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bstract

A sensitive high performance liquid chromatographic method was developed and validated for the simultaneous quantification of vinorelbine
nd its active metabolite, 4-O-deacetyl vinorelbine, in human biological fluids. These two compounds together with vinblastine, used as internal
tandard, were extracted from blood and urine by a liquid–liquid process using diethyl ether, and followed by a back-extraction in acidic conditions.
hen, they were analysed through a cyano column and detected in ultraviolet at 268 nm. The assay linearity was validated up to 2000 ng/ml. The

ower limit of quantification was set at 2.5 ng/ml. The between-run precision and accuracy were always higher than 94%. Biological samples were
table when stored at −80 ◦C over 2 years. The long-term reproducibility and the suitability of this analytical method were demonstrated within
he last decade through the analysis of about 7000 samples during the clinical development of i.v. and oral formulations of vinorelbine.

Because vinorelbine binds mainly to platelets and blood cells and because this binding is rapidly reversible and highly influenced by environmental
onditions, drug concentration in plasma may be highly influenced by the sampling conditions and the centrifugation process used to separate

lood cells from plasma. Therefore, this method was developed in blood and then used for sample analyses in routine. The major benefit was that
t was easy for nurses to directly collect blood instead of plasma and that reduced volume of sampling could be withdrawn from frail patients.
urthermore, the analysis in blood enabled to quantify vinorelbine and 4-O-deacetyl vinorelbine concentrations for a longer period of time, which
esulted in a more accurate evaluation of pharmacokinetic parameters.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Vinorelbine (VRL), nor-5′-anhydrovinblastine bitartrate, is
vinca-alkaloid obtained by chemical semi synthesis. The

ntravenous formulation (Navelbine® i.v.) was marketed for non-
mall cell lung cancer and advanced breast cancer indications.
hen, an oral formulation (Navelbine® oral) was launched in
everal European countries. Although vinorelbine is not an anti-
eoplastic drug that requires therapeutic drug monitoring, an
asy to use, reliable and sensitive bioanalytical method is a major

ssue to characterize its pharmacokinetics in patients.

Several methodologies based on different approaches have
een published. The very early method involved a radioim-
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unoassay technique [1] and was used in initial clinical trials
2–4]. Then, more specific techniques based on high perfor-
ance liquid chromatography were successively developed.
Separation was generally carried out using reversed phase

olumns followed by UV [5,6], fluorescence [7–9] or electro-
hemical detection [5,10]. Liquid–liquid extraction with a one-
r two-step procedure [11,5,6,9], solid phase extraction [12,13],
r ion-pair extraction [14] enabled to separate vinorelbine from
iological fluids.

All these different methods were developed in plasma, urine
nd scarcely in bile. They were mainly used in phase I clini-
al trials that included pharmacokinetics on a limited number
f patients [15], hence variable vinorelbine pharmacokinetic
arameters [4,16], and inconsistencies between studies. This

esulted in unreliable comparison between groups of patients
hen pooling data. The absence of cross-validation between
ethods did not allow to appraise the respective contribution of

nalytical bias versus patient variability [17,18].

mailto:christian.puozzo@pierre-fabre.com
dx.doi.org/10.1016/j.jpba.2007.01.011
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It was therefore necessary to set up and validate one method
nly that was going to improve the knowledge of the i.v.
inorelbine pharmacokinetics, and that will enable to secure a
evelopment of the oral formulation.

The interest focused rapidly on the development of a method
n whole blood instead of plasma. The in vitro distribution of
RL demonstrated that this drug was mainly bound to blood

ells and more particularly to platelets (78%) [19]. Because this
inding was rapidly reversible, it was evidenced that blood to
lasma distribution was highly influenced by the processing of
amples. Therefore, while vinorelbine concentration in blood
ill remain constant, that in plasma will vary depending on
ifferences in the centrifuge conditions (internal data).

Little, although controversial information was available on
he VRL metabolism [5,17,20]. Since a different metabolism
rofile might have been observed between i.v. and oral admin-
stration, this method was developed in order to quantify both
he parent compound and its active metabolite, 4-O-deacetyl-
inorelbine (DVRL) that was previously detected in urine [17],
carcely in plasma but never in blood [21].

The challenge was to have an easy, highly reproducible
nd cost effective method that could be used reliably in large
umbers of biological samples. This paper presents the charac-
eristics of this LC method.

. Experimental

.1. Chemical and reagents

Ammonium acetate and sodium hydroxide were supplied by
erck (Nogent sur Marne, France). Acetonitrile and diethyl

ther from SDS (Peypin, France) were respectively LC and
nalytical grade. Sodium bicarbonate and phosphoric acid
5% were provided by Prolabo (Fontenay sous Bois, France).
eionised water was obtained from Milli-Q system, Millipore

Saint Quentin en Yvelines, France). Vinorelbine bitartrate,
-O-deacetyl vinorelbine sulfate and vinblastine sulfate were
btained from Pierre Fabre Medicament (Castres, France).

.2. Instruments

Chromatographic analysis was performed using a high-
ressure pump model 305 Gilson (Villiers le Bel, France) and
n automatic thermostated injector model 717 Waters (Saint
uentin en Yvelines, France).
The detection was done using a UV detector SM4000 Finni-

an (Orsay, France) equipped with the acquisition data integrator
illenium 2.1® software from Waters (Saint Quentin en Yve-

ines, France).

.3. Analytical conditions

HPLC separations were carried out on a Spherisorb

N column (100 mm × 4.6 mm I.D., dp = 3 �m) from Varian
hrompack (Les Ulis, France) set at 25 ◦C protected with a
pherisorb CN precolumn (10 mm × 2 mm I.D., dp = 5 �m). The
obile phase was a mixture of acetate buffer, 40 mM, obtained

p
t
n
s
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ith 3.1 g of ammonium acetate in 1000 ml of water and adjusted
ith phosphoric acid 85% to pH 3.0, and acetonitrile (55/45,
/v). The mobile phase was filtered through a 0.45 �m mem-
rane filter before the run. The column was initially equilibrated
or at least 3 h with the mobile phase at a flow rate of 0.5 ml/min.

Separation was achieved by isocratic solvent elution at
flow rate of 1 ml/min. The detection wavelength was set

t 268 nm. Backpressure of the system was about 2000 p.s.i.
1 psi = 6894.76 Pa).

.4. Preparation of the calibration curves and quality
ontrol (QC) samples

In order to prevent any adsorption of vinca-alkaloids on glass
aterials, only silicone-coated materials were used. Further-
ore, when split samples had to be prepared, the biological

ample aliquot was first introduced in the tube, followed by the
ddition of the chemical reference.

Stock aqueous solutions (1 mg/ml) of VRL and DVRL were
repared separately by weighing the appropriate amount of com-
ounds and by dissolving them in 40 mM acetate buffer, pH 3.0.
hese stock solutions were then successively diluted and finally
ooled in order to obtain working solutions in the concentration
ange of 0.05–4 �g/ml for each analysis.

A stock solution of vinblastine (VBL, internal standard) was
imilarly prepared and a reference solution of 1 �g/ml was
btained by subsequent dilutions. All the solutions were stored at
4 ◦C, and were brought to room temperature before use. Stock
olutions were prepared every 3 weeks while working solutions
ere prepared every week.
Reference solutions were prepared separately for standard

alibration and QC samples.
For preparation of blood and urine, calibration curve samples,

0 �l mixture of VRL and DVRL working solutions were added
o 1 ml of human control blank sample in order to obtain final
oncentrations of 2.5, 10, 50 and 200 ng/ml. All the calibration
amples were freshly prepared on the day of analysis.

For QC preparation, appropriate amount of working solution
ixtures were added to 1 ml aliquots of human control blood

r urine in order to achieve final concentrations of 10, 50 and
50 ng/ml. Series of QC were regularly prepared in one batch,
liquoted and then stored at −80 ◦C until daily use.

.5. Blood sample preparation

In a glass tube, to 1 ml blood sample aliquots thawed at room
emperature were added 50 �l of IS, 50 �l of 40 mM acetate
uffer, pH 3.0, 1 ml of saturated NaHCO3 aqueous solution and
00 �l of NaOH 2N. After a brief vortex mixing, 3 ml of diethyl
ther were added. The tubes were shaken for 15 min on a back
nd forth shaker and then centrifuged for 10 min at 2400 ×g.
rom the supernatant, 2.5 ml of the organic layer were trans-
erred into conical bottom screw capped tubes then the extraction

rocess was repeated with another 3 ml of diethyl ether. The
wo organic layers were combined and 200 �l of 40 mM ammo-
ium acetate buffer, pH 3.0 were added. The tubes were gently
haken for 10 min on a back and forth shaker and then cen-
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rifuged for 10 min at 2400 ×g. The organic layer was discarded
nd the aqueous layer transferred into conical bottom vials. A
0 �l aliquot of the solution was injected on LC system.

.6. Urine sample preparation

In order to prevent adsorption of the compounds on the wall,
he glass tubes were first wetted with 1% albumin aqueous solu-
ion, i.e. 500 �l of albumin solution were added into the tubes
nd walls were wetted by rolling the tubes. Then, 50 �l of VBL
olution was added to 1 ml urine sample as well as 1 ml of satu-
ated NaHCO3, and 200 �l of NaOH 4N. The content of the tubes
as briefly mixed and the next steps of the extraction and back-

xtraction process were similar to those previously described for
lood.

When VRL or DVRL concentrations were out of range of the
alibration curve, appropriate dilution of samples with control
rine was carried out before reprocessing the samples.

.7. Method validation

Blood or urine samples were quantified using the ratio of
eak area of VRL or DVRL to that of the IS. Peak area ratios
ere plotted against concentrations. The calibration curves were

alculated through a linear least squared regression model with
weighting factor of 1/C.

Accuracy, precision and linearity of the method were
emonstrated through within- and between-run validations. Ten
eplicates at each calibration curve value were processed for the
ithin-run validation. The between-run validation was carried
ut over 3 days. Mean errors and S.D. values were calculated
rom the theoretical and experimental concentrations in order to
ssess the precision and the accuracy of the method.

Recoveries of VRL, DVRL and VBL were calculated by
omparing the HPLC signals obtained from spiked biological
amples with those from directly injected similar concentrations
n aqueous solutions.

The lower limit of quantification of the method was defined as
eing the concentration level which presented an error ≤ 20%,
etween theoretical and calculated values during the between-
un analysis.

.8. Stability of biological samples

The short-term stability was assessed over 24 h in whole
lood using QC samples (two levels in duplicate) stored at room
emperature and at 4 ◦C. The long-term stability was explored
ith QC samples, prepared as batch aliquots and stored for 18
onths either at −80 ◦C or −20 ◦C. Aliquots were regularly

hawed and processed in order to compare observed exper-
mental values with those initially determined just after QC
reparation.
.9. Daily data analysis and long-term reproducibility

QC and test biological samples were calculated from the
quation of the regression line of the calibration curves.
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The daily run was accepted if no more than two QC sample
alues were out of range (six QC randomly located into the run
rotocol), and if they were not at the same QC level. QC samples
alues were accepted if they were ± 15% for the high and middle
evel and ±20% for the low QC level [22].

The long-term reproducibility of the method was assessed
ver a 3-year period of clinical pharmacokinetic investigations.
.S.D. and bias were calculated from observed and theoretical
oncentrations for VRL and DVRL. The data of daily QC runs
ere plotted in order to illustrate any bias tendency over a period
f use.

. Results and discussion

.1. Analytical issues

During the set-up and the validation of the present method,
erived from that of Jehl et al. [11], the attention initially focused
n the extraction step observed as being highly variable and
ot enough specific, particularly for clinical samples. This was
critical issue for VRL measurement, as described by Tellin-

en et al. [23]. Extraction recoveries were highly influenced
y small variations of the pH in the matrix whereas suitable
esults were obtained when buffering blood or urine through
he addition of an equal volume of saturated NaHCO3 solution
n combination with NaOH solution. Better control of the pH
esulted in improved recoveries, which were more particularly
ocumented in clinical samples. The liquid–liquid extraction
ith diethyl ether enabled to quantify both VRL and DVRL at

ow concentrations. Both compounds were predominantly non-
onised and were therefore soluble in diethyl ether, as reported
or plasma by Robieux et al. [8]. Other solvents, such as chlo-
oform or methylene chloride, were previously rejected because
hey either resulted in a poor recovery of both VRL and DVRL
hen used alone or required a preliminary deproteinisation

tep [23]. Initially, when using once 6 ml of diethyl ether the
ecovery in blood was poor (30–40%) whereas two subsequent
xtraction processes (i.e. 2 × 3 ml of solvent) resulted in better
ecoveries.

The extraction from matrices required also a strong clean
p of the samples. Kobayashi et al. [6], and Robieux et al.
8] have described a disturbed signal baseline and poor stabil-
ty of the extracted compounds when the solvent diethyl ether
as evaporated to dryness in order to concentrate the extract
efore injection. By using an acidic back-extraction with ammo-
ium acetate buffer, the compounds became protonated and
oncentrated in the aqueous layer that will be injected in the
hromatographic system.

After having controlled the extraction process, some unex-
ected variability was discovered during pharmacokinetic
ata modelling, and more particularly at low concentration
alues.

Tellingen et al. [23] reported that drug adsorption to the sam-

ling material was a general feature of vinca-alkaloids and that
he extent of adsorption was higher at low concentrations. We
arried out an internal experiment using tritiated radiolabelled
RL to evaluate the potential of VRL to be adsorbed onto sil-
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Table 1
Intra-assay and inter-assay precision and accuracy of VRL and DVRL

Ctheor (ng/ml) Blood Urine

R.S.D.
(%)

Bias
(%)

R.S.D.
(%)

Bias
(%)

VRL
Within run 2.5 5.4 3.2 5.0 3.4

10 4.2 −2.0 2.9 −3.4
50 2.5 −1.2 1.9 −0.3

200 2.2 0.4 1.3 0.2

Between-run 2.5 3.6 5.8 4.7 5.3
10 5.4 −2.2 3.2 −3.2
50 5.5 −4.8 2.2 −2.9

200 5.4 1.2 1.2 0.8

DVRL
Within run 2.5 3.6 5.8 5.4 2.3

10 5.4 −2.2 4.9 −3.1
50 5.5 −4.8 2.8 0.8

200 5.4 1.2 1.1 −0.1

Between-run 2.5 4.0 4.1 6.5 6.2
10 4.4 −1.8 4.9 −3.9

3

p
i
h
q
o
p
c
d
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cone coated glass tube. Highly variable adsorption of VRL on
rdinary glass tubes was confirmed, resulting in a mean loss of
rug ≤ 50%, whereas there was no adsorption on silicone coated
ubes. Consequently, as a preventive measure all the reference
olutions as well as the QC samples and the clinical samples
ere prepared, collected and stored in silicone coated glass

ubes. Nevertheless, VRL adsorption on ordinary glass tubes
s reversible. They could be used in routine for sample pro-
ess provided that a sufficient amount of organic solvents was
dded [18]. In urine samples, the addition of 0.5 ml of 1% serum
lbumin was likely to prevent the VRL adsorption on the glass
aterial. Because VRL concentrations in urine are much higher

100 to 1000-fold) than in blood, the addition of albumin might
robably be sufficient.

.2. Performances of the method

No endogenous interfering peaks were observed in extracted
ontrol blood and urine samples at the respective retention
imes of VRL, DVRL and VBL, illustrating the specificity
gainst endogenous compounds. All compounds were rapidly
luted (less than 10 min). Relative retention times of the three
ompounds were as follows: RRTVBL = 0.68; RRTDVRL = 0.77;
RTVRL = 1.0. (see Fig. 1)

The best fit of the calculated concentrations towards the
heoretical values was observed with the weighted l/C least
quared regression analysis. The response was linear within
he range 2.5–2000 ng/ml and 2.5–1000 ng/ml for VRL and
VRL, respectively. For routine analysis VRL and DVRL cal-

brations were plotted in blood and urine up to 200 ng/ml. The
ean extraction recoveries of both compounds were higher than

5% and the extraction recovery of VBL was higher than 86%.
he within-run R.S.D. and the between-run R.S.D. were below
.6% for both VRL and DVRL (Table 1). Mean bias illustrating
ethod’s accuracy was below 5.9% for VRL and below 6.3%
or DVRL. The signal-to-noise ratio observed at 2.5 ng/ml was
t least 20:1 for both VRL and DVRL (see Fig. 1). Furthermore
t this LLOQ, the between-run R.S.D. were lower than 4.8% for
RL and than 6.6% for DVRL.

ig. 1. Typical chromatogram from a blood control sample spiked with 2.5 ng/ml
f VRL and DVRL.
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50 3.7 −3.1 3.3 −3.2
200 4.1 0.8 1.7 0.9

.3. Clinical experience

The use of blood [20] is an obvious benefit to nurses and
atients: twice less volume of sampling and no sample process-
ng to separate plasma. Furthermore, VRL concentrations being
igher in blood, they reached later the analytical lower limit of
uantification (LLOQ). This resulted in an improved accuracy
n exposure calculation (see Fig. 5) [24]. In plasma, 39% of
atients reached the LLOQ at 24 h, 33% at 48 h and 22% at 72 h
ompared to 17%, 45% and 36% in blood, respectively. This
emonstrated that VRL concentrations were measurable for a
onger period of time on blood than in plasma.

The present method in blood enabled to quantify with accu-
acy VRL and DVRL.

A typical blood pharmacokinetic profile in patient obtained
hrough this method is presented on Fig. 6. Gauvin et al. [25]
etailed a method close to ours, but only VRL analysis was
escribed and no metabolites were observed. In our studies, two
dditional peaks to those of VRL and DVRL were also detected
n blood and were attributed to new metabolites (see Fig. 2).
ccording to their respective relative retention time (RRT) they
ere labelled P6 and P11 eluted at RRT = 0.65 and 0.91, respec-

ively. These substances were not initially available as reference
hemicals, but rodents were observed to extensively metabolise
RL. Aliquots of a large pool of blood collected from mouse

reated with VRL were used as a reference to control elution
ettings. Then, a LC–MS/MS method was developed to identify
ll the chemical structures of VRL metabolites [26]. The two
eaks, P6 and P11, were attributed to more than two metabo-

ites whereas DVRL was confirmed to be the peak previously
abelled P9 [20,27,28].

The present HPLC method has never detected VRL 6′-oxide
NO-VRL), once described as a putative VRL metabolite [15].
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7000 samples of blood were assayed during the develop-
ment period of i.v. and oral formulation of VRL. In both
ig. 2. Typical chromatogram from a blood patient sample collected after
ral administration of 60 mg/m2 vinorelbine displaying VRL, DVRL and other
etabolic peaks.

s previously reported, diethyl ether is not a performant solvent
o extract NO-VRL [21]. We demonstrated that NO-VRL could
e newly formed during the extraction process with old diethyl
ther through peroxide residues contained in the organic sol-
ent. Nevertheless, NO-VRL structure was confirmed as a VRL
etabolite [26] although it was very scarcely detected in patients

t trace levels in bile or faeces, and never in blood whatever the
ose level [27]. Furthermore, this metabolite was demonstrated
o be inactive [29].

.4. Long-term reproducibility

In order to assess the long-term reproducibility of this HPLC
ethod, the stability behaviour was thoroughly investigated

nder several stress conditions. These included short experi-
ents to validate the analytical process from biological sample

ollection up to sample analysis as well as long-term stability
ssessment of frozen samples. Results proved that biological
amples remained stable when stored for more than 4 h at room
emperature (about 20 ◦C) and for more than 24 h at 4 ◦C (max-
mal deviation up to 7.4% for VRL and DVRL). Moreover,
o degradation was observed when blood samples were stored

ver 18 months at −20 ◦C and −80 ◦C (Fig. 3) and −80 ◦C for
rine samples. The long-term reproducibility was also checked
hrough QC day-to-day analysis during a 3-year study period.

Fig. 3. Stability assessment of vinorelbine in spiked control samples.

m
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F
v

ig. 4. Long-term reproducibility of the HPLC method in whole blood: day to
ay QC analysis (n ≥ 400).

n illustration of this long-term reproducibility is presented in
ig. 4 for both VRL and DVRL in human blood. The R.S.D.
nd the mean bias were lower than 5.5 and 7.2%, respectively.
ore than 98% of the QC samples (416 out of 420) assayed

aily with the clinical samples were within the acceptance lim-
ts fixed previously for the validation of the analytical series.
nder these conditions, reanalysis of human blood samples

eached comparable concentration values to those previously
ollected.

Approximately 600 patients or courses representing about
edia, this method enabled to accurately quantify VRL and
VRL, then providing suitable data for the development of a

ig. 5. Suitability of pharmacokinetic profiles: last sampling time (Tlast) at which
inorelbine was quantified.
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Fig. 6. Example of a blood profile for vinorelbine and its metabolites.

obust database for population pharmacokinetic and pharma-
okinetic/pharmacodynamic analyses [30,31].

The main advantages from the development of such a method
n blood are ethical (lower volume withdrawn from patients),
ractical (less handling by nurses) and scientific (longer detec-
ion and higher accuracy of concentration measurements). After
0 years of using this method, we are confident of its long-
erm reproducibility and its suitability for patient monitoring.
urthermore, it is easy and cost effective to set up.
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