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Abstract

Background: Previous pharmacokinetic studies with docetaxel have mostly used 3-weekly (75
mg/m2 and 100 mg/m2) or weekly regimens (35—40 mg/m2). The pharmacokinetics and
radiosensitizing efficacy of weekly 20 mg/m?2 docetaxel, has however not been well characterized.
We examined the pharmacokinetics of weekly docetaxel when administered with concurrent
radiotherapy and compared the results with a 3-weekly 100 mg/m2 regimen.

Methods: Thirty-four patients with non small cell lung cancer (NSCLC) were included in this
study, |19 receiving 100 mg/m?2 docetaxel 3-weekly as single therapy, and |5 receiving 20 mg/m?
docetaxel weekly with concurrent radiotherapy. A newly developed HPLC method was used for
measuring docetaxel levels, capable of quantifying docetaxel in plasma down to the nanomolar level.

Results: The HPLC method showed detectable concentrations of docetaxel in plasma even after
72 hours. In the present study we have demonstrated that median docetaxel plasma levels of 3 nM
can be obtained 72 hours after a dose of 20 mg/m2.

Conclusion: The pharmacokinetics of docetaxel is characterized by great inter-individual
variability and at some time points plasma concentrations for 20 mg/m2and 100 mg/m? docetaxel
were overlapping. Extrapolation of these results indicates that radio sensitizing docetaxel
concentrations may be present for as long as | week, thus supporting the use of 20 mg/m?2 weekly
docetaxel.
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Background

Docetaxel has been tested both as a single agent and in
combination with platinum as first line treatment for
NSCLC [1]. In studies with previously untreated patients
with NSCLC a dose of 100 mg/m?2 every three weeks has
been used. Neutropenia occurs in most patients and dose
reduction is often required. To avoid this problem, a
weekly schedule of lower dose docetaxel has been used in
NSCLC, breast and prostate cancer. The doses of docetaxel
used were 30-40 mg/m? either alone or in combination
with platinum. This modification of the schedule, has
been shown to be well tolerated and reduces the incidence
of severe neutropenia while maintaining therapeutic
activity [2,3].

The taxanes exert their effect by binding to the B-subunit
of tubulin promoting the polymerization of tubulin into
stable microtubules and inhibiting de-polymerization. In
addition to mitotic arrest, taxanes have been shown to
induce cell death by apoptosis both in cell cultures and in
vivo tumor system [4,5].

Studies have demonstrated that taxanes are extensively
metabolized in the liver. Clearance is affected in patients
with abnormal hepatic function but remains unaltered in
elderly patients [6]. The pharmacokinetic profile of
docetaxel is characterized by substantial inter-patient var-
iability which may have clinical implications. The area
under the plasma concentration curve (AUC) during the
first docetaxel course is a significant predictor of time to
progression [7].

Docetaxel has a high affinity for protein binding. The
binding may be as high as >95%. Only the unbound frac-
tion is clinically active. Docetaxel induced hematologic
toxicity is significantly better correlated with systemic
exposure to unbound drug than to exposure to total drug
[8]. Studies have shown that docetaxel is mainly bound to
a;-acid glycoprotein (AAG), lipoproteins and albumin.
AAG which is an acute phase protein, is often elevated
during chronic inflammation and advanced cancer. There
are great inter- individual differences in the AAG levels
which might influence the pharmacokinetics of docetaxel
and thereby its toxicity [7].

Docetaxel has also demonstrated activity as a radio sensi-
tizer in a number of preclinical and clinical studies by
blocking the cell cycle in the most radiosensitive G2/M
phase. Combination of low dose chemotherapy and tho-
racic radiotherapy has been proposed to improve the
prognosis in patients with locally advanced non-small cell
lung cancer.

Cancer cells tested in vitro gave ICs, values for docetaxel
ranging from 5 to 50 nM [9]. The radio sensitizing activity
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of taxanes in vitro however is achieved even at sub-
nanomolar concentrations. Docetaxel concentrations as
low as 0.07 nM has been shown to potenziate radiother-
apy in cell lines [10]. An in vivo study in mice [11] showed
that when docetaxel was given 9 hours before radiation,
the enhancement factor was 1.45, but when radiotherapy
was delayed with 48 hours, the enhancement factor was as
high as 2.33. Docetaxel given within 2 days before irradi-
ation acts as a potent enhancer of tumor radio response
and increases the therapeutic gain of irradiation.

With concurrent radiation the weekly docetaxel doses
used ranges from 20 to 35 mg/m?2. In a recent publication
[12] reviewing different phase I/II studies with concurrent
radiotherapy and docetaxel alone or in combination with
platinum compounds, a number of different doses and
schedules were used. The authors were however unable to
draw firm conclusions from the data to which dose and
schedule was the most efficient.

In our Nordic phase Il combined modality study more
than 250 patients with inoperable NSCLC were rand-
omized to radiotherapy 2 Gy x 30 alone or with concur-
rent chemotherapy with docetaxel 20 mg/m2 weekly for 6
weeks. The same total dose of docetaxel was used as in our
previous phase I/II study [13] but now as 6 weekly infu-
sions rather than 4 (total dose of docetaxel 120 mg/m?2),
which is the same dose as recommended by Mauer et al
[14] in their trial. The patients included in the 20 mg/m?2
group were treated according to this phase III protocol.
The pharmacokinetic sampling was however not a part of
this protocol, but defined as a separate study. Several
reversed phase high performance liquid chromatographic
methods (HPLC) have been used for detecting docetaxel.
Recently a more sensitive and specific method for detect-
ing docetaxel in nanomolar concentrations in human
plasma was developed at our hospital [15].

In the present study we have used this method to monitor
pharmacokinetics of low dose docetaxel up to 72 hours.

Methods

The clinical trial was approved by the Regional Commit-
tee for Medical Research Ethics and the Hospital Review
Board. The study was in compliance with the World Med-
ical Association of Helsinki. All patients were included
after having signed a written informed consent. A separate
informed consent was obtained for patients participating
in the pharmacogenetic analyses.

The dose of docetaxel was determined by body surface
area (BSA) [16]. Docetaxel (Taxotere® Sanofi Aventis,
Bridgewater, NJ, USA) was administered once every week
at 20 mg/m2 with concurrent radiotherapy (n = 15) or as
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100 mg/m2 (n = 19) as single drug every 3-weeks without
radiotherapy.

Weekly regimen (20 mgim?)
Patient characteristics are described in Table 1.

Inclusion criteria: Histological or cytological confirmed
locally advanced NSCLC disease where surgery was not
possible. Performance status, ECOG < 2. Weight loss of
less than 10% during the last 6 months. Adequate hema-
tological, pulmonary, renal and hepatic function, i.e. neu-
trophils > 1.5 x 109/1, platelets > 100 x 10%/1, FEV1 > 40%,
total serum bilirubin < 1.5 x upper normal limit, serum
creatinine < 1.5 x upper normal limit, ASAT, ALAT, and
LDH < 2 x upper normal limit.

3-weekly regimen (100 mgim?)
Patient characteristics are described in Table 1.

Inclusion criteria: Histological or cytological confirmed
NSCLC with locally advanced disease not suitable for
radiotherapy with curative intention, or with metastatic
disease. The patients were physically fit for chemotherapy,
e.g. ECOG < 2. Bilirubin, ASAT, ALAT < 1.5 times upper
normal limit. Predicted life expectancy > 3 months.

Patient evaluation

All patients underwent a complete medical history and
physical examination, documentation of ECOG status
including routine hematology and biochemistry analysis.
Staging was done with chest radiography, computed tom-

Table I: Patient characteristics

Docetaxel dose 20 mg/m? 100 mg/m?2
Number of patients 15 19
Sex

Male Il 7

Female 4 12
Age, years

Median 69 63

Range 47-81 45-75
Histological type

Adenocarcinoma 3 12

Squamous cell 9 4

Large cell | 2

Undifferentiated 2 |
Performance status

ECOGO0 6 5

ECOG | 7 10

ECOG 2 2 4
Stage

A 3

B 12 4

v 15
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ography of the chest and upper abdomen. Patients with
significant underlying medical conditions were excluded.
CT or MRI examination of the brain was only performed
when medically indicated.

Treatment

Weekly regimen (20 mg/m?)

Eligible patients received weekly intravenous docetaxel 20
mg/m?2 for 6 courses with concurrent radiotherapy. The
chest irradiation was given to a total dose of 60 Gy (2 Gy
x 30) using a minimum of 3 treatment fields determined
by CT scan. The radiation therapy was given 5 days each
week for 6 weeks.

Docetaxel was diluted in 100 ml isotonic NaCl. Patients
were pre-treated with dexamethasone 8 mg orally twice
daily for two days, starting the day before the infusion.
Docetaxel was administered as a one hour infusion, pref-
erably on Monday or Tuesday, no later than on Wednes-
day, thus the interval between two docetaxel infusions
was 144 hours. Of 25 examined courses of docetaxel 20
mg/m?2 given with concurrent radiotherapy, 21 were given
Monday or Tuesday. On the day of infusion, radiotherapy
was given within 2 hours after docetaxel infusion.

3-weekly regimen: (100 mg/m?)

The patients were treated with docetaxel for a maximum
of 6 courses. The treatment was terminated if unaccepta-
ble toxicity occurred or at disease progression. Docetaxel
was diluted in 250 ml isotonic NaCl. Pre-treatment with
dexamethasone as mentioned above. The infusion time
for docetaxel was 1 hour. The first course of chemotherapy
was given at our institution; eight patients were then
referred to their local hospital for completing the chemo-
therapy. Eleven patients received all courses of docetaxel
at our institution.

Blood sampling

Blood samples were obtained at the following time
points: pre-treatment, 30 minutes (mid-infusion), 55
minutes, 90 minutes and at 2, 3, 6, 10, 20, 25, 48 and 72
hours post infusion if possible. The samples were drawn
from an intravenous catheter located in the arm opposite
to the docetaxel infusion, collected in 9 ml tubes contain-
ing EDTA as anticoagulant (Vacuette, Greiner), and placed
on ice until additional processing within 60 minutes.
Plasma was isolated by centrifugation for 12 minutes at
1000 x g at +4°C. The plasma was frozen at -20°C after
centrifugation. For 10 of 15 patients in the weekly and 5
of 19 in the 3-weekly group, we were able to obtain blood
samples from 2 courses of chemotherapy. Two patients
treated with 100 mg/m?2 were monitored for more than
two cycles. A total of 52 courses have been analyzed. Due
to practical reasons (most patients treated as out patients
etc) we were able to take blood samples at 72 hours only
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from patients in the 20 mg/m?2 group with concurrent
radiotherapy.

Analytical procedure

Plasma docetaxel concentrations were measured over the
range of 1 to 1000 nM using a validated HPLC method
developed in our laboratory. The method is described in
detail elsewhere [15]. The method has sufficient sensitiv-
ity to detect docetaxel in plasma up to 72 hours after an
infusion of 20 mg/m? of the drug. Briefly, docetaxel was
extracted from plasma using solid phase extraction on
CN-E columns and separated on a reversed phase C-18
column. UV detection was performed at 227 nm, and
paclitaxel was used as internal standard in the assay. Sam-
ples expected to exceed the upper limit of quantitation of
the assay were prediluted in drug-free plasma according to
a defined set of volume ratios.

AAG concentrations were measured immunonephelomet-
rically on a Beckman Immage™ Immunochemistry System
(Beckman Instruments) using the Beckman AAG Kkit.

Pharmacokinetic calculations

Individual pharmacokinetic parameters were calculated
using PK Solutions 2.0 (Summit Research Services, CO,
USA). Area under the concentration-time curve (AUC,)
was determined by trapezoid calculation using measured
concentrations. Unless stated otherwise, AUCs given are
AUC,_,s5 ;- Systemic clearance [L/h/m?2] was calculated as
dose divided by AUC,_s ..

Statistical analysis

This is a small study of a descriptive nature. A statistical
section has not been included as no statistical compari-
sons between the groups were planned in the protocol,
and no statistical comparisons between the groups were
included in the manuscript.

http://www.biomedcentral.com/1471-2407/7/197

Results

Patient characteristics

Thirty-four patients, 18 males and 16 females with
advanced or metastatic NSCLC were enrolled in this study
between August 2000 and May 2006 (see Table 1). The
inclusion of patients in the 3-weekly part of the study was
terminated in 2002. Their median age was 63 years. The
most common histological types were adenocarcinoma
(15 patients) and squamous cell carcinoma (13 patients).

Dose administration

Fourteen patients in the weekly group received docetaxel
as planned (6 courses of docetaxel) during concurrent
radiotherapy. One patient received 3 courses of docetaxel.
We were able to administer 87/90 courses (96%) of
weekly docetaxel as planned.

Nineteen patients received docetaxel 100 mg/m? every 3-
weeks. According to the patients files, only four patients
received the planned maximum of 6 doses of docetaxel,
median 3 courses (range 1-6).

Docetaxel pharmacokinetics

The pharmacokinetic model for docetaxel is a three-com-
partment model with first order elimination. Pharmacok-
inetic parameters for all cycles given as weekly or 3-weekly
docetaxel are shown in Table 2. Overall we had 10% miss-
ing samples due to patients receiving radiotherapy at
some time points or technical problems with blood sam-
pling. Due to missing samples, not all of the pharmacok-
inetic parameters could be calculated for all the patients.

The median docetaxel clearance for all cycles (n = 25) in
the weekly regimen was 19 (14-29) L/h/m?2. Median C,,,
was 742 nM. Median AUC for the first course (n = 15) was
1360 nMh with a range from 900 to 1660. For the second

Table 2: Docetaxel pharmacokinetic parameters in patients treated with 20 mg/m2and 100 mg/m?

All cycles*

Variables 20 mg/m? 100 mg/m?

Median Range Median Range
Crnax [NM] 742 389-1294 3737 2616-6949
AUC,_,; [nMh] 1284 848-1812 5562 3653-12790
AUC,_;, [nMh] 1541 9962038 ND ND
Clearance [L/h/m?] 19.3 14-29 22.3 10-34
126, [N] 0.99 0.8-2.0 0.74 0.5-1.0
t1p [h] 12.9 9-35 18.0 9-52
ti12, [h] 27.7 14-146 ND ND
Cyon [NM] 3.0 0.7-6.5 ND ND
AAG [g/L] 1.6 0.7-2.7 1.5 0.8-2.9
*: Each variable was calculated based on |1 to 27 cycles.
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course (n = 10), median AUC was 1260 nMh (range 848-
1812).

The time schedule between radiotherapy and plasma con-
centration of docetaxel is illustrated in Figure 1. Docetaxel
was detectable in all samples taken at 72 hours (n = 14).
Median concentration 3.0 nM (0.7-6.5).

For all cycles (n = 27) in the 3-weekly group median
docetaxel clearance was 22 (10-34) L/h/m2. Median C,,,,
was 3737 nM. The AUC range for the first course (n = 19)
of chemotherapy was 3653-12790 nMh, median 5718
nMh. For the next course (n = 5), the range was 5183-
6862 nMh and the median 5562 nMh.

The differences in intra-individual concentrations were
registered for 15 patients given two or more cycles in our
study (Table 3). When comparing AUC 2/AUC 1 for 10
patients in the 20 mg/m?2 group, the median ratio was 1.12
(range 0.6-1.5). For the 3 weekly regimen, we have sam-
ples from 5 patients, the ratio of AUC 2/AUC 1 was 1.13
(range 0.9-1.5).

When analysing for AAG, the values for the weekly and
the 3-weekly groups were similar: low dose median first
course 1.7 (0.7-2.7), median second course 1.7 (0.7-2.1).
High dose: median 1.4 (0.8-2.9) for the first course and
1.5 (1.2-1.7) for the second course.

From two of the patients in the 3-weekly group we
obtained samples from three and four consecutive 3-
weekly courses. The AUCs were 4800, 5500 and 4900 for

—w— Low Dose mean
Range lower
Range higher

100 o

Docetaxel plasma concentration [nmol/L]

Rad Rad Rad Rad

VY E A

0 12 24 36 48 60 72
Hours post infusion

Figure |

Elimination curve for patients receiving 20 mg/m? of
docetaxel. Mean values ('), with error bars representing
ISD. Gray lines represent the extreme values at each time
point. Vertical arrows labelled Rad represent the time of
radiation treatment.
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cycle 1, 2 and 3 respectively in the first patient, the AAG
levels were, 1.3, 1.5 and 1.5 g/L.

Also in the patient that was followed for four consecutive
courses the AUCs showed minimal variation, 6600, 6000,
5800 and 6300 nMh for cycle 1, 2, 3 and 4 respectively.

Unfortunately we only obtained AAG determinations for
cycle three and four in this patient, 1.5 and 1.3 g/L.

The correlation between AUC and AAG was significant for
the 100 mg/m?2 group of patients (Figure 2) but not for the
20 mg/m?2 group of patients (RSQ = 0.02, p = 0.863). For
the individual patient in the 20 mg/m?2 group however,
the difference in docetaxel AUC between the first and sec-
ond course correlated with the change in AAG levels
between the first and second course (Figure 3).

Toxicity

Weekly regimen: 14/15 patients completed the treatment
as planned. One patient died after 21 days due to haemo-
ptysis after receiving 3 infusions of docetaxel. The patients
were evaluated for toxicity at day 42 (end of radiotherapy)
and dysphagia/oesophagitis was recorded according to
CTC (Common Toxicity Criteria's version 2.0). Grade 2 or
higher oesophagitis occurred in 9 of the 14 (64%)
patients who fulfilled the planned treatment, and one
patient (7%) had grade 3 oesophagitis. In our small group
of patients 3 of 15 (20%) were reported with radiation
pneumonitis. The association with AUC for docetaxel and
volume of irradiated lung tissue is not clear, but all three
patients had a large volume of irradiated lung tissue.

For patients in the 3-weekly regimen, registration of toxic-
ity was mostly reported for treatment given at our institu-
tion. Except for the anticipated toxicities with fever and
infection, we observed 2 patients with serious pulmonary
toxicity. Two patients developed paraesthesia/neuropa-
thy. The reasons for discontinuation were death (2
patients), progressive disease (6 patients), and reduced
general condition (2 patients). Only 2 of 19 patients were
alive after 1 year.

Discussion

The purpose of this study was to investigate inter- and
intra-individual variability in the pharmacokinetics of
docetaxel administered as 3-weekly and weekly schedule.
Weekly docetaxel is often used in concurrent chemo-radi-
otherapy regimens. In the present study, we also exam-
ined if radio sensitizing concentrations of docetaxel in
plasma could be obtained and if the concentrations were
maintained over sufficient periods of time. Docetaxel is
eliminated mainly by the subgroup Cyp 3A4 and Cyp 3A5
of the cytochrome P 450 system [17].
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Table 3: Intra-individual variability in docetaxel pharmacokinetic parameters in patients treated with 20 mg/m2and 100 mg/m?

Ratio cycle 2/cycle I#

Variables 20 mg/m? 100 mg/m?

Median Range Median Range
Croax 1.06 0.4-1.6 1.07 0.9-1.3
AUC, 55 1.12 0.6-1.5 1.13 0.9-1.5
AUC, ;, 1.12 0.8-1.3 ND ND
Clearance 0.90 0.8-1.7 0.89 0.8-1I.1
ti0 0.94 0.4-1.1 1.15 1.1-1.5
tinp 0.95 0.7-1.5 1.15 0.7-1.4
iy 1.03 0.7-1.3 ND ND
Crap 0.92 0.6-2.1 ND ND
AAG 0.98 0.7-1.7 1.15 0.9-1.4

#: Each variable was calculated based on data from 4 to 10 patients.

When analyzing SNPs predictors of docetaxel clearance in
a previous study, other groups of enzymes also important
for docetaxel clearance were identified, e.g. GSTs, EPHX1/
2, BLC2, EGF and EGFR [18].

14000

12000 1

10000 1

8000 H

AUC [nMxh]

6000 H

4000

1 2 3
AAG [g/L]
Figure 2
The relationship between AAG-level and docetaxel AUC for

patients receiving 100 mg/m?2 of docetaxel (RSQ = 0.64, p <
0.0001).

It is established that the pharmacokinetic profile of
docetaxel is characterized by substantial inter-patient var-
iability. Bruno et al [7] reported a 3.5 fold variation in
clearance in 600 patients receiving 75-100 mg/m?2 of
docetaxel. Similarly, our results showed AUC values dif-
fering 3.5 fold for the 100 mg/m2 group and more than 2

600

400 -

200 + v

-200 -

AUC difference (AUC2 - AUC1)
o

-400 v

-600 +¥— T T T T T
-08 -06 -04 -02 00 02 04 06 038

AAG difference (AAG2 - AAG1)

Figure 3

Correlation between AAG and docetaxel AUC. For the 20
mg/m?2 docetaxel patients that received two or more cycles,
there was a correlation between the change in AAG-level
and the change in docetaxel AUC,_,; between the cycles
(RSQ =0.63,p=0.011).
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fold for the 20 mg/m2 group. Plasma concentrations for
the two groups were even overlapping at some time points
(Figure 4). Most previous pharmacokinetic data for
docetaxel originates from studies with 75-100 mg/m?
infused over 1 hour every third week. Pharmacokinetic
data for docetaxel at such high doses follow a three com-
partment model with half-lives of 4 minutes, 38 minutes
and 12 hours in the o, B and y phase respectively up to 24
hours post infusion. Total body clearance is 21 L/h/m?2,
and the volume of distribution at steady state (V) is 74 L/
m?[9]. In a study by Baker et al [19] comparing pharma-
cokinetics of weekly- and 3-weekly docetaxel, it was dem-
onstrated that the docetaxel pharmacokinetics are similar
for the two dose levels. Our results are in accordance with
their findings, in our study the clearance was 22 (10-34)
L/h/m?2 for the high dose patients and 19 (14-29) L/h/m?2
for the low dose patients.

vzzzz3 100 mg/m?
== 20 mg/m?

1000

/
/////

7
7

_

N

.-
(]
'v
ry
L3

=

Docetaxel plasma concentration [nmol/L]

10 1 s

T T T T T
2 10 18 26
Hours post infusion

Figure 4

Interpatient variations for two docetaxel dose levels. Plotting
the total range (dotted line = median) of docetaxel concen-
trations at each time point, the graphs for the patients
receiving 20 mg/m?2 and the patients receiving 100 mg/m?2 will
overlap at some time points (e.g. at 6 h: low dose range 18-
55 nM, high dose range 51-304 nM). For simplicity, the graph
shows determinations from 2 to 25 hours.
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Few studies have reported pharmacokinetic data from
more than one course of chemotherapy for their patients.
The differences in intra-individual docetaxel concentra-
tions were registered for 15 patients. The median ratio for
AUC 2/AUC 1 was close to 1 and almost identical for the
20 mg/m? and the 100 mg/m2 group. The range was from
0.6 to 1.5. The intra-individual differences were smaller
than the inter-individual differences, a finding which is
similar to the results in the study by Engels et al [20].

Docetaxel is to a great extent bound to plasma proteins
and we found that the intra-patient AUC 2/AUC 1 varia-
bility possibly could be explained by changes in AAG lev-
els. As described by Baker [21] serum AAG levels can vary
up to 7-fold between cancer patients, and in our study the
variation was approximately 4-fold.

We found a statistically significant correlation between
AUC and AAG for the 100 mg/m?2 group of patients (Fig-
ure 2) but not for the 20 mg/m?2 patients (RSQ = 0.02, p =
0.863). The difference in AUC between the first and sec-
ond course of docetaxel in the 20 mg/m?2 group could
partly be explained by variations in the measured AAG
levels (Figure 3). High levels of AAG have been found to
be associated with a low fraction of "free" docetaxel which
may influence the clinical efficacy. This observed variabil-
ity in AAG levels may also complicate the interpretation of
pharmacokinetic results when based only on determina-
tions of total drug concentrations.

Bruno reported that in patients in the 100 mg/m?2,
docetaxel exposure measured as AUC during the first
course of chemotherapy was the only significant predictor
of toxicity [22]. In our study 4 of the patients had AUC lev-
els above 10000. However, the patient with the highest
AUC level developed serious respiratory complications,
while for the other three no specific complications were
noted.

The use of docetaxel as a radiosensitizer was well toler-
ated, and all patients received treatment as planned except
for the patient that died from haemoptysis. The incidence
of grade 3 oesophagitis was 7% which is lower than
reported by Mauer [14] and Scagliotti [23].

The question has been raised if weekly docetaxel in 20
mg/m?2 dose, used in concurrent chemo-radiotherapy reg-
imens, will give sufficient plasma levels over time to have
radio-sensitizing activity. A study by Pradier et al found
concentrations as low as 0.7 and 0.07 nM to potenziate
radiotherapy in two different cell lines [10]. Also Choy
[24], demonstrated that such low nano-molar concentra-
tions still enhance radio-sensitivity. Even in cell lines that
rarely responds to radiation or chemotherapy, docetaxel

Page 7 of 9

(page number not for citation purposes)



BMC Cancer 2007, 7:197

concentrations of 0.3-1 nM was found to have a radio-
sensitizing potential [25].

There are few reports of the corresponding relationship
between plasma concentrations and the actual concentra-
tion in the tumor. In a study with paclitaxel in patients
with uterine cervical cancer, Mori et al [26] demonstrated
that paclitaxel was still retained in cancer cells for 1 week
in vivo and in vitro, thus supporting the use of weekly reg-
imens of paclitaxel.

Examining the radiobiological effects of docetaxel as a
radio sensitizer, Creane [27] found no increase in radio
sensitizing efficacy when docetaxel concentration was
raised from 4-10 nM while duration of the exposure was
more important than the actual drug concentration in the
tumor.

Baker et al [19] have demonstrated that docetaxel concen-
trations could be maintained above 1 nM for 7 days with
weekly schedules and above 0.5 nM for 21 days when
given with 3-weekly regimens. They analyzed docetaxel
concentrations for up to 21 days, and concluded that the
circulation time of docetaxel in cancer patients has been
greatly underestimated. In a study by Gustafson [28]
docetaxel concentrations after 30 mg/m?2 for up to 48
hours was obtained. Extrapolating the results they found
it likely that plasma levels above 1 nM would be present
at 68 hours with this dosing. In our study, analyzing the
plasma levels at 72 hours, we could confirm that docetaxel
levels above 1 nM (median 3 nM) could be maintained as
long as 72 hours with 20 mg/m?2 dose. Extrapolating our
72 hours results using a half-life of 60 hours [19], suggest
that the median docetaxel concentration was 1-2 nM
when the last radiation treatment in each weekly cycle was
given. In a recent publication by Huber [29], it could be
shown that weekly paclitaxel with concurrent radiother-
apy was superior to radiotherapy alone. Whether weekly
docetaxel with concurrent radiotherapy is also more effec-
tive than radiotherapy alone, is being addressed in the
aforementioned Nordic randomized phase III trial
recently closed for inclusion.

Conclusion

The present study demonstrates significant interpatient
differences in docetaxel pharmacokinetics. The differences
can partly be explained by differences in AAG levels, but
AAG levels may change within a week as measured in our
study. For the first time it was demonstrated that after
weekly regimen of docetaxel 20 mg/m2, docetaxel concen-
trations above 1 nM was present in plasma after 3 days.
Extrapolating the results, it can be estimated that radio-
sensitizing docetaxel levels still are maintained in plasma
after 7 days, thus providing a rationale for the use of
weekly docetaxel 20 mg/m?2 and concurrent radiotherapy.

http://www.biomedcentral.com/1471-2407/7/197

Competing interests
The author(s) declare that they have no competing inter-
ests.

Authors' contributions

PB, AA, SAA and HO have designed the study. PB has
drafted and written the manuscript together with AA, SAA
and HO. AA has performed the laboratory work. PB and
SA have been responsible for the clinical part of the study.
VK have analyzed the pharmacogenetics and revised the
final manuscript.

Acknowledgements
The assistance of study nurse Kristin @wre from Department of Clinical
Cancer Research is highly appreciated and acknowledged.

References

I.  Chu Q, Vincent M, Logan D, Mackay JA, Evans WK: Taxanes as
first-line therapy for advanced non-small cell lung cancer: A
systematic review and practice guideline. Lung Cancer 2005,
50:355-374.

2. Hainsworth JD, Burris HA lll, Litchy S, Morrissey LH, Barton JH,
Bradof JE, Greco FA: Weekly docetaxel in the treatment of eld-
erly patients with advanced nonsmall cell lung carcinoma. A
Minnie Pearl Cancer Research Network Phase Il Trial. Cancer
2000, 89:328-333.

3. Schuette W, Nagel S, Blankenburg T, Lautenschlaeger C, Hans K,
Schmidt EW, Dittrich |, Schweisfurth H, von Weikersthal LF, Ragha-
vachar A, Reissig A, Serke M: Phase Ill Study of Second-Line
Chemotherapy for Advanced Non-Small-Cell Lung Cancer
With Weekly Compared With 3-Weekly Docetaxel. | Clin
Oncol 2005, 23:8389-8395.

4.  Gueritte-Voegelein F, Guenard D, Lavelle F, Le Goff MT, Mangatal L,
Potier P: Relationships between the structure of taxol ana-
logues and their antimitotic activity. | Med Chem 1991,
34:992-998.

5. Ringel I, Horwitz SB: Studies with RP 56976 (taxotere): a semi-
synthetic analogue of taxol. | Natl Cancer Inst 1991, 83:288-291.

6.  ten Tije A, Verweij ], Carducci MA, Graveland W, Rogers T, Pronk
T, Verbruggen MP, Dawkins F, Baker SD: Prospective evaluation
of the pharmacokinetics and toxicity profile of docetaxel in
the elderly. | Clin Oncol 2005, 23:1070-1077.

7. Bruno R, Hille D, Riva A, Vivier N, ten Bokkel H, van Oosterom AT,
Kaye SB, Verweij ], Fossella FV, Valero V, Rigas JR, Seidman AD, Chev-
allier B, Fumoleau P, Burris HA, Ravdin PM, Sheiner LB: Population
pharmacokinetics/pharmacodynamics of docetaxel in phase
Il studies in patients with cancer. | Clin Oncol 1998, 16:187-196.

8. Baker SD, Li J, ten Tije AJ, Figg WD, Graveland W, Verweij ], Sparre-
boom A: Relationship of systemic exposure to unbound
docetaxel and neutropenia. Clinical Pharmacology & Therapeutics
2005, 77:43-53.

9.  Clarke §J, Rivory LP: Clinical pharmacokinetics of docetaxel.
Clin Pharmacokinet 1999, 36:99-114.

10. Pradier O, Rave-Frank M, Lehmann J, Lucke E, Boghun O, Hess CF,
Schmidberger H: Effects of docetaxel in combination with radi-
ation on human head and neck cancer cells (ZMK-1) and cer-
vical squamous cell carcinoma cells (CaSki ). Int | Cancer 2001,
91:840-845.

I'l. Mason KA, Hunter NR, Milas M, Abbruzzese JL, Milas L: Docetaxel
enhances tumor radioresponse in vivo. Clin Cancer Res 1997,
3:2431-2438.

12.  Scagliotti GV, Douillard JY: Docetaxel in combined-modality
treatment of inoperable locally or regionally advanced lung
cancer. Lung Cancer 2004, 46:S13-21.

13. Brunsvig PF, Hatlevoll R, Berg R, Lauvvang G, Owre K, Wang M, Aam-
dal S: Weekly docetaxel with concurrent radiotherapy in
locally advanced non-small cell lung cancer: A Phase I/l
study with 5 years' follow-up. Lung Cancer 2005, 50:97-105.

Page 8 of 9

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16139391
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16139391
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16139391
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10918162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10918162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10918162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16293869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16293869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16293869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1672159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1672159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1671606
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1671606
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15718305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15718305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15718305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9440742
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9440742
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9440742
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10092957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11275989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11275989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11275989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9815644
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9815644
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15698527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15698527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15698527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16005105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16005105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16005105

BMC Cancer 2007, 7:197

14.  Mauer AM, Masters GA, Haraf D), Hoffman PC, Watson SM, Golomb
HM, Vokes EE: Phase | study of docetaxel with concomitant
thoracic radiation therapy. | Clin Oncol 1998, 16:159-164.

15.  Andersen A, Warren D, Brunsvig P, Aamdal S, Kristensen G, Olsen
H: High sensitivity assays for docetaxel and paclitaxel in
plasma using solid-phase extraction and high-performance
liquid chromatography with UV detection. BMC Clinical Phar-
macology 2006, 6:2.

16. Gurney H: Dose calculation of anticancer drugs: a review of
the current practice and introduction of an alternative. | Clin
Oncol 1996, 14:2590-261 I.

17.  Baker SD, Sparreboom A, Verweij J: Clinical pharmacokinetics of
docetaxel : recent developments. Clin Pharmacokinet 2006,
45:235-252.

18. Edvardsen H, Brunsvig P, Tsalenko A, Andersen A, Ben-Dor A,
Syvanen AC, Yakhini Z, Borresen-Dale AL, Olsen H, Aamdal S, Kris-
tensen VN: SNPs predictors of Docetaxel clearence. Human
Genome Meeting HGM 2006 2006:P 195.

19.  Baker SD, Zhao M, Lee CKK, Verweij ], Zabelina Y, Brahmer JR, Wolff
AC, Sparreboom A, Carducci MA: Comparative Pharmacokinet-
ics of Weekly and Every-Three-Weeks Docetaxel. Clin Cancer
Res 2004, 10:1976-1983.

20. Engels FK, Sparreboom A, Mathot RA, Verweij |: Potential for
improvement of docetaxel-based chemotherapy: a pharma-
cological review. Br | Cancer 2005, 93:173-177.

21. Baker SD, van Schaik RH, Rivory LP, ten Tije AJ, Dinh K, Graveland
W], Schenk PW, Charles KA, Clarke §J, Carducci MA, McGuire WP,
Dawkins F, Gelderblom H, Verweij ], Sparreboom A: Factors affect-
ing cytochrome P-450 3A activity in cancer patients. Clin Can-
cer Res 2004, 10:8341-8350.

22. Bruno R, Olivares R, Berille J, Chaikin P, Vivier N, Hammershaimb L,
Rhodes GR, Rigas JR: {alpha}-1-Acid Glycoprotein As an Inde-
pendent Predictor for Treatment Effects and a Prognostic
Factor of Survival in Patients with Non-small Cell Lung Can-
cer Treated with Docetaxel. Clin Cancer Res 2003, 9:1077-1082.

23. Scagliotti GV, Szczesna A, Ramlau R, Cardenal F, Mattson K, Van ZN,
Price A, Lebeau B, Debus ], Manegold C: Docetaxel-based induc-
tion therapy prior to radiotherapy with or without docetaxel
for non-small-cell lung cancer. BrJ Cancer 2006, 94:1375-1382.

24. Choy H: Taxanes in combined modality therapy for solid
tumors. Crit Rev Oncol Hematol 2001, 37:237-247.

25. Balcer-Kubiczek EK, Attarpour M, Jiang ], Kennedy AS, Suntharalin-
gam M: Cytotoxicity of docetaxel (Taxotere) used as a single
agent and in combination with radiation in human gastric,
cervical and pancreatic cancer cells. Chemotherapy 2006,
52:231-240.

26. Mori T, Kinoshita Y, Watanabe A, Yamaguchi T, Hosokawa K, Honjo
H: Retention of paclitaxel in cancer cells for | week in vivo
and in vitro. Cancer Chemother Pharmacol 2006, 58:665-672.

27. Creane M, Seymour CB, Colucci S, Mothersill C: Radiobiological
effects of docetaxel (Taxotere): a potential radiation sensi-
tizer. Int | Radiat Biol 1999, 75:731-737.

28. Gustafson DL, Long ME, Zirrolli JA, Duncan MW, Holden SN, Pierson
AS, Eckhardt SG: Analysis of docetaxel pharmacokinetics in
humans with the inclusion of later sampling time-points
afforded by the use of a sensitive tandem LCMS assay. Cancer
Chemother Pharmacol 2003, 52:159-166.

29. Huber RM, Flentje M, Schmidt M, Pollinger B, Gosse H, Willner J, UIm
K: Simultaneous chemoradiotherapy compared with radio-
therapy alone after induction chemotherapy in inoperable
stage Il1A or IlIB non-small-cell lung cancer: study CTRT99/
97 by the Bronchial Carcinoma Therapy Group. | Clin Oncol
2006, 24:4397-4404.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2407/7/197 /pre
pub

http://www.biomedcentral.com/1471-2407/7/197

Publish with BioMed Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here:

O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 9 of 9

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9440738
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9440738
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16412237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16412237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16412237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8823340
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8823340
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16509758
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16509758
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15041715
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15041715
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16012521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16012521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16012521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15623611
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15623611
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12631610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12631610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12631610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16641904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16641904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16641904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11248579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11248579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16899972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16899972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16899972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16534615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16534615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10405003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10405003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10405003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12759775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12759775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12759775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16983107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16983107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16983107
http://www.biomedcentral.com/1471-2407/7/197/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Weekly regimen (20 mg/m2)
	3-weekly regimen (100 mg/m2)
	Patient evaluation
	Treatment
	Weekly regimen (20 mg/m2)
	3-weekly regimen: (100 mg/m2)

	Blood sampling
	Analytical procedure
	Pharmacokinetic calculations
	Statistical analysis

	Results
	Patient characteristics
	Dose administration
	Docetaxel pharmacokinetics
	Toxicity

	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

