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Docetaxel  is  a taxane  family  antineoplastic  agent  widely  employed  in  cancer  chemotherapy.  We devel-
oped  a liquid  chromatography/tandem  mass  spectrometry  method  for  the  determination  of  docetaxel
in human  plasma.  Plasma  samples  were  deproteinized  by  acetonitrile  containing  internal  standard
paclitaxel.  Chromatographic  separation  was  performed  on  a  TSKgel  ODS-100V  3  �m (50  mm  × 2.0 mm
i.d.)  column  using  a mobile  phase  composed  of  acetonitrile–methanol–water–formic  acid  (50:5:45:0.1,
ocetaxel
C/ESI–MS/MS
apid and sensitive analysis

v/v/v/v).  Detection  was  performed  on a triple-quadrupole  tandem  mass  spectrometer  with  multiple  reac-
tion  monitoring  (MRM)  mode  via  electrospray  ionization  (ESI)  source.  This  method  covered  a linearity
range  of  5–5000  ng/mL  with  the  lower  limit  of  quantification  of  5  ng/mL.  The  intra-day  precision  and
inter-day  precision  (R.S.D.)  of  analysis  were  less  than  6.7%,  and the  accuracy  (R.E.)  was  within  ±9.0%
at the  concentrations  of  5, 20,  200,  and  2000  ng/mL.  The  total  run  time  was  5.0  min.  This  method  was

linica
successfully  applied  for  c

. Introduction

Docetaxel is an antineoplastic agent separated from plants of
axus baccata. Docetaxel shows its antineoplastic activity by stabi-
izing microtubules in dividing cells and is used to treat multiple
ypes of tumor including lung, stomach, prostatic, breast, ovary,
ndometrial, head and neck cancer. Docetaxel often causes severe
dverse effects such as neutropenia, which is a dose-limiting factor
f docetaxel. There are some reports, which show the relationship
etween docetaxel pharmacokinetics and adverse effects [1,2]. The
ajor elimination pathway of docetaxel is hepatic elimination and

ver 73% of docetaxel is excreted into feces. The drug-metabolizing

nzyme cytochrome P450 (CYP) 3A4 plays a major role in docetaxel
etabolism [3].  Docetaxel is also a substrate of the drug efflux

ransporter ABCB1 (MDR1, P-glycoprotein), which is normally

Abbreviations: LC/MS/MS, liquid chromatography/tandem mass spectrometry;
LOQ, lower limit of quantification; MRM,  multiple reaction monitoring.
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expressed in hepatocytes, the intestine, renal tubules, and brain
[4,5]. It has also been reported that docetaxel is a good substrate for
the apical drug transporter ABCC2 (multidrug resistance-associated
protein 2) in vitro [6].  Yet, little in vivo evidence is currently avail-
able on how important ABCC2 actually is in the pharmacokinetics
of docetaxel. Thus, the pharmacokinetics of docetaxel is complex
and highly individual. It has been suggested that pharmacokineti-
cally guided dose individualization might lead to a better treatment
outcome, reducing severe side effects and improving efficacy to the
maximum extent possible.

Analytical methods have already been developed to evaluate
docetaxel concentration in plasma. Earlier methods used liquid
chromatography with ultraviolet detection [7,8]. However, these
methods have the weakness of limited sensitivity and selectivity.
To overcome this weakness, methods using liquid chromatogra-
phy coupled to mass spectrometry were developed [9–14]. Most
assays employ solid-phase extraction [9] or liquid–liquid extraction
[10–13] as a means of sample pretreatment, requiring evaporation
steps. The evaporation procedure is time-consuming and has the
risk of exposure to the antineoplastic agent. Recently, occupational

exposure of medical staff to antineoplastic agents has become a
concern [15–17].  Hou et al. reported the quantitative determination
of docetaxel in mouse plasma using protein precipitation for sam-
ple pretreatment without evaporation step [14]. However, their

dx.doi.org/10.1016/j.jchromb.2012.02.003
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:ken-i@pharm.hokudai.ac.jp
dx.doi.org/10.1016/j.jchromb.2012.02.003
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ethod was not sensitive enough for pharmacokinetic analysis of
ancer patients because lower limit of quantification (LLOQ) was
lmost 20 ng/mL. In the present study, we developed a rapid and
ensitive LC/MS/MS method for docetaxel quantification in human
lasma and the method was applied to the pharmacokinetic study

n cancer patients.

. Materials and methods

.1. Materials

Docetaxel and paclitaxel as an internal standard were purchased
rom Sigma (St. Louis, MO). HPLC-grade acetonitrile, methanol, and
ormic acid were purchased from Wako (Osaka, Japan).

.2. Sample preparation

A stock solution of docetaxel was prepared in methanol at a
oncentration of 100 �g/mL. A stock solution of internal standard
as prepared in acetonitrile at a concentration of 1000 ng/mL. Cal-

bration standards of docetaxel in human plasma were prepared
y diluting a plasma working solution at concentrations of 5, 10,
0, 100, 200, 1000, 2000, and 5000 ng/mL. Validation samples of
ocetaxel in human plasma were prepared by diluting a plasma
orking solution at concentrations of 5, 20, 200, and 2000 ng/mL.
ll solutions were stored at −30 ◦C.

.3. Sample pretreatment

We performed deproteination by acetonitrile containing the
nternal standard. Fifty �L of internal standard in acetonitrile
1000 ng/mL) was added to fifty �L of plasma sample. The mix-
ure was vortexed and centrifuged at 10,000 × g for 10 min  at room
emperature. The supernatant was filtered with a YMC  Duo-Filter
0.2 �m,  YMC, Tokyo, Japan) and 3 �L was injected into the HPLC
olumn.

.4. Chromatographic and mass spectrometric conditions

The HPLC consisted of fully equipped Prominence20A
Shimadzu, Kyoto, Japan). The mobile phase was
cetonitrile–methanol–water–formic acid (50:5:45:0.1, v/v/v/v)
nd was pumped at a flow rate of 0.15 mL/min. From 2.5 to

 min, the flow was introduced into the mass spectrometer using
 switching valve. For the separation column, we used TSKgel
DS-100V (50 mm × 2.0 mm i.d., 3 �m,  TOSOH, Tokyo, Japan). The
olumn temperature was maintained at 40 ◦C.

Mass spectrometry was carried out on an API3200 triple
uadrupole mass spectrometer (Applied Biosystems, Carlsbad, CA).
ositive ionization electrospray mass spectrometry was performed.
he ionspray voltage was  set at 4500 V. The turbospray gas (N2)
robe was heated at 300 ◦C. Nitrogen was used as curtain gas,
as 1 and gas 2, and their flows were set to 20, 60, and 30 units,
espectively. Unit mass resolution was set in both mass-resolving
uadrupoles Q1 and Q3. The multiple reaction monitoring (MRM)
ransitions monitored were m/z  808 to m/z  527 for docetaxel and
/z  854 to m/z 286 for internal standard, respectively. The declus-

ering potential was set at 30 V and the values of the collision

nergy were 15 and 20 V for docetaxel and internal standard,
espectively. The dwell time was 500 ms.  Data were collected and
rocessed using Analyst 1.4.2 data collection and integration soft-
are (Applied Biosystems, Carlsbad, CA).
. B 893– 894 (2012) 157– 161

2.5. Method validation

2.5.1. Linearity and lower limit of quantification
For the validation, calibration standards (eight non-zero stan-

dards of the analyte, 5, 10, 20, 100, 200, 1000, 2000, and
5000 ng/mL) were prepared in control human plasma and analyzed.
Linear regression of ratio of the areas of the analyte and internal
standard peaks vs the concentration were weighted by 1/x  (recip-
rocal of the concentration). The lower limit of quantification (LLOQ)
was defined as the concentration with a signal-to-noise ratio of at
least 10 and acceptable precision and accuracy data (R.S.D. and R.E.
less than 20%).

2.5.2. Specificity and selectivity
To determine whether endogenous matrix constituents inter-

fered with the assay, six different batches of blank human plasma
samples containing neither analyte nor internal standard (double
blank) and samples containing the LLOQ of docetaxel (5 ng/mL) and
internal standard were prepared and analyzed.

2.5.3. Precision and accuracy
Intra-day (n = 6) and inter-day (n = 6) precision and accuracy

were investigated at four different levels, 5 (LLOQ), 20, 200, and
2000 ng/mL. Precision was  determined on the basis of coefficient of
variation (R.S.D. (%)), and the accuracy was calculated as (observed
concentration − theoretical concentration)/theoretical concentra-
tion × 100 (R.E. (%)).

2.5.4. Extraction recovery and matrix effect
The extraction recovery of docetaxel was determined by com-

paring the peak areas obtained from blank plasma samples spiked
with docetaxel before extraction with those from blank plasma
samples to which docetaxel was  added after extraction. The matrix
effect of docetaxel by plasma matrix components was  evaluated
by comparing the peak areas of an extract of control plasma to
which docetaxel had been added after extraction with the peak
areas of mobile phase to which the same amount of docetaxel was
added. Experiments were performed at three levels, 20, 200, and
2000 ng/mL, in triplicate. The extraction recovery and matrix effect
of the internal standard were also evaluated.

2.5.5. Stability
The stability of docetaxel in human plasma was examined by

analyzing three concentrations (20, 200, and 2000 ng/mL) in trip-
licate. These samples were stored at −30 ◦C for 2 months and at
ambient temperature for 4 h to evaluate long-term and short-term
stability, respectively. Freeze–thaw stability was tested following
three freeze–thaw cycles (−30 ◦C to ambient temperature). Sta-
bility of the processed samples was  assessed by reinjecting the
samples after 24 h in an autosampler (4 ◦C).

2.6. Clinical pharmacokinetics investigation

Samples for a pharmacokinetic study were collected from 4 head
and neck cancer patients treated with docetaxel at Hokkaido Uni-
versity Hospital. Before treatment, patients gave written informed
consent as approved by the institutional review board. Docetaxel
was administered at a dose of 75 mg/m2 i.v. over 120 min. Whole
blood was  withdrawn in EDTA tubes at optimal sampling times at
the end of infusion, and at 0.5, 1, 2, 3, 6, 9, and 24 h after the end of
docetaxel infusion. Samples were immediately stored at 4 ◦C and
centrifuged at 1700 × g for 10 min. The resultant plasma was used

for analysis. A non-compartmental model was  used to estimate
the pharmacokinetic parameters. The maximum plasma concen-
tration was defined as the concentration at the end of infusion. The
area under the plasma concentration–time curve (AUC0–26 h) to the
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Fig. 1. Product ion mass spectra of docetaxel (A) and internal sta

ast measurable plasma concentration (24 h after the end of doc-
taxel infusion) was calculated by the linear trapezoidal rule. Total
learance was calculated from dose divided by AUC0–26 h.

. Results and discussion

.1. Mass spectrometry

The positive ion full-scan mass spectra (Q1) of docetaxel and
nternal standard indicated the presence of the protonated molec-
lar ion [M+H]+ as the predominant ion for each compound with
/z of 808 and 854, respectively.

The product ion mass spectrum of [M+H] + at m/z of 808 is shown
n Fig. 1(A). Product ions appeared at m/z  of 527, 509, 327, and
81. The proposed fragmentation pattern for docetaxel is presented

n Fig. 1(A). The product ion at m/z  of 527 was the most strongly
roduced and used for quantitative MRM  of docetaxel.

The protonated molecular ion of the internal standard at m/z
f 854 was used as a precursor ion to generate the product ion
ass spectrum presented in Fig. 1(B). The proposed fragmentation

attern for the internal standard is presented in Fig. 1(B). For MRM,
he fragment at m/z of 286 was used.

.2. Chromatography

Using the mobile phase described in Section 2, docetaxel and
nternal standard were perfectly separated. The retention time of
ocetaxel was 3.6 min  and that of internal standard was  4.2 min.
otal LC run time was 5 min. From 0 to 2.5 min, LC flow was diverted
o waste, we thereby avoided contamination of ion source by impu-
ities such as salts in plasma sample.

.3. Method validation

.3.1. Linearity and lower limit of quantification

The present method covered a linearity range of 5–5000 ng/mL

f concentration in plasma with a weighting by 1/x.  The corre-
ation coefficient (r) was >0.999. A typical standard curve was

 = 0.00207x + 0.0251. The LLOQ for docetaxel was  5 ng/mL in
 (B) and proposed fragmentation patterns. Ac, acetyl; Ph, phenyl.

plasma. The present method can determine docetaxel concentra-
tions in plasma samples until at least 24 h after 1–2-h infusion at a
dose of 75–100 mg/m2 [11,18].  The method is sensitive enough to
evaluate the pharmacokinetics of docetaxel in cancer patients.

3.3.2. Specificity and selectivity
We evaluated the specificity and selectivity of the method. A

representative MRM  chromatogram of blank human plasma and
chromatograms of LLOQ of docetaxel and the internal standard
spiked in human plasma are shown in Fig. 2(A)–(C), respectively.
There was  no significant interference from endogenous plasma
constituents at retention times of docetaxel and the internal stan-
dard.

3.3.3. Precision and accuracy
Intra-day (n = 6) and inter-day (n = 6) accuracy and precision

were investigated at four different levels, 5 (LLOQ), 20, 200, and
2000 ng/mL. The results are summarized in Table 1. The intra-
and inter-day accuracy (R.E. (%)) was at most within ±9.0% for
all concentrations. The intra- and inter-day precision (R.S.D. (%))
was less than 6.7% for all concentrations. These results suggest
that the present method can accurately and reproducibly measure
docetaxel in human plasma.

3.3.4. Extraction recovery and matrix effect
The extraction recoveries of docetaxel from human plasma were

82.3 ± 1.9%, 77.6 ± 9.2% and 89.4 ± 6.0% at concentrations of 20, 200,
and 2000 ng/mL, respectively. The extraction recovery of the inter-
nal standard was  91.8 ± 3.1%.

A matrix effect of docetaxel by plasma matrix components
was not observed (97.8 ± 5.6%, 99.0 ± 7.6% and 95.4 ± 4.8% at con-
centrations of 20, 200, and 2000 ng/mL, respectively). The matrix
effect of internal standard was 108.1 ± 4.9% at a concentration of
1000 ng/mL.
3.3.5. Stability
The stabilities of docetaxel in plasma under different conditions

were evaluated (Table 2). No significant degradation was observed
for 2 months at −30 ◦C (long-term stability), for 4 h at ambient
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Table 1
Precision and accuracy of the quantification of docetaxel in human plasma.

Analyte Concentration (ng/mL) Intra-day (n = 6) Inter-day (n = 6)

Found (ng/mL) R.S.D. (%) R.E. (%) Found (ng/mL) R.S.D. (%) R.E. (%)

Docetaxel

5 4.98 ± 0.29 5.9 −0.3 4.83 ± 0.32 6.7 −3.4
20  19.72 ± 0.59 3.0 −1.4 20.0 ± 0.78 3.9 0.0

200 211.8 ±  11.8 5.6 5.9 218.0 ± 5.9 2.7 9.0
2000 2008 ±  78 3.9 0.4 2033 ± 42 2.1 1.7

Fig. 2. Representative MRM  chromatograms of blank plasma (A), LLOQ of docetaxel
(5  ng/mL) (B), and internal standard (C) spiked in human plasma, and the chro-
matogram of docetaxel in plasma taken from a patient at the end of docetaxel
infusion (D).

Table 2
Stability of docetaxel in human plasma.

Stability Remaining (%)

20 ng/mL 200 ng/mL 2000 ng/mL

Long-term stability 101.4 ± 3.8 104.3 ± 2.9 98.9 ± 3.0
Short-term stability 97.8 ± 4.7 94.7 ± 1.2 94.1 ± 1.1
Freeze–thaw stability 100.3 ± 1.1 105.3 ± 5.4 101.4 ± 1.3
Processed sample stability 101.7 ± 4.9 94.7 ± 5.2 101.3 ± 6.0
Fig. 3. Plasma concentration–time curves of docetaxel in head and neck cancer
patients after 2-h infusion at a dose of 75 mg/m2.

temperature (short-term stability), and during three freeze/thaw
cycles. Post-extraction samples kept in the autosampler at 4 ◦C for
24 h were also stable.

3.4. Clinical pharmacokinetics investigation

The suitability of the developed method for clinical use was
demonstrated by the determination of plasma docetaxel levels
from 4 head and neck cancer patients treated with docetaxel at a
dose of 75 mg/m2. The MRM  chromatogram of docetaxel in plasma
taken from a patient at the end of docetaxel infusion is shown
in Fig. 2(D). No interfering peak was observed, and this analytical
method was successfully applied for the determination of docetaxel
in patient plasma. The plasma concentration–time profiles of a 2-h
intravenous infusion of docetaxel at a dose of 75 mg/m2 is shown in
Fig. 3. The maximum plasma concentration was 2035 ± 477 ng/mL.
Plasma concentrations of docetaxel at 24 h after the end of the
infusion were above LLOQ in all patients. The AUC0–26 h value
was 3313 ± 873 ng h/mL, and the total clearance of docetaxel was
23.9 ± 6.3 L/h/m2. These data indicated in the present study were
comparable with previous reports [2,18],  and strongly suggest that
our method is useful for clinical pharmacokinetic analysis.

4. Conclusion

A  rapid and sensitive LC/MS/MS assay was developed for the
quantification of docetaxel in human plasma. The sample prepa-
ration of the established method is one-step protein precipitation
without evaporation step, meaning that not only it needs simple
technique but also the exposure of antineoplastic drugs could be
avoidable. The validation results showed that an accurate, repro-

ducible and selective assay was achieved. This method can be
applied for the clinical pharmacokinetics study of docetaxel in can-
cer patients.
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