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Docetaxel is a taxane antineoplasic agent that acts by
inducing microtubular stability and disrupting the dynam-
ics of the microtubular network. It is approved for the adju-
vant treatment of patients with breast cancer, non-small
cell lung cancer (NSCLC), hormone refractory prostate
cancer and gastric cancer (http://www.taxotere.com).
Moreover, docetaxel is active against different types of
solid tumours, including oesophageal squamous cell carci-
noma and advanced squamous cell carcinoma of the
head and neck [1]. Its dose limiting toxicity is neutropenia,
peripheral neurotoxicity and oedema [2].

The pharmacokinetics of docetaxel are complex mainly
due to its distribution and metabolism. Docetaxel plasma
protein binding is higher than 95% and it is mainly bound
to a1-acid glycoprotein (AAG), lipoproteins and albumin.
AAG, an acute phase protein, is often elevated during
advanced cancer and there are high interindividual differ-
ences in the AAG concentrations, which might influence
the pharmacokinetics of docetaxel and thereby its toxicity
[3, 4]. With respect to its metabolism, in vitro studies indi-
cated docetaxel is primarily eliminated by cytochrome
P450 (CYP) 3A4-mediated metabolism. In vivo, co-
administration of ketoconazole, a potent CYP 3A4 inhibi-
tor, resulted in a 49% decrease in docetaxel plasma
clearance in cancer patients [5]. Moreover, docetaxel oral
bioavailability is limited by the effect of P-glycoprotein
(PgP) [6] and CYP 3A4 [7–9]. Consequently, the amount of
docetaxel absorbed is increased from 19% to 30% when
co-administered with ritonavir, a potent PgP and CYP 3A4
inhibitor [6].The docetaxel label includes a warning related
to the concomitant administration of drugs that induce,
inhibit or are metabolized by CYP 3A4, such as ciclosporin,
terfenadine, ketoconazole or erythromycin, as well as pro-
tease inhibitors, particularly ritonavir [1, 10]. However, the
docetaxel label does not refer to dietary compounds that
can be strong CYP3A4 inhibitors such as grapefruit juice
(GFJ).

We report a case of a pharmacokinetic interaction in a
52-year-old Caucasian female with an oesophageal squa-
mous cell carcinoma, who was treated with docetaxel
while drinking daily GFJ.

The patient was diagnosed in October 2008 with a
locally advanced unresectable middle third oesophageal
squamous cell carcinoma. Initially, she was treated with a
combination of weekly 1 h intravenous (i.v.) infusion of
paclitaxel (40 mg m-2) plus 1.5 h i.v. infusion of cisplatin
(20 mg m-2) and radical radiotherapy (total dose of 60 Gy).
Therapy was well tolerated except for a transient grade 3
oesophagitis (secondary to radical radiotherapy) and was
ended in June 2009. Positron emission tomography-
computed tomography evaluation, 1 month later, showed
complete disappearance of the tumour.In September 2009,
a solitary hepatic lesion, without any other evidence of
metastatic disease, was found and resected. She received a
combination chemotherapy of 1 h i.v. infusion of paclitaxel
(80 mg m-2), 1.5 h i.v. infusion of cisplatin (40 mg m-2) and
24 h i.v. infusion of 5-fluorouracil (2.6 g m-2) biweekly
without major toxicity.In March 2010,progressive disease in
liver and bones was found, so the chemotherapy regimen
was modified to administer 10 min i.v. infusion of pemetr-
exed (500 mg m-2), 30 min i.v. infusion of doxorubicin
(30 mg m-2) and 1 h i.v. infusion of irinotecan (150 mg m-2)
on a biweekly basis. This regimen was well tolerated
but without clinical activity after 6 weeks of treatment. In
April 2010, new combination chemotherapy of 1 h i.v.
infusion of docetaxel (40 mg m-2), 30 min i.v. infusion of
gemcitabine (800 mg m-2) and 30 min i.v. infusion of doxo-
rubicin (30 mg m-2) was administered biweekly with
pharmacokinetically-guided docetaxel dose adjustments,
i.e. with therapeutic docetaxel monitoring, to support
routine clinical care. She had only moderate asthenia and
the tumour had a minimal response.

A total of 74 mg (40 mg m-2) of docetaxel were intrave-
nously administered as a 1 h infusion every 2 weeks.
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Venous blood samples were collected in heparinized tubes
at 1, 1.5, 4 and 6 h after the start of the infusion. All samples
were collected in S-monovette® tubes, centrifuged at
3500 rev min-1 for 10 min. and were stored at -80°C until
analysis. Docetaxel concentration in plasma samples was
determined by high performance liquid chromatography
with ultraviolet detection [11]. The lower limit of quantifi-
cation was 0.01 mg l-1. Over the validated range of the
assay (0.01 to 18 mg l-1), the mean intra- and inter-assay
coefficients of variation were lower than 6% and 7%,
respectively. Additionally, AAG concentrations were mea-
sured immunonephelometrically on a routine laboratory
technique. The patient was informed of the risk and ben-
efits of repeated blood determination tests for pharmaco-
kinetic studies and provided written informed consent
before the chemotherapeutic treatment.

The individual pharmacokinetic parameters were cal-
culated using the POSTHOC option (maximum a posteriori
method) in the NONMEM V level 1.1 software package
(GloboMax, Hanover, MD, USA) [12]. A three-compartment
pharmacokinetic model with first-order elimination was
used as a priori information [13]. Baille et al. [14] showed
that two points (end of infusion and 6 h after the start of
infusion) can be selected for an adequate docetaxel clear-
ance estimation. As docetaxel pharmacokinetics are linear,
AUC(0,•) could be estimated as the ratio of dose to clear-
ance, without significant bias. Furthermore, the application
of a limited sampling strategy in the clinical routine is more

convenient for patients because it minimizes the number
of blood samples and hospital stay, and in conjunction
with Bayesian estimation methods provides an adequate
estimate of pharmacokinetic parameters. Graphical analy-
ses were performed using S-Plus 6.1 Professional Edition
(Insightful, Seattle, WA, USA).

The time course of the plasma concentrations of doc-
etaxel is indicated in Figure 1. Slow docetaxel elimination
was evident after the first course of treatment. The esti-
mated docetaxel plasma clearance was 13.2 l h-1 while the
typical plasma clearance of docetaxel was 36.7 l h-1. With
concomitant GFJ intake, the corresponding 4 h blood
sample was not collected. Although only three points were
available for the clearance estimation and subsequent AUC
calculation, critical points for unbiased and precise clear-
ance estimation were available [14]. Without concomitant
GFJ intake, the last point (6 h) had a concentration value
below the limit of quantification (BLQ).In this case,an impu-
tation value of BLQ/2 was used as the 6 h docetaxel concen-
tration for clearance estimation [15]. After reviewing the
patient’s medical history and interviewing the patient, the
only factor that could be affecting the elimination of doc-
etaxel was GFJ. The patient reported taking one glass (ª
250 ml) of GFJ daily for more than 3 months and did not take
any concomitant medications that could potentially inhibit
CYP 3A4. The patient was asked to stop drinking GFJ. Two
weeks later, docetaxel (74 mg) was administered again and
docetaxel elimination rate markedly increased relative to
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Figure 1
Effect of GFJ on docetaxel PK.Bayesian prediction (solid green line); time course of the 2.5th,25 th,50th,75 th and 97.5th percentiles of the plasma concentrations
(solid blue lines) and their associated model-based prediction of the 95% confidence interval (blue shaded area); observed docetaxel plasma concentrations
(red points) and the lower limit of quantification, 0.01 mg l-1 (solid red line)
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the first cycle (Figure 1). An increase of 36% in the plasma
clearance value was determined.Docetaxel plasma concen-
trations in the first cycle were above the median while in the
second cycle were below the median plasma concentra-
tions.The estimate of terminal half-life was 10 h which rep-
resents a 30% of decrease with respect to the first course of
treatment. Finally, the area under the docetaxel plasma
concentration–time curve (AUC) form zero to infinity was
reduced by 60% (5.61 mg h-1 vs. 2.17 mg h-1). In the first
cycle, values of albumin, aspartate aminotransferase (AST),
alanine aminotransferase (ALT) and alkaline phosphatase
(ALPK) were determined to be 5.25 g dl-1, 26 UI l-1, 33 UI l-1

and 159 UI l-1, respectively. AAG was not determined in
the first cycle. In the second cycle, the value of AAG was
81.2 mg dl-1,the albumin was not determined,and values of
AST, ALT and ALPK were 50 IU l-1, 52 IU l-1 and 157 IU l-1,
respectively.

Docetaxel pharmacokinetics are linear and indepen-
dent of the dose and the schedule administered [16, 17].
Docetaxel treatment is associated with substantial interpa-
tient variability in exposure that results in a significant risk
of under- or overdosing of patients [18] and can directly
affect the response to treatment, as the relationship
between exposure and response has been previously
reported. Bruno et al. demonstrated that exposure to doc-
etaxel was a significant predictor of time to progression
and death in NSCLC patients [3]. It is nowadays established
that the drug metabolizing enzyme system CYP 3A4 is a
major determinant of the variability in docetaxel exposure
[12]. PK studies with docetaxel have shown that after i.v.
administration, the plasma concentration vs. time profiles
follow a three compartment pharmacokinetic model with
half-lives of 4 min, 38 min and 12 h in the a, b and g phase,
respectively [2]. Plasma clearance (and its between subject
variability) was determined to be 36.7 l h-1 (33.5%) [11].The
interindividual variability in both toxicity and efficacy of
docetaxel is thought to be partly related to large interindi-
vidual PK variability, mainly in plasma clearance (coeffi-
cient of variation around of 30–40%) [3, 19, 20] and,
consequently in drug exposure, i.e. AUC.

To date, a well-established AUC value for which the
balance between docetaxel efficacy and toxicity is optimal
is still lacking. Recently, Engels et al. [21], have chosen a
target AUC of 4.90 mg l-1 h that was based on several rep-
resentative docetaxel pharmacokinetic studies, including a
total of 806 patients treated with docetaxel 100 mg m-2. As
docetaxel pharmacokinetics are linear, the target docetaxel
AUC for a dose of docetaxel of 40 mg m-2 should be
1.96 mg l-1 h.

Traditionally, GFJ has been considered an inhibitor of
intestinal CYP 3A4 but with a little effect on hepatic CYP 3A4
activity. However, Veronese et al. [22] have demonstrated
that consumption of large amounts of GFJ inhibits both
intestinal and hepatic CYP 3A4 activity. As can be seen in
Figure 1,this case report showed that the co-administration
of 250 ml of GFJ daily reduced docetaxel plasma clearance

by 63% (13.2 l h-1 vs. 34.1 l h-1). The degree of hepatic
metabolism inhibition caused by the GFJ is comparable
with ketoconazole, a specific CYP 3A4 inhibitor.
Ketoconazole-docetaxel co-administration resulted in a
40% decrease in plasma clearance of docetaxel (22.0 l h-1 vs.
36.5 l h-1) [23]. In the presence of GFJ, the AUC is a 65%
higher compared with the AUC target (5.61 mg l-1 h vs.
1.96 mg l-1 h). This high exposure had an impact on the
haematological toxicity, particularly in the neuthophil
counts which were reduced from 2214 ¥ 106 l-1 to 642 ¥
106 l-1 (a 71% reduction). In the absence of GFJ,the AUC was
closer to the AUC target value and the neuthophil count
reduction was less than 35%. Previous knowledge of intra-
individual variability in docetaxel clearance after i.v.admin-
istration suggests that the intrapatient clearance variation
is around 15% [24]. Concomitant use of GFJ and docetaxel
resulted in a reduction of clearance greater than 15% so,
probably,other factors such as the intake of grapefruit juice
are involved in the variation of docetaxel clearance in
patients.

The interaction between docetaxel and GFJ has been
formulated from a theoretical point of view and,to the best
of our knowledge,a case report of a pharmacokinetic inter-
action between i.v. administration of docetaxel and GFJ
has not been reported in the literature before. It is the
intention of this report to raise the awareness of this food
and drug interaction, that is similar to ketoconazole-
docetaxel co-administration and which may have signifi-
cant clinical implications for cancer care.Caution should be
taken and patients should stop drinking GFJ while on doc-
etaxel treatment. Alternatively, substantial dose reductions
are required if docetaxel has to be administered together
with large amounts of GFJ. In this situation docetaxel
therapeutic drug monitoring could be useful to deliver the
target drug exposure [5].
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