where n is the total number of
samples for that time-point:

MAPE% = median(|PE, |,|PE|, ...|PE,|) ()

The MPE%, which is a measure of the bias of the prediction, was
calculated as:

MPE% = median(PE,, PE,, ...PE,) (3)

Statistical analysis to compare the differences between average
pharmacokinetic parameters calculated with and without the
inclusion of the 48-h time-point were done by one-way ANOVA
using the Tukey post-test for pairwise comparison. Statistical
analyses were carried out using Sigma Stat version 2.03 (SPSS,
Chicago, IlL.).

Results

The pharmacokinetics of docetaxel in human plasma
could be described using a three-compartment model
with constant rate i.v. infusion as shown in Fig. 3 with
or without the inclusion of a 48-h time-point, and these
data are summarized in Table 1. It is important to note
that the addition of later sampling time-points still al-
lowed docetaxel plasma pharmacokinetics to be well
described by a three-compartment model since studies
with doxorubicin [16] have shown that the addition of
later sampling time-points can alter the model structure
that describes the data for this drug. The average
pharmacokinetic values calculated without the 48-h
time-point were consistent with published data of the
clinical pharmacokinetics of docetaxel when given as a
1- to 2-h infusion. Summarized clinical data for docet-
axel in humans indicate alpha and beta half-lives of 4.5
and 38.3 min, respectively, and a gamma half-life of
12.2 h [4]. We obtained alpha and beta half-lives of
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Fig. 3 Docetaxel plasma time course data fitted to a three-
compartment model. The solid line represents the three-compart-
ment model simulation using constants calculated with the 48-h
time-point. The dashed line represents the three-compartment
model simulation using constants calculated without the 48-h
time-point

Table 1 Pharmacokinetic parameters calculated using a three-
compartment model with and without the inclusion of a 48-h time-
point. The values are the means + SD of docetaxel pharmacokinetic
parameters calculated using a three-compartment model with i.v.
infusion from plasma concentration versus time profiles obtained
from eight patients

Parameter With 48-h time-point ~ Without 48-h time-point
Crnax (0M) 933+372 973 + 385
AUC (nM -h) 1446 + 494 1373 +494
CL (I/h/m?) 20.1+11.9 30.8+12.5
Vg (I/m?) 3224330 173 £ 65
ti/2 o (h) 0.079+0.031 0.072+0.025
ti2 p (h) 0.88+0.49 0.73+0.35
tya y (h) 25.4+20.1 15.7+7.4
V, (I/m?) 6.2+3.6 53+3.0
Ko (07 1.27+0.70 1.394£0.69
Ks (b7 0.058 +0.034 0.072 +0.034
a (h™h 10.07+3.97 10.77+3.77
B (™ 1.04+0.55 1.15+0.51
y (b7 0.039+0.021 0.051+£0.019

Table 2 Calculated prediction errors for docetaxel three-compart-
ment model calculated using average parameters calculated with
and without the inclusion of the 48-h time-point calculated as de-
scribed in Methods (MAPE% median absolute prediction error,
MPE?% median prediction error)

Time-point With 48-h time-point Without 48-h time-
point
MAPE% MPE% MAPE% MPE%
End of infusion 82.9 82.9 68.9 68.9
5 min 41.9 33.5 40.4 28.8
10 min 47.0 29.9 45.5 28.6
20 min 47.8 28.1 47.2 26.6
30 min 40.1 14.4 36.7 11.6
lh 24.4 14.9 25.2 13.6
2h 47.8 47.8 47.2 47.2
4 h 42.1 34.2 394 25.7
8 h 22.8 12.9 26.9 5.6
24 h 30.6 -4.6 39.6 7.3
48 h 61.3 439 117.9 117.9

4.3+1.5 and 43.8 +21.0 min, respectively, and a gamma
half-life of 15.7+7.4 h when plasma time-course data
were modeled without the 48-h time-point. When the 48-
h time-point was included, the alpha and beta half-lives
were calculated to be 4.7+1.9 and 52.8+28.8 min,
respectively, and the gamma half-life 25.4+20.1 h. This
increase in gamma half-life calculated with the 48-h
time-point included was reflected in changes in other
pharmacokinetic parameters as shown in Table 1.

The average parameters derived from the three-
compartment fit with and without the inclusion of the
48-h time-point were used with the equations shown in
Fig. 2A and C to derive predicted concentrations based
on these values for comparison with the actual values as
a measure of fit. The median (MPE%) and absolute
median (MAPE%) prediction errors for each of the
collected sample time-points were calculated and are
shown in Table 2. The models showed similar predictive
capabilities up to 24 h with the model derived without



the 48-h time-point showing a range of MAPE% (25.2
to 68.9) and MPE% (5.6 to 68.9) similar to those seen
with the model derived including the 48-h time-point
(MAPE% 22.8 to 82.9 and MPE% —4.6 to 82.9).
However, the model derived without the 48-h time-point
was much worse at predicting the 48-h plasma levels
(MAPE% 117.9) when compared to the model derived
with the 48-h time-point (MAPE% 61.3). This is not
surprising considering the difference in the gamma half-
life between the two models and the fact that the model
including these points is a better predictor. However,
this does illustrate that the smaller gamma half-life
associated with the model derived without the 48-h time-
point can have a profound effect on its predictive ability.

Pharmacokinetic parameters were also calculated
with and without the 48-h time-point using non-com-
partmental modeling for docetaxel doses of 30 and
36 mg/m? and the results are shown Tables 3 and 4,
respectively. The results from the non-compartmental
analysis were similar to those seen with compartmental
modeling in that the AUC, CL and volume parameters
were not significantly altered by the inclusion of the 48-h
time-point (Figs 4 and 5). However, the estimated

Table 3 Docetaxel pharmacokinetic parameters calculated by non-
compartmental analysis with and without the inclusion of the 48-h
time-point at a dose of 30 mg/m>
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terminal half-life was significantly greater (P>0.05)
when the 48-h time-point was included in the analysis.
The effect of this when using these calculated parameters
to predict docetaxel levels is illustrated in Fig. 6 and
Table 5. When the V., and the terminal elimination rate
constant (1) were used to predict the plasma levels
during the linear, terminal phase of drug disposition, the
parameters calculated without the inclusion of the 48-h
time-point dramatically under-predicted the plasma
levels. These results again illustrate the importance of an
accurate calculation of the terminal half-life for calcu-
lation and extrapolation of plasma levels at later time-
points.

Discussion

The accurate determination of pharmacokinetic
parameters is an important component in the develop-
ment of effective drug therapies. Pharmacokinetic stud-
ies in oncology are especially critical and should be
carried out in conjunction with phase I and phase II
trials to allow correlations between important indicators

Table 4 Docetaxel pharmacokinetic parameters calculated by non-
compartmental analysis with and without the inclusion of the 48-h
time-point at a dose of 36 mg/m>

Parameter With 48-h time-point Without 48-h time-point  Parameter With 48-h time-point Without 48-h time-point
AUC _, ( (nM -h) 1287 + 502 1189 £473 AUC _, ( (nM -h) 2020 +1330 1896 + 1342
AUC;,; (nM - h) 1372+ 530 1277 £498 AUC;,; (nM -h) 2106 + 1347 2050+ 1311
t124 (h) 18.1+3.8 11.5+£2.7 t124 (h) 18.2+3.8 14.6+3.5
V, (1/m22) 782 +291 534 4+ 190 v, (1/m22) 656 +258 573 +311
Vg (I/m % 290+ 153 176 £87 Vg (I/m % 236+162 214+ 167
Vext (1/m”?) 2396 + 838 1903 +£719 Vext (1/m?) 2268 £ 628 1961 £431
CL (I/h/m?) 31.2+13.0 33.5+14.0 CL (I/h/m?) 26.4+12.4 272+12.8
Fig. 4 Docetaxel exposure 4000
(AUC, and AUC;yy) calculated -
in patients receiving 30 or
36 mg/m? doses with and
without the 48-h time-point. I
Values are the means +SD as 3000 4
calculated by non- I
compartmental analysis
2000 A
L T I I 3 .g .g. .g .§
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Fig. SA-C Docetaxel 500

pharmacokinetic parameters (A A
steady-state volume of
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Fig. 6 Docetaxel plasma time
course data fitted to a non-
compartmental model. The
non-compartmental parameters
Vext and t;p4 were used to
calculate the y-intercept and
slope of the line representing
the terminal elimination phase
for a given set of parameters.
The solid line represents the
terminal elimination phase
simulation using constants
calculated with the 48-h time-
point. The dashed line
represents the terminal
elimination phase simulation
using constants calculated
without the 48-h time-point
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0.1 +

Table 5 Calculated prediction errors for terminal phase docetaxel
plasma levels based on calculated non-compartmental model
parameters using average parameters with and without the inclusion
of the 48-h time-point calculated as described in Methods. Non-
compartmental model predictions of time-points in the terminal
elimination phase were calculated from the line generated using the
Vext to establish the y-intercept at a given dose and the t;4 to
calculate the slope (MAPE% median absolute prediction error,
MPE?% median prediction error)

Time-point (h) With 48-h time-point Without 48-h time-

point
MAPE% MPE% MAPE% MPE%
4 39.8 27.0 353 12.4
8 20.3 —4.8 16.9 -7.5
24 27.1 —-18.0 42.5 15.2
43 54.4 27.6 211.2 211.2

of drug exposure and the therapeutic efficacy and/or
toxicity of a treatment regimen to be determined. The
taxanes are an important class of antineoplastic agents

1000 1

6 2 18 24 30 36 42 48

Time (hours)

with proven efficacy against a variety of solid tumor
types. These agents have traditionally been used in
protocols based on the maximum tolerated dose (MTD)
where patients are treated with the doses just below
those resulting in dose-limiting toxicity. It has been
presumed that these high doses followed by a recovery
period and other subsequent treatments is the most
effective way to kill tumor cells and prevent the devel-
opment of drug resistance. Pharmacokinetic studies
carried out using these types of protocols benefit by the
relatively high doses of drug given which result in sus-
tained patient plasma levels allowing full time-course
sampling and analysis.

More recently, lower more-frequent dosing protocols
have been gaining favor as potentially superior to MTD
dosing [8, 14]. These low-dose more-frequent protocols
have been termed “metronomic’ dosing [12], and weekly
lower-dose treatment with the taxanes has shown effec-
tive antitumor activity with less toxicity [2, 5, 27]. A
problem with these lower-dose protocols is that phar-
macokinetic analyses become more difficult due to the



lower plasma levels associated with the lower doses. In
our analysis, two patient samples would have been below
the limit of detection using an HPLC-based assay at 8 h
after dosing and none of the samples were above the limit
of detection of 10 ng/ml at 24 h. The lack of data at later
time-points can lead to a large degree of discrepancy in
the calculation of pharmacokinetic parameters associ-
ated with the terminal elimination phase of the drug.

Docetaxel plasma pharmacokinetics have been de-
scribed using a three-compartment model, with dispo-
sition half-lives of 4.5 min (2), 38.3 min () and 12.2 h
(y) following short (1-2 h) infusions [4]. These values are
consistent with those obtained when calculating docet-
axel pharmacokinetic parameters using samples only out
to 24 h. However, when the 48-h time-point was in-
cluded in the modeling, the terminal half-life was esti-
mated to be approximately 60% longer whether
calculated by compartmental or non-compartmental
methods. The accurate determination of this terminal
half-life is an important component when calculating the
time that plasma levels stay above a threshold dose for
therapy, and as shown in Tables 2 and 5 plasma con-
centrations will be underestimated if the terminal half-
life is estimated to be lower than it actually is. It has
been estimated that to get an accurate determination of
the terminal half-life, studies need to extend to three to
five times the duration of the actual terminal half-life
[19]. This suggests that we actually need to sample out to
between 60 and 100 h after dosing to get an accurate
estimate of the terminal half-life of docetaxel in humans.
The LCMS assay that we have developed is potentially
sensitive enough to accurately determine plasma levels
of docetaxel at these times, and such studies are planned
for the future.

In summary, calculation of the pharmacokinetics of
docetaxel using later time-points was made possible with
the use of a more sensitive LCMS-based assay. This
assay allowed complete sampling out to 48 h after dosing
when docetaxel was given at lower doses (30-36 mg/m?)
in a weekly protocol. Further, when the 48-h time-point
was included in the calculation of the pharmacokinetic
parameters both by compartmental and non-compart-
mental methods, the terminal half-life was estimated to
be approximately 60% longer. Underestimation of the
terminal half-life can have a large effect on the prediction
of plasma levels at later time-points and can lead to the
underestimation of plasma levels. Estimations can be a
very important factor in the elucidation of pharmacoki-
netic and pharmacodynamic relationships in taxane
activity in that the time that plasma levels are above
a given threshold level may be substantially under-
estimated without the inclusion of later sampling
time-points. Since the ability of docetaxel to inhibit
endothelial cell proliferation has been shown to occur at
low nanomolar levels [31], these correlations may be an
important component of the pharmacology of metro-
nomic dosing with docetaxel. For example, based on the
three-compartment model parameters calculated with
and without the inclusion of the 48-h time-point, the time
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that docetaxel plasma levels are above 1 nM would be
estimated to be approximately 68 h and 55 h, respec-
tively, at a dose of 30 mg/m>.
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