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a b s t r a c t

A rapid and sensitive ultra performance liquid chromatography/tandem mass spectrometry
(UPLC–MS/MS) method has been developed and validated for the quantitative determination of suni-
tinib and its n-desethyl metabolite SU12662, in 100 �l aliquots of human potassium EDTA plasma with
deuterated sunitinib as internal standard. As sunitinib was found to be extremely sensitive to light caus-
ing rapid conversion of the Z (cis)-isomer to the E (trans)-isomer, the sample extraction and cleaning-up
were performed under sodium-light and in amber vials. The extraction involved a simple liquid–liquid
extraction with tert-butyl methyl ether. Chromatographic separations were achieved on an Aquity UPLC®

BEH C18 1.7 �m, 2.1 mm × 50 mm column eluted at a flow rate of 0.250 ml/min on a gradient of acetoni-
PLC–MS/MS
uman plasma
ight sensitivity

trile. The overall cycle time of the method was 4 min, with elution times of 1.05, 1.43, 0.95, and 1.34 min,
for the E (trans)- and Z (cis)-isomers of sunitinib and the E (trans)- and Z (cis)-isomers of SU12662, respec-
tively. The multiple reaction monitoring transitions were set at 399 > 326 (m/z), at 371 > 283 (m/z) and at
409 > 326 (m/z) for sunitinib, SU12662 and the internal standard, respectively. The calibration curves were
linear over the range of 0.200 to 50.0 ng/ml with the lower limit of quantitation validated at 0.200 ng/ml
for both sunitinib and SU12662. The within-run and between-run precisions were within 11.7%, while

90.5
the accuracy ranged from

. Introduction

In recent years, numerous proteins and biochemical pathways,
hich play a crucial role in the pathogenesis of solid malignancies,
ave been identified. Many of these tumor-driving factors function
s kinases. Compounds inhibiting the kinase activity of these pro-
eins, thereby displaying anti-tumor activity, form an important
ovel class of anti-tumor agents, for which the value has already

ndisputably been proven in several tumor types.
Of this class of kinase inhibitors, sunitinib is one of the first,

hich is widely explored. It targets the kinase domains of several
umor-driving proteins including c-kit, the vascular endothelial
rowth factor receptors (VEGF-R), the platelet-derived growth fac-

or receptors (PDGF-R), RET, Flt-3, and several others [1]. Based
n randomised studies, sunitinib is currently regarded standard
econd line therapy for patients with advanced gastro-intestinal
tromal tumors (GIST) who failed on imatinib [2] and is standard

∗ Corresponding author at: Erasmus University Medical Center – Daniel den Hoed
ancer Center, Department of Medical Oncology, Room AS-15, Groene Hilledijk 301,
075 EA Rotterdam, The Netherlands. Tel.: +31 10 7041252; fax: +31 10 7041053.

E-mail address: w.loos@erasmusmc.nl (W.J. Loos).

731-7085/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2009.10.020
to 106.8%.
© 2009 Elsevier B.V. All rights reserved.

first line treatment for patients with advanced renal cell carcinoma
(RCC), clear cell subtype [3]. Furthermore, sunitinib is explored for
its anti-tumor activity in many other tumor types as single agent,
but also in combination with other anti-tumor compounds.

As is the case for other anti-tumor agents, a dose–effect asso-
ciation probably also exists for kinase inhibitors [4]. With respect
to sunitinib, it appeared that higher area under the plasma con-
centration time curves (AUC) of sunitinib and its active metabolite
SU12662 are associated with better outcomes in RCC patients
in terms of response rates, progression-free survival, and over-
all survival [5]. Higher doses of sunitinib are however frequently
accompanied by unacceptable toxicities necessitating dose reduc-
tions and interruptions [6]. As there are considerable inter- and
intrapatient variations in plasma levels of sunitinib and its metabo-
lites, there is a high need for assays reliably determining sunitinib
levels. Such assays are mandatory for a more individualised
treatment approach of patients, thereby avoiding over- or under-
treatment, and are essential to assess the interaction of sunitinib

with other drugs.

In view of the evaluation of the pharmacokinetics of sunitinib
in clinical studies, a bioanalytical method for sunitinib and its n-
desethyl metabolite SU12662 in human potassium EDTA plasma
needed to be developed and validated. Only a few analytical

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:w.loos@erasmusmc.nl
dx.doi.org/10.1016/j.jpba.2009.10.020
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ethods, all based on LC–MS/MS, have been described [7–11].
owever, only two methods are of interest for pharmacoki-
etic laboratories, as the methods are described in detail. Minkin
t al. [11] published a well-validated method for sunitinib in
uman plasma. Aliquots of 0.2 ml of plasma were processed by

iquid–liquid extraction with 4 ml tert-butyl methyl ether. The
LQ was validated at 0.2 ng/ml. The method, however, lacks the
bility to quantitate the active metabolite SU12662 and uses a
on-deuterated internal standard. The latter potentially leads to

onization related drawbacks during the analysis of study sam-
les, as we observed during our validation. Haznedar et al. [10]
riefly describes two methods for the quantitation of sunitinib and
U12662 in rat plasma, following protein precipitation of 50 �l
liquots of plasma with either 2 ml acetonitrile or 500 �l methanol.
he LLQs were validated at 0.1 and 0.07 ng/ml, respectively.

Sunitinib is supposed to be photosensitive in solutions, how-
ver, the literature is scarce and in both publications mentioning
his phenomenon [10,11], an appropriate investigation of the light
ensitivity of sunitinib is lacking. Zhao et al. [12] showed that
emaxinib, a compound structurally closely related to sunitinib,
s photosensitive too. In solid form semaxinib only exists as the

(cis)-isomer. However, in solution the compound exists in two
tereoisomeric forms known as the Z (cis) or E (trans)-isomer
round the double bond between 2-oxindole and the pyrrole ring.
he thermodynamically stable Z (cis)-isomer of semaxinib and
elated compounds can spontaneously convert to its E (trans)-
somer when exposed to light. The E (trans)-isomer is not stable
n solution and reverts to the Z (cis)-isomer depending upon the
xact conditions such as pH and protection from light [12].

Here, we report on the development and validation of a bioana-
ytical method for the simultaneous determination of sunitinib and
ts active metabolite SU12662 in human potassium EDTA plasma
nd we describe the influence of several light sources on the iso-
eric conversions. The method has been validated in agreement
ith the Guidance for Industry, Bioanalytical Method Validation,

s specified by the Food and Drug Administration (www.fda.gov/
ownloads/Drugs/GuidanceComplianceRegulatoryInformation/
uidances/UCM070107.pdf).

. Experimental

.1. Chemicals

Sunitinib, n-desethyl sunitinib and the deuterated internal
tandard sunitinib-d10 were obtained from Toronto Research
hemicals (North York, ON, Canada). All chemicals were of
nalytical grade or higher. Acetonitrile, methanol and water
ere purchased from Biosolve BV (Valkenswaard, The Nether-

ands). Dimethylsulphoxide and tert-butyl methyl ether were
rom Sigma–Aldrich (Zwijndrecht, The Netherlands). Formic acid
as obtained from J.T. Baker (Deventer, The Netherlands) and

-propanol from Merck (Darmstadt, Germany). Blank potassium
DTA plasma was purchased from Biological Specialty Corporation
Colmar, PA).

.2. Preparation of stock solutions, calibration standards and
uality control samples

Sunitinib and n-desethyl sunitinib stock solutions were pre-
ared at 1 mg/ml free base in dimethylsulphoxide. Stock solutions

ere aliquotted and stored at T < −70 ◦C. Separate stock solu-

ions were prepared for the construction of the calibration curve
tandards and the pools of quality control samples. The inter-
al standard stock solution was prepared at 1 mg/ml free base

n dimethylsulphoxide, which subsequently was aliquotted and
d Biomedical Analysis 51 (2010) 934–941 935

stored at T < −70 ◦C. Aliquots of 10 �l were 10,000-fold diluted in
acetonitrile, resulting in an internal standard solution containing
100 ng/ml sunitinib-d10 as free base, which was stored at T < 8 ◦C
for a maximum of 3 months.

Calibration standards were prepared freshly on the day of anal-
ysis, in duplicate, by addition of 25 �l aliquots of appropriate
dilutions of sunitinib and n-desethyl sunitinib stock solution in ace-
tonitrile/DMSO (1:1, v/v) to 475 �l aliquots of human potassium
EDTA plasma at the following concentrations: 0.200, 0.500, 5.00,
10.0, 20.0, 30.0, 45.0, and 50.0 ng/ml as free base.

Five pools of QC samples were prepared in human potassium
EDTA plasma at concentrations of 0.200 ng/ml (lower limit of
quantitation, LLQ), 0.600 ng/ml (QC-Low), 25.0 ng/ml (QC-Middle),
40.0 ng/ml (QC-High) and 150 ng/ml (QC-Diluted). QC-Diluted was
processed after a 20-fold dilution in blank human potassium
EDTA plasma. Pools of QC samples were aliquotted and stored at
T < −70 ◦C upon processing.

2.3. Plasma sample preparation

Aliquots of 50 �l of internal standard solution were added to
100 �l of plasma samples in 2 ml amber microcentrifuge tubes.
Subsequently 150 �l aliquots of acetonitrile were added, followed
by 1 ml aliquots of tert-butyl methyl ether. Hereafter, the samples
were vigorously mixed for 5 min and then centrifuged at 18,000 × g
at ambient temperature for 10 min. Aliquots of 950 �l of the
organic phase were transferred into 1.5-ml amber microcentrifuge
tubes and evaporated under nitrogen at T = 70 ◦C. The residues
were resuspended in 100 �l aliquots of acetonitrile/water/formic
acid (20:80:0.1, v/v/v) by ultrasonification. After centrifugation for
5 min at 18,000 × g, the supernatants were transferred into 350 �l
96-well plates, which were placed into a light protected, chilled
(T = 10 ◦C) autosampler, from which aliquots of 5 �l were injected
onto the UPLC column.

2.4. Equipment

The UPLC–MS/MS system was composed of a Waters Aquity
UPLC Sample Manager coupled to a Waters TQ Detector (Waters,
Etten-Leur, The Netherlands). The MassLynx V4.1 SCN627 software
package was used for the acquisition and processing of data. Quan-
tification was performed using QuanLynx as implemented in the
MassLynx software.

2.4.1. Chromatographic conditions
Analytes were separated on an Aquity UPLC® BEH C18 column

1.7 �m, 50 mm × 2.1 mm (Waters, Etten-Leur, The Netherlands)
thermostatted at T = 40 ◦C. A gradient, at a flow rate of 0.250 ml/min,
was achieved with mobile phase A, composed of water, acidified
with 0.1% formic acid and mobile phase B, composed of acetonitrile
acidified with 0.1% formic acid. Following a partial loop injection
of 5 �l, a linear gradient separation was used, with 20–100% of
mobile phase B from 0 to 3 min, then 100–20% of mobile phase
B over 0.1 min, holding for 0.9 min for initial conditioning. The
overall run time of the assay was 4 min. The needle wash solvent
was composed of acetonitrile/methanol/water/2-propanol/formic
acid (25:25:25:25:0.1, v/v/v/v/v). The column effluent was passed
through the mass spectrometer and monitored.

2.4.2. Mass spectrometry
Tandem mass spectrometry was performed in the positive
ion electrospray ionization mode. Mass transitions of m/z were
optimized for sunitinib, SU12662, and sunitinib-d10 (IS) by infu-
sion of the respective analytes in acetonitrile/water/0.1% formic
acid (20:80:0.1, v/v/v) via combined infusion. Optimal MS settings
were manually adjusted. The desolvation gas was set at 800 ml/h

http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM070107.pdf
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infusion. A 5 ml blood sample was collected in the presence of
potassium EDTA as anticoagulant pre-dose at day 7, prior to
dosing every 3–4 days and daily during the second ifosfamide
cycle. Blood samples were centrifuged within 15 min after col-
lection for 10 min at 3000 × g at T = 4 ◦C. The plasma was stored
36 P. de Bruijn et al. / Journal of Pharmaceuti

nitrogen). The ionspray voltage was kept at 1.50 kV and the cone
oltage at 38 V for sunitinib and sunitinib-d10 (IS) and 35 V for
U12662, with a source temperature of T = 120 ◦C and desolvation
emperature of T = 350 ◦C. The dwell times were set at 50 ms and the
nter-channel delay at 100 ms. Multiple reaction monitoring (MRM)

ode was applied for the quantitation with the following param-
ters: m/z 399 > 326, collision energy at 22 eV for sunitinib, m/z
71 > 283, collision energy at 20 eV for SU12662 and m/z 409 > 326,
ollision energy at 20 eV for the IS. The collision cell pirani pressure
as set at ∼5e−3 mbar (argon).

.4.3. Quantitation
Calibration curves were generated using peak area ratios of suni-

inib and SU12662 to internal standard sunitinib-d10 versus the
nown sunitinib and SU12662 concentrations with a linear regres-
ion equation of 1/concentration2.

.5. Light sensitivity of sunitinib and n-desethyl sunitinib

Prior to the validation, several experiments in which sunitinib
nd SU12662 were exposed to several light sources, were con-
ucted to investigate the stability of the isomers during sample
andling and preparation. In the final experiment, standard solu-
ions at a concentration of 150 ng/ml in acetonitrile/water/formic
cid (20:80:0.1, v/v/v) of the Z (cis)-isomer of both compounds were
repared under light protected conditions. Three sample sets were
repared using this standard solution. The first set was exposed
or 4 h to sodium-light (584 nm), the second set was exposed
o UV-light (254 nm) and the third set was exposed to daylight
∼350–700 nm). These sets of standard solutions were analyzed by
PLC–MS/MS using the conditions described in the experimental

ections.

.6. Method validation

The UPLC–MS/MS method was validated in accordance
ith the Guidance for Industry, Bioanalytical Method Val-

dation, as specified by the Food and Drug Administration
www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatory
nformation/Guidances/UCM070107.pdf). The potential presence
f endogenous contaminating compounds that may interfere
ith the analytical assay was determined by analyzing blank
uman potassium EDTA plasma samples of 10 different lots. The

ollowing substances were investigated for interference with
he analytical method: aprepitant, dexamethasone, domperidon,
ranisetron, lorazepam, oxazepam, paracetamol, ranitidine and
etoclopramide. All drugs have been dissolved/diluted in water

o a concentration of 1 mg/ml followed by a 500-fold dilution
n blank human potassium EDTA plasma (final concentrations
�g/ml). Aliquots of QC-Diluted (i.e. 150 ng/ml) have subse-
uently been diluted in the plasma containing the different drugs
o yield final sunitinib and SU12662 concentrations of 0.600 and
0.0 ng/ml, which has been processed and compared to equal
ilutions of QC-Diluted in blank human potassium EDTA plasma.

n addition, to invest the potential interference of the validated
ioanalytical method in a clinical study, in which intravenous

fosfamide is given without or in combination with oral sunitinib,
liquots of QC-Diluted have been diluted as described above in
lasma samples collected from patients during and following
he ifosfamide infusion in the absence of sunitinib. The patients
ave written informed consent for blood collection and the local

nstitutional review boards approved the clinical protocol, which

as written in accordance with the declaration of Helsinki (see:
ttp://www.wma.net/e/policy/b3.htm).

For the determination of the LLQ, blank human potassium EDTA
lasma of 10 different donors was spiked at a concentration of
d Biomedical Analysis 51 (2010) 934–941

0.200 ng/ml for both compounds. Accuracy (ACC), within-run preci-
sion (WRP) and the between-run precision (BRP) were determined
by analyzing five replicates of pools of LLQ and QC samples indepen-
dently over a three-run period, with the calibration curve standards
processed in duplicate. The ACC, WRP and BRP at the level of
the LLQ and QC samples were calculated by one-way analysis of
variance, using the run as the variable as described previously
[13,14].

The evaluation of the matrix effect for both compounds was
tested by comparing the MS/MS response of sunitinib and SU12662
levels spiked in triplicate in six lots of blank potassium EDTA plasma
to the MS/MS responses of the analytes spiked in triplicate into
blank plasma extracts as described recently [13].

Extraction recovery (RE) was determined by comparing the
MS/MS response of sunitinib and SU12662 at the same concen-
tration levels spiked in quintuplicate into blank human potassium
EDTA plasma before extraction, to the MS/MS response of suni-
tinib and SU12662 spiked in triplicate into extracts of blank human
potassium EDTA plasma, corrected for the evaporated volume of
organic phase [13].

The stability of sunitinib and its n-desethyl metabolite SU12662
in human potassium EDTA plasma was tested with QC-Low and
QC-High at ambient temperature for a period of 6 h and for three
freeze–thaw cycles, in which the samples were thawed for at least
15 min before refreezing them for at least 18 h. The storage stability
of processed samples in the autosampler was tested in triplicate at
the concentration of QC-Low and QC-High in plasma. QC samples
were processed in triplicate and repeatedly injected at different
time points.

2.7. Application of method to clinical samples

To demonstrate the applicability of the validated bioanalyt-
ical method, blood samples were collected from a 29-year-old
female patient with metastatic melanoma enrolled in a clinical
phase I trial, in which oral sunitinib at a dose of 12.5 mg/daily
was given in combination with ifosfamide administered as a 5-
day continuous intravenous infusion at a dose of 1200 mg/m2/day.
Sunitinib dosing was started 7 days after the first ifosfamide
Fig. 1. Mass spectrum and analytical structures of sunitinib (A) and its n-desethyl
metabolite SU12662 (B). The asterisks represent the deuterium atoms in the deuter-
ated internal standard sunitinib-d10. The chiral centers are indicated by the dot.

http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM070107.pdf
http://www.wma.net/e/policy/b3.htm
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t T < −70 ◦C, in vials wrapped with aluminium-foil, until anal-
sis. The patient gave written informed consent and the local
nstitutional review boards approved the clinical protocol, which

as written in accordance with the declaration of Helsinki (see:
ttp://www.wma.net/e/policy/b3.htm).

. Results and discussion

.1. LC–MS/MS conditions and method development

The sunitinib and SU12662 product ion spectra (Fig. 1) yield
bundant product ions suitable for use in multiple reaction moni-

oring. The product ion at m/z 326 using collision energy of 22 eV
as selected as the MRM ion for quantitation of sunitinib and

ts deuterated internal standard sunitinib-d10 (collision energy of
0 eV). For SU12662, the product ion at m/z 283 using collision
nergy of 20 eV was selected as the MRM ion for quantitation.

ig. 2. Representative chromatograms of (A) a double blank processed plasma sample co
ample spiked with 0.200 ng/ml sunitinib and SU12662 and (C) a plasma sample collected
d Biomedical Analysis 51 (2010) 934–941 937

By applying a steep gradient, sunitinib and SU12662 were
separated from early eluting hydrophilic, potentially response-
suppressing, matrix components, while maintaining a relative
short analysis time of 4 min, with sunitinib eluting at 1.4 min
and SU12662 at 1.3 min (Fig. 2). Two additional minor peaks
were observed in chromatograms due to the Z (cis)–E (trans) iso-
merization reaction. The retention time of the E (trans)-isomers
of SU12662 and sunitinib were 0.95 and 1.06 min, respectively.
As shown the E (trans)-isomers of both sunitinib and SU12662
were base-line separated from the respective Z (cis)-isomers
(Fig. 2).
3.1.1. Light sensitivity of sunitinib and SU12662
In order to make use of the Z (cis)-isomer of sunitinib and

SU12662 for the quantitation, the extent of conversion of the Z
(cis)-isomer to the E (trans)-isomer under different light source
conditions was studied. One set was exposed for 4 h to sodium-

llected pre-dose prior to the first administration of 12.5 mg sunitinib, (B) a plasma
on day 15 containing 25.3 ng/ml sunitinib and 8.50 ng/ml SU12662.

http://www.wma.net/e/policy/b3.htm
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ig. 3. Effect of light exposure on the conversion of the Z (cis)-isomer of sunitinib
D) and the stability of sunitinib (E) and SU12262 (F), expressed as the sum of the
lozenges). The circles represent the experiments in which the solutions were prote

ight (584 nm), a second set for 4 h to UV-light (254 nm) and the
hird set for 4 h to daylight (∼350–700 nm), which were com-
ared to the standard solution protected from light. As shown

n Fig. 3A and B, no degradation of the Z (cis)-isomers of both
unitinib and SU12662 was observed when the solutions were
rotected from light. The largest decrease of the signals of the Z
cis)-isomers was seen when the solutions were exposed to UV-
ight (254 nm). Even in solutions exposed to sodium-light (589 nm)
he signal of the Z (cis)-isomer decreased by approximately 30%,
n contrast to the observations in a recent publication, were no
vidence was found of photodegradation under yellow laboratory
ight (i.e. >500 nm) for the sunitinib related compound semaxanib
12].

The decreased signal of the Z (cis)-isomers was accompanied
y an increased signal of the E (trans)-isomers (Fig. 3C and D).
o significant formation of the E (trans)-isomers was seen during
ncubation of the solution protected from light.
As shown in Fig. 3E and F, no major decrease was seen in the sum

f the responses of the E (trans)- and Z (cis)-isomers when protected
rom light or exposed to day- or sodium-light. This indicates that
oth isomers have equal mass spectral responses and no further
nd SU12262 (B), the formation of the E (trans)-isomer sunitinib (C) and SU12262
rs following exposures to UV-light (squares), daylight (triangles) and sodium-light
rom light.

degradation of the Z (cis)-isomer and the E (trans)-isomer occurred
when the solutions were exposed to day- or sodium-light. In the
solutions exposed to UV-light (254 nm), further degradation of the
compounds occurred as shown by the decreased signal of the sum
of the E (trans)- and Z (cis)-isomers.

As even the samples exposed to sodium-light showed pho-
todegradation of the Z (cis)-isomer, samples should be processed
in amber vials and under sodium-light to minimize the conversion
of the Z (cis)-isomer to the E (trans)-isomer.

3.2. Assay performance

The method results were linear for both compounds
(r2 ≥ 0.9980) in the concentration range of 0.200–50.0 ng/ml
in human potassium EDTA plasma and none of the blank plasma
samples showed potential interference for sunitinib, SU12662 or

the labeled internal standard.

The LLQ was validated at 0.200 ng/ml. The measured concentra-
tions of sunitinib for all 10 independently spiked plasma samples
fell within the acceptable range of accuracy of 80–120%, with
an average measured concentration of 0.208 ± 0.020 ng/ml. For
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Table 1
Calculations of the between-run and within-run precisions and the average accuracy
of the LLQ and QC samples.

Sample Spiked (ng/ml) GM (ng/ml) WRP (%) BRP (%) ACC (%) n

Sunitinib
LLQ 0.200 0.181 11.7 #a 90.5 5
Low 0.600 0.559 8.89 6.52 93.2 5
Middle 25.0 25.1 3.09 1.75 100.4 5
High 40.0 40.2 2.47 1.14 100.5 5
Diluted 150 151 2.98 2.16 100.7 5

SU12662
LLQ 0.200 0.190 8.03 1.15 95.0 5
Low 0.600 0.564 6.18 5.95 94.0 5
Middle 25.0 26.7 2.95 1.93 106.8 5
High 40.0 42.7 3.60 1.17 106.8 5
Diluted 150 158 3.53 #a 105.3 5
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Table 2
Extraction recovery (RE) and matrix effect (ME) in potassium EDTA plasma from six
different lots spiked with sunitinib and SU12662 at a concentration of 40.0 ng/ml.

Plasma Sunitinib SU12662 Sunitinib-d10

RE (%) ME (%) RE (%) ME (%) RE (%) ME (%)

Lot 1 108 83 110 83 100 78
Lot 2 112 81 112 84 116 74
Lot 3 92 88 96 89 100 82
Lot 4 95 99 92 111 99 94
Lot 5 96 86 99 86 108 81
Lot 6 102 80 102 82 108 75

Mean 101 86 102 89 105 81

T
S

M: grand mean; WRP: within-run precision; BRP: between-run precision; ACC:
verage accuracy; n: number of replicate observations on each analysis day.

a No additional variation observed by performing the assay in different runs.

U12662, also the back-calculated concentration of all 10 pro-
essed samples fell within the acceptable range of accuracy, with
n average observed concentration of 0.199 ± 0.024 ng/ml. A rep-
esentative chromatogram at the level of the LLQ is presented in
ig. 2B.

The within-run and between-run precisions and the accu-
acies at five tested concentrations in human potassium EDTA
lasma, including at the level of the LLQ, are summarized in
able 1 and all fell within the accepted ranges as specified by
he Food and Drug Administration (www.fda.gov/downloads/
rugs/GuidanceComplianceRegulatoryInformation/Guidances/
CM070107.pdf).

The extraction recovery (RE) and matrix effect (ME) were deter-
ined in potassium EDTA plasma from six different lots spiked
ith sunitinib and SU12662 at a concentration of 40.0 ng/ml. The
ean measured extraction efficiencies for sunitinib, SU12662 and

he internal standard (sunitinib-d10) were 101, 102 and 105%,
espectively (Table 2). No major matrix effects were observed for
unitinib, SU12662 and the internal standard with values of 86, 89
nd 81%, respectively (Table 2).

Sunitinib and its n-desethyl metabolite SU12662 were stable
n potassium EDTA plasma at ambient temperature for at least

h, during three consecutive freeze–thaw cycles and as processed

amples for a maximum of 22 h in the chilled (T = 10 ◦C) and light
rotected autosampler (Table 3).

None of the tested, potentially co-administered drugs interferes
ith the quantitation of sunitinib or SU12662 (data not shown). As

able 3
tability of sunitinib and SU12662.a.

Sunitinb (ng/ml)

(QC-Low) (

In potassium EDTA plasma
Directly processed 0.566 ± 0.044 4
6 h at ambient temperature 0.592 ± 0.044 4

(105%)b (
3 freeze/thaw cycles 0.569 ± 0.034 4

(101%)b (

As processed samples in the autosampler
Directly injected 0.565 ± 0.042 4
After 6 h 0.565 ± 0.007 3

(100%)c (
After 22 h 0.483 ± 0.017 3

(85.5%)c (

a Data are presented as mean ± S.D. (n = 3).
b Mean concentration related to directly processed samples.
c Mean concentration related to directly injected samples.
S.D. 7.9 7.0 7.9 11 6.7 7.3

the validated method will be used, amongst others, for the quanti-
tation of sunitinib and SU12662 concentrations in patient samples
enrolled in a clinical study, in which intravenous ifosfamide is
given with or without oral sunitinib, samples collected during a
ifosfamide infusion in the absence of sunitinib co-administration,
were spiked with sunitinib. A remarkable ionization effect was seen
on the response of sunitinib and the deuterated internal standard.
In contrast, no ionization effect on SU12662 was seen. To further
elucidate this phenomenon, potassium EDTA plasma containing
20 ng/ml sunitinib and SU12662 was spiked before extraction with
ifosfamide at concentrations ranging from 0.05 to 50 �g/ml, which
have been processed and compared to potassium EDTA plasma
without ifosfamide. As shown in Fig. 4A, ifosfamide suppresses
the ionization of sunitinib and its deuterated internal standard
in a concentration dependent way, while no effect was observed
for SU12662. It was confirmed that ifosfamide elutes at the same
retention time as sunitinib (Fig. 4B). As the absolute ionization
suppression on sunitinib and the internal standard are equal, the
concentrations of sunitinib could be adequately quantitated, while
the concentrations of SU12662 will be overestimated in the pres-
ence of high ifosfamide concentrations. Therefore, samples for the
quantitation of SU12662, derived during the infusion of ifosfamide,
needs to be diluted in blank plasma prior to processing in order
to minimize the ionization suppression. As ifosfamide might be
administered as 3 h infusions for 3 consecutive days up to con-

tinuous 3- or 5-day infusions [15,16], ifosfamide concentrations
will differ markedly between schedules. Taking into consideration
a maximum ionization effect of 15% as acceptable, ifosfamide con-
centrations, in diluted samples, should not exceed a concentration
of 2 �g/ml (Fig. 4A).

SU12662 (ng/ml)

QC-High) (QC-Low) (QC-High)

0.1 ± 0.458 0.589 ± 0.040 42.7 ± 0.346
0.4 ± 1.66 0.594 ± 0.024 43.4 ± 1.25
101%)b (101%)b (102%)b

0.6 ± 0.651 0.577 ± 0.033 43.6 ± 0.902
101%)b (98.0%)b (102%)b

0.6 ± 1.04 0.639 ± 0.056 42.4 ± 1.45
6.8 ± 1.62 0.553 ± 0.042 37.9 ± 2.89
90.6%)c (86.5%)c (89.4%)c

5.1 ± 0.361 0.505 ± 0.017 38.5 ± 0.321
86.5%)c (79.0%)c (90.8%)c

http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM070107.pdf
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Fig. 4. Effect of ifosfamide on the ionization (A) of sunitinib (closed circles), SU12662
chromatogram of ifosfamide, sunitinib and SU12662 (B).
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ig. 5. Plasma concentration–time profile of sunitinib (closed symbols) and its
etabolite SU12662 (open symbols) after an oral dose of 12.5 mg/daily. The bar

epresents the duration of the 5-day continuous intravenous ifosfamide infusion at
dose of 1200 mg/m2/day.

.3. Clinical application

The described analytical method was applied in our institute to
pharmacokinetic study of intravenous ifosfamide in combination
ith oral sunitinib. A representative plasma concentration–time
rofile of sunitinib and its metabolite SU12662 after an oral dose
f 12.5 mg/daily is shown in Fig. 5. Representative chromatograms
f this patient are shown in Fig. 2A and C.

. Conclusion

A selective, sensitive, accurate, and precise method has been
alidated for sunitinib and its n-desethyl metabolite SU12662
n human potassium EDTA plasma, which meets the current
equirements of bioanalytical method validation (www.fda.gov/

ownloads/Drugs/GuidanceComplianceRegulatoryInformation/
uidances/UCM070107.pdf). It is of note that sunitinib and
U12662 are both very light sensitive and samples should be
rocessed in amber vials, protected from any light source as much
s possible. Furthermore, the observed ionization suppression of

[

(triangles) and the deuterated internal standard sunitinib-d10 (open circles) and

ifosfamide on sunitinib underlines the importance of a decent
investigation of the potential interference of co-administered
drugs on the validated analytes in any bioanalytical method.
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