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Alternative drug formulations of docetaxel: a review
Frederike K. Engels® Ron A.A. Mathot® and Jaap Verweij®

The anticancer drug docetaxel (Taxotere) is formulated in
the nonionic surfactant polysorbate 80 (Tween 80). Early in
the clinical development of docetaxel, it became clear that
docetaxel administration is associated with the occurrence
of unpredictable (acute) hypersensitivity reactions and
cumulative fluid retention. These side-effects have been
attributed, in part, to the presence of polysorbate 80 and
have consequently initiated research focused on the
development of a less-toxic, better-tolerated polysorbate
80-free formulation of docetaxel. More recently, there is an
increasing interest in developing a (polysorbate 80-free)
docetaxel formulation that selectively targets malignant
tissue, thereby increasing efficacy while decreasing the
occurrence of side-effects related to wide and nonspecific
body distribution. This review aims to discuss the
preclinical and clinical results of pharmaceutical
strategies [PEGylated (immuno)liposomal docetaxel,
docetaxel-fibrinogen-coated olive oil droplets, docetaxel
encapsulated nanoparticle-aptamer bioconjugates,

Introduction

The anticancer drug docetaxel (Taxotere; Sanofi-Aventis,
Anthony Cedex, France) demonstrates significant anti-
tumour activity against various human malignancies, and
is approved for the treatment of patients with locally
advanced or metastatic breast cancer, non-small-cell lung
cancer, hormone refractory prostate cancer and advanced
gastric cancer [1]. Docetaxel (Fig. 1) is a semisynthetic
drug prepared by chemical modification of 10-deacetyl-
bacattin III, an inactive precursor compound isolated
from the needles of the European yew tree, Taxus baccara.
Owing to its poor water solubility (3 pg/ml), docetaxel is
dissolved in the nonionic surfactant polysorbate 80
(Tween 80), the major component of which is polyoxy-
ethylene-20-sorbitan monooleate (Fig. 2), structurally
similar to polyethylene glycols (PEGs). In early phase 1
clinical trials, docetaxel was supplied as a sterile solution
containing 15 mg/ml docetaxel in 50% polysorbate 80 and
50% ethanol [2-6]. To decrease the amount of poly-
sorbate 80 and ethanol administered to patients, this
formulation was optimized and a new formulation was
used in the phase II and III clinical trials, and
subsequently marketed. The currently approved formula-
tion contains 40 mg/ml docetaxel and 1040 mg/ml poly-
sorbate 80 (i.e. 26 mg polysorbate 80/mg docetaxel) and
requires further dilution with 13% ethanol before
addition to the intravenous infusion solution.

Early in the clinical development of docetaxel, it became
clear that docetaxel administration is associated with the
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occurrence of unpredictable (acute) hypersensitivity
reactions, widely ranging in incidence (range 5-60%)
and severity (from mild pruritus to systemic anaphylaxis).
In addition, fluid retention resulting in weight gain,
peripheral oedema and occasionally pleural or pericardial
effusions was reported with an incidence increasing above
50% at cumulative docetaxel doses of 400 mg/m?* or above
[7-9]. The occurrence of hypersensitivity reactions has,
in part, been attributed to intrinsic toxic effects of
polysorbate 80, more specifically to oxidation products
and oleic acid present in polysorbate 80, which are known
to cause histamine release [10,11]. The role of histamine
in the aetiology of polysorbate 80-induced hypersensiti-
vity reactions is further supported by the fact that these
side-effects are effectively ameliorated by premedication
with corticosteroids and antihistamines [12,13]. Recently,
however, the allergenic origin of these hypersensitivity
reactions has been opposed and a pathogenetic mechan-
ism, involving the release of vasoactive substances, has
been suggested [14]. The occurrence of cumulative fluid
retention may, in part, be explained by the fact that
the formulation vehicle has been shown to increase
membrane permeability [15]. This finding is in line
with reports of increased filtration of fluid to the
interstitial space following a decrease in plasma colloid
osmotic pressure, which occurs upon multiple docetaxel
courses [16,17]. Moreover, the fact that corticosteroids
significantly reduce and delay the onset of fluid reten-
tion, allowing for a higher cumulative dose to be
administered [13], may also indicate an effect of vessel
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Fig. 1
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Chemical structure of docetaxel.

Fig. 2
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Chemical structure of the primary constituent of polysorbate 80:
polyoxyethylene-20 sorbitan-monooleate.

wall permeability. Although of minor importance, it
should be noted that the beneficial effects of prophylac-
tic corticosteroid administration may come at the cost of
treatment-related morbidity (e.g. hyperglycaemia, peptic/
duodenal ulcers). Finally, polysorbate 80 has been shown
to increase plasma viscosity and produce changes in
erythrocyte morphology, effects which have been sug-
gested to contribute to mechanisms related to docetaxel-
mediated cardiovascular side effects [18].

The drawbacks associated with the presence of poly-
sorbate 80 in the formulation of docetaxel initially
initiated research focused on developing a formulation
that enhances the solubilization of docetaxel while
avoiding the use of polysorbate 80, thus resulting in a
less toxic, better-tolerated polysorbate 80-free formula-
tion. More recently, there is increasing interest in
developing more advanced (solvent-free) formulations,
which provide selective tumour delivery. Examples
include targeted (immuno)liposomes and nanoparticles,
which profoundly modify both the pharmacokinetics
(PK) and pharmacodynamics (PD) of docetaxel, thereby
increasing efficacy while decreasing the occurrence of
side-effects related to wide and nonspecific body
distribution (e.g. neurotoxicity, musculo-skeletal toxicity,
neutropenia).

This review aims to discuss the preclinical and clinical
results of pharmaceutical strategies to develop an
alternative, solvent-free delivery form for docetaxel.
Related strategies, including the development of novel,
structurally related docetaxel analogues, although also
aimed at optimizing the risk—benefit ratio (i.e. balance
between treatment-related toxicity and efficacy) for
docetaxel treatment, have been discussed previously
elsewhere [19].

Prerequisites for a polysorbate 80-free
formulation

A polysorbate 80-free docetaxel formulation is only
desirable if polysorbate 80 does not substantially con-
tribute to docetaxel’s antitumour efficacy. Several reports
have suggested that polysorbate 80 possesses intrinsic
tumour activity z vitro and in animals models [20,21],
possibly attributable to oleic acid, rapidly cleaved from
polysorbate 80 upon serum carboxylesterase-mediated
hydrolysis [22] and known to interfere with malignant
cell proliferation [23]. The exact contribution of poly-
sorbate 80 and/or oleic acid to clinically observed
antitumour efficacy, however, has not (yet) been clarified.
Furthermore, due to its extremely low volume of
distribution [24,25], delivery of polysorbate 80 outside
the central compartment to the tumour is believed to be
insignificant, consequently excluding any substantial
contribution to cytotoxicity. In addition, docetaxel is a
well known substrate for the transmembrane transporter
ABCB1 [P-glycoprotein; multidrug resistance (MDR-1)]
[26]. ABCB1, which is expressed in tumours and normal
tissues, acts as a drug/xenobiotic efflux pump [27] and its
overexpression is implicated in the occurrence of MDR.
Polysorbate 80-mediated inhibition of ABCB1 has been
observed i vitro [28,29], although not confirmed  vivo
[30]. Moreover, to date, clinical investigations evaluating
docetaxel administration in combination with ABCB1
inhibitors (e.g. laniquidar, tariquidar, zosuquidar, elacri-
dar) [19], in the hope of restoring or enhancing
chemosensitivity, have been disappointing and have not
(yet) vyielded an adequate MDR-reversal agent.
Furthermore, although ABCBI1 plays a (major) role
in the faecal disposition of docetaxel [31], its influence
on docetaxel plasma PK is minimal to absent [32].
Overall, it is unlikely that a polysorbate 80-free docetaxel
formulation will significantly affect docetaxel’s cytotoxic
properties.

Recent in-vitro and in-vivo data have demonstrated that
low doses of docetaxel [33,34] and clinically achievable
concentrations of polysorbate 80 [35] both exhibit
antiangiogenic properties. Clinically relevant concentra-
tions of polysorbate 80 (i.e. concentrations achieved at
the end of docetaxel infusion) nullify docetaxel-mediated
inhibition of angiogenesis [35], however, suggesting
that a polysorbate 80-free docetaxel formulation may
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potentially have a positive effect on the antiangiogenic
capacity of docetaxel.

In-vitro studies have demonstrated that docetaxel is
extensively bound to albumin and a-1 acid glycoprotein,
and that the latter is the main determinant of variability
in docetaxel serum binding [36]. Lately, the influence of
polysorbate 80 on the PK of total and unbound docetaxel
(the latter being the pharmacologically active fraction)
has been extensively investigated [37]. At clinically
relevant concentrations, polysorbate 80 significantly
increased the fraction of unbound docetaxel m vitro, a
finding that was confirmed  vivo. In addition, Baker ez @/.
[25] demonstrated that there is a significant relationship
between systemic exposure to polysorbate 80 and the
clearance rate of unbound docetaxel; higher polysorbate
80 exposure is associated with reduced clearance of
unbound docetaxel, consequently resulting in increased
unbound drug exposure. Moreover, exposure to unbound
docetaxel was more closely related to drug-induced
severe haematological toxicity than total docetaxel
exposure. The exact mechanistic basis for the decreased
protein binding of docetaxel in the presence of poly-
sorbate 80 is unknown, yet is presumably the result of
micellar complexes formed by polysorbate 80 with serum
proteins (albumin and o-1 acid glycoprotein) [38], thus
leading to saturable protein binding of docetaxel [36]
and/or the result of displacement of protein-bound
docetaxel by rapidly generated polysorbate 80 degrada-
tion products (e.g. oleic acid) [39]. Overall, it is clear that
the degree of docetaxel plasma binding and consequently
the fraction of, and exposure to, unbound drug is, in part,
influenced by the formulation vehicle. A polysorbate
80-free formulation, may thus, through a decrease in the
fraction of unbound drug, reduce the incidence and
severity of unpredictable neutropenia, thereby improving
the risk—benefit ratio for docetaxel treatment. One could
argue that such a formulation might compromise drug
efficacy owing to decreased concentration of the pharma-
cologically active drug fraction in plasma and, more
importantly, at the tumour site. To date, population PK/
PD studies have identified systemic (total) docetaxel
exposure as a significant predictor of (haematological)
toxicity, yet the correlation between any measure of
docetaxel exposure (i.e. total clearance, total systemic
exposure, peak plasma level, duration of plasma levels
greater than a certain value) and antitumour response is,
however, much less clear [9]. Furthermore, data on
intratumoural docetaxel PK are lacking and an improve-
ment in the risk-benefit ratio, through a decrease in
toxicity, may outweigh a decrease, to a yet unknown
degree, in antitumour efficacy.

In conclusion, on the basis of the biological and
pharmacological properties of polysorbate 80, it seems
unlikely that a polysorbate 80-free docetaxel formulation
will compromise docetaxel antitumour efficacy.
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Alternative formulations - preclinical data
Avoiding the use of polysorbate 80 and at the same time
developing a drug formulation that targets malignant
tissue has received substantial interest recently, and
has led to several alternative, solvent-free docetaxel
formulations with varying potential to selectively deliver
docetaxel to the tumour, thereby potentially enhancing
efficacy and decreasing the occurrence of undesirable
side-effects. One approach to avoid polysorbate
80 administration and selectively target the tumour
is the use of fibrinogen microspheres as delivery vehicle,
as previously investigated for other anticancer drugs
[40,41]. Local fibrin(ogen) deposition occurs within
the stroma of the majority of solid tumours, and is
associated with tumour angiogenesis, growth and
metastatic potential [42]. In addition, thrombin-
mediated accumulation and retention of intravenously
administered  fibrinogen-coated olive oil droplets,
at fibrin(ogen)-rich sites, has been demonstrated
[43]. These features initiated the preparation of murine
fibrinogen-coated micronized olive oil droplets loaded
with docetaxel [44] and subsequently, evaluation of
this formulations’s antitumour activity upon intraperito-
neal administration to mice bearing a fibrin(ogen)-rich
ascites tumour [45]. Upon intraperitoneal treatment
with the docetaxel-fibrinogen-coated olive oil droplet
formulation (docetaxel dose around 20mg/kg; mean
olive oil droplet size around 12um), median survival
increased approximately 2-fold compared with treatment
with docetaxel solubilized in polysorbate 80. A prelimin-
ary toxicity assessment on the basis of the change
in weight of healthy, tumour-free mice 15 days following
intraperitoneal injection of either isotonic saline,
docetaxel solubilized in polysorbate 80 or docetaxel-
loaded fibrinogen-coated olive oil droplets demonstrated
no significant differences. The association of docetaxel
tumour cells was monitored by administering tumour-
bearing mice with either docetaxel solubilized in
polysorbate 80 or docetaxel-loaded fibrinogen-coated
olive oil droplets, both spiked with [*H]docetaxel.
Docetaxel association with tumour cells, measured by
liquid scintillation counting 48h after treatment,
was at least 10-fold increased upon intraperitoneal
administration of docetaxel-loaded olive oil droplets
compared with docetaxel solubilized in polysorbate
80. These findings suggest potential to improve the
therapeutic efficacy of docetaxel treatment. Several
issues, however, require to be further addressed, includ-
ing the feasibility of intravenous administration which
requires smaller droplet size, the influence of anti-
coagulants or fibrinolytic agents, which may potentially
reduce the therapeutic efficacy of the fibrinogen-coated
olive oil formulation, and toxicity aspects related to the
observed significant antibody response (i.e. droplet-
induced production of antifibrinogen antibodies), of
which the long-term effects on effectiveness are yet
unclear.
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Recently, research has increasingly focused on nanotech-
nological devices for the development of (biomarker)-
targeted delivery systems for multiple therapeutic agents
[46]. Nanotechnology is a multidisciplinary field, which
covers a diverse array of devices derived from engineering,
biology, physics and chemistry. These nanotechnology
devices (nanotherapeutics) include nanovectors aimed at
improving the tumour-targeting efficacy of anticancer
drugs [47]. An injectable drug-delivery nanovector is
defined as a hollow or solid structure with a diameter in
the 1-1000 nm range. It can be filled with anticancer
drugs and targeting moicties can be attached to its
surface, resulting in specific and differential uptake by
the targeted cells, to deliver a constant dose of
chemotherapy over an extended period of time. Probably
the most well-known, simplest and earliest examples of
nanovectors applied in cancer treatment are liposomes,
which are a hollow type of nanovector, whereas nano-
particles are considered solid nanovectors. Liposomes are
spherical particles (vesicles) consisting of one or more
lipid bilayer membranes, which encapsulate an internal
space in which notably hydrophilic agents can be
entrapped; the lipid bilayer membrane of the liposome
may serve as a reservoir for hydrophobic drugs. PEGylated
liposomes [STEALTH (sterically-stabilized) liposomes]
differ from conventional liposomes by a polymer (PEG)
surface coating. These modified liposomes are character-
ized by reduced uptake by the reticulo-endothelial
system, favourable PK (long circulating time, slow
clearance rate, small volume of distribution), reduced
accumulation in healthy tissues and, most importantly, by
increased, preferential tumour uptake owing to their
ability to extravasate through the hyperpermeable tumour
vasculature, a tumour-targeting mechanism known as
enhanced permeation and retention [48,49]. These
distinct features make PEGylated liposomes an attractive
drug carrier. Indeed, for anticancer drugs, the advantages
of PEGylated liposomes are best illustrated by PEGylated
liposomal doxorubicin (Caelyx, Doxil, Myocet). The wish
to circumvent the use of polysorbate 80 and to improve
the therapeutic index for docetaxel-based therapy
through specific tumour targeting has led to the
successful preparation of PEGylated liposomal docetaxel
[50] without compromising cytotoxicity. Indeed, -vitro
cytotoxic activity of the PEGylated docetaxel formulation
was almost equipotent to the nonliposomal docetaxel
formulation. PK profiles for docetaxel solubilized in
polysorbate 80 and docetaxel encapsulated in the
PEGylated liposomes, assessed after a single intravenous
bolus dose to mice, were both best described by a two-
compartment model. The PK parameters, however,
differed significantly; docetaxel terminal half-life was
increased nearly 13-fold upon liposomal encapsulation,
and clearance and volume of distribution were decreased
more than 100- and 6-fold, respectively, compared with
docetaxel solubilized in polysorbate 80. Further increase
of the docetaxel concentration inside the PEGylated

liposomes (currently 0.7 = 0.2 mg/ml) is required before
clinical trials can be initiated to determine if the
improved PK features result in selective and efficient
tumour uptake and reduced toxicity. Interestingly, in rats
and mice [51,52], the PK of a second dose of PEGylated
liposomes (devoid of encapsulated drug) was dramatically
altered compared with the first dose in a time-interval-
dependent manner. The most prominent difference was a
major increase in clearance, hence the observation is
referred to as the ‘accelerated blood clearance’ (ABC)
phenomenon. Initially, the ABC effect was suggested to
be caused by a considerable increase in hepatic accumu-
lation, possibly involving certain serum factor(s) secreted
into the blood after the first dose of PEGylated
liposomes. Most recently evaluations have demonstrated
that IgM is the major serum protein, which selectively
binds to PEGylated liposomes upon repeated injection,
and that these IgM-bound PEGylated liposomes can then
activate the complement system [53], thus leading to
accelerated clearance and enhanced hepatic uptake.
Theoretically, the ABC phenomenon can potentially
compromise therapeutic efficacy and the strongly in-
creased drug uptake in the liver may cause severe
undesirable liver toxicity. Moreover, repeated administra-
tion of PEGylated liposomes may lead to the occurrence
of unexpected immune reactions. In clinical practice,
however, the occurrence of immune reactions after
repeated doses of PEGylated liposomal doxorubicin is
rare (1-5%), suggesting that the observed ABC phenom-
enon for PEGylated docetaxel may only have a minor
impact. Nevertheless, future research in the design and
clinical use of PEGylated liposomal docetaxel, should
determine the implications of these findings.

Covalent attachment of targeting ligands, such as
monoclonal antibodies specific for antigens expressed
on the surface of cancer cells, is another modification of
the conventional liposome with the aim to improve
selective tumour delivery. Docetaxel has been shown to
enhance tumour response upon irradiation [54]; however,
clinical application of this radiosensitizing potential is
limited owing to side-effects associated with the drug’s
poor tumour selectivity. To increase tumour delivery and
to evaluate the radiosensitizing properties of docetaxel,
human colon adenocarcinoma cell lines expressing
carcinoembryonic antigen were treated with irradiation
and PEGylated docetaxel ‘immunoliposomes’, i.e.
immunoliposomes prepared by coupling monoclonal
antibodies against carcinoembryonic antigen to the PEG
coating of the lipid membrane [55]. Specifically, cells
were incubated (2 h, 37°C) with different concentrations
of immunoliposomal docetaxel or liposomal docetaxel
(range, 1-1000 nmol/l docetaxel) after which the cells
were washed and further incubated (24-48h, 37°C).
Nonincubated cells received a series of test radiation
doses ranging from 0 to 8 Gy to determine the degree of
radiotoxicity; radiotoxicity was most pronounced at a dose
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of 2Gy. Consequently, this radiation dose was used to
irradiate the cells incubated with immunoliposomal and
liposomal docetaxel. Cytotoxicity, assessed using the
colorimetric 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tet-
razolium bromide assay, was induced by immunoliposomal
docetaxel in a dose- and time-dependent manner. Similar
evaluation of the cytotoxic efficacy of the multimodality
treatment demonstrated that the effects of immunolipo-
somal docetaxel were potentiated upon radiation com-
pared with liposomal docetaxel with irradiation or only
irradiation (P < 0.05). Furthermore, flow cytometric
analysis demonstrated that upon treatment with immu-
noliposomal docetaxel combined with irradiation, apop-
tosis was significantly increased compared with the
multimodality treatment for liposomal docetaxel. Further
research should determine if this specific immunoliposo-
mal docetaxel formulation offers potential to improve
local radiotherapy in the treatment of colon cancer.

As mentioned, an expanding number of nanovectors are
currently under development for novel, optimized drug-
delivery modalities [46,47,56]. Approaches include mo-
lecular targeting of nanovectors through conjugation of
active recognition moieties to the surface of the
nanovector (an approach characterized by potential
advantages above conventional antibody-targeted ther-
apy), intracellular targeting of nanoparticles by folate,
dendritic polymers as multifunctional nanodevices, sili-
con and silica materials as materials for injectable
nanovectors, metal-(e.g. gold) based nanovectors and
polymer-based nanovectors, of which the latter seem to
be the most promising for clinical translation. Recently,
docetaxel-encapsulated nanoparticles formulated with bio-
compatible and biodegradable poly(D,L-lactic-co-glycolic
acid)-block-PEG-copolymer and surface functionalized
with A10 2'-fluoropyrimidine aptamers (i.e. RNA oligo-
nucleotides; nucleic acid ligands) [57] that bind to the
extracellular domain of the transmembrane prostate-
specific membrane antigen, a well-characterized antigen
expressed with high specificity on the surface of prostate
cancer cells, have been successfully developed i vitro
(Fig. 3) and their cytotoxicity evaluated using a xenograft
nude mouse prostate cancer model [58]. Owing to the
surface functionalization with the specific prostate-
specific membrane antigen (PSMA) aptamers, these
docetaxel-encapsulated nanoparticle—aptamer bioconju-
gates (Doc-Np-Apt) exert significantly enhanced cellular
cytotoxicity iz vitro resulting from targeted delivery and
enhanced cell-specific uptake compared with nontar-
geted docetaxel-encapsulated nanoparticles (lacking the
PSMA aptamer). A single intratcumoural injection of Doc-
Np-Apt (40 mg/kg) i wvivo was significantly more
efficacious regarding tumour size reduction and survival
time compared with an equivalent dose of nontargeted
docetaxel-encapsulated nanoparticles. The enhanced
efficacy was attributed to delayed clearance from the
target site owing to preferential binding to the PSMA
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Fig. 3
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Schematic representation of the coupling of amine-functionalized A10
PSMA aptamers to a docetaxel-encapsulated, pegylated nanoparticle
by carbodiimide chemistry thus resulting in a docetaxel-encapsulated
PEGylated-poly(p,L-lactic-co-glycolic acid) nanoparticle—aptamer
bioconjugate. PEG, polyethylene glycol; COOH, carboxylic acid;
PLGA, poly(p,-lactic-co-glycolic acid); NH,-aptamer, amine-
functionalized A10 prostate-specific membrane antigen aptamer;
EDC, 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide;

NHS, N-hydroxysuccinimide.

proteins, leading to internalization and subsequent
intracellular drug release. Mean body weight loss at nadir
was significantly decreased (2-fold) for Doc-Np-Apt
compared with nontargeted docetaxel-encapsulated
nanoparticles, suggesting reduced treatment toxicity.
Furthermore, there was no evidence of persistent
haematological toxicity. Several aspects of this approach
have the potential to facilitate translation into clinical
practice, including the fact the poly(D,L-lactic-co-glycolic
acid) is a component the Food and Drug Administration
(FDA) has approved for clinical use, and the fact that the
targeting molecules (aptamers) are small, relatively
stable, nonimmunogenic and easy to produce on a large
scale. However, before clinical application is possible
several aspects, including potential sensitization reac-
tions, biological/biophysical barriers impeding targeted
delivery and the tailoring of dosing and administration
schedules remain to be examined.

Alternative formulations - clinical data

Clinical studies evaluating the efficacy and safety profile
of a polysorbate 80-free docetaxel formulation are limited
to two phase I dose-finding studies [59,60]. Both trials
evaluated a polysorbate 80-free submicronic dispersion
formulation (Sanofi-Aventis) administered once every 3
weeks, as a 1-h intravenous infusion without cortico-
steroid or antihistamine premedication. In patients with
advanced solid tumours (N = 41), the maximum tolerated
dose was 145 mg/m* (without granulocyte colony-stimu-
lating factor support), setting the recommended dose
level at 130 mg/m?, which is significantly higher than
100 mg/m?, currently the highest recommended single-
agent dose (http://www.taxotere.com). Despite the lack
of premedication, no hypersensitivity reactions were
observed and fluid retention occurred in 49% of the
patients at a relatively high median cumulative dose
(575 mg/mz), yet was severe in less than 5% of the cases.
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Dose-limiting toxicities (DLTs) did not differ from those
seen with the current formulation of docetaxel (severe
neutropenia and febrile neutropenia) nor did the
spectrum of haematological and nonhaematological toxi-
cities. Interestingly, a retrospective analysis concluded
that at equimolar doses the solvent-free formulation
appeared to result in a lower incidence and severity of
infections, mucositis, diarrhoea and neuropathy, the latter
finding supporting the notion that polysorbate 80,
capable of producing vesicular degeneration [61], con-
tributes in part, to the predominantly mild sensory
neuropathy observed in a high proportion of patients
treated with docetaxel. The overall response rate among
31 breast cancer patients who had received a dose of
100 mg/m?* or above was 48.4% [95% confidence interval
(CI) 30.2-66.9%)], which is comparable to the results of
the pivotal trial leading to the approval of docetaxel for
locally advanced or metatstatic breast cancer (overall
response rate 47.8%; 95% CI 40.1-55.5%) [62]. A PK
evaluation revealed that clearance was independent of
dose and similar to previously observed values [9]. The
polysorbate 80-free formulation was also administered in
combination with doxorubicin as first-line chemotherapy
to patients with metastatic breast cancer (N = 38). In this
study, antitumour activity was observed at all dose levels,
and the maximum tolerated dose was reached at 100
mg/m® polysorbate 80-free docetaxel and 60 mg/m?
doxorubicin. Febrile neutropenia was again the DLIT.
The recommended dose for phase 11 evaluation was set at
85mg/m* polysorbate 80-free docetaxel and 60 mg/m?
doxorubicin, which is higher than the doses applied in a
randomized phase III study evaluating docetaxel (75
mg/mz) and doxorubicin (50 mg/mz) treatment for the
same indication [63]. In order to continue the develop-
ment of this well-tolerated and active formulation, the
manufacturing process was modified to accomodate large-
scale (i.e. industrial) production. This upscaling process,
however, led to some slight modifications of the
formulation’s physico-chemical properties that may have
been the cause of toxicities (oedema, and hand and foot
skin reactions) observed at lower doses and in earlier
cycles compared with the initial solvent-free formulation.
Although these toxicities were not severe enough to be
classified as DLTs, they did often lead to treatment
withdrawal and were the reason to discontinue further
clinical development of this polysorbate 80-free formula-
tion (personal communication, Sanofi-Aventis).

Discussion

Pharmaceutical excipients have an essential role in drug
formulations. In contrast to earlier views, however, these
excipients, including the nonionic surfactant polysorbate
80 used to solubilize the hydrophobic anticancer drug
docetaxel, are not inert vehicles, but are able to affect
drug disposition and toxicity patterns [61]. Consequently,
acknowledging that a less-toxic (i.e. polysorbate 80-free)

formulation of docetaxel is desirable, recent research has
focused on developing alternative (solvent-free) drug
delivery forms while continuing to maximize the drug’s
antitumour efficacy through preferential uptake of the
drug at the site of action, i.e. the tumour. This
pharmaceutical strategy has lead to several alternative
drug formulations including fibrinogen-coated olive oil
droplets loaded with docetaxel, PEGylated docetaxel
liposomes, docetaxel immunoliposomes and docetaxel-
encapsulated nanoparticle—aptamer bioconjugates, all
currently in different preclinical stages of development
and with different advantages and disadvantages
(Table 1). Whether the observed advantages (improved
PK, selective tumour uptake, increased survival) over the
current docetaxel formulation translate to clinical bene-
fits remains to be seen. Potential drawbacks that require
to be overcome include the ABC effect observed with
PEGylated liposomes, the occurrence of (unexpected)
immune reactions, also seen with docetaxel-fibrinogen-
coated olive oil droplets and, most importantly, over-
coming the pharmaceutical challenge of achieving en-
capsulation of a therapeutically meaningful amount of
drug in the liposomes [64]. It would seem that the use of
monoclonal antibodies or the more recently introduced
aptamers (DNA or RNA oligonucleotides) as targeting
ligand has much potential given the increasing number of
well defined biomarkers (e.g. antigens) expressed on the
cancer cell surface. Which of these two targeting
approaches proves to be more suitable remains to be
examined. Initial problems related to specificity, purity,
immunogenicity, relatively long development times and
batch-to-batch variability upon large-scale biological
production of (monoclonal) antibodies, although largely
overcome, could still complicate their general application.
On the other hand, aptamer synthesis does not rely on
biological systems and is an entirely chemical process,
which can easily be scaled up. Indeed, aptamer drug-
targeting could potentially provide an adequate alter-
native to antibody-based drug-targeting techniques.
Moreover, although the aptamer-based targeting approach
is considered highly promising, it is expected that the
greatest gain in optimizing therapeutic selectivity will be
achieved by synergistic combinations of different nano-
technological targeting strategies.

Currently, only one polysorbate 80-free docetaxel for-
mulation has been evaluated clinically in two phase I
trials. Although this formulation demonstrated uncom-
promised cytotoxic activity, the occurrence of toxicities
leading to treatment withdrawal resulted in the disconti-
nuation of further clinical development of this solvent-
free docetaxel formulation.

To date, attempts to improve taxane-based treatment
have largely focused on, and have been most successful
for, paclitaxel [65,66], the first taxane to be introduced
(FDA approval 1992). Indeed, most recently paclitaxel
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Table 1
to the current formulation of docetaxel
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A summary of the advantages and disadvantages of the alternative formulations of docetaxel currently in development compared

Formulation Advantages

Disadvantages

Taxotere (Sanofi-Aventis)

PEGylated liposomal docetaxel

PEGylated docetaxel immunoliposomes

FDA approved (since 1996)
Substantial clinical experience
Well-established PK/PD relationships

Potential for selective tumour delivery
Tumor targeting via EPR-phenomenon
Equipotent in-vitro cytotoxicity®

Improved PK features®: 1 ti/9, | CL, | V4

Potential for selective tumour delivery
Tumour targeting via monoclonal antibodies

Docetaxel solubilized in polysorbate 80
Polysorbate 80 associated with:
hypersensitivity reactions
cumulative fluid retention
Preclinical development stage
1 docetaxel concentration in liposomes required
Observed ABC phenomenon may:
compromise efficacy
lead to adverse (immune) reactions
In-vitro development stage
Problems related to use and production of Mabs

Increased radiosensitizing potential®
Potential to improve local radiotherapy

Docetaxel—fibrinogen-coated olive oil droplets

1 median survival® (i.p.)

1 docetaxel tumour concentration® (i.p)
Potential for selective tumour delivery
Tumour targeting via aptamers

Docetaxel-encapsulated nanoparticle-aptamers

Potential for selective tumour delivery
Tumour targeting via fibrinogen microspheres

Preclinical development stage

i.v. dosing not yet evaluated

Antifibrinogen antibodies observed

Influence of anticoagulants to be determined
Preclinical development stage

Problems related to use of PEG-copolymer

Aptamers: small, nonimmunogenic, stable,
large-scale production possible

Enhanced cytotoxicity in vitro®, enhanced efficacy
in vivoP, reduced toxicity in vivo®

FDA, US Food and Drug Administration; PK/PD, pharmacokinetic/pharmacodynamic; EPR, enhanced permeation and retention; t,,, terminal half-life; CL, clearance;
Vg, volume of distribution; ABC, accelerated blood clearance; i.p., intraperitoneal administration; i.v., intravenous administration; Mabs, monoclonal antibodies;

PEG, polyethyleneglycol.
2Compared with docetaxel solubilized in polysorbate 80.
®Compared with nontargeted docetaxel-encapsulated nanoparticles.

nanoparticles conjugated to albumin molecules (Abrax-
ane, Abraxis Oncology; FDA approval 2005), the latter
enhancing the transport of the nanoparticles across the
vascular endothelium, demonstrated an improved ther-
apeutic index compared with paclitaxel (Taxol) in the
treatment of patients with metastatic breast cancer [67].
Several reasons may explain why the majority of research
has focused on improvement of the paclitaxel drug
formulation, and include the earlier introduction and
thus larger body of clinical experience, and the fact that a
greater improvement may be made for current paclitaxel-
based treatment with less effort, as the formulation
vehicle cremophor EL used to solubilize paclitaxel
presents more PK and PD drawbacks [61] than
polysorbate 80. Docetaxel, however, is also a highly
suitable candidate to concentrate on, given its superiority
above paclitaxel in overall survival in patients with
metastatic breast cancer [68], linear PK [69], single
enzyme-mediated metabolism [70,71] and the existing
extensive knowledge on PK/PD relationships [9]. The
success of Abraxane suggests that developing merely a
solvent-free formulation is not enough therapeutic
improvement to warrant extensive clinical evaluation.
The combination of a solvent-free docetaxel formulation
with tumour-targeting characteristics ultimately shows
the most promise of future therapeutic gain for this
highly active drug.

In conclusion, preclinical research aimed at optimizing
the risk—benefit ratio for docetaxel-based therapy through
development of a less toxic, polysorbate 80-free formula-
tion with tumour-targeting properties is ongoing and

encouraging; however, it is unlikely that an alternative
formulation will be available for clinical use in the near
future. Although this may sound disappointing, it is clear
that one is convinced of the need to optimize the risk—
benefit ratio for docetaxel treatment and any advances
that can be made in this area, however modest they may
be, are worth further research.

References

1  http://www.taxotere.com/professional/about/index.do#reference. 2006.

2 Tomiak E, Piccart MJ, Kerger J, Lips S, Awada A, de Valeriola D, et al. Phase |
study of docetaxel administered as a 1-h intravenous infusion on a weekly
basis. J Clin Oncol 1994; 12:1458-1467.

3 Pazdur R, Newman RA, Newman BM, Fuentes A, Benvenuto J, Bready B,
et al. Phase | trial of Taxotere: five-day schedule. J Nat/ Cancer Inst 1992;
84:1781-1788.

4 Extra JM, Rousseau F, Bruno R, Clavel M, Le Bail N, Marty M. Phase | and
pharmacokinetic study of Taxotere (RP 56976; NSC 628503) given as a
short intravenous infusion. Cancer Res 1993; 53:1037-1042.

5 Burris H, Irvin R, Kuhn J, Kalter S, Smith L, Shaffer D, et al. Phase | clinical
trial of taxotere administered as either a 2-h or 6-h intravenous infusion.

J Clin Oncol 1993; 11:950-958.

6 Bissett D, Setanoians A, Cassidy J, Graham MA, Chadwick GA, Wilson P,
et al. Phase | and pharmacokinetic study of taxotere (RP 56976)
administered as a 24-h infusion. Cancer Res 1993; 53:523-527.

7 Trudeau ME, Eisenhauer EA, Higgins BP, Letendre F, Lofters WS, Norris BD,
et al. Docetaxel in patients with metastatic breast cancer: a phase Il study of
the National Cancer Institute of Canada — Clinical Trials Group. J Clin Oncol
1996; 14:422-428.

8 Piccart MJ, Gore M, Ten Bokkel Huinink W, Van Oosterom A, Verweij J,
Wanders J, et al. Docetaxel: an active new drug for treatment of advanced
epithelial ovarian cancer. J Natl Cancer Inst 1995; 87:676-681.

9 Bruno R, Hille D, Riva A, Vivier N, ten Bokkel Huinnink WW, van Oosterom
AT, et al. Population pharmacokinetics/pharmacodynamics of docetaxel in
phase Il studies in patients with cancer. J Clin Oncol 1998; 16:187-196.

10 Lorenz W, Schmal A, Schult H, Lang S, Ohmann C, Weber D, et al.
Histamine release and hypotensive reactions in dogs by solubilizing agents
and fatty acids: analysis of various components in cremophor EL and

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



102 Anti-Cancer Drugs 2007, Vol 18 No 2

20

21

22

23

24

25

26

27

28

29

30

31

32

development of a compound with reduced toxicity. Agents Actions 1982;
12:64-80.

Bergh M, Magnusson K, Nilsson JL, Karlberg AT. Contact allergenic activity
of Tween 80 before and after air exposure. Contact Dermatitis 1997;
37:9-18.

Schrijvers D, Wanders J, Dirix L, Prove A, Vonck I, van Oosterom A, et al.
Coping with toxicities of docetaxel (Taxotere). Ann Oncol 1993; 4:
610-611.

Piccart MJ, Kilijn J, Paridaens R, Nooij M, Mauriac L, Coleman R, et al.
Corticosteroids significantly delay the onset of docetaxel-induced fluid
retention: final results of a randomized study of the European Organization
for Research and Treatment of Cancer Investigational Drug Branch for
Breast Cancer. J Clin Oncol 1997; 15:3149-3155.

Ardavanis A, Tryfonopoulos D, Yiotis |, Gerasimidis G, Baziotis N, Rigatos G.
Non-allergic nature of docetaxel-induced acute hypersensitivity reactions.
Anticancer Drugs 2004; 15:581-585.

Drori S, Eytan GD, Assaraf YG. Potentiation of anticancer-drug cytotoxicity
by multidrug-resistance chemosensitizers involves alterations in membrane
fluidity leading to increased membrane permeability. Eur J Biochem 1995;
228:1020-1029.

Semb KA, Aamdal S, Oian P. Capillary protein leak syndrome appears to
explain fluid retention in cancer patients who receive docetaxel treatment.
J Clin Oncol 1998; 16:3426-3432.

Behar A, Pujade-Lauraine E, Maurel A, Brun MD, Chauvin FF, Feuilhade de
Chauvin F, et al. The pathophysiological mechanism of fluid retention in
advanced cancer patients treated with docetaxel, but not receiving
corticosteroid comedication. Br J Clin Pharmacol 1997; 43:653-658.
Mark M, Walter R, Meredith DO, Reinhart WH. Commercial taxane
formulations induce stomatocytosis and increase blood viscosity. Br J
Pharmacol 2001; 134:1207-1214.

Engels FK, Sparreboom A, Mathot RA, Verweij J. Potential for improvement
of docetaxel-based chemotherapy: a pharmacological review. Br J Cancer
2005; 93:173-177.

Kubis A, Witek R, Olszewski Z, Krupa S. The cytotoxic effect of Tween 80 on
Ehrlich ascites cancer cells in mice. Pharmazie 1979; 34:745-746.
Tsujino |, Yamazaki T, Masutani M, Sawada U, Horie T. Effect of Tween-80 on
cell killing by etoposide in human lung adenocarcinoma cells. Cancer
Chemother Pharmacol 1999; 43:29-34.

van Tellingen O, Beijnen JH, Verweij J, Scherrenburg EJ, Nooijen WIJ,
Sparreboom A. Rapid esterase-sensitive breakdown of polysorbate 80 and
its impact on the plasma pharmacokinetics of docetaxel and metabolites in
mice. Clin Cancer Res 1999; 5:2918-2924.

Kimura Y. Carp oil or oleic acid, but not linoleic acid or linolenic acid, inhibits
tumor growth and metastasis in Lewis lung carcinoma-bearing mice. J Nutr
2002; 132:2069-2075.

Ten Tije AJ, Loos WJ, Verweij J, Baker SD, Dinh K, Figg WD, et al.
Disposition of polyoxyethylated excipients in humans: implications for drug
safety and formulation approaches. Clin Pharmacol Ther 2003; 74:
509-510.

Baker SD, Li J, ten Tije AJ, Figg WD, Graveland W, Verweij J, et al.
Relationship of systemic exposure to unbound docetaxel and neutropenia.
Clin Pharmacol Ther 2005; 77:43-53.

Shirakawa K, Takara K, Tanigawara Y, Aoyama N, Kasuga M, Komada F, et al.
Interaction of docetaxel (‘Taxotere’) with human P-glycoprotein. Jpn J
Cancer Res 1999; 90:1380-1386.

Lin JH. Drug—drug interaction mediated by inhibition and induction of
P-glycoprotein. Adv Drug Deliv Rev 2003; 55:53-81.

Rege BD, Kao JP, Polli JE. Effects of nonionic surfactants on membrane
transporters in Caco-2 cell monolayers. Eur J Pharm Sci 2002; 16:
237-246.

Yamazaki T, Sato Y, Hanai M, Mochimaru J, Tsujino |, Sawada U, et al. Non-
ionic detergent Tween 80 modulates VP-16 resistance in classical multidrug
resistant K562 cells via enhancement of VP-16 influx. Cancer Lett 2000;
149:163-161.

Webster LK, Linsenmeyer ME, Rischin D, Urch ME, Woodcock DM, Millward
MJ. Plasma concentrations of polysorbate 80 measured in patients following
administration of docetaxel or etoposide. Cancer Chemother Pharmacol
1997; 39:5657-560.

van Zuylen L, Verweij J, Nooter K, Brouwer E, Stoter G, Sparreboom A. Role
of intestinal P-glycoprotein in the plasma and faecal disposition of docetaxel
in humans. Clin Cancer Res 2000; 6:2598-2603.

van Zuylen L, Sparreboom A, van der Gaast A, van der Burg ME, van
Beurden V, Bol CJ, et al. The orally administered P-glycoprotein inhibitor
R101933 does not alter the plasma pharmacokinetics of docetaxel. Clin
Cancer Res 2000; 6:1365-1371.

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

Vacca A, Ribatti D, lurlaro M, Merchionne F, Nico B, Ria R, et al. Docetaxel
versus paclitaxel for antiangiogenesis. J Hematother Stem Cell Res 2002;
11:103-118.

Hotchkiss KA, Ashton AW, Mahmood R, Russell RG, Sparano JA,
Schwartz EL. Inhibition of endothelial cell function in vitro and angiogenesis
in vivo by docetaxel (Taxotere): association with impaired repositioning of
the microtubule organizing center. Mo/ Cancer Ther 2002; 1:1191-1200.
Ng SS, Figg WD, Sparreboom A. Taxane-mediated antiangiogenesis in vitro:
influence of formulation vehicles and binding proteins. Cancer Res 2004;
64:821-824.

Urien S, Barre J, Morin C, Paccaly A, Montay G, Tillement JP. Docetaxel
serum protein binding with high affinity to alpha 1-acid glycoprotein. /nvest
New Drugs 1996; 14:147-151.

Loos WIJ, Baker SD, Verweij J, Boonstra JG, Sparreboom A. Clinical
pharmacokinetics of unbound docetaxel: role of polysorbate 80 and serum
proteins. Clin Pharmacol Ther 2003; 74:364-371.

Reynolds JA. The role of micelles in protein: detergent interactions. Methods
Enzymol 1979; 61:58-62.

Petitpas |, Grune T, Bhattacharya AA, Curry S. Crystal structures of human
serum albumin complexed with monounsaturated and polyunsaturated fatty
acids. J Mol Biol 2001; 314:955-960.

Boratynski J, Opolski A, Wietrzyk J, Gorski A, Radzikowski C. Cytotoxic and
antitumor effect of fibrinogen-methotrexate conjugate. Cancer Lett 2000;
148:189-195.

Miyazaki S, Hashiguchi N, Sugiyama M, Takada M, Morimoto Y. Fibrinogen
microspheres as novel drug delivery systems for antitumor drugs. Chem
Pharm Bull (Tokyo) 1986; 34:1370-1375.

Palumbo JS, Kombrinck KW, Drew AF, Grimes TS, Kiser JH, Degen JL, et al.
Fibrinogen is an important determinant of the metastatic potential of
circulating tumor cells. Blood 2000; 96:3302-3309.

Deanglis AP, Fox MD, Retzinger GS. Accumulation of fibrinogen-coated
microparticles at a fibrin(ogen)-rich inflammatory site. Biotechnol Appl
Biochem 1999; 29:251-261.

Jakate AS, Einhaus CM, DeAnglis AP, Retzinger GS, Desai PB. Preparation,
characterization, and preliminary application of fibrinogen-coated olive oil
droplets for the targeted delivery of docetaxel to solid malignancies. Cancer
Res 2003; 63:7314-7320.

Einhaus CM, Retzinger AC, Perrotta AO, Dentler MD, Jakate AS, Desai PB,
et al. Fibrinogen-coated droplets of olive oil for delivery of docetaxel to a
fibrin(ogen)-rich ascites form of a murine mammary tumor. Clin Cancer Res
2004; 10:7001-7010.

Ferrari M. Cancer nanotechnology: opportunities and challenges. Nat Rev
Cancer 2005; 5:161-171.

Yezhelyev MV, Gao X, Xing Y, Al-Hajj A, Nie S, O'Regan RM. Emerging use
of nanoparticles in diagnosis and treatment of breast cancer. Lancet Oncol
2006; 7:657-667.

Cattel L, Ceruti M, Dosio F. From conventional to stealth liposomes: a new
frontier in cancer chemotherapy. J Chemother 2004; 16 (Suppl 4):
94-97.

Maeda H, Wu J, Sawa T, Matsumura Y, Hori K. Tumor vascular permeability
and the EPR effect in macromolecular therapeutics: a review. J Control/
Release 2000; 65:271-284.

Immordino ML, Brusa P, Arpicco S, Stella B, Dosio F, Cattel L. Preparation,
characterization, cytotoxicity and pharmacokinetics of liposomes containing
docetaxel. J Control Release 2003; 91:417-429.

Ishida T, Masuda K, Ichikawa T, Ichihara M, Irimura K, Kiwada H. Accelerated
clearance of a second injection of PEGylated liposomes in mice. Int J Pharm
2003; 255:167-174.

Ishida T, Harada M, Wang XY, Ichihara M, Irimura K, Kiwada H. Accelerated
blood clearance of PEGylated liposomes following preceding liposome
injection: effects of lipid dose and PEG surface-density and chain length of
the first-dose liposomes. J Control Release 2005; 105:305-317.

Ishida T, Ichihara M, Wang X, Yamamoto K, Kimura J, Majima E, et al. Injection
of PEGylated liposomes in rats elicits PEG-specific IgM, which is
responsible for rapid elimination of a second dose of PEGylated liposomes.
J Control Release 2006; 112:15-25.

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

Wang QW, Lu HL, Song CC, Liu H, Xu CG. Radiosensitivity of human colon
cancer cell enhanced by immunoliposomal docetaxel. World J Gastroenterol
2005; 11:4003-4007.

Straubinger RM, Balasubramanian SV. Preparation and characterization of
taxane-containing liposomes. Methods Enzymol 2005; 391:97-117.
Ellington AD, Szostak JW. In vitro selection of RNA molecules that bind
specific ligands. Nature 1990; 346:818-822.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



58

59

60

61

62

63

Farokhzad OC, Cheng J, Teply BA, Sherifi |, Jon S, Kantoff PW, et al.
Targeted nanoparticle-aptamer bioconjugates for cancer chemotherapy

in vivo. Proc Natl Acad Sci U S A 2006; 103:6315-6320.

Fumoleau P, Tubiana-Hulin M, Soulie P, Delacroix V, Sistac F, Mefti F, et al.
A dose finding and pharmacokinetic phase | study of a docetaxel
polysorbate 80 free formulation in advanced solid tumors. Proc Am Soc Clin
Oncol 2000; 19:826a.

Campone M, Lortholary A, Fumoleau P, Delva R, Sistac F, Abadie-
Lacourtoise S, et al. A phase | study of a new polysorbate 80 free
formulation of docetaxel in combination with doxorubicin as 1st line
chemotherapy in metastatic breast cancer patients. Proc Am Soc Clin
Oncol 2002; 21:2152a.

ten Tije AJ, Verweij J, Loos WJ, Sparreboom A. Pharmacological effects of
formulation vehicles: implications for cancer chemotherapy. Clin
Pharmacokinet 2003; 42:665-685.

Chan S, Friedrichs K, Noel D, Pinter T, Van Belle S, Vorobiof D, et al.
Prospective randomized trial of docetaxel versus doxorubicin in patients with
metastatic breast cancer. J Clin Oncol 1999; 17:2341-2354.

Nabholtz JM, Falkson C, Campos D, Szanto J, Martin M, Chan S, et al.
Docetaxel and doxorubicin compared with doxorubicin and
cyclophosphamide as first-line chemotherapy for metastatic breast cancer:
results of a randomized, multicenter, phase |l trial. J Clin Oncol 2003;
21:968-975.

64

65

66

67

68

69

70

71

Alternative docetaxel formulations Engels et al. 103

Kulkarni SB, Betageri GV, Singh M. Factors affecting microencapsulation of
drugs in liposomes. J Microencapsul 1995; 12:229-246.

Hennenfent KL, Govindan R. Novel formulations of taxanes: a review. Old
wine in a new bottle? Ann Oncol 2006; 17:735-749.

Nuijen B, Bouma M, Schellens JH, Beijnen JH. Progress in the development
of alternative pharmaceutical formulations of taxanes. /nvest New Drugs
2001; 19:143-153.

Gradishar WJ, Tjulandin S, Davidson N, Shaw H, Desai N, Bhar P, et al.
Phase lll trial of nanoparticle albumin-bound paclitaxel compared with
polyethylated castor oil-based paclitaxel in women with breast cancer. J Clin
Oncol 2005; 23:7794-7803.

Jones SE, Erban J, Overmoyer B, Budd GT, Hutchins L, Lower E, et al.
Randomized phase Il study of docetaxel compared with paclitaxel in
metastatic breast cancer. J Clin Oncol 2005; 23:5542-5551.

McLeod HL, Kearns CM, Kuhn JG, Bruno R. Evaluation of the linearity of
docetaxel pharmacokinetics. Cancer Chemother Pharmacol 1998; 42:
155-159.

Marre F, Sanderink GJ, de Sousa G, Gaillard C, Martinet M, Rahmani R.
Hepatic biotransformation of docetaxel (Taxotere) in vitro: involvement of the
CYP3A subfamily in humans. Cancer Res 1996; 56:1296-1302.

Royer |, Monsarrat B, Sonnier M, Wright M, Cresteil T. Metabolism

of docetaxel by human cytochromes P450: interactions with

paclitaxel and other antineoplastic drugs. Cancer Res 1996;

56:58-65.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



